Multimodal Prehabilitation and Perioperative Optimization of Cardiac Surgical Patients:
A Retrospective Matched Cohort Chart Review

by
Pooja Sree Tallapaneni

BS, University of Pittsburgh, 2022

Submitted to the Graduate Faculty of the
School of Public Health in partial fulfillment
of the requirements for the degree of

Master of Public Health

University of Pittsburgh

2023



UNIVERSITY OF PITTSBURGH

SCHOOL OF PUBLIC HEALTH

This essay is submitted

by

Pooja Sree Tallapaneni
on

April 28, 2023

and approved by

Nancy W. Glynn, PhD, FACSM, FGSA, Associated Professor, Department of Epidemiology,
School of Public Health, University of Pittsburgh

Kathirvel Subramaniam, MD, MPH, FASE, Professor, Department of Anesthesiology and
Perioperative Medicine, School of Medicine, University of Pittsburgh

Senthilkumar Sadhasivam, MD, MPH, MBA, FASA, Professor, Department of Anesthesiology
and Perioperative Medicine, School of Medicine, University of Pittsburgh



Copyright © by Pooja Sree Tallapaneni

2023



Multimodal Prehabilitation and Perioperative Optimization of Cardiac Surgical Patients:
A Retrospective Matched Cohort Chart Review

Pooja Sree Tallapaneni, MPH

University of Pittsburgh, 2023

Abstract

Prehabilitation typically consists of a set of personalized or general interventions designed
and implemented with the intention of improving physiologic, psychologic, and metabolic
response to the expected major stressor of surgery. Amongst cardiac surgical patients, there is
currently only low quality evidence that prehabilitation may reduce risk of complications or length
of stay after surgery. Furthermore, the great majority of studies are not multimodal or have only
explored the effects of exercise or nutrition based prehabilitation interventions. This matched
retrospective cohort chart review evaluated the first multimodal prehabilitation model in the
United States which seeks to optimize patient status at large. The study analyzed 234 matched
pairs who underwent major cardiac surgical procedures at the University of Pittsburgh Medical
Center Healthcare System between 2021-2022. The treatment cohort were seen at least once prior
to surgery by the Center for Perioperative Care in order to be optimized. The standardized core
prehabilitation protocol consists of utilization of key clinical pathways and guidelines during
preoperative visits to evaluate and optimize modifiable risk factors. Some key risk factors include
obstructive sleep apnea, alcohol use, substance use, diabetes, obesity, anemia, frailty, malnutrition,
respiratory disease, and depression. Propensity score matching was utilized to overcome baseline
covariate imbalances. After matching, no significant differences were seen regarding the primary
outcome measures of death or death within 30 days. A statistically significant difference in

incidence of cardiac arrest (p<0.005), prolonger mechanical ventilation (p=0.023), and total hours
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of mechanical ventilation (p=0.008) was seen between the two groups, with prehabilitated patients
having worse outcomes. Our findings did not align with the initial hypothesis as patients in the
prehabilitated group had higher incidences of complications compared to their control
counterparts. To date, and to our knowledge, there has been no other published study that has
explored a multimodal form of prehabilitation amongst major cardiac surgical patients in the US.
The use of prehabilitation, and especially multimodal prehabilitation, is a somewhat novel
intervention whose public health impact is not yet thoroughly known; this study offers further

clarity regarding its potential value and impact on patient outcomes and health.
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1.0 Introduction

1.1 Overview

1.1.1 Heart

The heart is the main organ of the cardiovascular and circulatory systems, which pump
blood throughout the body using a system of blood vessels. The primary anatomy of a heart
consists of chambers, walls (myocardium, endo and epicardium), valves, blood vessels and an
electrical conduction system with nodes and bundles of electrical fibers. It contains four main
chambers made of muscle tissue that are constantly contracting and relaxing based on a series of
electrical impulses that move through the tissue. These impulses are directed by the brain and
nervous system and allow for control over blood pressure as well as the heart rhythm and heart
rate. The heart also works in coordination with the endocrine system as various hormones can
either dilate or constrict blood vessels, and thus impact blood pressure.

Due to the extremely critical role it plays, suboptimal heart function has very serious health
consequences and can certainly lead to death. In fact, heart disease is currently the leading cause
of death across genders and for most ethnic groups. Some of the most common conditions include

congestive heart failure, coronary artery disease, myocardial infarction, and arrythmias.



1.1.2 Cardiac Surgery

To treat these conditions, heart surgery is often pursued after lifestyle changes, medication
regimens, and other less invasive treatment methods have been exhausted. However, not all cardiac
surgery is extremely invasive, like open-heart surgery, and evolution in the field has allowed for
minimally invasive cardiac surgery (MICS) to be developed over time. Operative mortality
generally has decreased to roughly 2-3% and the number of adverse events and need for
reoperation has also markedly decreased?.

The most common conditions treated by heart surgery include coronary artery disease,
valve disease, aortic aneurysm, arrhythmias, atrial fibrillation, and end stage heart failure. The
most common cardiac procedures include coronary artery bypass graft (CABG), aortic valve
replacement (AVR), combined CABG and AVR, mitral valve repair and replacement (MVR), and

aortic aneurysm repair?.

1.1.3 Epidemiology of Cardiac Surgery

In 2020 alone roughly 19 million deaths were attributed to cardiovascular disease (CVD)
globally, which signifies an 18.7% increase from 2010°. Furthermore, over 697,000 people in the
United States died from heart disease in 2020; this resulted in 1 in every 5 total deaths being
attributed directly to heart disease?. Clearly, the burden of cardiac health issues is quite significant
on both a national and global scale.

To address these cardiac health issues, over 300,000 cardiac surgery procedures are
performed each year in the US*. Furthermore, there has been a 3.3% increase in procedures over

the past decade®, indicating that the frequency of surgery is stable and if anything, increasing with



time. The most performed cardiac surgery over the past decade has remained the isolated coronary
artery bypass graft (CABG), which made up over 70% of total cardiac procedures performed in
20212,

However, it is important to note that there are certainly disparities in outcome based on the
nonmodifiable risk factors of race, sex, and age. Black patients who have undergone CABG
consistently and empirically have higher rates of death, infection, pneumonia, post-operative
stroke and 30-day mortality compared to their risk matched white counterparts®. Certainly, there
are several factors that may affect and contribute to this overall trend, including hospital quality,
cultural differences, insurance status and coverage, biological differences, and baseline health
status. However, even after controlling for socioeconomic status and hospital quality, non-white
patients undergoing CABG still have at least a 16% higher mortality risk®.

A similar disparity can be seen between men and women undergoing major cardiac surgery
as well. Some key biologic factors that account for a portion of the difference in outcomes include
that women on average live longer, have smaller coronary arteries, and have consistent exposure
to estrogen, which in turn delays atherosclerosis’. While the postoperative mortality gap between
men and women after CABG has begun to close over the past 20 years, the postoperative morbidity
burden is still empirically and significantly higher in women®.

Another important nonmodifiable risk factor for disparate surgical outcomes is age. This
is of particular importance as the number of older individuals undergoing major cardiac procedures
is steadily increasing over time as the population ages because CVD is the leading cause of
morbidity and mortality amongst older people®'°. Amongst adults, typically increasing age is
associated with worse health outcomes at large regardless of procedure. This trend remains true as

patients under 60 have comparatively lower rates of cardiac-related mortality and overall mortality



compared to their matched counterparts following CABG®. Exploring further, amongst patients
who are over 60 there are significant differences in outcome amongst Septuagenarians (>70) versus
Octogenarians (>80). Octogenarians are more likely to develop more cardiac, renal, respiratory,
and infectious complications post-surgery and thus have significantly worse overall outcomes than
Septuagenarians. Furthermore, female Octogenarians have higher mortality rates than their male
counterparts and are more likely to face postoperative complications such as infection, bleeding,
and respiratory issues*?. This trend is unsurprising and rather intuitive considering that several
stacked risk factors would logically interact and have an additive or multiplicative effect upon

potential for unfavorable operative and post-operative outcomes.

