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immunity regulates acute kidney injury (AKI), progressive chronic kidney disease (CKD), as 
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Educational Objectives 

1. To understand how the “hyperfiltration” hypothesis was formulated by bench research in 

rodents, and provided the theoretical basis for using ACE-INH or ARB in the treatment 

of CKD; how this hypothesis is an example of the translation of fundamental bench 

research to the bedside. 

2. To understand the great clinical contribution of this hypothesis, but also its limitations.   

3. To understand the role of this hypothesis in the 2013 KDIGO guidelines for the clinical 

care of patients with CKD. 

 

Purpose and Overview 

 

Chronic kidney disease leads to cardiovascular mortality and progresses to endstage renal disease 

that must be treated with dialysis or transplantation.  The purpose of this grand rounds is to 

discuss how the “hyperfiltration” hypothesis forms the foundation of our current attempts slow/ 

prevent progression of CKD and the limitation of this hypothesis.   

  



 

Introduction 

Chronic kidney disease is important for every internist for the following reasons:  

1) It is extremely common and affects approximately 13% of the adult population. In 

other words, every internist will have to manage patients with chronic kidney disease.  

2) Chronic kidney 

disease is progressive and 

ultimately leads either to 

dialysis or death from 

cardiovascular disease.  

3) Good therapy is 

available to ameliorate 

these complications of 

chronic kidney disease, 

and in every internist 

should know the published 

clinical guidelines.  See 

Appendix I. 

Although there has been 

great success in the 

management of chronic kidney disease, we still cannot completely arrest or reverse the process.  

We have a long way to go. 

In 2013, the International Group of Experts published the KDIGO guidelines for the treatment of 

chronic kidney disease. KDIGO stands for “Kidney Disease, Improving Global Outcomes.”. The 

KDIGO clinical practice guidelines were published in a recent supplement in Kidney 

International (1). In the remainder of this section I will review some of the main points of these 

clinical practice guidelines. In addition details are included in appendix 1, and appendix 2 of this 

grand rounds protocol.  See also http://kdigo.org/home/ . 

KDIGO defines chronic kidney disease in the following way. The patient should have one or 

more of the following markers of kidney damage.  Albuminuria (>= 30mg/24 hours or >=30mg/g 

of creatinine). The patient should have urine sediment abnormalities. The patient may have 

electrolyte or other abnormalities do to tubular disorders. The patient may have abnormalities 

detected by histology. The patient may have structural abnormalities detected by imaging. The 

patient may have a history of kidney transplantation.  Alternatively the patient may have a 

decreased GFR.  These abnormalities should be present for 3 months or longer. 

 

http://kdigo.org/home/


The severity of the 

chronic kidney disease is 

defined by the GFR, and 

the presence or absence 

of albuminuria. The GFR 

abnormalities are 

classified into 5 

categories G1, GFR >90; 

G2, GFR 60-89; G3a, 

GFR 45-59ml/min; G3b, 

GFR 30-44ml/min; G4, 

severely decreased 15-

29ml/min; and G5, 

kidney failure 

<15ml/min. The albuminuria is defined as A1, normal or <30mg/g of creatinine; A2, moderately 

increased 300-300mg/g of creatinine; and A3, severely increased or >300mg/g of creatinine. 

These 

different 

categories 

of GFR and 

albuminuria 

are well 

correlated 

with the risk 

of the 

following 

five bad events: all cause mortality, cardiovascular mortality, kidney failure as defined by the 

need for dialysis or transplantation-(ESRD – endstage kidney disease); acute kidney injury; and 

progressive CKD. As shown in the figure, those patients with a GFR of <60ml/min and/or 

albuminuria of greater than 30mg/g of creatinine are of high risk for dying, having 

cardiovascular mortality, having kidney failure, having acute kidney injury, and having 

progressive chronic kidney disease. In other words a 45 year old man with a GFR of <60ml/min 

and >30mg of albumin/g of creatinine has the same cardiovascular risk of death as a 60 year old. 

This “uremic cardiomyopathy”  (or cardiorenal syndrome type 4) was discussed in Dr. Chou-

long Huang’s recent medical grand rounds. 

