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Preoperative optimization of frail patients

= Preoperative
= Sarcopenia
= Frailty
= Physical function

= Effects on outcome

= Prehabilitation
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Sarcopenia
VS
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29 RTCs
N=7176

Total
Compl

Simonsen C, Ann Surg, 2018

Sarcopenia No Sarcopenia

Risk Ratio

Risk Ratio

_Study or Subgroup _ Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% C|
Pedziwiatr 2016 1 34 9 90 08% 0.29 [0.04, 2.23] —
Harimoto 2013 24 75 56 111 58% 0.63 [0.43, 0.93] -

Pocoreli 2016 18 132 10 70 31% 0.95{0.47, 1.85) T
Maliatzis 2016 67 485 45 320 59% 0.98 [0.69, 1.39) & B
Tegels 2015 23 8 17 63  42% 0.99 (0.58, 1.69) ——
Ouchi 2016 1 20 2 40 04%  1.00[0.10, 10.38)
Nishigorl 2016 41 149 13 50 4.2% 1.06 [0.62. 1.81) o
Van Rijssen 2017 62 130 16 3B 53% 1.07 [0.71, 1.61) -+
Harada 2016 34 B4 61 172 6.1% 1.14 [0.82, 1.59) ™
Higashi 2016 16 45 12 4  37T% 1.26 [0.69, 2.31) -T—
Grotenhuis 2016 16 54 15 86 3% 1.30 {0.71, 2.39) T
Takagi 2016 19 118 16 136  36% 1.37(0.74, 2.54) T
Veron 2015 13 59 8 50 2.7% 1.38 {0.62, 3.05) T
Coelen 2015 28 42 28 58 6.0% 1.38 {0.98, 1.84) -
Lodewick 2015 21 80 17 91 4.0% 1.41 [0.80, 2.47) +—
Otsuji 2015 46 85 64 171 66% 1.45[1.10, 1.90] B
Amini 2015 34 152 92 611 59% 1.49[1.08, 2.11) —~—
Van Vugt 2015 90 25 16 49% 1.5510.98, 243) —~—
Zhou 2015 8 3 5 34 19% 1.65 {0.60, 4.52) -T
Okumura 2015 6 64 9 166  1.9% 1.73 [0.64, 4.66) -
Huang 2017 7 79 16 391 24% 2.17(0.92, 5.09] —
Nishida 2016 45 132 21 134 49% 2.181.37, 3.44) —
Zhuang 2016 40 389 21 548  44% 2,68 [1.61, 4.48) g
Peng 2011 8 4 17 218 3.0% 2.811.35, 5.88] s S
Fukuda 2016 6 2 7 78 20% 3,18(1.20, 8.47) p—
Jones 2015 5 15 8 85 20% 3.54 [1.34,0.37) —
Huang 2015 2 17 3 125 08%  4.90[0.88, 27.26) :
Valero 2015 1" a7 0 49 03% 23.96([1.45, 395.40] e
Total (95% CI) 2758 4125 100.0% 1.40 [1.20, 1.64] ( 4
Total events 633 614
Heterogenaity: Tau® = 0.08; Chi* = 56,25, df = 27 (P = 0.0008); I = 52% o.:)s 0°2 3 5 2=°
Test for overall effect: Z = 4.22 (P < 0.0001) No sarcopasia /Serdopenia

Sarcopenia No Sarcopenia Risk Ratio Risk Ratio
Study or Subgroup _ Events Total Events  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Pedziwiatr 2016 4 3 17 90 26% 0.6210.23,1.72) —r
Grotenhuis 2016 28 54 35 66 10.1% 0.98 [0.69, 1.38) B
Sato 2018 B 58 31 235  45% 1.05 [0.51, 2.15] ——
Pecorelli 2016 77 132 K 70 12.1% 1.05 {0.81, 1.35) r
Nishigori 2016 79 149 24 50 10.5% 1.10 {0.80, 1.53) *
Harada 2016 42 84 69 172 11.4% 1.2510.94, 1.65) o
Zhuang 2016 111 389 116 548 12.7% 1.35(1.08, 1.69) -
Voron 2015 20 59 12 50 56% 1.41(0.77, 2.60) T
Huang 2015 12 2 28 78 76% 1.59 {0.99, 2.56] P
Jones 2015 7 15 23 85 52% 1.72[0.91, 3.28] T
Huang 2017 B 79 78 391 106% 2.22[1.62, 3.085) o
Fukuda 2016 10 7 30 126 7.1% 2.45(1.48,4.06) =
Total (95% CI) 1091 1960 100.0% 1.35[1.12, 1.61) (]
Tolal events 433 502

