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ABSTRACT

Chronic kidney disease affects 10—13% of people, is gradual, irreversible, and linked to an increased risk of
cardiovascular disease. Most of the time, patients with this condition do not exhibit any symptoms; only in
more advanced stages do they show the normal problems of renal failure. Treatment options include
replacement therapy (haemodialysis, peritoneal dialysis, and kidney transplantation) or conservative care
(patients without a dialysis indication, typically those with a glomerular filtration rate greater than 15
ml/minute). Slowing the course of renal dysfunction, treating comorbidities (such as anaemia, bone
disorders, and cardiovascular illnesses), being vaccinated against hepatitis B, and getting ready for kidney
replacement therapy are the goals of conservative treatment for chronic kidney disease.
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INTRODUCTION

Regardless of the cause, kidney damage or an estimated glomerular filtration rate (¢GFR) of less than 60
mL/min/1.73 m? that lasts for three months or longer are indicators of chronic kidney disease (CKD).[1]
Chronic kidney disease (CKD) is characterised by a progressive decrease of kidney function that eventually
necessitates renal replacement therapy, such as dialysis or transplantation. Increased urinary albumin
excretion rates, anomalies in urine sediment, or pathologic abnormalities indicated by imaging tests or renal
biopsies are all considered forms of kidney impairment.

The consequences of chronic kidney disease (CKD) are wide-ranging; it arises from multiple disease
processes and impacts blood pressure, anaemia, bone metabolism, cardiovascular health, cognitive function,
and numerous other health markers. Different techniques for testing eGFR have been reported, and the first
step in treating CKD is early detection. The course of CKD is influenced by risk factors that may be changed
as well as those that cannot. In order to halt the progression of CKD, management entails addressing
reversible causes, planning for renal replacement therapy, and modifying pharmaceutical dosages in
accordance with the patient's eGFR.[2] This exercise examines the causes, symptoms, and treatment of
chronic kidney disease (CKD), highlighting the critical function of an interdisciplinary healthcare team in
delivering all-encompassing care. Both controllable and non-modifiable risk factors are the focus of an
interprofessional approach to manage and reduce the advancement of the disease

ETIOLOGY

Type 2 diabetes (between 30% and 50%)

* 3.9% have type 1 diabetes.

* 27.2% hypertension

8.2% have primary glomerulonephritis.

* 3.6% of patients have chronic tubulointerstitial nephritis.

* Cystic or hereditary illnesses (3.1%)

* Vasculitis or secondary glomerulonephritis (2.1%).

* Neoplasms or plasma cell dyscrasias (2.1%).

+ In the US, sickle cell nephropathy affects less than 1% of people with end-stage renal disease.

EPIDEMIOLOGY

Since the early to intermediate stages of CKD are asymptomatic, it is difficult to estimate the true incidence
and prevalence of the disease. It is believed that between 10% and 14% of the general population has chronic
kidney disease. In particular, the prevalences of albuminuria and an eGFR below 60 mL/min/1.73 m? are
approximately 7% and 4%, respectively.[3] In 2012, CKD caused 2,546,700 (1%—3%) and 2,968,600 (1%)
disability-adjusted life years to be lost globally.[4] An estimated 26 million Americans suffered from CKD
in 2016.[5] According to the Kidney Disease Outcomes Quality Initiative (KDOQI), patients should undergo
testing three times over the course of three months in order to diagnose chronicity and chronic kidney disease
(CKD), with at least two of the three tests coming back positive.[6]

Risk Factors for Progression of Chronic Kidney Disease

Non-modifiable CKD risk factors: The advancement of CKD is negatively impacted by older age, male
gender, and non-White ethnicity, including Asians (South Asians and Pacific Asians), Black Americans,
Afro-Caribbean people, Hispanics, and others. Numerous renal disorders have been found to have genetic
variables that influence the course of CKD. Single nucleotide variations in the genes TCF7L2 and MTHFS
were linked to diabetic nephropathy and the advancement of chronic kidney disease (CKD), according to a
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population-based cohort analysis. The same study also showed that CKD progression is influenced by
polymorphisms in genes related to renal scarring and the renin-angiotensin-aldosterone system (RAAS).[7]

Modifiable CKD risk factors: These consist of metabolic variables, proteinuria, and systemic
hypertension.[8] After diabetes, systemic hypertension is the second most common cause of ESRD in the
US and a substantial contributor to the disease globally. It is thought that the development of
glomerulosclerosis is aided by the transfer of systemic hypertension into glomerular capillary beds and the
glomerular hypertension that results.[9] Compared to normal measurements, there is a stronger correlation
between the progression of CKD and blood pressure readings taken at night and throughout the day (such
as ambulatory blood pressure monitoring, or ABPM). In particular, systolic blood pressure is linked to
problems in CKD and is a critical predictor of CKD progression.[10]

