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Outline	

•  Tour	of	the	battlefield	

•  Injury	is	interconnected	

•  Making	it	better	

•  What	we	know	is	very	limited	

•  Future	approaches	

•  Conclusions	
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First	direct	study	of	HD-induced	cardiac	ischemia	

McIntyre	CW.	Acute	cardiac	effects	of	haemodialysis.	Kidney	Int	2009	
McIntyre	CW	et	al.	Clin	J	Am	Soc	Nephrol.	2008	Jan;3(1):19-26		
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Cardiac	MRI	during	hemodialysis	

Buchanan	C,	Mohammed	A,	Köhler	K,	Canaud	B,	Taal	MW,	Selby	NM,	McIntyre	CW.		J	Am	Soc	Nephrol.	2017	Apr;28(4):1269-1277	
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Longer term effects of recurrent cardiac injury- Heart failure	

Burton	JO,	Korsheed	S,	McIntyre	CW.	Clin	J	Am	Soc	Nephrol.	2009	May;4(5):914-20	
Burton	JO,	Jefferies	HJ,	McIntyre	CW	.	Clin	J	Am	Soc	Nephrol.	2009	Dec;4(12):1925-31			

Factor	associated	with	development	of		myocardial	
stunning	 OR	 P	value	

UF	volume	during	HD	of	1L	 5.1	
0.007	UF	volume	during	HD	of	1.5L	 11.6	

UF	volume	during	HD	of	2L	 26.2	
Max	SBP	reduction	during	HD	of	10	mmHg	 1.8	

0.002	Max	SBP	reduction	during	HD	of	20	mmHg	 3.3	
Max	SBP	reduction	during	HD	of	30	mmHg	 6.0	

KDIGO	



Children	on	dialysis-	Uremia	without	classical	CAD	

Hothi	D,	Rees	L,	McIntyre	CW.	Clin	J	Am	Soc	Nephrol	2009	

	Baseline	

	120	min	KDIGO	



Slasserev M, Salerno F, McIntyre CW. SA-PO554 ASN  2018  
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Importance	of	tissue	perfusion	patterns-	beyond	HF	
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HD-	associated	brain	injury	

•  Universal	
•  Functionally	significant	
•  Progressive	
•  Directly	proportional	to	white	
matter	changes	

•  Independently	associated	to	
hemodynamic	instability	

McIntyre	CW,	Goldsmith	DJ.	Kidney	Int.	2015	Jun;87(6):1109-15	
Eldehni	MT,	Odudu	A,	McIntyre	CW.	J	Am	Soc	Nephrol.	2015	Apr;26(4):957-65	
Eldehni	MT,	McIntyre	CW.Semin	Dial.	2012	May;25(3):253-6	

KDIGO	



Acute	effects	of	HD	on	brain-	PET/MR	imaging	

Pre-HD	

Peak	stress-HD	KDIGO	



Toxic	neurotransmitter	release	and	Inflammation	
Pre	hemodialysis	

Peak	hemodialysis	stress	 KDIGO	



Microglia are recruited and activated- with memory This aggravates neurological injury KDIGO	



Gut	derived	endotoxin	in	CKD	

Jonathan	Cohen	Nature	420,	885-891(19	December	2002	
McIntyre	CW,	Harrison	LE,	Eldehni	MT	et	al.	Clin	J	Am	Soc	Nephrol.	2011	Jan;6(1):133-41	

P	<	0.001	

P	<	0.001	

P	<	0.001	

P	<	0.001	

P	<	0.001	

P	<	0.001	

Harrison	LEA,	McIntyre	CW.		Nephron	2014	

KDIGO	



Liver-	organ	of	last	resort	

SYSTEMIC	CIRCULATION	

PORTAL		
CIRCULATION	
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HD	effects	on	hepatic	perfusion-	the	selfish	liver	
A B
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Grant	CA,	McIntyre	CW.	Seminars	in	Dialysis	2019	
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RCT	of	dialysate	cooling	to	improve	hepatic	and	
GIT	perfusion	during	HD	

D36.5

D35D35

D36.5

N=20 Exit

Qirjazi	E,	Marants	R,	Li	TY,	McIntyre	CW.	TH-PO0355	ASN	2018	
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‘Kidney	stunning’-	recurrent	dialysis	induced	AKI	

Marants	R,	Grant	CA,		Lee	T,		McIntyre	CW.	TH-PO341	ASN	2018	

60	

70	

80	

90	

100	

110	

120	

130	

0.75	 1.25	 1.75	 2.25	 2.75	 3.25	

%
	±
	S
EM

	

Percent	of	Baseline	Renal	Perfusion	

KDIGO	



HD-induced	organ	injury-	Interconnected	and	horrible	
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Cooled	dialysate-	application	to	cardiovascular	
protection	
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Cardiac	and	neuro-protection	with	cooling	

Odudu	A,	Eldehni	MT,		McIntyre	CW.	Clin	J	Am	Soc	Nephrol	2015	 	Eldehni	MT,	Odudu	A,	McIntyre	CW.	JASN	2014	
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MY	TEMP	Trial-	cluster	RCT	
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Remote	ischemic	preconditioning	(RIPC)	

Kharbanda	KR	et	al.	The	Lancet	2009.	
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RIPC	effect	on	dialysis	induced	cardiac	injury	

