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T "'
-nl' "Bl e T

== NI mﬁ"

"FFI_’
s

Timothy L. Fitzgeral E
Professor of St | T
Director of Surgical Oncology.. ..
Tufts University School of Medicine-Maine Medical Centj; 4

Associate Medical Director of Surgical Oncology MaineHealth




* Risk Analysis Index

* Frailty and Cost



Surgery in Elderly Patients

* An aging populace mandates an increased use
of surgical intervention in the elderly

e Surgical literature is replete with series
reporting low mortality for complex
procedures in older patients

— patient selection
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Cancer Admissions in Octogenarians
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Major Cancer Resection in Octogenarians

All Major Resections
<0

0

00
10
00
10
V00

2000 203 004

Esophagus

0 oo 08 s M50

Pancreas

AAPC 6,674 AAPC 11,527

N 0 20 oce N »ul

1 a20 Bustrazed aCcoOrdeng 10 the aver:
Mow Al POrc ot age Charpe (AAPC) NOLe IRAL 1R SI000 of Lrotsd Curve (A) repredants & Sinicant Chande ¢ e (2 < O0%)




Mortality after Major Cancer Resection
In Octogenarians
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Frailty

 Decreased in physiologic reserve beyond that
expected for normal aging

* No clear consensus on the optimal way to
measure

— Deficit accumulation- deficits across multiple domains
e ADLs, mini-cognition test, and falls

— Phenotypic- Speed to get up and go, grip strength,
weight loss, exhaustion, decrease in muscle mass, and
decreased physical activity



Frailty Indices

Canadian Study of Health and Aging Frailty Index
Comprehensive Geriatric Assessment
Comprehensive Assessment of Frailty

Groningen Frailty Index

Edmonton Frailty Score

Hopkins Frailty Score

~ried Frailty Score

Deficit model frailty indices
— Modified Frailty Index and Risk Analysis Index




Frailty and Surgery

* Research tools have unclear real world
implications
— Small heterogeneous studies

* Understanding of the impact of frailty on the
surgical patient is imperative

— Patient selection, counseling, and modification of
risk factors



Presented at the Academic Surgical
Congress 2016

Impact of frailty on surgical ) oo
outcomes: The right patient
for the right procedure

Catalina Mosquera, MD.,” Konstantinos Spaniolas, NID,h and Timothy L. Fitzgerald, MD,*
Greenville, NC

We hypothesized that increasing frailty would be
associated with mortality, morbidity, and length
of stay for complex surgical procedures




Materials and Methods

* ACS-NSQIP Participant Use Files from 2005 to
2012

* Patients undergoing high-risk procedures

— Colectomy, esophagectomy, pulmonary resection,
pancreatectomy, cardiac surgery, gastrectomy,
nephrectomy, endovascular abdominal aortic
aneurysm (AAA), and lower extremity bypass



Designed to analyze data from the ACS-NSQIP

— Classification

Non-frail- 0

Mild- 1
Moderate- 2
Severe- 3 or more



Unknown

Procedure
Colectomy
Lower Extremity bypass

Gastrectomy
Endovascular AAA
Pancreatectomy
Cardiac Surgery
Nephrectomy
Pulmary resection

Frailty score
0]

1

P

>3

145 (1.8%
350 (1.7%)

1766 (1.8%)
811 (1.44%)

224 (1.3%)
207 (1.3%)
382 (2.3%)
347 (2.6%)
59 (0.8%)

108 (2.6%)

441 (0.7%)

1176 (1.4%)
1056 (2.1%)
1323 (3.8%)

<0.0001

<0.0001

Referent
0.32

1.15
0.32
1.40
0.82
0.53
0.18

Referent
1.65
2.75
6.01

<0.0001

0.0557
<0.0001
0.0015
<0.0001
0.1063
<0.0001

<0.0001
<0.0001
<0.0001



30-day Mortality (%)
= — [ ] (W] =y wn (=21 =l (=] (V=]