The RAAS system has been connected in numerous studies to the onset of renal fibrosis, proteinuria, and
hypertension in CKD. Because RAAS-targeting therapies have been successful in delaying the course of
CKD, RAAS blockers are now commonly used to treat proteinuric and diabetic renal disorders. Smoking
and obesity have been linked to the onset and advancement of chronic kidney disease. Furthermore, the
onset and advancement of CKD have been linked to metabolic variables such insulin resistance,
dyslipidaemia, and hyperuricemia.[11][12]

Pathophysiology
Chronic and prolonged insults from progressive nephropathies cause continuous kidney fibrosis and the
breakdown of normal kidney architecture, in contrast to acute kidney injury (AKI), which frequently leads

to full functional recovery. The kidney's glomeruli, tubules and interstitium, and arteries are all impacted by
this process. It shows up histologically as vascular sclerosis, tubulointerstitial fibrosis, and
glomerulosclerosis.[13]

The following are intricate, overlapping, multi-stage processes that result in scarring and fibrosis:
. Extrinsic inflammatory cells infiltrate injured kidneys.
* Intrinsic renal cell activation, proliferation, and loss (due to mesangiolysis, necrosis, apoptosis, and
podocytopenia).

* The activation and growth of cells that produce extracellular matrix, such as fibroblasts and
myofibroblasts.

* Extracellular matrix is deposited in place of the typical architecture.[14]
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Mechanisms of Accelerated Progression of Chronic Kidney Disease

Changes in prostanoid metabolism, intrarenal precipitation of calcium phosphate, glomerular hypertrophy,
and systemic and intraglomerular hypertension[15] A histological condition known as glomerulosclerosis is

the result of all these processes.[16] Black race, hypertension, proteinuria, and hyperglycemia are clinical
risk factors for the faster advancement of chronic kidney disease.[17] The faster course of chronic kidney
disease (CKD) has also been associated with environmental exposures, including obesity, smoking, lead,

metabolic syndrome, and certain analgesics.[18]
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Staging

The 6 categories of CKD staging include:

Hypertension and Renal

Sodium retention and renal

* G1: GFR 90 mL/min/1.73 m2 and higher with renal disease-related urine abnormalities, such as

proteinuria or haematuria

* G2: 60-89 mL/min/1.73 m2 GFR

* GFR 45 to 59 mL/min/1.73 m2 for G3a

* GFR 30 to 44 mL/min/1.73 m2 for G3b

* G4: 15-29 mL/min/1.73 m2 GFR

* G5: ESRD or GFR < 15 mL/min/1.73 m2.
ACR is one of the three stages of albuminuria:
* Al: ACR <3.4 mg/mmol (less than 30 mg/g)
* ACR 30-299 mg/g (3.4-34 mg/mmol) in A2
* ACR > 300 mg/g (>34 mg/mmol) is A3.
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Stage of CKD | eGFR result What it means
. - Mild kidney damage
Stage 1 90 or higher - Kidneys work as well as normal

- Mild kidney damage
Stage 2 60-89 - Kidneys still work well

- Mild to moderate kidney damage

Stage 3a 45-59 - Kidneys don't work as well as they should
- Moderate to severe damage

Stage 3b 30-44 - Kidneys don't work as well as they should
- Severe kidney damage

Stage 4 15-29 - Kidneys are close to not working at all

- Most severe kidney damage
Stage 5 less than 15 - Kidneys are very close to not working
or have stopped working (failed)

COMPLICATION OF CKD

1. Hypertension: One of the most harmful side effects of chronic kidney disease (CKD) is
hypertension, which is also believed to hasten the progressive deterioration of kidney function,
cardiovascular disease (CVD), and associated mortality. Improvements could directly benefit
patients, as both the detection and management of high blood pressure are often inadequate.[19] The
Systolic Blood Pressure Intervention Trial excluded high-risk participants with diabetes, proteinuria,
or CKD, but it did offer valuable insights into the effects of a stricter lowering of systolic blood
pressure to a target of <120 mm Hg that may be pertinent to CKD patients.[20]. Changes in lifestyle,
such losing weight and limiting salt in the diet, may also help manage blood pressure. These
treatments may be less expensive than pharmaceutical treatments and may influence outcomes like
heart failure and stroke in both low- and middle-income (LMIC) and developed health care systems.
One realistic objective would be to enhance the management of high blood pressure issues in patients
with chronic kidney disease (CKD), with the goal of achieving target ranges in a percentage of
patients, given the abundance and affordability of anti-hypertensive medications in LMICs. Such an
objective may be accomplished on a worldwide scale, and its effects are readily quantifiable.

