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It sounds simple… 
•  But: 

–  Is it that simple? 
–  What is the role of PT? 
–  Does every patient need PT? 
–  How should the intervention be composed? 



Agenda 
•  Esophageal cancer 

•  Concept of Better in-Better out, Functional status and research 

•  Inspiratory Muscle Training 

•  Practical skills: measuring IMS and setting up a training program 

 



Facts 
	“Healthy people lose approx. 1,5 kg of muscle  

mass if they would stay in bed for a week”	

“Exercise and nutrition are continuously needed to  
 maintain muscle mass” 
	
“Exercise is essential for ill people” 
	
“People should train before they undergo surgery” 
	

“Cancer patients should benefit from exercise prior 
 to or during CRT” 
	 Bron: NRC Handelsblad d.d. 23 januari 2016 

	



Background 
	

•   Postoperative complications increase morbidity en mortality. (Feeney et al, 
	 2010) 

	

•   Preoperative physical activity and training decrease postoperative 
	 pulmonary en cardiac complications. (Hulzebos et al, 2006) 

	

•   Physical fitness affects postoperative functional outcome and  LoS. (Dronkers 
	 et al, 2010; Valkenet et al, 2011, Timmerman et al, 2011) 

	

However, in esophagectomy patients: 
	 •   Little information on course 

	•   Which patients are at risk? 
	



Better in - Better out 
	

(Topp et al, 2002) 
	





Esophageal cancer 
	

•  
 

1900 new patients/ year 
 •  

 
50% surgical indications, 150-200 in AMC 
 •  

 
25-60% complications 
 •  

 
5-yrs survival: 40-53% (Dikken et al, 2012) 
 



Barrett esophagus 
	

•   30-125x increased risk for Ca. 
	 -  (however 0,5 %/ yr) 

	•  
 

3:1 male:female 
 •  

 
NL 140.000 people with Barrett 
 •  

 
Regular assessment 
 •  

 
EMR; PA. 
 •  

 
RF-ablation (without PA) 
 



Symptoms 
	

•  
 

Red flags: 
 •  

 
Dysfagia 
 •  

 
Weight loss 
 •  

 
Vomiting 
 •  

 
Hematemesis 
 •  

 
Anemia with reflux/dyspeptic complaints 
 

à Indication for diagnostics reflux complaints patients >45-55 year 
	



Diagnostics 
	

•   Is patient curable? 
	 -  Screening on metastases 

	

•   Is patient operable? 
	 -   Comorbidities 

	

•   Is  tumor resectable? 
	 -  growth in environment 

	-  lymph node metastases local /regional 
	



Treatment 

•  Endoscopic treatment 
•  Chemoradiaton 
•  Surgical treatment 



Radio/ chemotherapy or 
combination 

•  Curative setting : Pre- operatively (neo adjuvant) 
•  Palliative setting : radiotherapy, sometimes added with chemo   

  
•  Therapeutic for high cervical tumors( survival comparable with 

surgery) 
•  Surgery requires resection of larynx with tracheal stoma   

 



Esophageal resection 
	



Esophageal resection (1) 
	



Esophageal resection (2) 
	



Esophageal resection (3) 
	



Esophageal resection (4) 
	



Agenda	

•  Esophageal	cancer	

•  Concept	of	Better	in-Better	out,	Functional	status	and	
research	

•  Inspiratory	Muscle	Training	

•  Practical	skills:	measuring	IMS	and	setting	up	a	training	
program	

	



Better in - Better out 
	



Prehabilitation 

•  Physiotherapeutic interventions aimed at improvement of physical activity 
(increase in respiratory- and cardiovascular capacity and muscle strength), 
enable the human body to better withstand external stressors like surgery   



Who, what and when? 
	 SURGERY 

	

BETTER IN 
 

BETTER OUT 
 

3 months 
 

day 1 
 

day 5 
 

3 months 
 

T0 
 

T1 
 

T2 
 

T3 
 



Functional Status 

•  What is functional status? 
•  How to select tests to measure functional status? 
•  How are they interpreted? 
•  How do you know a test is measuring what it is supposed to measure? 
•  What tests might be used with high risk surgical patients? 



Functional status 
	

•   Physical/ psycho social/ emotional aspects 
	

Respiratory muscle strength 
 

Stamina 
 

QoL 
 



What and when to measure? 

•  What is my population? 
•  Important prognostic factors? 
•  Expected pre and post operative course? 



Surgical treatment   

Leidy , 1994 



Objectives 

1.  Course of functional status before and after surgery 

2.  Association of functional status with postoperative complications and 
recovery 

3.  Relation body composition and handgrip strength in early detection of  
sarcopenia 

4.  Feasibility and effectiveness of a tailor made intervention with 
Telerehabilitation on functional outcome 



Functional status 
	



Muscle Strength 
	



Objectives 

1.  Course of functional status before and after surgery 

2.  Association of functional status with postoperative complications 
and recovery 

3.  Relation body composition and handgrip strength in early detection of  
sarcopenia 

4.  Feasibility and effectiveness of a tailor made intervention with 
Telerehabilitation on functional outcome 



Conclusion 
•  No association of surgical POC in low risk patients 

•  High incidence of POC is not necessarily related to FS 
 
 
However: 
 
•  FS might affect postoperative recovery given a POC? 

