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Introduction
Chronic Renal Failure (CRF) is a global public health crisis 

that tends to take dimensions of epidemic and has severe impact 
on quality of patient’s life [1]. It is a progressive, irreversible 
deterioration in renal function in which the body’s ability to 
sustain metabolic and fluid and electrolyte balance fails, resulting 
in uremia or azotemia (retention of urea and other nitrogenous 
wastes in the blood) [2]. The kidneys regulate the composition 
and volume of blood, remove metabolic wastes in the urine, and 
help control the acid/ base balance in the body. It is typically a 
progressive disease and is defined as; reduction of kidney function-
defined as an estimated glomerular filtration rate (eGFR) < 60 
mL/min/1.73 m2 and/ or evidence of kidney damage, including 
persistent albuminuria-defined as > 30 mg of urine albumin per 
gram of urine creatinine. It is virtually always asymptomatic in its 
early stages [3,4]. 

It is not a single disease and defined based on the presence 
or absence of kidney damage and level of kidney function - 
irrespective of the type of kidney disease. It is categorized by 
the level of kidney function, based on GFR, into stages 1 to 5, 
with each increasing number indicating a more advanced stage 
of the disease, as defined by a declining GFR (Table 1). This 
classification system from the National Kidney Foundation’s 
Kidney Dialysis Outcomes and Quality Initiative (K/DOQI) also 
accounts for structural evidence of kidney injure [5]. There is a 
mixture of causes and the damage is usually irreversible and can 
lead to ill health. The main risk factors, which lead to chronic 
renal failure, are diabetes, hypertension, anemia, osteodystrophy, 
glomerulonephritis, malnutrition and polycystic kidney disease 
[1,6]. Decisions regarding risk factor modification should be taken 
on an individual basis. In some cases, dialysis or transplantation 
may become necessary.
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Table 1: Stages of chronic kidney disease based on kidney function estimated by glomerular filtration rate [3].

Stages Description 
GFR

Related terms 
ml/min/1.73m2

1 Kidney damage with normal or ↑ GFR ≥ 90 albuminuria, proteinuria, hematuria

2 Kidney damage with mild ↓ GFR 60 - 89 albuminuria, proteinuria, hematuria

3 Moderate ↓ GFR 30 - 59 chronic renal insufficiency, early renal insufficiency

4 Severe ↓ GFR 15 - 29 chronic renal insufficiency, late renal insufficiency, pre-ESRD

5 Kidney failure < 15 (or dialysis) renal failure, uremia, end stage, renal disease

Owing to recent advances in cardiovascular management, 
chronic renal failure has become a much less frequent complication 
than in the past; renal failure itself is no longer life-threatening 
because hemodialysis is available [7]. Hemodialysis and transplant 
are the most frequent treatment methods for CRF. However, 
it has been argued that several restrictions and modifications 
accompany this treatment, which have a detrimental impact on 
the quality of patient’s life and affect individuals’ physical and 
psychological well-being [6]. Thus, the enormous costs of chronic 
renal failure to the society at large make management of CRF a 
critical public health priority.

CKD has a complicated interrelationship with other diseases 
[8]. It is a major risk factor for increased cardiovascular disease and 
death. Recent studies have reported that CKD is an independent 
risk factor for cardiovascular disease (CVD) [9]. Therefore, kidney 
dysfunction should be an additional target for intervention and 
prevention of CVD [10,11]. Due to the asymptomatic nature of this 
disease, CKD is not frequently detected until its later progress, 
resulting in lost opportunities for prevention. Progress to kidney 
failure or other adverse outcomes could be prevented or delayed 
through early detection and treatment of CKD [12]. Serum 
creatinine concentration is the most commonly used biomarker 
to predict the level of kidney function, but it can be affected by 
various factors such as age, gender, ethnicity, muscle mass, dietary 
habit and specific drug use.