2. Cardiovascular complications: In patients with chronic kidney disease (CKD), cardiovascular
disease (CVD) is the primary cause of death. As kidney function declines, the prevalence and burden
of this consequence rise (Figures 1 and 2).8, For instance, compared to a reference population free
of renal disease, patients with CKD stage G5 A3 (eGFR < 15 ml/min per 1.73 m2 and urine albumin-
creatinine ratio > 300 mg/g) have an 8.1-fold higher risk of dying from CVD.4. Although CKD raises
the risk of traditional atherosclerotic cardiovascular events, non-atherosclerotic pathologies such
valve disease, arterial calcification, and left ventricular hypertrophy with diastolic and systolic
dysfunction account for the majority of the elevated risk. Heart failure, sudden death, and atrial and
ventricular dysrhythmias are some of the symptoms of these disorders. There are other risk factors
to take into account in CKD patients, the majority of which are regarded as CKD complications,
even though it is widely acknowledged that treating traditional cardiovascular risk factors like blood
pressurel7 and cholesterol16 is effective in the CKD population, especially in patients with CKD
stages 1 to 3. Cardiomyopathy and vasculopathy, for instance, may be exacerbated by endocrine and
mineral abnormalities that are indicative of CKD-mineral bone disease, such as phosphate retention,
increased fibroblast growth factor 23, and abnormalities in Klotho metabolism. 18A worldwide
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decrease in the burden of CVD attributable to CKD may eventually result from advances in our
knowledge of the factors that contribute to CVD associated with CKD, the discovery of new
therapeutic targets, blood pressure control initiatives, and the increased prescription of lipid-
lowering medications.[21]

Hypertension

Salt and water
retention

Cardiovascular

r==—==7 disease
Other* -_—-—
- Anemia
| ____________ Mineral bone
disorders

3

Metabolic
acidosis

3. Anemia: Iron and erythropoiesis-stimulating agents (ESAs) have been used to address anaemia
problems in patients with chronic kidney disease (CKD) in various regions of the world. The ideal
dosages of parenteral iron and ESAs have not yet been determined, yet. Although ESAs can alleviate
symptoms, it is yet unknown how these drugs affect survival and they may raise the risk of cancer
and cardiovascular disease. The entire range of ESA's adverse effects is unknown, and little is known
about how elevated hepcidin contributes to CKD.[22] Patients may be more vulnerable to the
negative effects of these expensive medications due to regional variations in resistance to ESA
therapy. In many LMICs, where ESAs are scarce and prohibitively expensive, the present approach
to treating anaemia in patients with chronic kidney disease differs from that of affluent nations,
where these drugs are commonly accessible. Although more research is needed to fully understand
the dangers and advantages of intravenous iron and ESAs, efforts to increase access to these
treatments (as well as blood transfusions) in LMICs may lessen the burden of anaemia symptoms in
CKD.

4. CKD-related mineral bone disorder: Kidney Disease: Improving Global Outcomes23,24,25
recommendations described the syndrome of CKD-mineral and bone problem, which includes soft
tissue calcification, the range of renal osteodystrophy, and conventional mineral biochemical
abnormalities. These anomalies may be causally related to left ventricular hypertrophy. Despite a
large amount of preclinical evidence, very few advancements have been applied to clinical
applications, and this complex set of illnesses is poorly understood[23]. Although it is possible to
monitor and treat secondary hyperparathyroidism, high blood phosphate levels, and vitamin D
deficiency, the actual advantages of correcting these abnormalities have not been
established. Because inexpensive calcium-based phosphate binders have the potential to worsen
tissue calcium deposition, their application is debatable. Increasing the availability of phosphate
binders, nutritional vitamin D, and 1,25-dihydroxyvitamin D analogues would be a practical strategy
based on our present understanding of the condition to reduce the known symptoms of tertiary
hyperparathyroidism.
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5. Salt and water retention: Defence against both excess and depletion of sodium is lost in CKD stages
4 to 5, and perhaps in CKD stage 3. Although the precise incidence has not been established, sodium
overload with fluid retention is by far the most prevalent condition in clinical practice. Up until end-
stage renal failure, the sodium balance seems to be mostly maintained, despite the possibility of an
expansion of the extracellular fluid volume.[24]Excess fluid and sodium cause hypertension and
therefore CVD (particularly concentric left ventricular hypertrophy, which can lead to diastolic
dysfunction) in addition to oedema, which can impair quality of life. Adherence to basic fluid
balance (intake vs. output) principles, dietary salt restriction, and the use of natriuretic agents—
which may be less effective in the more advanced stages of CKD—are the cornerstones of treatment.
Since they are readily accessible and reasonably priced, thiazides and loop diuretics may be used
more frequently to reduce CKD patients' symptomatic oedema and potentially enhance
cardiovascular outcomes.