1.2 Modifiable Risk Factors

While the above risk factors are unmodifiable, there are also several modifiable
preoperative risk factors that affect morbidity and mortality rates after cardiac surgery. There are
several common comorbidities including anemia, frailty, obesity, obstructive sleep apnea (OSA),
smoking, alcohol consumption, mental health disorders, nutritional deficiency, renal insufficiency,
liver disease, pulmonary disease, and neurological dysfunction®®. These comorbidities and risk
factors can often lead to unwanted operative and post-operative complications which harm patient
health and increase healthcare burden at large. Though there are many possible risk factors, some

of the most significant are explored further below.



1.2.1 Anemia

The World Health Organization defines anemia as a hemoglobin level less than 12 g/DL
in women and 13g/dL in men®, It is a very common condition and 40% of cardiac surgery patients
are anemic®®. The diagnostic path is quite simple as hemoglobin, ferritin and/or transferrin
saturation levels can be compared against well-established clinical benchmarks. Patients with any
level of anemia have an increased (4.6%) risk of all-cause mortality after cardiac surgery, while
patients with severe anemia have up to 12.7% operative mortality'®. Furthermore, a meta-analysis
of over 900,000 patients undergoing major surgery found that preoperative anemia is an
independent risk factor for worse post-operative outcomes at large!’. While it is important to
recognize that this study was done in the context of only elective procedures, rather than
emergency procedures, the results are still extremely significant and indicative of the detrimental
impact of anemia.

Despite preoperative anemia being associated with longer intensive care unit stays,
increased renal injury, more cardiac events, and higher transfusion rates, it is typically considered
only a surrogate marker of physical status and as a result is often not adequately treated prior to
surgery*®-20, When treatment is pursued, too often the quick fix solution is a perioperative blood
transfusion?®. This is especially problematic considering that patients receiving a red blood cell
transfusion are 3.4 times more likely to suffer from ischemic or infectious postoperative
complications??. Cardiac surgical procedures also have higher rates of blood product usage than
any other surgical specialty?®2*, indicating that it is uniquely key to appropriately address anemia
amongst cardiac surgical candidates specifically. However, the sometimes urgent nature of cardiac
surgery does not allow for enteral iron supplementation to be an effective course of action (can

take up to 6 months to see clinical affect)?® instead of transfusion. In these cases, intravenous iron

5



infusions are fast, cost effective, show clinical impact within 2 weeks?®, and thus are the better
suited to treat perioperative anemia on a tight timeline. Supplementary B12 and folate prescriptions
can be given alongside iron to further address the issue effectively®®. Erythropoietin has also been
successfully used preoperatively in cardiac surgical patients to treat anemia and improve
outcomes?’. Overall, anemia is a significant comorbidity that is too often resolved through
dangerous intraoperative transfusions as it is somewhat difficult to address on a compressed

timeline.

1.2.2 Diabetes Mellitus

A key diagnostic biomarker for diabetes is hemoglobin Alc (HbAlc) as glycated
hemoglobin represents the hemoglobin’s exposure to mean blood glucose levels within the last 3
months and is thus an indicator of long-term glycemic control?®. HbA1c levels above 6.5% indicate
diabetic status and above 5.7% is considered prediabetic?®. This comorbidity is of great relevance
in the context of cardiac surgery as up to 38% of candidates are diabetic*’. Patients undergoing
CABG with HbA1c levels above 7% have longer hospital stays, greater in-hospital mortality rates,
increased risk of renal failure and wound infection; those with levels above 8.5% had 4 times the
overall mortality rate of their nondiabetic counterparts®. As a result of the profound differences in
outcome based on level, the Society for Thoracic Surgeons recommends a level less than 7%
ideally or at least less than 9% in the context of all comorbidities®2.

Though glycemic control is a difficult and complex process, there are several steps that can
be taken in order to decrease the overall level. Nutrition counseling should be utilized to educate
patients regarding glycemic index at large, as well as the specific development of a lower glycemic
index diet for use during the months or weeks leading up to surgery. Eating such a diet in

6



preparation for elective cardiac surgery has been associated with better clinical outcomes and
decreased length of stay in hospital®. There are also several classes of non-insulin based injectable
and oral drug options that should be considered®*® as these drugs have shown decreased mortality
and adverse event occurrence in both short- and long-term settings compared to insulin-based
methods®. Furthermore, a consultation with an endocrinologist may be required for patients with

poorly controlled diabetes.

1.2.3 Obstructive Sleep Apnea

The initial clinical screener for obstructive sleep apnea (OSA) is the STOP-BANG
questionnaire, which is then followed up with sleep testing through polysomnography (preferred)
or a home sleep study to confirm and diagnose officially based off Apnea-Hypoxia index (AHI)
score. The screening questions inquire about snoring, fatigue, breathing obstruction while asleep,
hypertension, BMI > 35, age > 50, neck circumference > 40 cm and male gender. If patients answer
yes to at least 5 questions, they are high risk and further steps are pursued. AHI is calculated during
the sleep testing and scores between 5-14 indicate mild apnea, 15-29 indicate moderate apnea, and
30 or more indicate severe apnea®’. Roughly 74% of cardiac surgical patients meet AHI guidelines
for at least mild apnea, while 48% meet guidelines for at least moderate apnea and 27% meet
guidelines for severe apnea®. After cardiac surgery, patients with OSA have 33.3% higher odds
of developing a major cardiac or cerebrovascular event (death, myocardial infarction, stroke,
congestive heart failure, etc.) and 18.1% higher odds of developing postoperative atrial fibrillation
(POAF) according to a recent meta-analysis accounting for over 1800 patients®.

The preferred treatment methods are continuous positive airway pressure (CPAP) therapy
and weight loss, as the condition is very prevalent amongst obese patients*°. In fact, just a 10%
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decrease in overall weight predicts a 26% reduction in AHI score from baseline*!. Preoperative
CPAP treatment is also associated with a 41% decrease in risk of developing POAF after major
cardiac surgery amongst patients with OSA*. It is important to note that both treatment methods
require weeks if not months to be effective. Furthermore, OSA is typically underdiagnosed by
surgeons (58% of patients incorrectly undiagnosed) and anesthesiologists (15% of patients
incorrectly undiagnosed) during preoperative evaluation®®, Thus, even more patients are not
referred to needed treatment, at large and prior to surgery, and unknowingly suffer from the

increased risk of complications.

1.2.4 Smoking Cessation

Smoking has long been associated with worse health outcomes at large and while overall
prevalence of smoking is certainly decreasing with time, prevalence amongst surgical candidates
remains high (22.3%)*. Patients who identify as current smokers prior to cardiac surgery have
roughly twice the length of ICU stay, 14.6% higher chance of ICU readmission, almost doubled
risk of in-patient mortality, and significantly higher risk of infection and complications*. Smoking
cessation therapy can begin with a simple “Ask, Advise, Connect” approach that is practical for
perioperative physicians to pursue*®. Alongside behavioral counseling and referral to cessation
programs, pharmacotherapy options such as nicotine replacement therapy should also be
considered as they have been proven effective in general clinical settings (though no evidence

specific to cardiac surgery is available)*’.



1.2.5 Risky Alcohol Consumption

Risky alcohol consumption is delineated by the consumption of more than 3 alcoholic units
(AU) per day or 21 AU per week (with 1 AU consisting of 12 g of ethanol). Prevalence of AUD
is significantly underestimated by anesthesiologists during preoperative assessment (6.9%
estimate vs 18.1% true prevalence) and more intentional efforts should be made to address the
issue®. This is necessary because the postoperative complication likelihood increases by roughly
50% if 3-4 AU are consumed per day, rather than 0-2 AU per day, and increases by up to 400% if
consuming more than 5 AU per day*®. Behavioral therapy, counseling programs and
pharmacotherapies such as vitamin B, disulfiram or chlordiazepoxide should all be considered as

possible treatment options, especially in the weeks and months leading up to the surgical date®°.