Chronic Kidney Disease-Related Complications
Most patients with CKD will die of events related to 

cardiovascular disease before ESRD develops [13,14]. Therefore, 
an important focus of care for patients with CKD includes 
management of cardiovascular risk factors. Progression of CKD 
is associated with a number of serious complications and the 
potential complications of chronic renal failure that concern 
the health professional and that necessitate a collaborative 
approach to care include; hyperkalemia (due to decreased 
excretion, metabolic acidosis, catabolism) and excessive intake 
(diet, medications, fluids); pericarditis, pericardial effusion, and 
pericardial tamponade due to retention of uremic waste products 

and inadequate dialysis; hypertension due to sodium and water 
retention and malfunction of the renin-angiotensin-aldosterone 
system [15]. 

Anemia is occurred due to decreased erythropoietin production, 
decreased red blood cell life span, bleeding in the gastrointestinal 
tract from irritating toxins and ulcer formation, and blood loss 
during hemodialysis [16]. The anemia of CKD increases morbidity 
and mortality from cardiovascular complications (angina, left 
ventricular hypertrophy (LVH) and worsening heart failure) [17], 
which may lead to further deterioration of renal function and the 
establishment of a vicious cycle termed the “cardiorenal anemia 
syndrome”. Transfusion is considered as the mainstay of treatment 
and improved the survival of anemic CKD patients. Bone disease 
and metastatic and vascular calcifications are due to retention 
of phosphorus, low serum calcium levels, abnormal vitamin D 
metabolism, and elevated aluminum levels. Diabetes is associated 
with adverse outcomes in all stages of CKD [18]. Dyslipidemia is 
a major risk factor for cardiovascular morbidity and mortality 
and is common among patients with CKD. The prevalence of 
hyperlipidemia increases as renal function declines, with the 
degree of hypertriglyceridemia and elevation of LDL cholesterol 
being proportional to the severity of renal impairment. Studies 
also suggest that hyperparathyroidism and the accumulation of 
calcium in pancreatic islet cells likely contribute to dyslipidemia 
of CKD as well [19]. Several cardiovascular risk factors associated 
with CKD are unique to patients with this disease. 

Management of chronic kidney Disease and its 
complication 

The goal of management is to maintain kidney function and 
homeostasis by treating any underlying condition, slow down the 
progression, reduce the risk of developing cardiovascular disease 
(CVD) for as long as possible [10]. In early stages of chronic renal 
disease; there are usually no symptoms to indicate the kidneys are 
damaged because kidneys do a good job even when they are not 
functioning at 100 percent. There is no cure for kidney disease, 
but it may be possible to discontinue its progress or at least 
slow down the damage. In many cases, the acceptable treatment 
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and lifestyle changes can help keep a person and their kidneys 
healthier longer. In addition to eating right and taking prescribed 
medicines, exercising regularly and not smoking are helpful to 
prolonging kidney health [20]. 

The management of CKD has focused on diagnosis 
and treatment of specific kidney diseases, and dialysis or 
transplantation for kidney failure. Evidence suggests that 
preventive strategies could substantially reduce the CKD burden, 
and there is evidence that such strategies are not yet in place. Tests 
to detect kidney disease at the earliest, most treatable stages are 
not widely used. Thus, a comprehensive public health approach 
to address CKD prevention is needed to effectively address this 
major public health problem [21]. 

Attention to cardiovascular risk factors remains the 
cornerstone of care to delay progression of CKD and prevent 
cardiovascular events. The direct management of CKD focuses 
on renin angiotensin aldosterone blockade (RAAS) and blood 
pressure control. Management also includes optimal management 
of common comorbid conditions such as diabetes and addressing 
cardiovascular risk factors to decrease risk for CVD [11].