[
=

Impact of Increasing Frailty by Procedure, NSQIP 2005-2012

i

Y
&£

&

5

&
b&

ﬂe‘

Procedure

‘ ‘ B Severe frailty
iI Il ill lII uII
yo

Non-frail
& Mild frailty
¥ Moderate frailty

& $

¢




Other
Unknown

Procedure
Colectomy
Lower Extremity bypass

Gastrectomy
Endovascular AAA
Pancreatectomy
Cardiac surgery
Nephrectomy
Pulmonary resection

Frailty score
0

1

2

>3

~ OddsRatio
65.6 (13.8)  <0.0001  099(0.48)
(67 [ —
]
-y
o
114,030 (132%) ~ <0.0001  Referent
17661 (14%) 101
I .
e e
23969 (13%) ~ <0.0001  Referent
3615 (17.5%) 153
1,027 (3.2%) 0.97

3,080 (15%) 1.14

11,860 (12.5%) <0.0001 Referent

5,465 (9.7%) 0.46

1,612 (9.3%) 0.78
1,299(8.2%) 0.44

4,054 (24.3%) 2.30

4,769 (36%) 3.02

1,027 (14.5%) 1.22

554 (13%) 0.96

7,329 (10.8%) <0.0001 Referent
10,209 (12.7%) 1.18

7,271 (14.7%) 1.63

6.882 (19.5%) 2.61

0.4372
<0.0001

<0.0001

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.4615

<0.0001
<0.0001
<0.0001
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Unknown

’rocedure
Colectomy
Lower Extremity bypass

Gastrectomy
Endovascular AAA
Pancreatectomy
Cardiac Surgery
Nephrectomy
Pulmonary resection

Frailty score
0

1

2

>3

416 (3.8%)

2016 (3.5%) <0.0001
791 (1.8%)

349 (4%)
82 (0.9%)
743 (7.2%)
365 (5.8%)
67 (2.17%)
49 (2.5%)

1005 (2.5%) <0.0001
1379(2.9%)

938 (3%)

1151 (5%)

Referent
0.27

1.21
0.16
2.24
1.12
0.65
0.63

Referent
1.30
1.87
4.09

<0.0001

<0.0001

0.0015
<0.0001
<0.0001
0.0576
0.003
0.0010

<0.0001
<0.0001
<0.0001



Conclusions

* Frail patients undergoing commonly
performed high-risk procedures were
significantly more likely to die

— Magnitude of impact varied by procedure, with
the starkest contrast seen for colorectal surgery

* Frailty was also associated with increases in
complications and length of stay



Frailty Predicts Failure to Rescue after @ orech or woomes
Thoracoabdominal Operation

Catalina Mosquera, MD, Juan M Bermudez, MD, Jessica L Evans, 85, Konstantinos Spaniolas, MD, FACS,
Dougald C MacGillivary, MD, Timothy L Fizgerald, MD, FACS

BACKGROUND: An asociation berween fraky and morulity exists: we hypothouzad this is scondary w0
falure to rescue (F2R

STUDY DESIGN: Duta were obtained from the NSQIP (2005 o 2012) for paticnts undergoing thoracoabdo
minal operations. Using the Modificd Frailty Index, pationts were dassificd as not (0 point),
mildly (1 point), moderately (2 poines), and severely (> 3) fral

RESULTS: Ihere were 962,913 patents induded: a majority were noa- frasl (52.2%), followed by mildly
fral (33.8%). ( --xnphul:nn\ were noted in 15,3 major ‘nmp!,\un-n\ in 9.5%, mortalicy
n LS and F2R in 1.3% of patients. On mukivariate analysis, increases in fraily were
amociated with an increase in the ek of major complicavons (mildly: ek ravo [RR] 1.51;
moderatdy: RR 2.69; and severdly frail: RR 5.63 u-m;uvul with non-fral p < 0.0001), and
death (muldly frail: RR 1.84; moderatcly frail: RR 4.44; and severdy frail: RR 12.4), On
univariate analysis, older patients, males, those undergoing small bowel intcrventions, gaseric
operations, of other procodures, and the frall were more likely o experionce F2R

(p 0.0001). On multivariate analysis, maks (RR 1.07), those undergoing small bowd

itcrvention (RR 1.91), gastnc operation (RR 1.83), and other procedures (RR 245

compared with hemia repair were moee likely to experience F2R. As frailty increasses F2R
> 'R

e Failure to rescue (F2R), is defined as death following a major complication.