 

 



Since 13% of the American population has some form of chronic kidney disease (CKD) > 3b, it 

is impossible for all to be for by nephrologists. Therefore each and every internist, heart 

specialist, GI specialist, etc. within this room will be taking care of patients with CKD. It is 

important that you know the most recent recommendations. 

Section II: Is “Glomerular 

Hypertrophy/Hyperfiltrati

on” a final common 

pathway for complications 

of CKD? The theoretical 

basis for ACE-INH and 

ARB.   Hard work is bad 

for you.   

As shown in the figure 

(previous page),  this 

hypothesis states that any 

damage to nephrons will 

result in hypertrophy and 

hyperfiltration of the 

remaining glomeruli. This 

results in glomerular 

sclerosis and death of 

further glomeruli. This in 

turn results in reduced 

nephron number, further 

increased glomerular 

pressure and flow, further 

glomerular hyperfiltration, 

further glomerular sclerosis 

and further reduces nephron 

number. The vicious cycle 

continues until the entire 

kidney is destroyed.  

Another way of stating this 

hypothesis is that it 

illustrates a principle that we all know: hard work is bad for everyone and everything. If one has 

100 nephrons, and some of them are severely injured, the remaining nephrons have to work 

harder. Some nephrons drop dead from overwork. The remaining nephrons have to work even 

harder, more nephrons drop dead from overwork, etc. etc. until all nephrons are dead. This is the 

reason: hyperfiltration may also be called the “doom and gloom” hypothesis.  

 

 



This hypothesis was initially supported by both human and rodent observations. Very careful 

pathologists had documented that in kidneys taken from patients with Bright’s disease had some 

glomeruli and nephrons which were hypertrophied and other nephrons which were destroyed. 

This is consistent with the hypothesis:  the hypertrophied glomeruli were overworking to 

compensate for the destroyed glomeruli. 

An elegant series of laboratories experiments on rats performed in Brenner’s lab by his graduate 

students and post-doctoral fellows, support this theory.   This group performed surgery where 5/6 

of the nephron mass was removed-- removal of one kidney and 2/3 of the other. These rats 

developed hypertension, and as predicted by the hypertrophy /hyperfiltration hypothesis the 

remnant kidney initially hypertrophied and then went on to sclerose and die. The rats developed 

hypertension.  

According to this hypothesis, if one could decrease the glomerular pressure and flow then there 

should be less glomerular hyperfiltration, hyperfiltration, sclerosis, etc. Drugs which decrease 

glomerular pressure and flow are the ACE-inhibitors, and the ARBs. In rats,  Brenner’s group 

showed that controlling hypertension with conventional non ACE-inhibitors did not decrease 

glomerular sclerosis and progression of renal disease. However controlling blood pressure with 

ACE-inhibitors completely controlled the disease (2).  See figures on previous page. 

Section III: Clinical 

Application of the 

“Glomerular 

Hypertrophy/Hyper

filtration” 

Hypothesis – 

diabetic 

nephropathy. 

Careful studies of 

patients with type 1 

diabetes showed the 

following sequence 

of events in some 

patients:  Shortly 

after the diagnosis of 

diabetes, some 

patients had an increase in the GFR. This was due to hyperglycemia. According to the Brenner 

hypothesis this should lead to glomerular hyperfiltration and hypertrophy. This should stress the 

glomeruli, the glomeruli should be injured. This would be manifested initially as micro-

albuminuria and then macro-albuminuria. The vicious cycle of glomerular hypertrophy, 

sclerosis, and further glomerular hypertrophy would lead to renal damage and eventually end-



stage renal disease. All of these predictions were confirmed by careful observation in large 

numbers of patients with type 1 diabetes. 

If the Brenner hypothesis were true then giving these patients ACE-inhibitors would result in a 

marked diminution in the rate of progression of diabetic nephropathy, proteinuria, end-stage 

renal disease, and death. A number of clinical trials showed in a spectacular fashion that this was 

true.  

The first clinical trial was in Type I diabetes.  The progression of the disease, the mortality, and 

the end-stage renal failure all were decreased. However it is worth noting that the patients did 

eventually develop end-stage renal disease and death. However these end points were markedly 

delayed. (3). 

In a similar fashion, ARBs were found to decrease the progression to end-stage renal disease and 

cardiovascular death in patients with type 2 diabetes. (4). 