Management of Chronic Kidney Disease with 
Hypertension 

Hypertension is commonly associated with CKD. It develops in 
more than 75% of patients with CKD at any stage [22]. It is both a 
cause and a consequence of CKD. Given the renal protective effects 
of angiotensin-converting enzyme (ACE) inhibitors or angiotensin 
receptor blockers, this class of agents are optimal first-line agents 
in patients with proteinuria (>1 gm/24h), progressive diabetic 
and nondiabetic renal disease. Angiotensin causes greater 
vasoconstriction of efferent arteriole than afferent arteriole, 
leading to glomerular hypertension. This leads to hyperfiltration 
and prolonged hyperfiltration, leading to glomerular structural 
and functional deterioration. Both ACEI and ARB can reverse this 
process and delay renal disease progression. While the reduction 
of intraglomerular pressure has long-term benefit, it may cause 
a small rise in serum creatinine in the short term, since GFR is 
directly correlated to intraglomerular pressure. A rise of up to 20-
30% above the baseline is acceptable and not a reason to withhold 
treatment unless hyperkalemia develops [23]. 

Checking serum creatinine and potassium about 1-2 
weeks after initiating or changing the dose of ACEI or ARB is 
recommended. ACEIs and ARBs do not differ significantly in 
terms of overall mortality, progression to ESRD, or their anti-
proteinuria effects. Initial selection of a specific drug should be 
based on cost, potential side effects, and patient preference. Both 
classes of medications have been studied extensively. However, 
a higher volume of evidence and more landmark studies have 
been done with ACEIs than with ARBs. However, ACEIs have a 
higher rate of cough and may cause a slightly greater increase 
of potassium and serum creatinine levels compared with ARBs. 
With decreasing kidney function, starting doses for both ACEIs 

and ARBs are lower. Dose titration should occur slowly as needed 
for control of blood pressure or albuminuria. When starting an 
ACEI or an ARB, monitoring blood pressure, potassium, and 
serum creatinine levels is important. Potassium and/or serum 
creatinine are expected to increase when starting or changing 
the dose of an ACEI or an ARB. The medication may need to be 
reduced or discontinued if the potassium level remains elevated 
at > 5.5mEq/L or if the serum creatinine continues to rise (30% 
from baseline) or does not improve [24]. 

Several large RCTs are currently ongoing to assess the role of 
dual therapy for CKD patients specifically. Evidence from different 
studies dual therapy with ACEI and ARB is not recommended and 
no significant benefit over mono therapy rather increased the risk 
of worsening kidney function and hyperkalemia [25] (Table 2). 

Table 2: Targets of blood pressure in Chronic Kidney Disease [22].

Urine Albumin Excretion Blood Pressure Goal 

< 30mg/24 hours < 140/90 (recommended) 

> 30mg/24 hours < 130/80 (suggested) 

The combination of ACEI and spironolactone is commonly 
seen in patients with concomitant heart failure but may also be 
considered for those with severe albuminuria with nephrology 
input. Patients on combined spironolactone and ACEI or ARB 
therapy should be monitored carefully for hyperkalemia [22]. If 
ACEI or ARB is not effective on its own to control BP, then a thiazide 
or calcium channel blocker may be added. It should be noted that 
calcium channel blockers should not be prescribed without the 
concomitant usage of ACEI or ARB, since their sole use may lead 
to greater hyperfiltration and albuminuria. Once GFR declines to 
stage G4 or worse, thiazides are generally ineffective, and loop 
diuretics (e.g., furosemide) are usually needed to control volume-
dependent hypertension [22]. It should also be noted that patients 
with more advanced CKD often have resistant hypertension 
requiring multiple medications [26].

Management of Chronic Kidney Disease with Diabetes 
Miletus 

Diabetes is associated with adverse outcomes in all stages 
of CKD. Patients with diabetes are at increased risk for CKD 
and cardiovascular events. Thus, it is important for clinicians 
to appreciate the importance of glycemic control for CKD-
DM patients [27]. Relatively strict control of blood glucose 
(hemoglobin A1C ≤7%) in both type 1 and type 2 diabetes reduces 
the development of diabetic nephropathy and its progression. 
Diligent BP control reduces renal disease progression and 
cardiovascular morbidity and mortality among patients with 
diabetes [25]. Dose adjustments based on renal function are 
noted. Renal deterioration leads to decreased renal metabolism of 
hypoglycemic drugs and/or insulin. As a result, dose adjustment 
of these medications may be required as CKD progresses to 
prevent hypoglycemia [4]. Metformin is an inexpensive and 
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effective oral hypoglycemic agent that is recommended as first-
line therapy for both overweight and non-overweight patients 
with type 2 diabetes mellitus. There is much concern about the 
safety of metformin in CKD (stage 3-5), particularly the risk for 