— Emerging quality metric concept
— Benchmark for patient safety
— Evaluates how well hospitals perform once a complications occurs

 We believe there this may be secondary to a association between frailty and
F2R



e National Surgical Quality Improvement Program (NSQIP)
— From 2005 to 2012

* Patients undergoing thoraco-abdominal surgery

* F2R: Occurrence of mortality following major complication



RESULTS

Frailty Score

Non Frail Mild Moderate Severe




Factors associated with F2R, Patients undergoing thoracoabdominal surgery
NSQIP 2005-2012

Characteristic F2R (%) Univariate (p) Multivariate OR (95%Cl), p
Age <0.0001 0.96 (0.963-0.967), <0.0001
Race

AA

White

Other

Unknown

Gender <0.0001

Male 1.07, (1.03-1.12), 0.0002
Female Ref

Type of procedure <0.0001

Thorax 1.61 (1.40-1.84), <0.0001
Other abdominal 2.43 (2.17-2.72), <0.0001
cv 0.86 (0.77-0.96), 0.0097
Gastric 1.83 (1.62-2.07), <0.0001
HPB 1.10 (0.98-1.24), 0.08
Small bowel 1.91 (1.71-2.13), <0.0001
CRS 1.51 (1.36-1.68), <0.0001
Hernia repair . Ref

Frailty Index <0.0001
Ref
1.48 (1.39-1.58), <0.0001
2.41 (2.25-2.58), <0.0001
4.41 (3.87-4.43), <0.0001




60.00%

50.00%

40.00%

20.00%

Cardiac

Patients undergoing thoracoabdominal surgery
NSQIP 2005-2012

Type of complication by frailty

B Non frail
I Severely frail

Septic Renal Pulmonary




mortality following major thoracoabdominal surgery

— This mortality is associated with a decreased ability to
rescue patients

* Preoperative identification of frail patient may help guide in
patient selection, management and postoperative care
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Morbidity of colon resection by procedure and frailty score
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Association of Increasing Frailty with Detrimental
Outcomes after Pancreatic Resection

RODNEY LANE GUYTON Jr, M.D,,* CATALINA MOSQUERA, M.D.*
KONSTANTINOS SPANIOLAS, M.D,t TIMOTHY L, FITZGERALD, M.D.3

From the Divisions of *Surgical Oncology and tBariatric and Minimally Inwsive Surgery, Brody School of
Medicine, East Carolina University, Greenville, North Carolina and the tDivision of Sur\wml Onu»hwt/ Ium
University School of Medicine- Maine Medical Center, Portland, Maine

An association between detrimental outcomes and frailty has been documented; however, the im-
pact specific to pancreatic surgery is unknown. Using NSQIP data, patients were classified as non-,
mildly, moderately, or severely frail. A total of 16,028 patients were included in the study; most of the

patients were white (78.5%) and underwent pancreaticoduodenectomy (PD) (67%). Complications
occurred in 17.6 per cent cases, and the median length of stay (LOS) was 11.89 days. Prolonged LOS
and mortality occurred in 9.1 and 2.3 per cent of the cases. In the PD group, most of the patients were
mildly frail (40.6%), followed by nonfrail (39.83%), whereas in the distal pancreatectomy (DP) group,
the majority were nonfrail (43.82%), followed by mildly frail (3937%) (P < 0.0001). The 30-day
complications, mortality, and LOS were significantly higher in patients undergoing PD compared
with DP (195 vs 14.3%, 2.8 vs 1.2%, and 134 vs 8.7 days, respectively; P < 0.0001). PD conferred
a significantly higher risk of death in all frailty groups compared with DP [nonfrail: odds ratio (OR)

sl Al HATAY) 1 e o d . H ) 0 0 Ns H Qb o aa- oo H

* Pancreatic surgeries are high-risk
interventions with significant morbidity
and mortality