1.2.6 Pulmonary Diseases

Several different conditions fall under the umbrella of pulmonary disease including asthma,
chronic obstructive pulmonary disease (COPD), pulmonary fibrosis, pneumonia, and lung cancer.
COPD is the third leading cause of death worldwide and the most prevalent pulmonary disease
amongst cardiac surgical candidates®!; a recent meta-analysis of more than 13,000 patients
undergoing CABG found that over 20% had at least mild COPD, while almost 13% had moderate
to severe COPD®?. Perioperative evaluation requires risk assessment through history and clinical
examination along with imaging studies and lung function evaluation. Depending on the age and
presenting symptoms of the patient, a chest x ray may not suffice and additional imaging such as

computer tomography (CT) may need to be pursued®®. Additionally, pulmonary function tests



(PFT) can be utilized to address underdiagnosis as a study of almost 1,200 cardiac surgery patients
showed that PFT results helped to reclassify COPD status of 31% of patients®*.

Once appropriately diagnosed, patients can be linked to pulmonary rehabilitation, pursue
inspiratory muscle training (IMT) and utilize incentive spirometry (IS) before and after surgery.
In a recent randomized clinical trial, it was found that amongst CABG patients those who utilized
preoperative IS had significantly shorter length of in-hospital stay and duration of ventilation, as
well as increased oxygen saturation and arterial blood oxygen®. A meta-analysis of 12 clinical
trials found that preoperative IMT is associated with reduced length of in-hospital stay and
decreased atelectasis (partial or complete lung collapse)®®. Additionally, bronchodilators, inhaled
steroids and/or home oxygen can be prescribed to further optimize pulmonary status. If needed,

patients can also be linked to a pulmonologist or respiratory therapist.

1.3 Surgical Prehabilitation

Postoperative morbidity and mortality outcomes are primarily determined by three key
factors: 1) quality of surgical care, 2) degree of surgical stress elicited, and finally 3) the
preoperative condition of the surgical candidate®’. Prehabilitation deals with the third and generally
consists of a set of personalized interventions designed and implemented with the intention of
improving future physiologic, psychologic, and metabolic response to an expected stressor. In the
context of surgical prehabilitation specifically, the expected major stressor is of course surgery.
Though there is no single static definition of surgical prehabilitation, typically interventions are

related to exercise, nutrition, and/or psychocognitive training.
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Amongst growing patient and clinician interest in the field, a recent (2022) umbrella review
of 55 systemic reviews regarding prehabilitation before elective surgery determined that there is
evidence that prehabilitation prior to cardiac surgery reduces the risk of complications and length
of stay. However, they also identified that the certainty of this evidence was low to very low and
thus the authors recommend further high-quality research be done to strengthen and clarify the
empirical evidence regarding success. The umbrella review also identified that the great majority
of studies (56%) were solely exercise based prehabilitation (EBPrehab), while another 20% were
solely nutrition intervention based®®. Clearly, there is a lack of knowledge, regardless of quality,
surrounding multi-modal and integrated forms of surgical prehabilitation.

Furthermore, there is very limited data regarding prehabilitation in the context of cardiac
surgery. While still not robust, most research regarding cardiac surgery prehabilitation is in the
context of single-component programs specifically consisting of EBPrehab or pulmonary
optimization (through IMT) exclusively and thus the value or impact of multimodal interventions
are not well known®. Though there are two international (Spain®®, Netherlands®') preliminary or
exploratory multi-modal intervention studies that have recently been published, there is almost no
information regarding multimodal intervention within the US. The only US (and Canada) specific
information available is the “NEW” approach consisting of nutritional status (N), exercise capacity
(E), and worry reduction (W). An implementation guide was published in 2018, but it is unknown

if the model has yet been adopted or evaluated®?.
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1.4 Gaps In Knowledge

This study would be filling a unique niche within the literature by exploring differences in
outcome between patients who experience multi-modal prehabilitation specifically prior to major
cardiac surgery within the US. This study would offer preliminary evidence and data that could
then be utilized to determine if randomized clinical trials or further studies should be pursued.
Moreover, novel prehabilitative interventions will be explored for the first time amongst cardiac
surgical patients as anemia, OSA, substance abuse, and other key risk factors were targeted

preoperatively as potential areas for personalized intervention.

1.5 Public Health Significance

As the number of patients undergoing major cardiac surgery increases every year, it is
essential to utilize all possible interventions to reduce postoperative morbidity and mortality.
Despite current protocols such as Enhanced Recovery After Surgery and advancements in surgical
techniques, there is still much room for improvement, especially in the preoperative phase. This is
especially important because a study of almost 2000 professional, patient and caregiver
stakeholders identified that the possibility of prehabilitation improving outcomes is a top 10
priority within the field of anesthesia and perioperative care research®®. While this study was
conducted in the UK, similar trends in interest likely exist within the US among perioperative care
givers. Furthermore, surgical pathway re-design to expand and prioritize the preoperative pathway
will allow for benefits and value to accrue from that period due to opportunities for collaborative

decision making and behavioral change®*.
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Benefits will be seen through improved patient outcomes and decreased overall healthcare
costs and burden. At large, heart disease costs over $200 billion annually when healthcare services,
medications, and productivity loss due to mortality are taken into consideration®. More
specifically, amongst CABG patients over the past decade, there has been an almost $80 million
dollar increase in healthcare costs due to additional hospitalization time and therapies resulting
from comorbidity related post-operative complications®®. One of the previously discussed
modifiable risk factors, perioperative anemia, increases the likelihood of intraoperative red blood
cell transfusion if left untreated. Amongst patients undergoing CABG, those who received an
intraoperative red blood cell transfusion not only had worse outcomes, but also had 1.4 times the
nonoperative costs of their counterparts who did not receive a transfusion®. Through effective
cardiac surgical prehabilitation, additional services and costs such as transfusion can be avoided,
while also improving patient care and outcomes. By taking steps to optimize these comorbidities
prior to surgery, the financial and resource burden currently placed on the healthcare system

through major cardiac surgeries can be minimized.
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2.0 Objective

The objective of this study was to examine if patients who underwent the prehabilitation
process significantly differed in their operative and postoperative outcomes compared to those
who did not after major cardiac surgery. We hypothesize that patients who undergo the
prehabilitation process will have significantly improved outcomes as a result of preoptimization
of their comorbidities as opposed to their counterparts who undergo a typical surgical timeline and
approach. Although the outcomes we hope to investigate have several different factors and
variables which impact them, we will account for as many of these variables as possible whilst
analyzing the data and still expect the prehabilitation status to explain at least a portion of the

variances in outcomes.
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3.0 Methods

3.1 Study Design and Population

A retrospective cohort study design was used for this project. Study subjects were retrieved
from the University of Pittsburgh Medical Center (UPMC) electronic health records (EHRs) and
the Society for Thoracic Surgeons (STS) Adult Cardiac Surgery Database (ACSD). Specifically,
all patients who had major elective cardiac surgery at either UPMC Presbyterian or UPMC
Shadyside from 5/1/2021 to 12/31/22 were initially pulled for analysis from the STS ACSD. We
only included patients who underwent urgent or elective cardiac surgical procedures. Patients who
underwent emergency procedures, transcatheter aortic valve [TAVR] or other valve replacement,
ventricular assist device [VAD], heart transplant, and other mechanical support devices were
excluded from the study. The study cohort included mainly major invasive cardiac surgeries such
as CABG, valve, combined CABG/valve procedures, multivalve procedures and aortic procedures.
Patients with incomplete follow up data were excluded in the final analysis. Then, patients who
underwent prehabilitation were identified through the UPMC EHR using an interactive dashboard
which provided a list of those who had been seen by the Center for Perioperative Care (CPC) either
in person or through telemedicine prior to their surgical date at least once. Control patients
included any patients who met all inclusion/exclusion criteria discussed above during the same
time period but were not identified on the list from the UPMC CPC EHR dashboard and thus
underwent traditional perioperative care for major cardiac surgery. The detailed steps of this

process are shown in Figure 2 at the end of the methods.
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3.2 Prehabilitation Implementation