 



Objectives 

1.  Course of functional status before and after surgery 

2.  Association of functional status with postoperative complications and 
recovery 

3.  Relation body composition and handgrip strength in early detection 
of  sarcopenia 

4.  Feasibility and effectiveness of a tailor made intervention with 
Telerehabilitation on functional outcome 



Rational 
	•   Surgery: inflammatory reaction with hyper metabolic 

 stress respons. 
	 -  Catabolic reaction: amino acid mobilization due to 

autolysis of proteins to meet energy consumption 
	-  Amino acids from muscles are mobilized as energy source 
for inflammatory reaction. 
	•   Patiënt loses 2 tot 3 kg fat tissue in two weeks but also 

	 0.5 kg proteins. 
	•   Recovery protein loss- recovery muscle mass: 6-12 mnd. 

	



Objectives 

1.  Course of functional status before and after surgery 

2.  Association of functional status with postoperative complications and 
recovery 

3.  Relation body composition and handgrip strength in early detection of  
sarcopenia 

4.  Feasibility and effectiveness of a tailor made intervention with 
Telerehabilitation on functional outcome 



Background 

•  Outpatient physiotherapy to improve Functional Status and QoL is 
indicated for surgical patients with Post Operative Complications 

•  Telerehabilitation moves care from the inpatient setting to a patient’s 
home situation with the aim of reducing hospitalization time and costs 

(Rogante et al., 2010) 

•  Telerehabilitation could lead a to relief in burden of care and 
increased efficiency compared to face-to-face care (Barnasson et al., 2006)  



Research Objective 
•  To investigate the feasibility of providing physiotherapy via telerehabilitation 

to esophageal cancer patients treated with esophagectomy and suffering 
from POC 

•  To investigate the effectiveness of Telerehabilitation on functional recovery. 

 





Agenda 
•  Esophageal cancer 

•  Concept of Better in-Better out, Functional status and research 

•  Inspiratory Muscle Training 

•  Practical skills: measuring IMS and setting up a training program 

 



Inspiratory	Muscle	Training	
•  Background	
•  Evidence	
•  Conclusion	





Overview 

•  Competition drives top athletes to seek new 
ways to gain an edge 

•  Top athletes thought to have plateaued their 
ability to improve: 

•  Muscular function   
•  Cardiovascular function    
•  The role of inspiratory muscles (IM)? 

Performance 



Respiratory System and  
Exercise Performance 

•  Traditional 
– Untrained, healthy respiratory system not a 

performance limiting factor  
– Supported by no change in VO2max and 

lactate thresholds following IMT  
•  Focus on O2 transport chain 

•  Current 
– Systemic physiological changes secondary to 

inspiratory muscle fatigue (IMF) 



Respiratory System and  
Exercise Performance 

•  IMF effect on performance 
– Rating of perceived breathlessness (RPB)  
– Rating of perceived effort (RPE)  

•  Metaboreflex phenomenon  
– Redirection of blood flow from the periphery 

to fatiguing IM  
•  Can inspiratory muscle training (IMT) 

have an impact on performance? 



Outcomes 
•  Significance of Primary Outcomes 

–  IMT could be used as an adjunct to regular training 
to enhance performance in high-level athletes 

– Only in certain sports disciplines 



Outcomes 

•  Secondary Outcomes 
–  Improvements in PImax and MVV across all studies 
–  Improvements in RPB across all studies 

•  Significance 
–  Highly trained athletes are able to improve their IM 

function 
–  All protocols effective in eliciting training effect 
–  Attenuation of dyspnea is supported as a response to 

improvements in IM function  



Conclusion 

Better	
performance 

ê RPB 

 éIM 
function 

•  Improvement in performance with cycling and 
intermittent sprint sports 

•  Correlated with 
•  PImax and MVV  
•  Reduction in RPB 



Why	this	is	important	in	patient	care?	
•  Post-operative	Pulmonary	complications	

–  Increased	morbidity	
–  Increased	mortality	
–  Increased	LoS	



Respiratory	musculature	



Contraindications	
•  IMT	is	NOT	recommended	for	patients	with	a	history	
of	spontaneous	pneumothorax	

•  IMT	is	only	recommended	for	patients	with	a	history	
of	traumatic	pneumothorax	after	complete	recovery	

•  IMT	is	NOT	suitable	for	asthma	patients	who	have	low	
symptom	perception	and	who	suffer	from	frequent	
sever	exacerbations	

•  IMT	is	NOT	suitable	for	anyone	who	has	recently	
experienced	a	perforated	eardrum	



Hulzebos	et	al.	JAMA	2006		
•  Pre-operative		IMT	in	high-risk	patients	undergoing	CABG	surgery	

