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Acute kidney injury (AKI)
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Diagnosis of AKI

’ nger than 3 days.



KDIGO definition and classification of AKI

Diagnostic criteria for AKI:
AKl is defined as any of the following:

e Increase in serum creatinine by 20.3 mg/dl (226.5 pmol/l)
within 48 h; or

e Increase in serum creatinine to 21.5 times baseline, which is
known or presumed to have occurred within the prior 7 days;
or

e Urine volume <0.5 ml/kg/h for 6 h.

AKl staging system:




AKI stage - stage | and stage I

AKI stage

Serum creatinine
criteria

Urine output criteria

AKI stage |

Increase of serum
creatinine by
20.3 mg/dl
(226.4 pmol/L)

or

increase to 1.5-1.9
times from baseline

Urine output
<0.5 ml/kg/h for 6-12 h

AKI stage Il

Increase of serum
creatinine to 2.0-2.9 times
from baseline

Urine output <0.5 mil/kg/h
for 212 h




AKI stage - stage lli




Glomerulonephritis




Acute Glomerulonephritis
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Glomerulonephritis




Acute Glomerulonephritis
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Acute Glomerulonephritis




Acute Glomerulonephritis - symptoms
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Acute Glomerulonephritis - syndromes




Acute Glomerulonephritis




Acute Glomerulonephritis




Acute Glomerulonephritis




Acute Glomerulonephritis

* |s characterized by irreversible and progressive glomerular and
tubulointerstitial fibrosis.

 ultimately leading to a reduction in the glomerular filtration
rate (GFR) and retention of uremic toxins.

 If disease progression is not halted with therapy, the net result

is chronic kidney disease (CKD), end-stage renal disease (ESRD),
and cardiovascular disease



Acute Glomerulonephritis

* Nearly all forms of acute glomerulonephritis have a tendency
to progress to chronic glomerulonephritis.

* The progression from acute glomerulonephritis to chronic
glomerulonephritis is variable.

 Whereas complete recovery of renal function is the rule for
patients with poststreptococcal glomerulonephritis, several
other glomerulonephritides, such as immunoglobulin A (IgA)

nephropathy, often have a relatively benign course and many
do not progress to ESRD.



Glomerulonephritis




Glomerulonephritis -syndromes




CHRONIC GLOMERULONEPHRITIS




Chronic Glomerulonephritis

* Presence of glomerular disease as opposed to tubulointersititial
or vascular disease is suspected from history :

« Haematuria (especially dysmorphic red cells)
* Red cell casts

 Lipiduria (glomerular permeability must be increased to allow
the filtration of large lipoproteins)

* Proteinuria (may be in nephrotic range of >3.5 g/24hours)




Chronic Glomerulonephritis

autoimmune.



Chronic Glomerulonephritis

Autoimmune injury initiated by beta-hemolytic streptococcus
acute proliferative glomerulonephritis

Presents as acute nephritic syndrome

Hematuria

« HT

increased urea & creatinine

low urine output

edema

» Antibodies produced by strep throat deposit in glomerulus

* Most fully recover but about 10% evolve into rapidly progressive
glomerulonephritis



Chronic Glomerulonephritis
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Chronic Glomerulonephritis



Urine Microscopy :




TUBULOINTERSTITIAL DISEASE

® Most tubular diseases involve the interstitium
o 2 distinct types of diseases
a) inflammatory diseases
i) “tubulointerstitial nephritis”

b) ischemic or toxic tubular injury —
i) ATN
ii) acute renal failure



Tubulointerstitial Nephritis (TIN)

® Inflammatory disease of Interstitium/tubules

e Glomerulus not involved at all or only late in
disease
e Infections induced TIN — “pyelonephritis”
 Non infection — interstitial nephritis
a) Caused by:
1) drugs
I1) metabolic disorders (hypokalemia)
Il radiation injury
Iv) immune reactions






Pyelonephritis Definition:




Pyelonephritis Epidemiology and Risk Fctors:

 Host factor:
* Female :Shorter urethra

e Male : uncircumcised infant € bacterial colonization inside
prepuce and urethra

« Catherization - DIRECT: Bacteria carried directly into bladder
during insertion - INDIRECT:Facilitation of bacterial access via
lumen of catheter . Tracking up between outside catheter and

urethral wall




Types of pyeloneph
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Acute PYELONEPHRITIS




Routes of infection in acute pyelonephritis




Acute Py

e mary tract (ascending infections)
theterization

i) - cystoscopy



Acute Pyelonephritis




Routes of infection in acute pyelonephritis

1- ascending pyelonephritis represent more than 85% of all cases
with acute pyelonephritis ,the causative organisms are
Escherichia coli, Proteus, Enterobacter

It result from Ascending of the infection from Purulent cystitis
helped by:

A-chronic obstructive diseases of urinary tract
B-vesicoureteral and intrarenal reflux



FACTORS

= OBSTRUCTION: Congenital or
Acquired

= INSTRUMENTATION

= VESICOURETERAL REFLUX

= PREGNANCY

= AGE, SEX, why sex? F>>>M
= PREVIOUS LESIONS

= IMMUNOSUPPRESION or
IMMUNODEFICIENCY

Reflux




Routes of infection in acute pyelonephritis




Acute Pyelonephritis

bsence of

eps bladder sterile



Host factor:




Host factor:




Host factor:




Host factor:

* Factors independently associated with pyelonephritis in young
healthy women include:

- Frequent sexual intercourse

- New sexual partner,

- UTl in the previous 1 2 months,
- Maternal history of UTI,

- Diabetes

- Incontinence.