This study was approved by the University of Pittsburgh Institutional Review Board
(STUDY#20070119). In 2021, the UPMC initiated the optional, surgeon referred prehabilitation
program through the Center for Perioperative Care (CPC) across 2 academic hospitals in the city
of Pittsburgh for patients undergoing major cardiac surgeries. The program design and
implementation were heralded by one core multidisciplinary team of clinical experts
(anesthesiologists, surgeons, and nurses). Several other clinical practitioners (physician assistants
and nurse practitioners), information technology personnel, pharmacists and physical/respiratory
therapists were involved in the downstream treatments and interventions pursed as a result of CPC
evaluation and coordinated optimization.

The standardized core prehabilitation protocol consists of utilization of key clinical
pathways and guidelines during preoperative visits by physicians in order to evaluate and optimize
modifiable risk factors prior to surgery. Each risk factor has a specific provider facing flow
diagram that allows clinical practitioners to not only assess the current status of the patient, but
also determine or prescribe the appropriate next steps to attempt to address the issue in question.
Flow diagrams exist for several key risk factors and were integrated into the care of those seen by
the CPC. The preoperative anemia evaluation tool below (Figure 1) shows the high level of detail
and use of clinically relevant benchmarks for care provider clarity. The evaluation flow diagrams

for all other relevant risk factors are included in Appendix A.
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Chart Review:

*Pertinent History:
~Thrombocytopenia
-Lymphocytopenia
-pancytopenia
-thalassemia

-sickle cell anemia
-anemia of chronic disease
-vit. Deficiency anemias
-Iron deficiency anemia

*5/5 anemia:

-Cold extremities
-fatigue/weakness

-pale skin

-508

-Dizzy/lightheaded
-irregular heartbeat/chest
pain

-headaches

History, recent labs, etc.

anemia or

Heme/Onc
disease?
Abnormal
labs?

Ab available withi
45 days of surgery
date?

N Hb 2 12 for BOTH

males & females

A4
Order Appropriate Anemia Panel w/

Reflex ® (121,000
2,000 mcg po
1, "CPC Only Hgb & Het w/ Reflex daily
or B12 <211pg/ml
2. "CPC Only CBC/DIfF/Pt w/ Reflex” olate <2.6 ng/ml t—*|®  Folate 1 mg
or po daily
Reflex labs only If HE&H w/] 45 days:
CBC, Ferritin, Iron/TIBC% Sat,
PCP Faoll
Creatinine GFR, B12 & Folate cowe
hgh 511.9 will trigger
reflex for males & fermales
arritin <100pg/L and TSAT <20  econslt mm
1y Fe Considerations: N . = —
(not u?nmplex] MNephrology for
®  Moderate/severe {no renal involvement) advice
anemia (Hb <10)
®  Surgery with increased Consider if surgery date is w/i
likelihood of alogeneic & wks and urgency and discuss
transfusion X with surgeon
Iron Infusion ®  ehovah s withess
Care Plan** Refer to pt.'s
" oes pt. have a Y ol ermatol F.’.,m
ot hematologist? recommendations
. Agent & Dose
. MNecessary Labs

Y
CPCRN
Schedules iron

Follow-up with PCP for cancer

Therapy prior ta
Surgery

Y
F

screening or colenoscopy if no
known underlying disease

Reevaluate [follow-up labs) and consider readiness for
surgery®*
Re-draw H/H 2-3 weeks after last dose of IV Iron

** Goal is to reduce transfusion rates. Ideally,
correction of anemia prior to elective surgery.

Figure 1. Anemia Clinical Evaluation and Optimization Pathway
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While being seen by the CPC is optional and at the surgeon’s discretion, guidelines were
distributed regarding the prehabilitation program to all surgical team members. Patients were seen
by an anesthesia team member at the cardiac surgery clinic once the candidacy for surgery was
determined. Risk prediction and evaluation was done through several tools and an appropriate
prehabilitation plan was formulated after discussion with the surgical team regarding both timing
of surgery and severity of disease. While it is ideal to have 4-6 weeks of prehabilitation, the
duration was discussed with surgical team and a case specific consensus was developed.
Additional laboratory testing and consultations were ordered as needed as well. Appropriate follow
up of interventions was done by the center for presurgical care. Finally, readiness for surgery was

discussed with the surgical team after a period of prehabilitation measures.

3.3 Outcome Measures

All variables were abstracted from the STS ACSD and reflect the collection protocols and
procedures outlined by the database with no involvement or interference from the study team. Per
the STS, all-cause mortality data was verified by the U.S. Social Security National Death Index
Database as well.

The primary outcome measures were death within 30 days and death at large as reported
by the database. Secondary outcome measures examined postoperative complication rates between
groups including incidence of stroke, sepsis, deep sternal infection, pneumonia, renal failure,
transient ischemic attack (TI1A), pulmonary thromboembolism, deep vein thrombosis, cardiac

arrest, atrial fibrillation, left ventricular ejection fraction (LVEF), prolonged mechanical
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ventilation beyond 24 hours, total mechanical ventilation duration, and readmission within 30

days.

3.4 Statistical Analysis

First, baseline and operative characteristics of prehabilitated patients and traditional
patients in the full cohort sample were compared. Regarding missing values, if less than 15% of
total values were missing for the variable then the group median was used instead. Furthermore, if
final follow up time points were missing or had not yet occurred for a patient, they were censored
on the date of data extraction. For continuous measures student t-tests or nonparametric Mann-
Whitney U tests were utilized and for categorical measures chi-square or fisher exact tests were
utilized. Normality was assessed by the Kolmogorov-Smirnov Test. All categorical variables were
presented by count and percentage; continuous variables were presented by median (with a range
of quartile one through quartile three) as they were not normally distributed.

Propensity score matching was utilized to overcome the baseline covariate imbalances
often prevalent in retrospective observational cohort studies®” and in order to develop truly causal
estimates on the prehabilitation outcome relationships. Logistic regression was used to calculate
the propensity score based on all the baseline characteristics (saturated) to reduce selection bias.
Propensity scores were calculated with several different baseline and operative characteristics
(detailed in Table 1). Several factors were evaluated while deciding on which variables to match
on, including their relationship with the various outcomes of interest and the intervention of
prehabilitation as well as general clinical relevance. All variables with significant differences

amongst baseline groups (p value <.05) were matched on including gender, COPD,
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immunocompromised status, peripheral artery disease (PVD), previous myocardial infarction
(MI), prior heart failure, New York Heart Association (NYHA) classification, number of
preoperative days admitted in hospital, preoperative left ventricular ejection fraction (LVEF),
hematocrit, total albumin, HbAlc level, angiotensin converting enzyme (ACE) inhibitors or
angiotensin receptor blockers (ARB) within 48 hours prior to surgery, IV inotropic agents within
48 hours prior to surgery, use of cardiopulmonary bypass (CBP), cross clamp time, CBP time
(minutes), lowest temperature recorded in operating room, and surgical type. However, the
matching algorithm does not utilize cases with missing values and the variables cross clamp time
and CBP time are both only available in on-pump CBP surgical cases. Thus, only on-pump surgical
cases were utilized when matching. We also matched on preoperative dialysis requirement and
lipid lowering medications due to the proximity of the p-value to significance (P=0.07 & P=0.08
respectively).