–  PPC	major	source	of	morbidity	and	mortality,	Increases	LOS	and	resource	utilization	
–  Pre-hospitalization	period	before	surgery	may	be	used	to	improve	a	patient's	pulmonary	condition	

•  A	single-blind	RCT	
–  655	patients	referred	for	elective	CABG	surgery,	299	(45.6%)	met	criteria	for	high	risk	of	

developing	PPCs,	of	whom		279	were	enrolled	and	followed	up	until	discharge	from	hospital	

•  Randomly	assigned	to	receive	either	pre-operative	IMT	(n	=	140)	or	usual	care	
(n	=	139)	

•  Incidence	of	PPCs,	especially	pneumonia,	and	duration	of	postoperative	
hospitalization	

•  After		surgery	
–  18.0%	of	the	IMT	group	had	PPCs	
–  35.0%	of	usual	care	group		had	PPCs	
–  60%	less	pneumonia	in	IMT		
–  LOS		7	days	in	the	IMT	group	vs.	8	days	



Dronkers	Clinical	Rehab	2008	
•  Effects of preoperative IMT on the incidence of atelectasis in patients at high 

risk of PPCs scheduled for elective AAA surgery 
–  Single-blind pilot RCT 
–  20 high-risk patients undergoing elective AAA surgery were randomly assigned to receive 

preoperative IMT or usual care 
•  Incidence of atelectasis, inspiratory muscle strength and vital capacity, and 

feasibility outcome variables were adverse effects and patient satisfaction 
with inspiratory muscle training 

•  Results 
–  8 in control group and three in the intervention group developed atelectasis 
–  No adverse effects of pre=operative IMT were observed and patients considered that 

inspiratory muscle training was a good preparation for surgery 
•  Conclusion 

–  Preoperative IMT was well tolerated and appreciated 
–  Seems to reduce the incidence of atelectasis in patients scheduled for elective AAA 

surgery 



IMT	Research	
Study	 N	 Training	Period	

(weeks)	 MIP	 Endurance	

Nomori	et	al.	 50	 2-4	 ↑*	 ↑*	

Weiner	et	al.	 84	 1-3	 ↑*	 _	

Hulzebos	et	al.	 26	 2-4	 ↑	 _	

Hulzebos	et	al.	 251	 4	 ↑*	 ↑*	

Dronkers	et	al.	 20	 7	 ↑	 ↑	

*Sig P<0.05 



Cost	Analysis	

IMT	device	cost	<25	euro	
1	Physiotherapy	session	35	euro	

vs.	
Extra	ward	bed	day	750	euro	
Extra	ICU	bed	day	>1750	euro	



Dronkers	et	al.	Clinical	Rehab	2010	
•  Preoperative therapeutic programme for elderly patients scheduled for 

elective abdominal oncological surgery: a randomized controlled pilot study 
–  Single-blind pilot RCT 42 elderly patients (>60 years) 

•  Short-term intensive therapeutic exercise programme to improve muscle 
strength, aerobic capacity, and functional activities 

–  Intervention group n=22 
–  Home-based exercise advice, control group n=20 

•  Preoperative functional capacity and postoperative course 
•  Results 

–  The intensive training programme was feasible, with a high compliance and no adverse events. 
–  Respiratory muscle endurance increased in the preoperative period in the intervention group 

and differed significantly from that in the control group 
–  No significant difference in PPC and LOS between the groups 

•  Conclusion 
–  The intensive therapeutic exercise programme was feasible and improved the respiratory 

function of patients due to undergo elective abdominal surgery compared with home-based 
exercise advice 



Planned	Intervention	
•  Physiotherapist	in	Surgery	Clinic	

–  Early	Post-op	mobilisation	program	explained	to	
patient	and	relatives	

–  Patient	taught	to	use	IMT	device	
• Respiratory	pressures	measured	
• Device	resistance	set	

–  IMT	device	taken	by	patient		
• Used	for	20	minutes	daily	for	>2	weeks	prior	to	surgery	



Measurements 

•  Micro RPM  



SOP 



Reference values 

Sclauser Pessoa et al. 2014 



Intervention 



Power	Breathe™	Medic	



Powerbreathe vs Treshold 

•  Variable resistance provided by an 
electronically controlled valve (variable flow 
resistive load). 

•  Loading is maintained at the same 
•  relative intensity  
•  tapered load allows patients to get close to 

maximal inspiration, even at high- training 
intensities 





Intervention guidelines 

•  Only patients with inspiratory muscle 
weakness (Pi max <60 cm H2O or <50% 
predicted) 

•  ‘resistance training’ at high intensity (≥ 
•  50% Pi,max), 
•  ‘endurance 
•  training’ at a low training intensity (≤10% 

Pi,max). 



Intervention guidelines 

•  Total daily training time 21 min consisting of: 
–   6 cycles of 30 breaths (2 cycles, 3 times daily 

or 3 cycles, 2 times daily) 
– 3.5 min of resistive breathing during every 

cycle,  
– Followed by 1 min of resting.  

•  Patients will train 7 days/week, for 12 weeks 
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