It is on the basis of these studies, that KDIGO recommends ACE-inhibitors and ARBs for the 

treatment of 

patients with 

albuminuria 

and diabetic 

nephropathy. 

See appendix 

for details. 

There are three 

practical 

problems in 

giving these 

agents to 

patients with 

renal failure.  

1) ACE-

inhibitors or 

ARBs both can 

cause 

hyperkalemia. 

Paradoxically, 

those patients 

with severe 

diabetic nephropathy, and possibly a type 4 RTA, need ACE or ARBs the most, are those who 

are most likely to develop significant hyperkalemia with these drugs. Fortunately in compliant 

 



patients it should be possible to give ACE-inhibitors and ARBs. The patient should be placed on 

a low potassium diet. Potassium excretion by the kidney should be increased by giving loop 

diuretics. A slight metabolic alkalosis might be enhanced by giving sodium bicarbonate, and the 

sodium bicarbonate may also prevent hypokalemia. This is discussed in an editorial in the New 

England Journal by Dr. Biff Palmer in our renal division (5). 

2) Another problem when giving ACE-inhibitors is that the serum creatinine may rise. If it rises 

to a marked degree and the patients become uremic, it may not be possible to give these drugs. 

However a rise of 10-15% is usually well tolerated by our patients. Indeed it indicates that the 

glomerular hyperfiltration is being inhibited by the drugs in a desirable fashion. 

3) The question arises as to how aggressive one should be in controlling hypertension in these 

patients. This is a particularly critical question, because new data suggests that subclinical 

episodes of acute kidney injury due to hypotension may actually exacerbate diabetic 

nephropathy.  Thus if patients receive sufficient hypotensive agents to develop orthostatic 

syncope on occasion in the morning, they may actually accelerate the loss of their renal function. 

The issue of acute kidney injury resulting in progressive chronic kidney injury will be discussed 

later in this grand rounds (6).  Current blood pressure targets are reviewed in the KDIGO 

appendix of this 

protocol. 

Section IV: 

“Glomerular 

Hypertrophy/Hyper-

filtration” hypothesis 

- - right drugs; wrong 

rationale? wrong 

pathology?  

The pathology for 

diabetic nephropathy, 

particularly type 1 

diabetic nephropathy 

has become very well 

defined.  

Diabetic kidney disease 

has been separated into 

four progressive 

classes (7).  Class 1 is 

isolated glomerular 

basement membrane thickening. Class 2 A and B is mesangial expansion mild and greater than 



25% of the glomeruli. B is mesangial expansion, severe and involving greater than 25% of 

glomeruli. There should be no nodular sclerosis. Class 3 is glomeruli with nodular sclerosis 

(Kimmelstiel-Wilson), greater than one glomerulus with nodular increase in mesangial matrix. 

Class 4 is global 

glomerulosclerosis in  greater 

than 50% of glomerular lesions 

from classes 1-3.  

However in a model rodents of 

the Brenner group, the major 

feature was focal segmental 

glomerulosclerosis.  

Clinical aside:  The clinicians 

often confronted with the 

question whether a patient with 

diabetes and progressive renal 

disease should be biopsied.  This 

issue is addressed in the figure 

above.  It is of note that 

approximately 60% of patients in 

the United States are thought to develop end-stage renal disease secondary to diabetes.  However 

biopsy studies suggest that 

only 60% of patients with 

the clinical diagnosis of 

diabetic nephropathy 

actually have a biopsy 

which shows diabetic 

nephropathy or shows 

diabetic nephropathy plus 

other pathology.  However, 

in most cases, the more 

accurate pathologic 

diagnosis may not have 

changed therapy. 

Section V: “Glomerular Hypertrophy/Hyperfiltration” hypothesis -  “hypertensive 

nephrosclerosis” in African Americans. Progression with minimal albuminuria. AASK and 

APOL 1. 

It has long been known that there are important clinical and historiological differences between 

hypertensive nephrosclerosis in African Americans versus European Americans. The former 



develop end-stage renal disease earlier in life than the latter. In addition treatment of 

hypertension is more affective in European Americans than African Americans. The pathology is 

also different. African Americans have greater degrees of solidified glomerulosclerosis and 

arteriolonephrosclerosis.  On the other hand European Americans have greater amounts of 

obsolescent and collapsed glomeruli. It is now known that these differences may be related to 

genes. (8). 