 Data from the ACS-NSQIP Participant Use
Files



Mortality of Pancreas Resection by
Procedure and Frailty Score
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Frailty Cost: Economic Impact of Frailty in
the Elective Surgical Patient

Justin G Wilkes, M0, Jessica L Evans, M, B Stephen Prato, Ms, Steven A Hess, MO, JACK, SACCR,
Dougald C MacGillivray, M. FACs, Timothy L Fieagerald, M. FACS

BACKGROUND: Frailty in the mrpcd paient han boen auvocianed widh incrcaed morbediny, mocsaling, and

Ldure o secue. However, thore m hide undenuading of the cconomic smpuct of lraley
STUDY DESIGN: A prospecinve databune of clective mingery paticas 2t an scsdemic modicd conscr wis wsald
crante & moddied vorwon of e Rk Analvass Index (RALD, & valsdiced fradey index. Tha
wduded 10257 patiens undergoing dectve openssons from 2016 1 2017, Patients were
Jasuhod 2 noe fmail (RA] = 0), wenewhas frad (RA) | o 10, or dgnaScandy frad
(RAY > 10), Cose, sevenog, and mcome dasa were procused from the Bnance deparcmene
Univariaw and mulivanste anadyses wose porformed
Frail patents were more Bliely so be older (65 years w 50 yewrs: p < 0.001) and mpatent
19% v 0% p < 001). Genersl vrpca, grocologic, weologic, ssd candiothoesos ser
waies operated on 2 hgher pescentage of sigmehoandy feall patients compared with ordopac
G, neurowunpcd, sed visodar (p < 0.001), On usvanace asadvss, Tl pationes were more
Midly 10 Sag (0% v DA p< 0001) and have excreaned l\v:.\;lh of stay (O8 w 21 .h_.\ P
Q001), higher total cont ($6.934 v $13.319), and lower net hospesal sncome (55,447 w»
$3.129 (p < 0001), On mudenanase andvii, frailey was u..'.‘\n.i:ul- anex awd wich
wroaad direcr cont {odds ratie [OR] 22 p < 0001), adirec ¢ R 19 p < 0.001)
sotdd oot (OR 2.2: p < 0001}, and ot incosec (OR 0.5; p < D001). Seratihod by service
B and stguicet v ouputicot state, faslty continued o be asocurad with increasad deect
cost. indurect cont, sl cost, and decresed honpatal ingesse
Althosgh & sepn et sumber of dics cxnt on the impace of feaiky in the seegical puticrn, de
econom imguces have only Bmisnd dewripoon i the ligramure, Hose we demonarase dhae
fraloy e [;fd.’nl of age has a devimencal Enanaal WTUCT Of cont and hp.pul COINE &N
dectve ssrpery, () Am Coll Surg 201%.9:1=10. © 2019 Publdhed by Fhovier Inc. on hohalf

of the Amencan Cellege of Surpeom

Vo N
Maine Medical Center Maine Medical Center
Vlain )

Research Institute

A MaineHealth Member




Studies of cost and frailty In
Surgery

Sarcopeniain Aortic Valve Replacement—Estimate based on CPT code
Sarcopeniain Thoracolumbar Surgery—Hospital Billing Data
Sarcopeniain Trauma Patients—Hospital Finance

Sarcopeniain ACS Patients—Institutional Accounting System

Frailty Score in TJA Patients—National/Institutional Accounting System
Frailty Score in Trauma—Estimated cost

Frailty score from ACS services in Canada—Estimate based on Patient
Questionairre

Frailty Score in Elective Colorectal Surgery—Estimated costs



Table 10 Frailty Eriteriaﬂ'—

FRAILTY INDEX

Shrinking/weight loss
Unintenticnal weight loss 10 pounds or greater in the last yvear
Ceoeased grip strength/weakness
Messured by having the patient sgueeze 8 handheld dynamometer
Adjusted by gender and body mass index
Exhausticn
Messured by responses to guesticnnaire about effort and maotivation
Loww activity

Measured by responses to guesticnnaire about leisure-time adivities

Slow walking speed

Measured by speed at which patient could walk 15 feet
Average 2 trials at normal pace
Adjusted for gender and height

Each oriterion scored with a 0 or 1. Scores of 2 to 3 define intermediate frail

. Scores of 4 to § define frail.