= - = - - P = + + + 4

Heterogeneity: Tau® = 0,05; Chi® = 27.40, df = 11 (P = 0,004); P = 60% obs 02 3 5 2%

Tost for overall effect: Z = 3.24 (P = 0.001)




Frailty index as a predictor of postoperative morbidity and mortality

N=971 434 (NSQIP)

General Surgery
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Frailty Index

Velanovich V, J Surg Res, 2013




Preoperative
physical performance
and morbidity

= Prospective cohort abdominal cancer
= (>70ys, n=197)
= 54% complications (10%>3b)

= Higher physical performance
= Less risk of severe complications
= |ess risk of discharge to further care

Maximal inspiratory pressure
= Shorter LOS and less pulmonary complications

» Maximal gait speed (10 m) useful preoperative

test
= Cut off 2.03 m/s Karlsson E, EJSO, 2018




PREHABILITATION

A process of care that occurs
betweeen the time of diagnosis
and the beginning of treatment

Optimise patients’
psychological and physical status
before surgery
to improve
postoperative outcome and recovery




= Multidisciplinary / Multimodal
= Preoperative evaluation

* Risk assessment

= Psychological support

= Optimise chronic disease
= Cardiopulmonary, Diabetes, Kidney

* |nspiratory muscle training

* Preoperative physical exercise

* Nutritional support

= Cessation of smoking and alcohol
»= Correcting anemia




Physiologic Limit:
/ beyond which homeostasis cannot be restored

msoegemieceees: | PTENAb111tat1ON 1n frail patients
Organ Damage . .
Physiologic reserve vs age

Stress

Increasing patient age:

Physiologic reserves already in use
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Are there currently time for prehabilitation before oncological curative CRS ?

Véstmanland
Halland
Gavleborg
Kalmar
Jamtland
Dalarna
Jonkoping
Norrbotten
RIKET
Stockholm
Orebro
Gotland
Kronoberg
Blekinge
Vésterbotten
Varmland
Vastra Gétaland
Sédermanland
Vasternorrland
Skane
Ostergétiand
Uppsala

Uppgift saknas

Antal fall Median

121 20
135 21
125 24
105 25
60 26.5
133 27
145 27
60 27
3544 29
631 29
125 29
34 29.5
84 30
62 30.5
52 30.5
102 31.5
634 32
114 33
62 34
471 36
180 36
108 41
(otillracklig data

Colon cancer -

Time from diagnosis until operation
or start of other treatment

in Stockholm county

Data fran RCC 2018
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Dignosis to Treatment
-8 weaks of Iess.
> 4 weeks
4 weaks of less-censored
- > 4 weeks-censored

Delay curative surgery ?

Overall Survival

= Curative lap CRS, n=668

= ERAS

= Time from diagnosis to surgery Sl
= Mean 53 days (48-58) N

= Dichotomised
= 4- 8-, 12-weeks,
= From diagnosis to surgery
= No effect on 5 yr survival

Overall Survival

||||||||||||||||

Time from Surgery (months)

= Same conclusion in review of 5 studies ER
(n=13514, ca colon)

Overall Survival
o
b

Curtis NJ, Int J Colorect Dis, 2018, Hansen C, EJSO, 2018
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Time from Surgery (months)