A 1 to 1 Greedy Matching algorithm (nearest neighbor matching without replacement)
was selected in order to create balanced groups®® and a caliper width of 0.2 was employed. The
algorithm was unable to match 12 prehabilitated patients with controls due to extreme propensity
scores. After propensity score matching, McNemar's test was used to assess the statistical
significance of the risk difference for categorical variables, and t-test or Wilcoxon signed rank test
was utilized for continuous variables. Regarding outcomes, all analysis after matching accounts

for the matched pairs specifically rather than the original sample cohort.
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STS ACSD
N= 24,514
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M
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M

Full Cohort Sample
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Prehabilitated Patients Traditional Patients
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Figure 2. Diagram of Study Sample Selection and Matching
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Grou

N= 234 N= 234
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4.0 Results

4.1 Preoperative and Procedural Characteristics of Full Cohort Sample

The full cohort sample (N=2,178) selection process is shown above in Figure 2 and details
the exclusion criteria and number of cases excluded at each point. The treatment (N=252) and
control (N=1,926) groups of the sample at this stage had many significant differences in both
preoperative and procedural characteristics. While both groups had no significant difference in
mean age, BMI, diabetes, dialysis, hypertension, cerebrovascular disease (CVD), cigarette
smoking, creatinine, bilirubin, beta blockers within 2 weeks, lipid lowering medication within 24
hours prior to surgery, and duration of CBP (all p>0.05) (Table 1), there were several other
variables which were not similar between the groups. Gender (p<0.001), COPD (p=0.002),
immunocompromised status (p<0.001), PVD (p=0.005), previous M1 (p<0.001), prior heart failure
(p<0.001), NYHA classification (p=0.016), number of preoperative days admitted in hospital
(p<0.001), preoperative LVEF (p=0.015), hematocrit (p=0.025), total aloumin (p<0.001), HbAlc
level (p<0.001), ACE inhibitors or ARB within 48 hours prior to surgery (p=0.002), IV inotropic
agents within 48 hours prior to surgery (p<0.001), lipid lowering medication within 24 hours prior
to surgery (p=0.076), use of CBP (p<0.001), cross clamp time (p<0.001), lowest temperature
recorded in operating room (p<0.001), and surgical type (p<0.001) (Table 1) were all significantly

different between the prehabilitation and control groups of the full cohort sample.

22



Table 1. Preoperative and Procedural Characteristics of Full Cohort Sample Prior to Propensity Matching

Prehabilitated Control P- Value

(N=252) (N=1926)

Mean[25th,75th Mean[25t, 75t

percentile]or n percentile] or n

(%) (%)
Patient Characteristics
Age (yrs) 66.0 [59.0-71.0] 67.0 [59.0-72.0] 0.575
Female 93 (36.9) 492 (25.6) <.001
Body Mass Index (kg/m?) 30.1[25.4-34.1] 28.9 [25.6-33.3] 0.148
Diabetes 90 (35.7) 767 (39.8) 0.209
Dialysis 12 (4.8) 52 (2.7) 0.068
Hypertension 215 (85.3) 1659 (86.1) 0.724
Chronic Obstructive
Pulmonary Disease 91 (36.1) 516 (26.8) 0.002
Immunocompromised 26 (10.3) 85 (4.4) <.001
Peripheral Artery Disease 42 (16.7) 205 (10.6) 0.005
Cerebrovascular Disease 57 (22.6) 421 (21.9) 0.784
Previous Myocardial
Infarction 43 (17.1) 766 (39.8) <.001
Prior Heart Failure 198 (78.6) 626 (32.5) <.001
Current Cigarette Smoker 57 (22.6) 431 (22.4) 0.931
Preoperative Hospitalization
(days) 0.0 [0.0- 1.0] 0.0 [0.0- 4.0] <.001
Preoperative Laboratory Parameters
Hematocrit (%0) 39.6 [37.2-43.5] 39.6 [35.8-42.7] 0.025
Creatinine (mg dI) 1.0[0.8-1.2] 1.0[0.8-1.1] 0.775
Total Albumin (g dI?) 4.0 [3.8-4.3] 3.8 [3.5-4.1] <.001
Total Bilirubin (mg dI?) 0.6 [0.4- 0.8] 0.6 [0.5- 0.8] 0.735
Last Hemoglobin A1C (%) 5.7 [5.4- 6.5] 5.8 [5.5- 6.6] <.001
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Preoperative Medications

ACE/ARB* within 48 h 13 (5.2) 247 (12.8) 0.002
Beta Blockers within 2 weeks 146 (57.9) 1137 (59.0) 0.480
Inotropes within 48 h 28 (11.1) 50 (2.6) <.001
Lipid-lowering drugs within
24 h 149 (59.1) 1236 (64.2) 0.076
Preoperative Cardiac Condition
New York Heart Association 0.016
Class

1&2: 197 (78.2) 1621 (84.1)

3&4: 55 (21.8) 305 (15.8)
Left Ventricular Ejection
Fraction (%) 58.0 [53.0-63.0] 58.0 [48.0-63.0] 0.015
Procedural Characteristics
Surgical Type <.001

Multi Valve 14 (5.6) 49 (2.5)

Isolated CABG** 48 (19.0) 1173 (60.9)

Isolated Valve 78 (31.0) 389 (20.2)

CABG** + Valve 45 (17.9) 184 (9.6)

Aortic 67 (26.6) 131 (6.8)
Cardiopulmonary Bypass
Utilized 246 (97.6) 1731 (89.9) <.001
Cross Clamp Time (min) 67.0 [54.0-82.5] 79.0 [60.0-99.0] <.001
Duration of Cardiopulmonary
Bypass (min) 94.0 [79.0-126.0] 103.0 [82.0-128.0] 0.082
Lowest Temperature in
Operating Room (°C) 31.8 (29.1-33.5] 34.0 [32.4-35.0] <.001

*Angiotensin Converting Enzyme (ACE)/Angiotensin Receptor Blockers (ARB)

**Coronary artery bypass grafting (CABG)
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4.2 Postoperative Outcomes of Full Cohort Sample

Table 2 shows the differences in postoperative outcomes and complications between the
two groups in the full cohort sample prior to matching. Statistically significant differences were
found in both the primary outcome measures of death within 30 days (p<0.001) and death
(p=0.002). Statistically significant differences in incidence were also found in several secondary
outcome measures including renal failure (p=0.001), cardiac arrest (p<0.001), prolonged
mechanical ventilation (p<.001), and total mechanical ventilation duration (p<0.001). Transient

ischemic attack (TIA) and pulmonary thromboembolism complications were not seen in either

group.
Table 2. Postoperative Outcomes of Full Cohort Sample Prior to Propensity Matching

Prehabilitated Control P- Value
(N=252) (N=1926)

Stroke 5 (2.0%) 17 (0.9%) 0.100

Sepsis 0 (0%) 13 (0.7%) 0.191

Deep Sternal Infection 0 (0%) 3 (0.2%) 0.531

Pneumonia 10 (4.0%) 51 (2.7%) 0.232

Renal Failure 12 (4.8%) 32 (1.7%) 0.001

Transient Ischemic Attack 0 (0%) 0 (0.0%)

Pulmonary

Thromboembolism 0 (0%) 0 (0.0%)

Deep Vein Thrombosis 0 (0%) 6 (0.3%) 0.375
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Cardiac Arrest 18 (7.0%) 27 (1.4%) <.001
Atrial Fibrillation 69 (27.4%) 487 (25.3%) 0.473
Left Ventricular Ejection