Risk Analysis Index

A. Age. Sex & Cancer
. Sex Female=0 Male= 5
. Age
Does the patient have cancer?
(Excluding skin cancer,except for melanoma)
If no, score without cancer
or
If yes, score with cancer

. Medical Co-Morbidities
Have you had unintentional weight loss in the past 3 months (>101bs)? No=0 Yes=5
Renal failure? No=0 Yes=6
. Chronic/congestive heart failure? No=0 Yes=4
. Poor appetite? No=0 Yes=4
. Shortness of breath (at rest)? No=0 Yes=8

Hall, D. E., et al. (2017JAMA Surqg 152(2): 175-182




Risk Analysis Index

C. Cognition, Residence & Activity of 5ail Eivin

9. Do you reside in a setting other than independent living?
If yes, check answer: Skilled nursing facility o Assisted living © Nursing home o
No=0 Yes=8
If yes, were you admitted within the past 3 months? Noo Yesu

D. Activities of Daily Living & Cognitive Decline (Circle score for each ADL)
10. Mobility/Locomotion | ~ 11.Eating | 12. Toilet Use 13. Personal Hygiene

0. Independent 0. Independent 0. Independent 0. Independent

1. Supervised 1. Supervised 1. Supervised 1. Supervised

2. Limited assistance 2. Limited assistance 2. Limited assistance 2. Limited assistance
3. Extensive assistance 3. Extensive assistance 3. Extensive assistance 3. Extensive assistance
4. Total Dependence 4. Total Dependence 4. Total Dependence 4. Total Dependence

14. Have your cognitive skills or status deteriorated over the past 3 months? No u Yes u (see score chart)

ADL Score ADL Score

without
Cognitive Decline
(Sum of ADL Scores)

with Score without cognitive decline (O to 16)
Cognitive Decline or

ADL Score -2 Score with cognitive decline __ (-2to21)
ADL Score -1
ADL Score 0
ADL Score +1
ADL Score +2
-
28:: 228:: +2 Total RAI Score:

ADL Score +5
Hall, D. E., et al. (2017JAMA Surg 152(2): 175-182.




RAI-C Predicts Post-operative
Survival
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Length of Survival, d
No. at risk
<15 5281 3196
16-25 1194 587
26-35 298 131
236 83

Hall, D. E., et al. (2017JAMA Surg 152(2): 175-182.




— Decreased hospital income



* Elective Surgery Patients (all specialties)

— PREP Questionnaire
* Re-coding

— Univariate Analysis
— Multivariate Analysis



Frailty Independently Associated with Total Cost Independent
of Age

Characteristics
Age (Mean +/- SD) 55 +/-17 61 +/-15 p <0.0001
Race
White 50% 50% p =0.0002
Non-white 60% 40%
Gender
WEUS 50% 50% p=0.7
Female 50% 50%
Service
General Surgery 61% 39%
Orthopedics 37% 63%
Gynecology 52% 48% .
Neurosurgery 35% 65% p <0.0001 . p <0.0001
Vascular 36% 64%
Urology 61% 39%
Cardiothoracic 11% 89%
Other 82% 18%
Frailty
0, 0
‘j_ — 2802 ggojz p < 0.0001 : p < 0.0001
>10 38% 62%
Patient type
Inpatient 2% 98% p <0.0001 p <0.0001
Outpatient 68% 32%
Total 5127 5127




The Effect of Frailty on Net Income
IS variable by Service line for
Inpatient Procedures
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Conclusions

* Frailty is an independent predictor of
economic outcomes in elective surgery
— Increased Cost
— Decreased Net Income

* Multivariate analysis with inclusion of
frailty, negates effect of age on these
parameters