IMT Control

. Study PPC  Total PPC Total RR [95% CI) Weight (%) _
In Sp lr atO ry Weiner, 1997 [24] 5 17 6 15 0.74 [0.28, 1.93] 5.09 1 1
e . | | Pul
. . Weiner, 1998 [3) 1 42 3 4 0.33 (0.04, 3.08] 2.39 -~ u monary
mu S cle tr alnln g Hulzebos, 2006 (25) 25 139 48 137 0.51 (0.34,0.78] 38.57 1 . .
Hulzebos, 2006 (26) 3 14 7 12 0.37(0.12, 1.12] 6.01 — e Comp lcatIOIlS
Dronkers, 2008 [6] 3 10 8 10 0.38 (0.14, 1.02] 6.38 a1
Ferreira, 2009 [27] 2 15 0 15 5.00 [0.26, 96.13] 0.40 !
IMT before Surgery Dronkers, 2010 [31] 5 2 5 20 091 [0.31,2.68) 4.18 + -~
Kulkarni, 2010 [19] 0 18 2 19 0,21 (0,01, 4,11] 1.94 |
Benzo, 2011 [22) 3 10 6 9 0.45 (0,16, 1,29] 5.04 —ql- s
P 1 Matheus, 2012 [30] 9 2 19 24 0.49 0.29, 0.86] 14.84 —*- L
u monary Morano, 2013 [23] 2 12 7 9 0.21 [0.06, 0.80] 6.38 —.t
C ardi ac Soares, 2013 [32] 5 16 1 16 0.45 0,20, 1,01] 8.78
. Overall 63 338 12 328 0.5 (0,39, 0,64] 100
Abdominal
Heterogeneity: I* = 0.0% ; p=0.807 T T T T T ll T T T T T T T
01 .02 05 1 2 s 1 2 5 10 20 S0 100
T reduces PPC IMT increases PPC
17 RCTs IMT Control
N: 8 5 3 Study Total Mean4SD Total ~ Mean +SD MD [95% CI] “E?;f)‘“ )
Hulzebos, 2006 (25) 139 79£22 137 100283 2.10(-3.54,-066]  21.06 -q-
Hulzebos, 2006 [26) 4 79419 12 99457 -1.99 (-5.41, 1.43) 37
Barros, 2010 [29] 2 7020 15 8.0£2.0 -1.00 [2.30, 0.30] 257
Dronkers, 2010 [31] 2 1624115 20 2154237 -5.40[16.84, 6.04] 033 :

LOS

Kulkarni, 2010 [19] 18 87452 19 10.5 £6.5 -1.75[5.55, 2.05) 3.02

Benzo, 2011 [22) 10 63430 9 110463 4.70(-9.22, -0.18) 213

Savei, 2011 [28) 22 5717 21 6323 -0.61[1.84,0.62) 28.59

Matheus, 2012 [30] 23 8343.1 24 94138 -1.10(-3.10, 0.90] 10.87

Morano, 2013 [23] 7848 122 43.6 -4.40(7.99, -0.81)

Soares, 2013 [32] 12074 14.0 £9.7 -2.00 [7.98, 3.98)

Overall -1.41 [2.07, -0,75]

Heterogeneity: 1* = 0.0% ; p=0.502
<10
INT reduces LOS

Kendall F, Dis Rehab, 2018

IMT increases LOS




Major abdominal surgery
N=442, 8 RCTs

Prehabilitation Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barberan-Garcia 2017 19 62 39 63 36.7% 0.27 [0.13, 0.57] - B
Dronkers 2010 9 22 8 20 16.2% 1.04 [0.30, 3.57] I
Dunne 2016 8 19 7 15 13.6% 0.83[0.21, 3.25] N
Gillis 2014 12 38 17 39 26.0% 0.60 [0.24, 1.52] =
Kaibori 2013 2 25 3 26 7.5% 0.67 [0.10, 4.37] . Overall
Total (95% Cl) 166 163 100.0% 0.52 [0.30, 0.88] > Compl
Total events 50 74
itv: 2= . 2= = = 12 = 0, I t t {
1I-_letttar;ogeneltyl.I T?fu : (Z)(_)62, zu . _4078,1 df=4 (P =0.32); I?=15% 0.01 01 1 10 100
est for overall effect: Z = 2.44 (P = 0.01) Favours [prehabilitation] Favours [control]
Prehabilitation Control Odds Ratio Odds Ratio

Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Barberan-Garcia 2017 4 62 10 63 23.6% 0.37 [0.11, 1.24]

Dronkers 2010 5 22 5 20 17.4% 0.88 [0.21, 3.65]

Dunne 2016 2 19 3 15 9.4% 0.47 [0.07, 3.26] =

Gillis 2014 1 38 1 39  44% 1.03 [0.06, 17.03]

Soares 2013 5 16 1 16 15.7% 0.21 [0.05, 0.92] = 1

Yamana 2015 8 30 18 30 29.5% 0.24 [0.08, 0.72] —— Pulmonat Yy

Total (95% Cl) 187 183 100.0% 0.37 [0.20, 0.67] > Compl

Total events 25 48

Heterogeneity: Tau? = 0.00; Chi? = 3.17, df = 5 (P = 0.67); I = 0% =0 o1 0= ] ; 1=0 p 00=

Test for overall effect: Z = 3.29 (P = 0.0010) Favours [prehabilitation] Favours [control]

Heger P, J Gastrointest Surg, 2019

No effect on LOS




Major abdominal surgery
N=907, 15 RCTs

Prehabilitation Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Barakatetal 2016 14 62 26 62 21.0% 0.40(0.19, 0.88) —
Barberan-Garcia 2018 19 62 39 63 28.0% 0.27(0.13,0.57) —a—
Carlietal 2010 22 56 18 54 11.6% 1.29(0.59, 2.82] —
Dronkers et al 2010 9 21 8 20 4.9% 1.13[0.32, 3.90] e —
Dunne et al 2016 8 19 7 15 4.7% 0.83 [0.21, 3.25] ————
Gillis et al 2014 12 38 17 39 12.0% 0.60(0.24, 1.52] ———— Overall
Jensen etal 2015 30 50 34 57 13.3% 1.01(0.47, 2.20] —_—r . .
Kaibori et al 2013 2 23 3 23 2.9% 0.63(0.10, 4.21) Comphcatlons
Llorens et al 2015 0 23 1 21 1.6% 0.29 (0.01, 7.54)
Total (95% Cl) 354 354 100.0% 0.63 [0.46, 0.87] k3
Total events 116 153
Heterogeneity: Chi* = 12.13, df = 8 (P = 0.15); I’ = 34% 5001 0%1 ] 1=0 100:
Test for overall effect: Z = 2.80 (P = 0.005) Favours Prehabilitation Favours Control

Prehabilitation Control Odds Ratio Odds Ratio |

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95%
Barakat et al 2016 7 62 13 62 26.1% 0.48(0.18, 1.30) —a— Pulmona['y
Barbalho-Moulim 2011 0 15 0 17 Not estimable . .
Barberan-Garcia 2018 4 62 10 63 21.0% 0.37(0.11, 1.24) —
Dronkers et al 2008 3 10 8 10 12.7% 0.11(0.01, 0.84) S — COmpllcatlonS
Dronkers et al 2010 5 21 5 20 8.8% 0.94(0.23, 3.90] —
Dunne et al 2016 2 19 3 15 6.8% 0.47 [0.07, 3.26) —_—
Gillis et al 2014 1 38 1 39 2.2% 1.03[0.06, 17.03]
Kulkarni et al 2010 0 18 2 19 5.4% 0.19 (0.01, 4.22)
Soares et al 2013 5 16 11 16 17.1% 0.21(0.05, 0.92) —
Total (95% CI) 261 261 100.0% 0.40 [0.23, 0.68] -
Total events 27 53
Heterogeneity: Chi* = 4.53,df = 7 (P = 0.72); I’ = 0% } } } }

5 h 0.005 0.1 ] 10 200
Test for overall effect: Z = 3.38 (P = 0.0007) Favours Prehabilitation Favours Control

No effect on LOS Hughes M, WJS, 2019




| PREHAB Exercise m Prehab

45
RCT, AAA, n=124 «  mControl
= EVAR 37% 40 -
= OAR 63%
35 -
1h supervised exercise 30 o
- 6 weeks, 3 times weekly Reduced complications
25 - % %
Increased peak VO2 20
Shorter LOS
15 -
10 -
5 _
0 _