lactic acidosis (Table 3) [28]. Insulin and thiazolidinediones are 
suitable for patients with renal impairment. Studies showed that 
as the CKD stage increased, the use of insulin also increased, but 
the use of thiazolidinediones remained constant [27]. 

Table 3: Suggestions for the Management of Cardiovascular Risk Factors in Patients with Advanced Chronic Kidney Disease [33]. 

Risk Factor Suggested Management

Smoking Recommend smoking cessation

Diet Recommend sodium intake of <2.4 g per day.

Weight Recommend maintaining body-mass index at <25 and waist circumference at <102 cm for men and <88 cm for women.

Exercise For patients for whom it is feasible, recommend 30-60 min of moderate-intensity dynamic exercise (eg walking, jogging, 
cycling, or swimming) 4-7 days per week.

Hypertension Target blood pressure should be <130/80 mm Hg; patients with chronic kidney disease but without proteinuria (ratio of 
albumin [measured in milligrams per deciliter] to creatinine [measured in milligrams] of <0.3) should be treated with an ACE 

inhibitor, an ARB, a loop diuretic, a beta blocker (in patients younger than 60 years), a calcium-channel blocker, or some combi-
nation of these drugs.

Proteinuria Patients with chronic kidney disease and proteinuria (ratio of albumin [measured in milligrams per deciliter] to creatinine 
[measured in milligrams] of >0.3) should be treated with an ACE inhibitor or an ARB.

Diabetes mellitus Target glycated hemoglobin level should be <7.0% and target fasting plasma glucose level, 90-160 mg/dl (5.0-8.9 mmol/liter); 
treatment with metformin is acceptable in patients with stable stage I, II, or III chronic kidney disease; short-acting sulfony-

lureas (e.g., gliclazide) are preferable to long-acting agents; sulfonylureas and insulin require dose adjustment; repaglinide can 
be used in patients with stage IV chronic kidney disease and needs no dose adjustment.

Dyslipidemia Targets for LDL cholesterol levels should follow guidelines for the general population; statin therapy is recommended; no dose 
adjustment is required for bile acid sequestrants, statins, niacin, or ezetimibe, but fibrates require dose adjustment according 

to their effect on kidney function.

Anemia Iron supplementation is recommended; erythropoiesis-stimulating agents have been used but caution is recommended 
because of cardiovascular risks associated with the use of these agents; target hemoglobin level should be no higher than 10 to 

12 mg/dl if erythropoiesis-stimulating agents are being used.

Other Aspirin, at a dose of 81 mg daily, is recommended if cardiovascular risk is high or cardiovascular disease is present and if there 
is no contraindication to aspirin.

Management of Chronic Kidney Disease with Cardiovascular disease

Figure 1: Stage of chronic kidney disease and its therapeutic intervention: A new framework [13].
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Cardiovascular disease is the cause of morbidity and mortality 
among patients with CKD. CKD patients have a risk of cardiovascular 
disease (CVD) that is 10 to 30 times that of people without kidney 
disease [23]. Recent studies have demonstrated that even early 
stage CKD constitutes a significant risk factor for cardiovascular 
events and death. Similarly, CVD is a risk factor for progression 
of CKD. The frequency of cardiovascular complications in patients 
with CKD can be reduced with appropriate treatment of other 
CVD risk factors (10). There is a high prevalence of dyslipidemia 
among patients at every stage of chronic kidney disease [29]. 
Thus, screening, evaluation and therapeutic interventions for 
control of dyslipidemia are important (Figure 1).