Fraction (%) 48.0 [30.5-53.0] | 53.0[38.0-58.0] 0.055
Prolonged Mechanical

Ventilation (>24 h) 54 (21.4%) 147 (7.6%) <.001
Total Mechanical

Ventilation Duration (h) 5.8 [3.7-20.6] 4.15[2.8-7.0] <.001
Readmission within 30

days 63 (25.0%) 408 (21.2%) 0.166
Death within 30 days 13 (5.2%) 35 (1.8%) <.001
Death 21 (8.3%) 77 (4.0%) 0.002

4.3 Preoperative and Procedural Characteristics of Propensity Matched Sample

After propensity score matching (234 match pairs, N=468), there were no statistically
significant differences in the distribution of any preoperative or procedural variables examined

between the prehabilitated (N=234) and control groups (N=234).
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Table 3. Preoperative and Procedural Characteristics of Sample Matched by Propensity Score

Prehabilitated Control P- Value

(N=234) (N=234)

Mean[25th,75th Mean[25t, 75t

percentile] or n percentile] or n

(%) (%)
Patient Characteristics
Average Age (yrs) 66.0 [60.0-72.0] 67.0 [59.00-72.0] 0.528
Female 82 (35.0) 77 (32.9) 0.626
Body Mass Index (kg/m?) 30.4 [25.4-34.6] 29.1 [25.3-34.0] 0.326
Diabetes 85 (36.3) 66 (28.2) 0.060
Dialysis 11 (4.7) 9(3.9) 0.648
Hypertension 200 (85.5) 201 (85.9) 0.900
Chronic Obstructive
Pulmonary Disease 88 (37.6) 87 (37.2) 0.924
Immunocompromised 21 (9.0) 20 (8.6) 0.870
Peripheral Artery Disease 40 (17.1) 42 (18.0) 0.808
Cerebrovascular Disease 54 (23.1) 43 (18.4) 0.210
Previous Myocardial Infarction 40 (17.1) 38 (16.2) 0.804
Prior Heart Failure 183 (78.2) 189 (80.8) 0.492
Current Cigarette Smoker 53 (22.7) 39 (16.7) 0.103
Preoperative Hospitalization
(days) 0.0 [0.0- 1.0] 0.0 [0.0- 1.0] 0.917

Preoperative Laboratory Parameters
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Hematocrit (%) 39.5 [37.1-43.2] 40.2 [37.2-43.1] 0.424
Creatinine (mg dI?) 1.0[0.8-1.2] 1.0[0.8-1.1] 0.671
Total Albumin (g dIY) 4.0 [3.8-4.2] 4.0 [3.8-4.3] 0.872
Total Bilirubin (mg dI%) 0.6 [0.4-0.8] 0.6 [0.5- 0.8] 0.118
Last Hemoglobin A1C (%) 5.7 [5.4- 6.5] 5.7[5.4-6.1] 0.855
Preoperative Medications
ACE/ARB* within 48 h 11 (4.7) 9(3.9) 0.539
Beta Blockers within 2 weeks 134 (57.3) 140 (59.8) 0.532
Inotropes within 48 h 24 (10.3) 18 (7.7) 0.332
Lipid-lowering drugs within 24
h 141 (60.3) 131 (56.0) 0.547
Preoperative Cardiac Condition
New York Heart Association 0.819
Class

1&2: 185 (79.1) 187 (79.9)

3&4: 49 (20.9) 47 (20.1)
Left Ventricular Ejection
Fraction (%) 58.0 [53.0-63.0] 58.0 [55.0-63.0] 0.117
Procedural Characteristics
Surgical Type 0.821

Multi Valve

Isolated CABG**

Isolated Valve

14 (6.0)
40 (17.1)

73 (31.2)

10 (4.3)
39 (16.7)

78 (33.3)
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CABG** + Valve 43 (18.4) 49 (20.9)

Aortic 64 (27.4) 58 (24.8)

Cross Clamp Time (min) 67.0 [54.0-83.0] 64.0 [51.0-89.0] 0.580

Duration of Cardiopulmonary

Bypass (min) 95.0 [80.0-126.0] | 96.0 [73.0-126.0] 0.410

Lowest Temperature in

Operating Room (°C) 31.7 [29.1-33.3] 31.8 [29.2-33.4] 0.490

*Angiotensin Converting Enzyme (ACE)/ Angiotensin Receptor Blockers (ARB)

**Coronary artery bypass grafting (CABG)

4.4 Postoperative Outcomes of Propensity Matched Sample

All analysis below refers to the 234 matched pairs only. No significant differences were
seen regarding the primary outcome measures of death or death within 30 days. A statistically
significant difference in incidence of cardiac arrest (p<0.005) was seen between the two groups,
with a 5.6% greater incidence in the prehabilitated patients. There was a significant difference in
prolonged mechanical ventilation (p=0.023) as well; while 33 patients in the control group
experienced more than 24 hours of ventilation, 52 patients in the treatment group experienced the
same (8.1% difference). Finally, there was a significant difference between groups regarding the
total hours of mechanical ventilation (p=0.008). The median length in the control group was 4.8
hours compared to 5.8 hours in the treatment group. Furthermore, the variability of length (spread)

was far greater in the treatment group as shown by the comparatively wide interquartile range.
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Deep sternal infection, TIA, pulmonary thromboembolism, and deep vein thrombosis

complications were not seen whatsoever in either group.

Table 4. Postoperative Outcomes of Sample Matched by Propensity Score

Prehabilitated Control P- Value
(N=234) (N=234)
Stroke 5(2.1) 5(2.1) 1
Sepsis 0(0.0) 3(1.3) 0.082
Deep Sternal Infection 0(0.0) 0 (0.0)
Pneumonia 9 (3.9 9 (3.9 1
Renal Failure 11 (4.7) 7 (3.0) 0.336
Transient Ischemic 0(0.0) 0 (0.0)
Attack
Pulmonary 0(0.0) 0 (0.0)
Thromboembolism
Deep Vein Thrombosis 0(0.0) 0 (0.0)
Cardiac Arrest 18 (7.7) 5(2.1) 0.005
Atrial Fibrillation 64 (27.4) 73 (31.2) 0.361
Left Ventricular Ejection 48.0 [29.0-53.0] 52.0 [35.0-58.0] 0.052
Fraction (%)
Prolonged Mechanical 52 (22.2) 33(14.1) 0.023
Ventilation (>24 h)
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Total Mechanical 5.8 [3.6-22.1] 4.8 [3.2-9.8] 0.008
Ventilation Duration (h)

Readmission within 30 58 (24.8) 44 (18.8) 0.117
days

Death within 30 days 13 (5.6) 7 (3.0) 0.170
Death 20 (8.6) 12 (5.1) 0.143
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5.0 Discussion

We investigated the association between prehabilitation prior to major cardiac surgery and
postoperative outcomes with a retrospective cohort design among 234 propensity matched pairs.
While no significant differences were seen in the primary mortality-based outcomes, the secondary
outcomes involving non-fatal complications were better in patients undergoing the traditional
surgical process specifically for cardiac arrest, prolonged mechanical ventilation, and total
mechanical ventilation duration. Unexpectedly, our findings did not align with the initial
hypothesis as patients in the prehabilitated group had statistically significant higher incidences of
complications compared to their control counterparts.

To date, and to our knowledge, there has been no other published study that has explored
a multimodal form of prehabilitation amongst major cardiac surgical patients in the US. Thus, the
study results are unique and not directly comparable to any of the existing literature. However,
two studies have explored multimodal intervention in cardiac surgery internationally.