Barakat, Ann Surg, 2018 Total Cardiac Pulmonary Renal



Prehab RCT in risk patients

Major abdominal surgery,

n=125 160 -
Age>70, ASA IV,
Duke Activity Index Score < 46 140 -
Motivational interview 120 - m Prehab
6 weeks 100 - = Control
= Unsupervised excercise
= + 1-3 supervised sessions /w 80 -
Enhanced aerobic capacity 60
LOS 13 vs 8 days (p=NS)
o 40 -
Reduced postop complications
20 -
= Cardiovascular 0
= |Infectious

Endurance = Complications

= Paralytic ileus

Barberan-Garcia A, Ann Surg, 2018




Nutritional support

= RCT, CRS, n=101
= Weight losing patients > 1kg /6 months
= 250 ml ONS for 8 (5-15) days preop

= vs dietary advice alone

m Prehab

= Less weight loss postop (7 vs 10 %) 5o " o™

= Fewer infections (30 vs 47%) 40

Burden S, J Cach Sarc Muscle, 2017 Infections




Smoking / alcohol

Smoking
= 1 RCT, CRS, N=60,
= <2wks before surgery
= No effect

=  Cohort, n=1355, gastrectomy

= Duration Complications

< 2 wks 16%
> 2-4 wks 5%
= 4-8wks 12%
= >8 wks 9%

= Alcohol
= > 2 units alcohol daily increase postop infections (150 ml wine or 500 ml beer)

= 2 small RCTs, n=69,
* reduced postop complications

Luther, WJS, 2018




Correcting anemia

= Common before colorectal surgery

= Blood loss or chronic inflammation
= |V treatment more effective than oral
= Hb increases between 4-12 g/L in studies
= [ron therapy less effective postop

= 3 RCTs in abdominal surgery
= Reduced transfusions and shorter LOS in several studies
= No data on clinical outcomes

= Ongoing intervention studies

Peters, Anesth-Analg, 2018




o New ERAS guidelines for
@-SOC'GW colorectal cancer surgery 2018

QUALITY OF EVIDENCE AND RECOMMENDATIONS

1. INFORMATION

I I\

2. OPTIMISATION
WEAK

) T
| ‘

3. PREHABILITATION m STRONG

4. NUTRITION

5. ANAEMIA SCREENING

- LOW MODERATE HIGH

Gustafsson U, WJS, 2018
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Improved Disease-free Survival After Prehabilitation

for Colorectal Cancer Surgery.

Trepanier, Maude; Minnella, Enrico; Paradis, Tiffany; Awasthi, Rashami;
Kaneva, Pepa; Schwartzman, Kevin; MD, MPH; Carli, Franco; MD, MPhil;
Fried, Gerald; Feldman, Liane; Lee, Lawrence; MD, PhD

Annals of Surgery. 270(3):493-501, September 2019.
DOI: 10.1097/SLA.0000000000003465

FIGURE 2 . Kaplan-Meier survival curves
of 5-year disease-free survival in patients
undergoing prehabilitation vs control for
(A) all stages and (B) stage Il disease.
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Multimodal prehabilitation in colorectal
cancer patients to improve functional
capacity and reduce postoperative
complications: the first international
randomized controlled trial for multimodal
prehabilitation

Stefanus van [l-::»{:ij&n1 @, Francesco Carli’, Susanne Dalton®, Gwendo fyn Thomas', Rasmus B{:jaend,

Morgzn Le Guen®, Nicolas Barizien®, Rashami Awasthi’, Enrico Minnellz®, Sandra Bejjer’, Graciela Martinez-Pall,
Fiznne van Lieshout®, Ismayil Ggenur®, Carlo Feo'®, Christoffer Johansen®"", Celena Scheede-Bergdahl® ™,
Fudi Roumen', Goaf Schep™ and Gerrit Slooter™

Abstract

Background: Colorectal cancer (CRC) is the second most prevalent type of cancer in the world. Surgery is the only
curative option. Howawer, postoperative complications caour in up to 50% of patients and are associated with
higher marbidity and mortality rates, lower health related guality of life (HRQoL) and increased expenditure in
health care. The number and severity of complications are closely related 1o precperative functional capacity,
nutritional state, psychological state, and smoking behavior. Traditional approaches have targeted the postoperative
period for rehabilitation and lifestyle changes. However, recent evidence shows that the preoperative period might
be the optimal maoment for intervention. This study will determine the impact of multimaedal prehabilitation on
patients’ functional capacity and postoperative complications.

