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Acute Kidney Injury after Cardiac Bypass Surgery

During cardiopulmonary bypass (CPB) surgery, there is a significant reduction in blood flow to
the kidney causing renal hypoxia. Up to 30% of patients develop acute kidney injury (AKI) after
CPB surgery, with significant morbidity and mortality.

AKIl is affected by both intraoperative factors (bypass time, aortic clamping time, use of an
intra-aortic balloon pump, and type of surgery) and patient-based risk factors (age, heart
failure, type 1 or type 2 diabetes, hypertension, and chronic kidney disease).

Clinical trials of different treatments (high dose steroids, cyclosporin, acetaminophen,
atorvastatin, erythropoietin, p53 antisense) have failed to prevent AKI following CPB surgery.

This lack of success suggests systemic problems — one reason for this failure is that pre-clinical
animal models do not reflect the hypoxic injury occurring during CPB surgery.



Current Model for Testing Therapies to Prevent AKI following CPB Surgery
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Modelling AKI after CPB Surgery

Aims of Study:

1. Develop a model that combines a clinically relevant reduction in
mean arterial pressure with a patient-based risk factor (diabetes).

2. Contrast the pattern of renal injury to that seen in the standard IRl
model.



New Model of Renal Hypoperfusion in Diabetic and Non-Diabetic Rats

* OQOutbred male Sprague-Dawley rats + streptozotocin-induce type 1 diabetes (6 weeks)

* Surgery: right uninephrectomy (reduce renal reserve function), solid-state pressure sensor in left
femoral artery (connected to SP400 recorder) to measure mean arterial pressure (MAP)

* |Inflatable vascular occluder (VO-2) around the abdominal aorta, positioned above the left renal
arteries, and inflated (with adjustment)

* In high-risk patients undergoing cardiac surgery, the average MAP during surgery was 52 to 62
mmHg, with an average period of 58 min at MAP < 60mmHg (J Cardiothorac Surg 5:71, 2010) —
therefore we investigated 50, 55 or 60 mmHg MAP for 60 min
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Day 1 - Hypoperfusion in Healthy (non-diabetic) Rats.
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* MAP of 55 mmHg causes no change in creatinine levels, but increased biomarkers (subclinical AKI).
* Therefore, selected 55 mmHg for studies in diabetic rats.



Day 1 - Hypoperfusion (HP) in Healthy vs Diabetic Rats and IRI

Plasma creatinine (umol/L)

Renal function (Day 1)

P<0.001 NS
11 | HP = hypoperfusion at 55 mmHg for 60min

Diab = Diabetes
IRI = ischaemia/reperfusion injury (selected to match
creatinine level in Diab HP group)




Day 1 - Hypoperfusion versus IRI
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Day 1 - Hypoperfusion versus IRI
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Does the New Model Reflect Renal Injury Occurring after CPB Surgery?

CPB surgery in healthy pigs (50 — 70 kg) with recovery — day 1 (Patel et al, Crit Care Med 2011; 39:793—802)
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Fig 4. (A) No evidence of acute tubular necrosis (ATN) in post-CPB kidneys.
However, tubular dilatation in the cortex was evident.



Day 1 - Hypoperfusion (HP) versus IRI

KIM-1/18S ratio
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Time course of Hypoperfusion (HP) Induced CKD in Diabetic Rats

Renal function
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Time course of Hypoperfusion (HP) Induced CKD in Diabetic Rats

Tubular damage (KIM1)
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Time course of Hypoperfusion Induced CKD in Diabetic Rats

Collagen | immunostaining

Day 28 - diabfetic sham Day 28 - hypoperfuusion Day 28 - diabetic hypoperfusion
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Conclusions

Established a new model of renal hypoperfusion in which healthy rats exhibit
subclinical AKIl, whereas diabetic rats develop significant AKI leading to renal fibrosis.

Hypoperfusion induced tubular dilation and vacuolization in the renal cortex — a
marked difference to the tubular necrosis in the outer medulla in the IRl model.

Diabetes induces inflammation and metabolic stress in the kidney, making it
vulnerable to hypoperfusion injury, and limiting the repair response. Next, we will use
bulk RNA-seq analysis as a first step in identifying therapeutic targets.

This new approach provides a more relevant pre-clinical model for testing new
therapies to prevent AKl in high risk patients undergoing CPB surgery.
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Kidney Injury at the end of CPB Surgery?

e CPB surgery in healthy pigs (50 — 75 kg) with recovery (Eur J Cardiothorac Surg 2009, 36:849-55)
e Killed at end of surgery

(A) Day 1 after CPB surgery (B) Day 1 after vein graft (control)
(B) Effect of CPB on NAG release
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Fig 2. (A) Post-bypass, the proximal tubules have undergone sublethal injury including swelling,
loss of brush border and diffuse intracytoplasmic vacuolisation. (B) Control, all tubules show a
normal architecture with intact epithelial cells.



Can We Prevent AKl in the Diabetic Hypoperfusion Model?
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Day 1 Cortical vs Medullary Tubular Injury in Hypoperfusion vs IRl

Non-necrotic tubular injury

Tubular necrosis
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