The pilot Heart-ROCQ program was implemented in a university medical center in the
Netherlands and consisted of 3 weekly prehabilitation visits for at least 3 weeks prior to surgery.
The intervention consisted of aerobic cycling, strength training, IMT, psychological guidance,
dietary advice and a non-smoking consultancy. However, the program also included a clinical
inpatient rehabilitation phase following discharge which may affect the outcomes as well. The
retrospective study utilized propensity score matching and examined 91 prehabilitated patients
with 3 matched control cases per patient. The self-described explorative study examined several
postoperative complications, but only found a significant difference in incidence of atrial
fibrillation between the two groups (14.3% control vs 25.3% treatment)®:. Our study results
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differed as atrial fibrillation incidence was not significantly different between groups. This
difference in results can be explained by the variance in prehabilitation (3 week minimum, lack of
optimization of comorbidities such as diabetes, anemia, etc.), the post operative in-patient
rehabilitation element of the intervention, and general medical protocol differences between the
US and the Netherlands. Furthermore, the rather small sample size of the study as well as the fact
that patients in each group were referred from different hospitals may affect the validity of the
results.

The second multimodal study based in Spain self-described as a pilot interventional study
and consisted of a 45-day intervention period during which patients underwent a supervised
exercise training program, breathing incentive exercises, nutritional support and mindfulness
training. This study utilized functional capacity measures (six-minute walking test, and chair test)
as well as the Yale physical activity questionnaire in order to evaluate the program. While the
study saw significant improvements in the 45-day period prior to surgery in the treatment group®’,
the outcome measures are very distinct from the postsurgical outcome measures pursued by our
study and thus are not comparable. Furthermore, once again this study does not include the
optimization of certain key comorbidities prior to surgery and may reflect procedural medical
differences between different countries.

It is important to note that our study has a few key limitations. First, the study only
examines patients from a single center in a retrospective manner. The study also suffers from
having only roughly 34% female patients and just 5% of all procedures are multivalve procedures
indicating that the results may not be generalizable. Race was also not examined or matched on
and may be an additional confounding factor. One key confounder that was not accounted for is

the length of optimization underwent by each patient. While the CPC recommends 3-6 weeks of
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preoptimization, there was huge variation amongst patients regarding when optimization began,
ranging anywhere from the day prior to surgery to even 9 months prior. Another key confounder
that was not explored is the exact surgeon who performed the procedures. As the program is
optional and surgeon referred, there is a significant amount of variability that can be introduced as
a result of surgeon preference in the preoperative phase as well as in the operation itself depending
on provider specific historical success rates for different procedures. Finally, the specific
anesthesiologist or preoperative care provider for CPC appointments could be another important
confounder that the analysis did not account for. Though the intervention utilizes clear and
clinically relevant benchmarks for optimization, there is still a substantial amount of room for
provider preference, judgement, and modification of the intervention during each visit. Though the
matched analysis accounts for several possible confounders, several other unmeasured
confounding factors could exist beyond even those explicitly discussed above. Furthermore, it is
possible that sick patients are more often referred for prehabilitation and the degree of sickness is
not measured adequately by statistical means.

However, there are several notable strengths to our study. First, the unique intervention
expands the scope of prehabilitation beyond any previous studies by including perioperative
optimization of risk factors other than solely nutritional status, exercise, pulmonary capacity, and
mental health. Outcome measures are not self-reported and were pulled directly from an
established and trustworthy database (STS ACSD). Finally, the retrospective cohort study utilized
a large population size (compared to other similar studies) with appropriate exclusions, and
propensity matching ensured no significant baseline differences existed amongst the two groups

for the preoperative and operative variables examined in the study.
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In conclusion, our study shows that multimodal prehabilitation prior to major cardiac
surgery is not associated with improvement in post-surgical mortality and complications. Our
findings, though not comparable to current literature, dissent from the consensus that
prehabilitation results in equivalent or better outcomes after surgery®®. However, the impact of
multimodal interventions amongst cardiac candidates is not yet known due to a paucity of studies®®
and this study begins to fill that gap in the literature. By utilizing the first ever cardiac
prehabilitation intervention to optimize novel and unique comorbidities this study also expands
the scope of prehabilitation at large. Future steps to further improve this study include controlling
for historical surgical success rates of each surgeon, matching on perioperative care provider,
stratifying by length of optimization, and including race in the baseline characteristic analysis. For
future studies, prehabilitation protocols should be clarified and standardized further in order to
limit confounders and eventually randomized clinical trials should be pursued in order to truly
understand the impact of multimodal prehabilitation interventions on major cardiac surgical
patients. The use of prehabilitation, and especially multimodal prehabilitation, is a somewhat novel
intervention whose public health impact is not yet thoroughly known; this study offers further

clarity regarding its potential value and impact on patient outcomes and health.
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Appendix A Risk Factor Optimization Clinical Pathways

Endocrinology Pathway
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Figure 3. Endocrinology Clinical Evaluation and Optimization Pathway
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Smoking Cessation

Prior to beginning this assessment, it
is important to know if the Surgeon
has anicatine limitation or complete
smoke free requirement.

In the past year
have you used
tobacco
products?

vas—b

Advise
Quitting smoking/
chewing is the most
important thing you can
do to protect your health

v

Assess Readiness to Quit
Ask every tobacco user if
he/she is willing to quitat

this time
Help motivate the patient
Identify reasons to quit in
supportive manner [€#———— NO
Build patient’s confidence
about quitting YES
v
Assist
+  Set quitdate within 2 wks.
+ Instructremoval tobacco products
from environment
+*  Recommend seeking support from
YES »> family, friends, and coworkers. *Eligible for Tobacco Treatment Services
. Review past quit attempts Ortho
+  Acknowledge challenges, including ; :cwlle'r, I;aj.-ud
nicotine withdrawal - hamn, Srian
3. Hogan, Macalus
«  Reiterate reasons for quitting and 4. Klatt, Brian
benefits 5. Lee, Stella Joo
Gently remind 6. M‘ch)ugh, R!nhard
e ifthevd ¢ 7. O'Malley, Michael
Pat!"? ifthey do § - 8. Shaw, Jeremy
not quitthey may Develop quit plan with 9. Waeiss, Kurt
not be able to patient that includes 10. Yates, Adolf Jr.
counseling and Ortho Spine
medication 1. Lee,) Y
Options can be use N sﬁ:wn;r:er:ng
¢ individually or combined, N : ’ \
however combined approach euro .
s more effective 1. Bailey, Robert
2. Gerszten, Peter
Resource
Support
Counseling Nicotine Replacement Non- Nicotine Replacement

Pharmacologic non-

1. Use Epic Smartset: "Tobacco Use Cessation"

2. [ECR00114] "Consult/Referral to Tobacco Treatment
Services" (*Only for surgeons listed to the right)

3. UPMC Health Plan Members eligible for free telephonic
counseling: In Epic- [EC0098] "Prescription for Wellness
UPMC HP Health Coach"

4. Non-Health Plan members: Enroll in PA Quit Now Program
using online provider referral form

1.Patch (long acting)

2. Gum (short acting)

3. Lozenge (shortacting)

4. Nasal Spray (short
acting)

5. Inhaler (short acting)

nicotine replacement
options can be

discus sed with CPC
team, but prescription
and management is
PCP's role

1. Bupropion
(long acting)
(wellbutrin, Zyban)
2. Varenicline

Figure 4. Smoking Cessation Clinical Evaluation and Optimization Pathway
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Substance Use NIDA Screen

Prescription drugs for non-medical reasons?
O Never OOnce or Twice OOMonthly OWeekly

How often has the patient used the following?

ODaily or Almost

END \4 YES

Important Note

Worker Point of Service interview, at the CPC Center
on day of evaluation visit, is preferred over phaone
consultation or requesting a return visit for Social
Worker consult.

