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Chronic kidney disease and Renal 
replacement therapy

Objectives: 

1. Recall the epidemiology of chronic kidney disease.
2. Understand the definition of chronic kidney disease.
3. To be able to recall the classification of chronic kidney disease.
4. To be able to identify symptoms and signs of Uremia and its 

complications.
5. To be able to list key points in the management of chronic kidney 

disease.
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Definition of chronic kidney disease

Kidney damage1 description

1. One or more.
2. Even if labs are normal.

CKD is a syndrome not a diagnosis.
It is persistent kidney damage for 3 months.

CKD (CRF): chronic progressive irreversible loss of renal function. It is defined as the presence 
of clinical and/or pathologic evidence of kidney disease for at least 3 months, irrespective to 
the cause.
ESRD: advanced CKD (Stage-5) requiring dialysis or kidney transplantation. It is defined as 
the loss of renal function leading to a collection of symptoms and laboratory abnormalities 
also known as uremia. Not defined as a particular BUN or creatinine.

Decreased function1

Albuminuria2

Urine sediments3

Pathology4

eGFR < 60 ml/min (MDRD, CKD-EPI)

ACR 30 mg/g (3.4 mg/mmol)

RBC, casts

Glomerulosclerosis, IFTA

Imaging25

Kidney transplant6

Polycycstic, hydronephrosis, echogenicity, small

Even in the absence of other markers

Epidemiology of chronic kidney disease

>  70% of patients with 
ESRD have either DM 
or HTN

Prevalence of CKD: data from USRDS in United States.

Population Prevalence of CKD

US adults 13.6%

60-69 yrs 25%

> 70 yrs 50%

HTN patients 20%

DM patients 30%

Recall the epidemiology of chronic kidney disease.
Understand the definition of chronic kidney disease.

Important, Q from exam

Earliest sign, ex. DM



To be able to recall the classification of chronic kidney disease.

Classification of chronic kidney disease (CKD)

Using glomerular filtration rate (GFR) and albumin:creatinine (ACR) categories: 

- Albuminuria have a strong association with 
CVS mortality.

- Albuminuria is marker for vascular 
endothelial disease, if vascular endothelium 
of kidney is abnormal then the coronary 
vascular endothelium is abnormal.

- G1A3 is considered high risk even though 
GFR is normal, because protein large for renal 
tubule and can lead to fibrosis.

- Stages G1A1 and G2A1 (eGFR is >60 and no 
albuminuria) do not indicate CKD in the 
absence of other markers of kidney damage.

Life expectancy in CKD and albuminuria:

Cause of death per CKD stage:

- Increase in albuminuria => decrease 
in life expectancy.

- It’s important to try to decrease 
albuminuria in management.

- CVS is the number one cause of 
mortality, Q from exam

- CVS mortality risk increases with 
progression of CKD in both eGFR and 
albuminuria stages.1

Worst

In addition to CKD mortality risk, there is high risk of:
◄ Adverse surgical outcome. 
◄ Adverse drug related adverse events. 
◄ Increased infection rate. (Pt with CKD is considered immunocompromised)
◄ Increased AKI risk. 
◄ Risk of cognitive and physical decline.



1. Have no symptoms.
2. Uremia is defined as the accumulation of toxic substances due to decreased renal excretion. These toxic substances are 

mostly metabolites of proteins such as urea, creatinine, β2 microglobulin, and parathyroid hormone.
3. In order. But diabetes and HTN are the most common diseases we must suspect and screen for them.

How does CKD present?
◄ Asymptomatic disease. 
◄ CKD III < 10% are aware of their diagnosis. 
◄ CKD IV 50% unaware1 of their diagnosis. 
◄ Picked up during routine lab tests.
◄ Hypertension
◄ Gout (high uric acid)
◄ Uremia (means end stage)

Suspect3 and screen:

Clinical features:

◄ #1 Diabetes 
◄ #2 HTN 
◄ CV disease
◄ Obesity

◄ Renal stone disease
◄ Uremia
◄ Recurrent UTI 
◄ Previous AKI

Manifestations of 
Na+/H2O retention

● Hypertension and heart failure.
● Pulmonary and peripheral edema.

Manifestations of 
uremia2

Constitutional 
symptoms

● Fatigue.
● Weakness.
● Headaches.

Gastrointestinal 
symptoms

● Nausea and vomiting.
● Loss of appetite.

● Uremic fetor: characteristic ammonia- 
or urine-like breath odor.

Dermatological 
manifestations

● Pruritus.
● Skin color changes.

(e.g., hyperpigmentation, pallor due 
to anemia)

● Uremic frost.

Serositis ● Uremic pericarditis.
● Pleuritis.

Neurological 
symptoms

● Asterixis.
● Signs of encephalopathy.
● Seizures.

● Somnolence.
● Coma.
● Peripheral neuropathy → 

paresthesias.