6. . Metabolic acidosis and electrolyte disorders: When acid synthesis and ingestion surpass renal acid

excretion, metabolic acidosis, a prevalent condition in chronic kidney disease, results. Because of
buffering and renal adaptation, it may initially show up as "acid excess with normal bicarbonate,"
which is a condition of positive acid balance without low plasma bicarbonate.[25] Alkali therapy
works well, however it is constrained by required potassium and/or sodium doses. Chronic metabolic
acidosis may hasten the course of chronic kidney disease (CKD) and is linked to bone disease,
skeletal muscle catabolism, and insensitivity to endocrine hormones.[26] Finding potentially
hazardous acid loading before a drop in serum bicarbonate happens is the difficulty of early
detection. Because the therapies are cheap, metabolic acidosis could be treated globally. However,
the benefits of this intervention have not been established, and the sodium or potassium loading that
comes with current alkali therapy may be detrimental, especially in more advanced stages of CKD.
Alternative methods of delivering alkali are required. Alkalis that don't contain sodium or potassium
are being developed, but availability and cost are probably going to be issues, especially in LMICs.
In an attempt to lessen suffering, sodium bicarbonate is currently being used more widely to treat
symptomatic metabolic acidosis in advanced chronic kidney disease.

7. Uremic symptoms: Anorexia, exhaustion, cachexia, pruritus, nausea, restless legs syndrome, sleep
difficulties, and sexual dysfunction are some of the symptoms that make up the uremia
syndrome.[27] Pruritus is widespread and can negatively impact one's quality of life. Although the
exact causes are unknown, the buildup of certain uremic toxins in the skin is probably one of them.
It's critical to distinguish uremic irritation from itching brought on by other illnesses since treatment
options may differ. LMIC has access to antihistamines and topical treatment. The availability of
other medications, such gabapentin and opioid receptor modulators, is probably going to be more
restricted. For at least some people, pruritus may be effectively relieved by treating
hyperparathyroidism and hyperphosphatemia. A similar and sometimes incapacitating clinical
diagnosis is restless leg syndrome.[28] While this issue is known to occur in people with normal
renal function, CKD and dialysis patients are far more likely to have it. Sleep disturbance, sadness,
poor quality of life, increased cardiovascular morbidity, and increased mortality are all linked to
pruritus and restless legs syndrome. Although the pathophysiology is uncertain, it can be indicative
of a generalised state of ill health. Exercise and a number of medications, such as gabapentin,
dopaminergic modulators, serotonin antidepressants, and lithium, can help reduce the symptoms of
restless leg syndrome. Despite the paucity of research regarding these therapies' effectiveness, they
are available in numerous LMICs.
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Progress of CKD [ ESRD
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*Infection, sexual dysfunction, anorexia, pruritus, and insomnia

Infectious Complications in Chronic Kidney Disease

One major cause of morbidity and mortality in people with chronic kidney disease (CKD) is infectious
complications.[29] Despite the fact that some of these occurrences may be avoided, little attention has
been paid to the entire breadth of significant infectious consequences. We compared the infection
hospitalisation rates in the populations with chronic kidney disease (CKD) and end-stage renal disease
(ESRD) to those without these conditions. To identify areas for possible improvement, we also examined
the rates of influenza, pneumonia, and pneumococcal pneumonia preventative vaccinations. Based on
hospitalisation rates for pneumonia, sepsis/bacteremia, and urinary tract infections in Medicare CKD,
ESRD, and non-CKD populations, we evaluated the medical literature and presented our
findings. Claims that were submitted for services with certain vaccination codes were used to calculate
vaccination rates. Patient outcomes following the onset of infections were three to four times worse than
in the non-CKD group, regardless of whether the development of CKD was due to primary renal disease,
hypertension, diabetes mellitus, or another chronic condition. Compared to the goal of 90%, influenza
vaccination rates were only 52%. The 13.5% immunisation rate for pneumococcal pneumonia was
significantly below the recommended level. Significant severe infection complications are linked to
chronic kidney disease (CKD) and occur three to four times more frequently than in the general
population. Reducing the use of dialysis catheters and raising influenza and pneumococcal pneumonia
vaccination rates are two ways that providers can enhance prevention.