TABLE 3. Revised Risk Analysis Index Scoring for the Prospective (RAI-C) and Retrospective (RAI-A) Versions

— Variable Revised RAI-A Revised RAI-C f—
Male Sex 3 3
Weight Loss 4 4
Poor Appetite 4 4
Renal Failure 8 8

Rec Chronic/Congestive Heart Failure 5 5 ex

Shortness of Breath 3 3
Residence other than Ind. Living 1 1
Agecancer w/o cancer w/cancer w/o cancer w/cancer
Age
<19 0 28 0 28
20-24 1 29 1 29
25-29 4 29 4 29
30-34 6 30 6 30
35-39 8 30 8 30
40-44 10 31 10 31
45-49 12 31 12 31
50-54 14 32 14 32
55-59 16 32 16 32
60-64 18 33 18 33
65-69 20 34 20 34
70-74 22 34 22 34
75-79 24 35 24 35
80-84 26 35 26 35
85-89 28 36 28 36
90-94 30 36 30 36
95-99 32 37 32 37
100+ 34 37 34 37
ADL’cog wlo cog wlcog w/o cog w/cog
Totally dependent 14 16
Partially dependent 7 11
Independent 0 5
ADL score
0 0 5
1 1 6
2 2 6
3 3 7
4 4 8
5 4 8
6 5 9
7 6 10
8 7 11
9 8 11
10 9 12
11 10 13

—
(PR S ]
- W

14 12 15
15 13 15
16 14 16

Total RAI (range)
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FIGURE 2. Model calibration: observed versus predicted 30-day mortality across the range of RAl-rev scores in (A) women [¢ = 0.89]
and (B) men [c = 0.85]. Predicted mortality for patients undergoing elective surgery in the American College of Surgeons National
Surgical Quality Improvement Program (ACS-NSQIP) database was calculated using logistic regression with RAl-rev scores as the
sole independent variable. The predicted mortality for each revised RAI score is plotted against the observed mortality with 95%
confidence intervals.
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. Counseling
Compliance

Administration of fluid and carbohydrate/no
fasting
Outcome study g

: : : Minimum bowel preparation
Early postoperative oral intake finimum bowel preparatior

| \ V 2 . ' 5 v a . a0 '
Early catheler removal \:\ No medication before anesthesia

| Stimulation of intestinal = Nouse of gastric tube

— -—
| motility
Prevention of — ‘\ o |
| nausea/vomiting /V Thoracic epidural anesthesia
|

No use of oral opioids and use of \

nonsteroidal anti-inflammatory
drugs

Short-acting anesthetics

Exercise therapy pass \

Maintenance of body weight by IV therapy and Small incision No excessive dose of sodium and water

room temperature control
i Drain unused ;
e e et s A —— - During surgery




Patient Cohorting and Inter-
professional Care

e Patient cohorts

— E6- Complex Gl, Colorectal, Thoracic,
Head and Neck, and Urology

* High-preforming teams

* iPace
— MMC One of only eight US hospitals

* New Pathway Innovators initiative,
focused on improving

* Improve the quality and safety

— fully integrating medical education in
interprofessional setting




patient

— From decision to do
surgery to 30 days
postoperative

* Evidence based practice

— Minimize variation

Psycho-social
Support

Advance Care
Planning

Respiratory
Prehabilitation

Smoking

~ Cessation

CPET based
Exercise
Prehabilitation

Perioperative
Surgical
Home

2" Annual
CPET and
Prehab
Workshop

29t August 2015
Melbourne

- g

Optimize
Nutrition

ERAS

Haematenic
Optimisation

Specialist
Referrals



Conclusions

* Frailty is decreased physiologic reserve,
greater than expected for age

* Frailty is an important predictor of morbidity,
mortality, and cost in the surgical patient

* Frailty is associated with failure-to-rescue
after surgery



Conclusions

* Frailty can be measured prospectively

— These data can be used in patient selection and
optimization an d post-operative care modification

* |deally programmatic approach to patient care

— Perioperative surgical home