Hematologic 
symptoms

● Anemia.
● Leukocyte dysfunction → ↑ risk of 

infection.

● ↑ Bleeding tendency caused by 
abnormal platelet adhesion and 
aggregation.

To be able to identify symptoms and signs of Uremia and its 
complications.

◄ Elderly
◄ Family history
◄ Gout
◄ Smoking

https://next.amboss.com/us/article/Xh09cf#Zce0d4554dd0bc7f9fba742d2827ffc63
https://next.amboss.com/us/article/7J04vS#Z2f0b48ef2acaab783b03e4c8d2404f90
https://next.amboss.com/us/article/hL0cxg#Zab8bccb1884a614e892b07510e605271
https://next.amboss.com/us/article/6T0j72#Zd40074de20e25de472779d74fcfd35af
https://next.amboss.com/us/article/ln0vtg#Z18a02873023ccef6d8ea2b461e0b7446


Making the diagnosis1:

1. Anyone with CKD always have at least one of these, Any CKD PT must have a diagnosis.
2. If non of Lab results didn't explain CKD, biopsy might be done. For example: pt with hx of 2 years diabetes, and 

abnormal creatinine and proteinuria, 2 years of diabetes is less likely to affect the kidney, and we are not sure if it’s 
diabetes or something else, we might go with kidney biopsy.

3. These are the clinical parameters that need some intervention.

Diabetes Hypertension 

Glomerulonephritis Tubulointerstitial 
disease 

Obstructive uropathy Polycystic kidney 
disease 

Drug induced renal 
disease

Cardio/ hepato renal 

MM Amyloid

2

Clinical assessment3 of CKD:

1

2

3

4

5

6Stage (G,A) 

CV riskVolume 

AnemiaBP

Metabolic 
profile 

- Clinical assessment aims at categorizing the patient, establishing a 
treatment and follow up plan. 

- Intervention plan should prevent or reverse complications and slow down 
progression & reduce CV disease burden.



2. Assessment of volume:
- Volume expansion is common due to 

reduce fluid clearance.
- Salt restriction < 1.5 g/day. 
- Proper doses of diuretics.
- Combined diuretic therapy for diuretic resistance.

3. Assessment of blood pressure:
- Control the volume. 
- Multiple therapeutic targets. 
- Sustained HTN → worse renal function → worse HTN. 
- Intensive BP control reduces the risk of CV outcomes and mortality in the CKD.
- BP and CKD is vicious cycle. ↓ filtration → hypoperfusion(tubular ischemia) → ↑ renin, ↑ 

angiotensin II and ↑ aldosterone → HTN.

EXTRA

1. Assessment of renal function (GFR) and proteinuria:

- Creatinine based.
- eGFR Vs mGFR.
- MDRD more accurate for lower GFR.  

(Scr + age + gender + race)

- CKD-EPI for higher GFR. (Scr + age + 
gender + race)

Limitations: Normal Scr for one patient might 
be abnormal for another !
 Pts who are extreme thin or have advance liver 
disease or advance malignancy, have no muscle 
mass so their serum Cr might fall within 
normal range but they actually have some 
kidney disease.

- UACR > 30 mg/mmol (or 300 mg/g) 
- UPCR > 50 mg/mmol (or 500 mg/ g)

albuminuriaGFR



◄ Hyperphosphatemia.
◄ “↓ vit D” Hypocalcemia.
◄ Metabolic acidosis.
◄ Hyperkalemia.
◄ Uremic toxin accumulation.

5. Assessment of anemia:
- Pathophysiology: ↓ synthesis of erythropoietin → ↓ stimulation of RBC production 
→ normocytic, normochromic anemia.

- Laboratory findings:
- ↓ Hemoglobin (Hb).
- MCV is usually normal. 

- GFR < 30 ml/min. So stage 4 or 5.
- Iron deficiency is common.
- Low retic count.
- What leads to anemia? 1. Advanced CKD → ↓ absorption

of iron from gu = nutritional deficiency.  2. EPO.

6. Assessment of CV disease:
- Any CV risk factor that we look for in CV pt, we look for 

them too for renal pt.
- CV disease is more frequent and severe, is often not 

recognized, and is often undertreated! 
- Strong causal association between chronic kidney disease 

and CV risk. 
- to prevent progression of CKD = to prevent CV disease.