Surgery Coach
contact Surgeon
and inform of
patient’s
treatment plan
complete

*

YES

YES
¥

Surgery Coach

risk findingsin
CPC follow-up

Surgery Coach to

| follow-up with SW

when Treatment,
Detox, Rehab

Surgery Coach
contactthe
Surgeon and

03 inform patient’s > (

unwillingness to
change substance
use and seek
treatment

documents low! > ;

Daily
lllegal drugs?
O Never O Once or Twice O Monthly [ Weekly [ Daily or Almost
Daily
I'io
Refer to Social
Worker for a full Reference
assessment using NIDA-modified ASSIST
NIDA-modified https://www.drugabuse.gov/nmassist/
ASSIST
SW to report
findings to
the CPC
Surgery
Coach

END

END

Figure 5. Substance Use Clinical Evaluation and Optimization Pathway
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Alcohol Use Screen

In the past year,
END Never——— how often have
you used Alcohol?

Maximum Drinking Limits
Healthy Male:<4 drinks/day Refer to Social
<14 drinks /wk. Worker for POS
Healthy Female: <3 drinks/day Assessment
<7 drinks/wk.
No Contact Surgeon
\ 4 inform patient’s
Remind !:atiem of consider
12 oz. Beer maximum treatment
5 oz. Wine drinking limits addressing
1.5 oz. liquor and encourage alcohol use
abstinence
Y
END Social END
Worker
facilitates
referral to
treatment
Important Note
Social Worker Point of Service inte rview, at the CPC Center
on day qf_evalumbn visit, is preferred _over phofae v
consultation or requesting a retum visit for Social Worker
consult. Social
Worker
informs
Surgery
Coach of tx
plan
B S
( END h

Figure 6. Alcohol Use Clinical Evaluation and Optimization Pathway
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7\

Housing/Post
Surgical Plans

Social Work Services

"4

Abusive
Situation

Are you able to
return homeafter
your surgery and
have a caregiver

able and willing to
care for you?

Are you
experiencing verbal,
emotional or
physical abuse from
family or friends?

| S

Financial Concerns

Do you have
concems about
paying your medical
bills and/ or
prescription
coverage?

Transportation

Do you have
concems about who
will provide
transportation for
your doctor
appointmenst and
surgery?

o

YES

'

Refer
Social Work Services
Refer to email
service number

Figure 7. Social Work Needs Evaluation and Optimization Pathway

Breathing Exercises

Refer patient to
Pulmonary Rehab [«—YE!

Pulmonary Rehab
Diagnosis

YE:

Can you climb
one flight of
stairs without
becoming short
of breath?

Short of Breath?

Provide the
patient with
incentive
spirometer and
instructional

NO——»

sheet

?

Figure 8. Pulmonary Clinical Evaluation and Optimization Pathway
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Healthy Eating and Weight Management

1. How much weight have you lost?

2-13 lbs.
14-23 |bs.
24-33 Ibs.

34 lbs. or more
Unsure

NBWN e

‘Weight Loss Score

v

2. Have you been eating poorly
because of a decreased appetite?

No o
YES

[

Appetite Score

v

3. Add weightloss and appetite
scores

MST SCORE =

MST 1-

Provide patient: Daily
meal planner, Ensure/
Glucerna**
Impact AR*
(ifsurgery is scheduled)

Schedule
Nutritionist consult

Have you
recently lost

weight
WITHOUT
TRYING?

S _NH_N

i
YES

Would the patient
benefit from or
require weight loss
prior to surgery?

Provide Healthy

Eating Page
Care Support
Healthy Eating

x1324

Provide patient
Daily meal planner,
Ensure/Glucerna,**

&Impact AR*

(ifsurgery is
scheduled)

Schedule
Nutritionist consult

Provide Healthy
Eating Page

Care Support
Healthy Eating
2x1324

See Weight Loss
Algorithm

Nutritional and Immunonutrition

-

*Impact AR is recommended for major
elective surgeries:

Upper/Low Gl Cardiac Head/Neck
Bladder CA Gyn/Onc  Hip Replacement

*Impact AR should NOT be given:
Transplant Breast Cancer

Diabetic patients need alternate

instructions: % carton 6X daily x 5days

**Glucerna is provided for diabetic patients

Figure 9. Nutrition Evaluation and Optimization Pathway
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Weight and Obesity Management

Patient
Benefit or Required
‘Weight Loss Before
Surgery

-
Weight Loss
Goak10%

Can wait 3+months
for surgery

SC Contacts
patient weekly
to support and
assess
progress

Follow patient for
weight loss updates:
1. 2weeks after CPC
appointment
2. Q1 monthx6

s

* Patients will receive a list of options to select the best personalized
path to achieve their weight loss goals. Pre-surgical weight loss of
greater than 10% requires a commitment and thoughtful decision

on the patient’s part

Weight Loss Goal

—

>20-30% by 6
Weig;to-L;s’s‘Goal months
Can wait 6+months N i3 Can wait >1yr. for
e - Requires more rapid surgery*
ery weight loss for
Urgent Surgery*

™

VES- | omp! )

N

Follow patient for
weight loss updates:
1. 2weeks after CPC

appointment to
confirm enroliment
in program
2. 2weeks after
start of program
3. Q1monthx6

A4
/"] Contacts Surgeon when patient’s weight goals
‘| hieved or if not achieved after 6 months. At 6
'k months, send letter to patient to contact CPC when
acl d

e

Revise Surgical Plan

*If Dr. Rometo's schedule is booked,
Dr. March also offers Optifast program

Figure 10. Obesity Clinical Evaluation and Optimization Pathway
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Multimode Frailty Assessment

Patient Frailty d hitps:// / Perform Document Score
redcap.upme.com, o - . 19
42 —> surveys/ = Clinical Frailty
Ps=WXDMTWA4RHN Scale \-/_\
Y

Verify one or both
Complete scores populate

Questionnaire the frailty field
Click Now Click Now

-

Copy Return
Code

Y
Document words
Perform Mini recalled and clock
Cog drawing
Y
Perform Grip Record Weight
Strength and and Height
eTUG \/\ °
Y

While the patient is seated in a chair, use the grip dynamometer to measure grip strength in their dominant
hand

Ask the patient to rise from the chair and walk at their normal speed to the 8 ft. mark and back again when
you say “Go”

Press “now” on Time Zero (Start) as the patient’s begins to rise

Press “now” for each time (Time 1-4) as the patient reaches each line of the eTUG course

Press “now” for Time 5 at the moment the patient’s bottom reaches the chair

Finally, measure grip strength a second time in the dominant hand

Y

Recard Values in
appropriate

PowerNote { Submit )

fields

zero Tirme 1 [Jrmez
¥ o
S - A 4 L
- Gait Turn
initiation ‘ Walk 1 | Around
e | _
Slow, stop, turn, and sit Walk 2 I
I | | | | | | |
] a 2 3 a 5 6 ? 8
* . DISTANCE (mwturs) .’
[ mmes [ Jrenea [ Jrmes

Figure 11. Frailty Clinical Evaluation and Optimization Pathway
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Chronic

Pain Management

Does the patient
have moderate/

severe daily pain
for >3 months?

Pain >3months

YES

. A

Perform Pain
Catastrophizing
Scale (PCS)
flowsheet

—_—

Document pain
evaluation score
Epic visit note

oes patien

Clear expectations
Use of blocks
Multimodal approach

Weaning down/off opioids
several weeks prior to
surgery will result in less
pain post surgery.

Provide the patient
with supportive
material and link to <——N
Chronic Pain: Using
Healthy Thinking*

Document in
CPC
PowerNote

use opioid to
ntrol pai

YES

N S

Discuss with the
patient
intraoperative
options

A\

Discuss why
preoperative opioid
weaning is critical

Refer to OME
calculator in the
powernote
reference for
alternate opioids
OME

Refer patient to
an outpatient
Chronic Pain

Consult

Document
Consult Order
and follow-up

-

*Chronic Pain: Using Healthy Thinking
Access Healthwise Video at
Www.upmc.com
Search chronic pain

Surgery Coach
Follow-up with
Chronic Pain
Physician

Figure 12. Chronic Pain Clinical Evaluation and Optimization Pathway
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