Statins is used to reduce the relative risk of cardiovascular 
events to a similar extent among patients with and without CKD 
(Table 3). However, the benefit is greater in patients with CKD 
because of the greater baseline risk for patients with CKD. In 
addition to reducing cardiovascular risk, statins may also have 
a role in preventing progression of kidney disease and reducing 
albuminuria, though evidence for these outcomes is less robust 
[30]. 

Management of Chronic Kidney Disease with other 
complications 

The anemia of CKD is treated via recombinant human 
erythropoietin [31]. This intervention has replaced transfusions 
as the mainstay of treatment and improved the survival of anemic 
CKD patients (Table 3) [17]. In treatment of mineral metabolism 
abnormalities in patients with CKD dietary phosphate restriction 
should be used continuously to treat hyperphosphatemia. Therapy 
with calcium-containing phosphate binders (calcium carbonate 
or calcium acetate) should be initiated if dietary restriction fails 
to control hyperphosphatemia and if hypercalcemia is not present 
(If hypercalcemia develops the dose of calcium-containing 
phosphate binders or vitamin D analogues should be reduced). 
Consider prescribing vitamin-D analogues if serum levels of 
intact parathyroid hormone are > 53 pmol/L. Therapy should be 
discontinued if hypercalcemia or hyperphosphatemia develops 
or if parathyroid hormone levels are < 10.6 pmol/L. Vitamin-D 
analogues should be used in conjunction with a specialist with 
experience in prescribing these agents. There is insufficient 
evidence to recommend use of phosphate binders that do not 
contain calcium, novel vitamin-D analogues or calcimimetics [22].

In water and electrolyte balance; Precise restriction of fluid 
intake is only required for patients with oliguric end-stage kidney 
disease. Patients should avoid binge drinking and be vigilant in 
replacing extra fluid losses in hot weather and during episodes of 
diarrhoea or vomiting. Severe acute volume overload may require 
high-dose loop diuretics or dialysis [26]. 

If the potassium level rises above 7 mmol/L, it is treated with 
dialysis. Otherwise, treatment is directed towards the cause - eg, 
excess fruit, chocolate or coffee, gastrointestinal haemorrhage, 
acidosis or tissue necrosis [32]. Chronic acidosis aggravates 

hyperkalaemia, inhibits protein synthesis and accelerates calcium 
loss from bone. Regarding oral bicarbonate supplements in 
the management of metabolic acidosis: consider oral sodium 
bicarbonate supplementation for people with a GFR less than 30 
ml/minute/1.73 m2, and a serum bicarbonate concentration of 
less than 20 mmol/L [33]. 

Renal Replacement Therapy and Dialysis
Patients with stage 5 chronic kidney disease have ESRD with 

a GFR of 15 ml/min or less. At this advanced stage of kidney 
disease, the kidneys have lost nearly all their ability to do their job 
effectively, and eventually dialysis or kidney transplant is needed 
to live [34]. Because the kidneys are no longer able to remove 
waste and fluids from the body, toxins build up in the blood, 
causing an overall ill feeling. Kidneys also will become no longer 
able to perform such as regulating blood pressure, producing the 
hormone that helps make red blood cells and activating vitamin 
D for healthy bones. In dialysis treatment for people with stage 
5 CKD, toxins are removed from the blood; medicines replace the 
functions of the kidney. Kidney transplant is another treatment 
option in ESRF that is necessary to continue living [20]. 

Future perspective of CKD management
The conventional approach of management of CKD includes 

dialysis and renal transplantation, which are not affordable by 
most population mainly due to economic reasons [35]. Thus, 
exploration of a safe and alternative therapy is needed, which 
proves to be helpful in reducing the requirement of dialysis and 
in postponing the renal transplantation [36]. During diagnosis 
current imaging modalities especially ultrasound (US), computed 
tomography, and magnetic resonance imaging (MRI) provide 
adequate information on structural changes but little on 
functional impairment in CKD. Although not yet considered first-
line procedures for evaluating patients with renal disease, new US 
and MR imaging techniques may permit the assessment of renal 
function in the near future. Recent developments in molecular 
imaging indicate that pathophysiological pathways of renal 
diseases such as apoptosis, coagulation, fibrosis, and ischemia will 
be visualized at the tissue level and imaging is expected to play an 
increasing role in the management of CKD [37].