Infections in CKD Patients

Compared to the ESRD population, the scale of the morbidity has not garnered as much attention, despite
research addressing host defence anomalies in the CKD population.[30]

Pneumonia rates are three times higher in the CKD population and five times higher in the dialysis group
as compared to the non-CKD population. Especially noteworthy is the  length

In order to concentrate future efforts on reducing the morbidity and mortality brought on by CKD
complications globally[31], the work group established the following particular aims.
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Treatment / Management

General Management

* The patient's eGFR readings should be taken into consideration while adjusting medication dosages.
* Surgical referrals for the implantation of haemodialysis or peritoneal dialysis access, as well as for
transplantation when necessary, should be made as part of the preparation for renal replacement therapy.

Treatment of Reversible Causes of Renal Failure

It is important to identify and treat potentially reversible causes of AKI, such as infections, medications,
hypotension, and hypovolemia. Before performing intravenous contrast investigations, patients with chronic
kidney disease (CKD) should be thoroughly examined, and other options should be explored first.
Nephrotoxic substances should also be avoided, such as nonsteroidal anti-inflammatory medications
(NSAIDs) and aminoglycoside antibiotics.

Slowing the Progression of Chronic Kidney Disease

It is important to treat the factors that contribute to the advancement of chronic kidney disease (CKD), such
as metabolic acidosis, proteinuria, hypertension, and hyperlipidaemia. Proteinuria should be decreased to
less than 1 g/d if at all possible, and hypertension should be controlled in accordance with established blood
pressure targets.[33]
Numerous studies have demonstrated that quitting smoking slows the progression of chronic kidney disease
(CKD) and is linked to an increased risk of nephrosclerosis.[34] It has also been demonstrated that protein
restriction slows the course of CKD. Dietician involvement is essential because individuals with advanced
chronic kidney disease are susceptible to malnutrition.

It has been shown that treating chronic metabolic acidosis with bicarbonate supplements can slow the course
of CKD.[35] Furthermore, it has been shown that strict glucose management in diabetics can postpone the
development of albuminuria and stop it from developing into overt proteinuria.[36]

Patients should be given the following choices for renal replacement treatment when stage 4 CKD
progression has been identified.

* Home or in-center haemodialysis.

* Intermittent or continuous peritoneal dialysis.

* Living or deceased donor kidney transplantation: Because of its better long-term results, this is the
preferred treatment for end-stage renal disease.

» Patients should be informed about conservative and palliative care management if they refuse renal
replacement therapy.

*Once steady vascular access has been established in the nondominant arm, haemodialysis is carried out.
In order to protect the veins in this arm, intravenous cannulas should be avoided. An AV fistula is the ideal
vascular access. Tunnelled haemodialysis catheters and AV grafts are additional haemodialysis access
methods. Because of its high patency rates and low infection rates, AV fistulas are recommended.

* After a peritoneal catheter is inserted, peritoneal dialysis is carried out.[37]
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Indications for Renal Replacement Therapy

* An urgent indication of pleuritis or pericarditis.

* Asterixis, myoclonus, seizures, and confusion are symptoms of progressive uremic encephalopathy or
neuropathy (emergent indication).

» Uremia-related bleeding diathesis that is clinically substantial (emergent indication).

* Antihypertensive drugs don't work well for hypertension.

Fluid excess that is resistant to diuretics.

* Metabolic diseases, including metabolic acidosis, hyperkalaemia, hyponatraemia, hyperphosphatemia,
and hypocalcaemia, that do not respond to medical treatment.

* Constant vomiting and nausea.

* Proof of malnourishment.

* Any other uremic symptoms or indicators.

CONCLUSION

A number of problems are associated with progressive chronic kidney disease (CKD), and these
consequences are more common and more severe as the disease progresses. Poor quality of life, severe
morbidity, and mortality are the results of these problems. We have listed three main objectives (backed by
sets of activities) aimed at lessening the negative eftects of CKD-related consequences on population health.
great knowledge gaps still exist, and the best approaches to particularly close these gaps are still unknown,
despite the fact that there has been great progress in characterising CKD-related difficulties across regions
and nations.

This is the first effort to create a framework for a coordinated strategy to gain a deeper understanding of
these illnesses. This entails developing practice and policy guidelines for optimal care, as well as enhancing
our comprehension of the range of pathophysiology and mechanistic pathways, clinical presentations, and
phenotypes. We have created an action plan as part of this International Society of Nephrology project to
improve our knowledge of the uremic symptoms that have the biggest effects on CKD patients' quality of
life, their causes, and the most effective ways to manage them.
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