Methods/design: This intemational multicenter, prospective, randomized contralled trial will include 714 patients
undergoing olorectal surgery for cancer. Patients will be allocated to the intervention group, which will receive 4
weeks of prehabilitation (group 1, prehab), or the control group, which will recetve no prehabilitation (group 2, no
prehabl. Both groups will receive perioperative care in accordance with the enhanced recovery after surgery (ERAS)
guidelines. The primary outcomes for measurement will be functional capacity (as assessed using the six-minute
wialk test (SMWT)) and postoperative status determined with the Comprehensive Complication Index (CCI).
Secondary outcomes will include HRGolL, length of hospital stay (LOS) and a cost-effectiveness analysis.
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Inclusion
Adult patients (18 years]
underpaing elective colorectal
surgery for cancer

Group A
Intervention

4 weeks of
prehabilitation

Follow up at 4, 8 weeks and 1 year

Fig. 1 Flow ciagram for iy pankcipants

The diagnostic work-up for patients with a tumor sus-
pected for malignancy at colonoscopy will be finalized
within one week while awaiting definitive pathology. An
individual treatment strategy will then be proposed by the
multidisciplinary tearn. Patients that meet the criteria for
the trial will be scheduled approximately five weeks after
the final diagnosis. This schedule allows for the imple-
mentation of a four-week prehabilitation program.

The multidisciplinary multimodal prehabilitation pro-
gram is composed of 4 elements: exercise training, nutri-
tional intervention, smoking cessation and psychological
support. The exact interventions are shown in Table 1
and described in detail below:

Exercise program

An exercise specialist (kinesiologist, sport physician) wil
assess the patients’ mobility and his/her capacity to exer-
dse using a cardiopulmonary exercise test (CPET). The
CPET values will be used to establish an individualized
dosing of training embedded in a standardized training
program [28].

- The interval training duration is 28-32 min and
performed with 4min of warm-up at moderate
intensity, 4 intervals of High intensity (2-3 min)
and 4 intervals of Moderate intensity (4 min).

- The workload is dosed at the wattage corresponding
to 0% the peak wattage 2= attained by the CPET. This
isaimed to result in a metaholic response ranging from
B5 to 100% of V02peak during the high intensity
intervals. This corresponds with a heart-rate of
B5-100% of maximal heart rate, and a Borg soome of
15-17. Moderate intensity is set at 30% of peak wartage
of the CPET test. This i aimed to have recovery ata
level amund or just below Aerohic Threshald

— Ifthe patient is unable to complete the high-intensity
hout for 4 perinds of 2 min (=less than & min’ exerdse
in the high intensity range), the intensity is reduced
by 10 %. The intensity is reduced further - in steps of
10 % — until the patient can complete the 4 houts of
at least 2 min. [ the patient is able to complete all 4
high intensity houts far 3min (12 min in the high
intensity range) the load & increased with 10%. If
necessary fine-tuning can be done using steps of 5%.

In addition to the preoperative exercise program, pa-
tients wil receive information about breathing tech-
niques to prevent pneumonia.

Patients in the intervention group will have three su-
pervised in-hospital training sessions per week during
four weeks. This includes interval training and resistance
training.



Summary

= [nitiate prehabilitation immediately after diagnosis
= Simple and pragmatic interventions increases compliance

= Intuitively beneficial strategies
= |ncreasing evidence on clinical outcome

= Many ongoing studies
= QoL
= Cost-benefit

= 4-6 weeks of prehabilitation reasonably (1?)
= in frail patients without obstruction
= awaiting oncologic CRS
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