CKD is invariably characterized by progressive kidney fibrosis 
and at present, treatment aiming to slow the progression of CKD 
is limited to aggressive blood pressure, diabetes and other risk 
factor control, with few therapies targeting the fibrotic process 
itself. However, kidney disease can lead to kidney failure (less than 
10% kidney function). Once this happens, patients need dialysis 
or a kidney transplant to stay alive [36]. But there are not enough 
organ donors to provide transplants for CKD patients. This makes 
the development of new therapeutic options for treating CKD 
increasingly important.

Kidney stem cells
The most convincing evidence for the existence of stem 

cells have key features and researchers have shown them to 
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be responsible for production of podocytes - specialised cells 
involved in the filtration work of the nephron and that need to 
be replaced continuously throughout our lifetime. Studies also 
suggest that these same proposed stem cells might be able to 
generate a second type of specialized cell found in the nephron 
lining, called proximal tubular epithelial cells. Various animal and 
human studies demonstrated the role of stem cells in repair and 
regenerations of kidney [38].

Kidney Disease and Mesenchymal Stem Cells
A number of different types of cells from the bone marrow 

have been tested in animals and in clinical studies for potential 
use in kidney disease. Amongst all the cells under investigation, 
mesenchymal stem cells (MSCs) have shown the most promising 
results to date. Studies suggest that MSCs may be able to 
enhance the intrinsic ability of the kidney to repair itself [38,39]. 
Researchers investigating the therapeutic effects of these MSCs 
within the kidney have suggested these cells may release proteins 
that can help kidney cells to grow, inhibit cell death and that could 
encourage the kidney’s own stem cells to repair kidney damage 
[40]. Further research is needed to establish whether these ideas 
are correct and if so, how this could lead to a treatment for patients 
[39]. More research is needed to identify their precise role in 
normal kidney maintenance and to investigate their potential to 
enhance the kidney’s ability to regenerate or repair itself after 
damage.

Another type of stem cell that scientists are using in kidney 
research is the induced pluripotent stem cell (iPSC). iPSCs are 
made by reprogramming adult, specialized cells of the body to act 
like embryonic stem cells. They have the ability to develop into 
any cell or tissue in the body. Induced pluripotent stem (iPS) cell 
technology, which allows derivation of patient-specific pluripotent 
stem cells, could provide a possible alternative modality for 
kidney replacement therapy for patients with ESRD [41]. Recently 
researchers have been able to use iPSCs to produce kidney cells in 
a very early stage of development. These very early kidney cells 
resemble cells found in the embryo that will turn into the cells 
that eventually make up the kidney in foetal development. These 
cells could have the potential to make the glomerulus and tubules, 
the building blocks of the nephron [42]. However, a lot of research 
needs to be done before such cells can be used in patients to treat 
CKD.

An organ replacement is also under investigation and may help 
kidney disease patients in the future: The use of organ scaffolds 
to produce whole, transplant Table organs. Organ scaffolds are 
organs from which all the cells have been removed. What remains 
is the extracellular matrix - the part of the organ that supports 
its shape. This matrix can be seeded with a patient’s own cells, 
which can be carefully nurtured to grow and multiply to re-cover 
the scaffold. By using the patient’s own cells, the complications 
of immune rejection that can occur with organ transplantations 
are drastically reduced. The challenge with this approach is 

identifying and obtaining the right types of cells to seed the 
scaffold, especially in organs with complex structures made up of 
many different cells. IPSCs or the recently identified kidney MSCs 
could be useful candidate cells for seeding kidney organ scaffolds. 
Very recently, experiments in rats have shown the feasibility of 
this approach. Stem cell treatments for kidney disease have not 
yet been developed. Researchers also continue to explore new 
ideas using emerging technologies in stem cell research, such as 
reprogramming cells to change their behavior.
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