Large scale studies of African Americans (9) (10) show disappointingly little difference between 

the use of ACE-inhibitors and other hypotensive medications in delaying the progression of 

chronic kidney disease to end-stage kidney disease, and decreasing mortality. There was a small 

improvement in prognosis with the use of ACE-inhibitors, but the not the dramatic effects seen 

in diabetic nephropathy, nor in rodents with 5/6th nephrectomy.  This suggests that there is a 

different etiology of progressive CKD in some African americans.  See figures, previous page. 

It is now clear that African Americans with a specific mutation of APOL 1 have a markedly 

increased risk for developing chronic kidney disease. The relative risk is approximately 7-10. 

This genetic variant protects African Americans from sleeping sickness (11).  See figure, 

previous page. 

Clinical aside: What is hypertensive nephrosclerosis?  Does hypertension cause renal disease?  

Does renal disease cause hypertension?  Or, does hypertension exacerbate renal disease and vice 

versa (12, 13)  

Section VI: “Glomerular 

Hypertrophy/Hyperfiltration” 

hypothesis -   hard work is 

actually good for you!  

There are several situations where 

some individuals with chronic 

kidney disease do not progress, but 

either stabilize or actually improve 

their renal function. These 

exceptions to the rule are important 

because they indicate that it may be 

possible for the kidney to recover, 

and for the physician to aid such 

recovery. 

One example of such recovery is a detailed study of eight patients (14) (15). These eight patients 

had type 1 diabetes mellitus and received a pancreas transplant, but no kidney transplant. The 

patients had micro-albuminuria. They were followed and had renal biopsies at five years and 10 

years after their pancreas only transplant. These patients had regression/ improvement of their 



diabetic nephropathy after their diabetes was “cured” by the pancreas transplant. This is a 

striking example of reversal of chronic kidney disease. 

An additional study (16) found that although 918 patients in the AASK study had progression 

after CKD, 31 of these patients improved.  (None of the patients were biopsied.)   This is an 

improvement incidence of 3.3%.   See figure, previous page.  In another study of 406 patients 

with various types of chronic kidney disease, 15.3% improved. (17). 

Studies in rodents similarly show improvement in established advanced diabetic nephropathy. 

(18) (19).  In an additional model of progressive renal disease after 5/6th nephrectomy in rats, 

there was improvement after aggressive treatment with ACE-inhibitors. (20).  

These mice, rats, and rare patients know a secret – the “cure” for progressive chronic kidney 

disease.  This secret needs to discovered by further research. 

Section VII: “Glomerular Hypertrophy/Hyperfiltration” hypothesis – tubular injury 

sustained during acute kidney injury causes, and exacerbates, chronic kidney disease.  

The above discussion has focused entirely on the glomerulus as the instigator and victim of 

chronic kidney disease.  The interstitium consisting of tubules, pertubular capillaries, and 

interstitial fibroblasts 

and leukocytes was 

ignored until recently.  

However a convergence 

of outcome studies in 

large numbers of 

patients, and bench-

studies on rodents now 

unequivocally show 

that tubular damage 

also leads to 

progressive chronic 

kidney disease.  Thus, 

“acute tubular 

necrosis”, now known 

by its politically correct 

name of “acute kidney 

injury” (AKI), which is the most common acute kidney disease, leads to progressive chronic 

kidney disease.  A kidney that recovers to its baseline function after AKI is still in bad trouble 

(6).   

 



“Glomerular Hypertrophy/Hyperfiltration” hypothesis as “a”, but not “the”, cause of 

progressive chronic kidney disease.  

In the 1980’s the Brenner group formulated the “Hyperfiltration hypothesis.”  This was a 

“paradigm shifting” view of chronic progressive kidney disease and provided the theoretical 

basis for essentially all of our progress in the treatment of patients with this disease.  This was an 

example of “bench” research translated to the “bedside” with spectacular results.  However, this 

hypothesis does not explain important aspects of progressive chronic kidney disease, nor 

progressive disease in all patient populations.  Treatment based on this hypothesis slows but does 

not cure the disease.  New insights are needed and will come from bench research that is 

translated to the bedside. 
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