Crowley	L,	Odudu	A.	McIntyre	CW.	ASN	2014	
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•Dialysate conductivity and temperature are fixed at 13.6mS/cm and 37.0 C.
•RIPC at day 10 consists of 4x5 minute cuff inflations to 200mmHg, with 5 minute intervals of deflation.  Sham-RIPC uses 4x5 minute cuff inflations to 
40mmHg, with 5 minute intervals of deflation. 
•Cardiovascular assessment at day 3, 10, 12 and 28 comprises serial echocardiography, Bioreactance monitoring, pre-dialysis bioimpedance, Pulse wave 
velocity using Vicorder and digital-blood pressure monitoring with the Finometer.
•Blood tests taken at day 3,10,12, and 28 pre & post dialysis include high-sensitivity troponin-T, Pre-dialysis BNP, IL-6 and hsCRP

Can RIPC protect against HD induced myocardial stunning in prevalent HD patients?

Included (n=80)

•Age>16yrs

•Receiving HD in  Derby >= 
3 times/wk

Excluded
•Not meeting inclusion criteria
•On HD for <90 days
•Cardiac transplant recipient
•Severe LV systolic dysfunction 
(NYHA IV)
•Incapacity to consent
•Taking cyclosporin
•Taking ATP-sensitive 
potassium channel opening or 
blocking drugs

Primary outcome
Percentage change in number of new stress-RWMAs across all participants at day 10

Exclude from remainder 
of study if <2 new 
RWMAs at peak-stress

Standard HD day 1 
Screening visit (Echo only)

Screen for RWMAs

Baseline visit 1

Confirm 
reproducibility of 

RWMAs

Standard HD day 3 (estimated n=50)            

1:1 Randomisation stratified by 
diabetes status

Intervention visit 2

assessment for early 
phase benefit of RIPC

Standard HD day 10

RIPC applied

Standard HD day 10

Sham RIPC applied

Standard HD day 12 Standard HD day 12
Follow-up visit 3  

assessment for  “second 
window” benefit of RIPC

Standard HD day 28 Standard HD day 28

Final visit 4

to assess if benefit of 
RIPC is sustained

Figure 1

Salerno	F,	Tommassi	T	Penny	J,	McIntyre	CW.	SA-P0858	ASN	2018	
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Exercise	pre-conditioning	to	protect	against	HD-induced	cardiac	injury	

Penny	J,	Bohm	C,	McIntyre	CW.	Nephrol	Dialysis	and	Transplant	2019	
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Impact	of	daily	dialysis	on	HD-induced	cardiac	injury	

a b 

c d 

Jefferies	HJ,	Schiller	B,	Moran	J,	McIntyre	CW.		CJASN	2011	

CHD3 CSD HSD HN
0

1

2

3

4

5

6

7

Nu
m

be
r o

f R
W

M
As

CHD3 CSD HSD HN
0

5

10

15

20

25

U
F 

ra
te

 (m
l/k

g/
hr

)

KDIGO	



KDIGO	



	Tissue	sodium	deposition-	23Na	MRI	in	CKD	patients	

Qirjazi	E,	Akbari	A,	Scholl	T,	McIntyre	CW.	SA-OR033	ASN	2018	
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R2=0.4693
p < 0.0001
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Myocardial	Na	deposition-	cardiotoxic	
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We	need	to	do	better-	Precise	and	timely	

•  Can	only	detect	when	harm	has	been	
evidenced	

•  No	adequate	biomarkers	

•  No	feasible	epidemiologically	based	
approach	

•  No	window	for	intervention	or	
refinement	before	irreversible	harm	
(HF	or	SCD)	
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Virtual	cardiac	physiology	laboratory-	VCPL	

VCPLP	

DERIVATION 

PERSONALIZATION 

OUTPUT 

segmented cardiac imaging 

porcine coronary vasculature 
 morphometry  
 

mathematically generated  
functional arterial tree 

 

cardiac morphometry and  
coronary   imaging 

hemodynamics, HR,  blood viscosity 

VCPLEP	

DERIVATION 

PERSONALIZATION 

OUTPUT 

Myocardial blood flow BP,HR,electrolytes, ATP, drugs 

segmented cardiac imaging 

myocardial microstructure  

Ionic cell model  

MYOCARDIAL	PERFUSION	 EP	ACTIVITY	
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Virtual	cardiac	physiology	laboratory-	Patient	specific	simulation	of	uremic	heart	

Kharche	S,		McIntyre	CW.	Frontiers	in	Physiol.	2018	 Kharche	SR	et	al.	PLOS	ONE	2017	

VCPLP	 VCPLEP	
Patient	specific	data	
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So	what	does	this	all	actually	look	like?	

VCPL	
Patient		

Specific	data	
Simulated	CV	
	HD	response	

Simulated	CV	
	HD	response	

MODIFY		
VIRTUAL	TREATMENT	

Patient	
recruitment	

Cardiac	CT	
during	HD	

Non	invasive	
EP	mapping	

Insertion	of	
implantable	

loop	
recorder	

Continuous	monitoring	of	ILR	
(12	months)	

Perfusion	
simulation	 Iterative	EP	simulations	EP	

simulation	

Current	VCPL	validation	
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Conclusion	and	Controversy	
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