EXTRA

4. Assessment of metabolic changes1:

1. You don’t need to know all details just focus on these 4.

EXTRA

EXTRA

EXTRA



- Secondary hyperparathyroidism 
- Anemia 
- Metabolic acidosis 
- Hyperkalemia 
- HTN

To be able to list key points in the management of chronic 
kidney disease.
Management of chronic kidney disease

- BP control in patients with hypertension, Most important single risk for progression.
- Glycemic control in diabetic patients, Especially in early stage, might not help much in late stages. 
- Angiotensin blockade in those with proteinuric CKD , ACEI, ARB => ↓ proteinuria, ↓ filtration stress 

on kidney and ↓ fibrosis pathways.
- Avoiding nephrotoxins and AKI, abx and contrast.
- Bicarbonate therapy if serum HCO3 level is less than
 22 mmol/L, To reverse metabolic acidosis2,3. 
- SGLT-2 Inhibitors, for diabetic and non diabetic.
-  Mineralocorticoid receptor antagonists (MRA)

Slow progression1

Treat complications4 

1. Evidence based.
2. Metabolic acidosis due to toxin “organic acids” accumulation and reduce bicarbonate generation by kidney.
3. Metabolic acidosis can stimult fibrosis pathway in kidney and affect muscle strength and bone health.
4. For bone health and quality of life. “And it will be discussed in the next slide”

● Slow progression management (Proteinuria reduction):

AASK trial IDNT IDNT

● Slow progression management 
(Metabolic acidosis):

Rx with NaHCO3 reduces the progression to ESRD

Very Important

EXTRA

Both images are Extra



● Slow progression management 
(SGLT-2):

EXTRACont..



1. Management of mineral bone disease (secondary hyperparathyroidism):
◄ High PO4: give PO4 blinders.
◄ Low Ca: Oral calcium.
◄ Low active vit D: 1 alpha calcidol or calcitriol.
◄ High PTH: Cinacalcet.

Goals of therapy: normal PO4, Normal Ca, PTH 2-3 times the normal range.

Benefit of therapy: prevent bone loss, less vascular calcification, Less CV risk.

2. Management of anemia:
Problem:

- Low EPO.
- High Hepcidin.
- Poor GI absorption of Fe.
- Low Iron stores.

Goals of therapy: Tsat >20%, Ferritin > 100, Hb 10-12.

Benefit of therapy: better quality of life, less transfusion, less LV mass, less CV disease, less death.

Intervention  
- IV iron.
- Erythropoietin stimulating 

agents (ESA).

3. Management of hyperkalemia:
Problem:

- Low K secretion.
- Acidosis.
- Insulin deficiency.
- High K intake.
- Medications.

Goals of therapy: K <5.3, allow room for RAAS blockade.

4. Management of blood pressure:

Treat complications:
Cont..

Intervention  
- Loop diuretics.    - K keylation.
- Bicarbonate Rx.
- Glycemic control.
- Diet restriction/chelation.
- Adjust meds.

EXTRA



Take home messages

◆ Patients with CKD are more likely to die of CV disease than 

progressing to end-stage renal disease (ESRD). 

◆ Prevention, early detection, and proper treatment of CKD 

helps reduce the risk of CKD complications and progression 

to ESRD. 

◆ Albuminuria or proteinuria should always be evaluated and 

is an independent marker for disease progression and 

mortality. 

◆ RAAS blockade is a cornerstone of therapy for CKD.





Lecture Quiz 1:C / 2:A / 3:C / 4:A

Q1:  At  a  routine  checkup,  a  42-year-old  male  with  diabetes  is  found  to  
have  an  eGFR  of  32 ml/min/1.73  m2.  When  repeated  3  months  later,  it  is  35  
ml/  min/1.73  m2.  His  albumin:creatinine ratio  (ACR)  is  35  mg/mmol  (310  
mg/g).  Macroalbuminuria  is  defined  as  ACR  >30  mg/mmol  (>300 mg/g). 
What stage of CKD does he have? 

A. Stage 1 
B. Stage 2 
C. Stage 3 
D. Stage 4

Q2:A 49-year-old woman attends your clinic suffering from chronic renal failure 
due to progressive glomerular  disease.  She  appears  well  and  her  blood  
pressure  is  141/92  mmHg.  Blood  tests  reveal elevated  phosphate,  serum  
creatinine  and  urea,  while  calcium  levels  are  low.  Her  estimated glomerular 
filtration rate is 35 mL/min/1.73m2. You also notice the patients cholesterol levels 
are moderately raised. The most appropriate management is: 
A. Sevelamer 
B. Parathyroidectomy 
C. Oral vitamin D 
D. Cinacalcet

Q3: Typical biochemical features of chronic kidney failure include: 
A. Hypophosphatemia 
B. Hypercalcemia 
C. Metabolic acidosis 
D. Polyuri

Q4:  A  50-year-old  man  comes  to  the  physician  for  a  routine  follow-up  
visit.  He  has  hypertension, diabetes  mellitus,  secondary  
hyperparathyroidism,  and  end-stage  renal  disease.  He  has  been  on 
hemodialysis  for  the  past  three  years.  He  was  admitted  three  months  ago  
for  line  sepsis,  which was treated with antibiotics. He had a right 
below-the-knee amputation two years ago following a non-healing foot ulcer. 
Physical examination shows a right carotid bruit. If this patient dies within the 
next five years, what would be the most likely cause of his death? 
A. Cardiovascular disease 
B. Stroke 
C. Infection 
D. Cancer