- spermicide use

* And Factors independently associated with pyelonephritis in
postmenopausal women: cystoceles ,incontinence and residual urine




Etiology

 The uropathogens causing Pyelonephritis vary by clinical

syndrome but are usually enteric gram-negative rods that have
migrated to the urinary tract.

« -Gram negative organism : E.coli (common); Proteus mirabilis,
Citrobacter, klebsiella, enterobacter, proteus pseudomonas
aeruginosa .

« Gram positive organism : Staph.saprophyticus, Staph.
Epidermidis enterococcus, Corynebacteria and lactobacilli



Etiology

NaJdple

) and histoplasma capsulatum

haematobium



Pathogenesis:

* The urinary tract can be viewed as an anatomic unit united by a
continuous column of urine extending from the urethra to the
kidneys.

* In the majority of UTls bacteria establish infection by
ascending from the urethra to the bladder.

e Continuing ascent up the ureter to the kidney is the pathway
for most renal parenchymal infections.




Clinical picture of pyelonephritis
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Signs and Symptoms




Clinical Features




ACUTE PYELONEPHRITIS




COMPLICATIONS of ACUTE PYELONEPHRITIS

M 1- papillary necrosis due to inflammatory thrombosis of the
blood vessels supplying the renal papilla

B2 -pyonephrosis which mean filling of the dilated calyces and
pelvis by pus due to obstruction at pelviureteric junction

B3 -perinephric abscess due to spread of the inflammation to
the perinephric fat.

B4 - Transformation to chronic pyelonephritis



CHRONIC PYELONEPHRITIS

- tubular and

and adjacent parenchyma .



granulomatous chronic pyelonephritis



Microscopic picture of CHRONIC
PYELONEPHRITIS

- Stroma is infiltrated by lymphocytes, plasma cells and
macrophages.

- tubules may be filled with colloid protein

Casts so the Enlarged tubules are like thyroid follicle a
Phenomenon is termed thyroidisation(i.e renal tubules
containing colloid casts simulate thyroid follicles containing
colloid inside it).

- Periglomerular fibrosis may end with complete glomerular
fibrosis and hyalinosis.



1agnosis

Laboratory D




Urine Culture:







Pyelonephritis

« Emphysematous pyelonephritis: exclusively in diabetic patients
production of gas in renal and perinephric tissues bilateral
papillary necrosis rise in the serum creatinine level ;

« Xanthogranulomatous pyelonephritis chronic urinary
obstruction (often by staghorn calculi) , chronic infection ,
Suppurative destruction of renal tissue



Xanthogranulomatous chronic pyelonephritis

le pink foamy cytoplasm



Pyelonephritis




Complication of CHRONIC PYELONEPHRITIS




Differential diagnosis for pyelonephritis

by inflammation of the



Chronic pyelonephritis and reflux

nephropathy

l ‘ parenchyma




Chronic obstructive pyelonephritis

eCan be bilateral (congenital disease)

e Obstruction predisposes kidney to infection
e recurrent infections on obstructive foci causes
scarring — chronic pyelonephritis
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reflux nephropathy

etheral disease causes renal



reflux nephropathy

Hallmark is scarring involving pelvis/calyces, leading to
papillary blunting and deformities

e Renal papillae — area of kidney where opening
from collecting ducts enters renal pelvis

e Kidneys are asymmetrically contracted



Drug-induced interstitial nephritis

e Acute TIN — seen with synthetic penicillins,
diuretics (thiazides), NSAID

a) disease begins ~15 days (2-40 range)
1) fever
i) rash (25% cases)
i) renal findings: hematuria, leukouria
IV) increased serum creatinine or acute
renal failure with oliguria (50% of cases)



Drug-induced interstitial nephritis

itivity - Type |
d cell-mediated



Analgesic Nephropathy

® Patients who consume large quantities of

analgesics may develop chronic interstitial
nephritis, often associated with renal papillary
necrosis
e Usually result from consumption of a mixture for

long periods of time:

a) - aspirin

b) - caffeine

c) - acetaminophen

d) - codeine

e) - phenacetin




ePrimary pathogenesis is

a) papillary necrosis followed by

b) interstitial nephritis is secondary

c) acetaminophen — oxidative damage

d) aspirin inhibits prostaglandins —
vasoconstriction

e) all the above leads to papillary ischemia
e Chronic renal failure, hypertension and anemia
e Complications may be incidence of “transitional

cell carcinoma” of renal pelvis or bladder.



Clinical entity

( 400 ml/day)



Other causes of ARF

b) severe glomerular disease (RPGN

c) diffuse vascular disease
(Polyarteritis nodosa)

d) diffuse cortical necrosis

e) interstitial nephritis (acute drug-
induced)

f) acute papillary necrosis



Diseases of Blood Vessels

® Nearly all diseases of kidney involve blood
vessels.

e Kidneys involved in pathogenesis of essential
and secondary hypertension

e Systemic vascular disease (i.e. arteritis) also
involve kidney



Benign nephrosclerosis

® Renal changes associated with benign

hypertension

a) always associated with hyaline arteriosclerosis

e Kidneys are atrophic
e Many renal diseases cause hypertension which

in turn may lead to benign nephrosclerosis.
e Therefore this disease seen simultaneously. with other
diseases of kidney




® This disease by itself usually does not cause
severe damage
a) mild oliguria
b) loss (slight) of concentrating mechanism
c) decreases GFR
d) mild degree of proteinuria is a constant finding
e These patients usually die from hypertensive
heart disease or cerebrovascular disease rather
than from renal disease



Sclerosis, i.e., “hyalinization” of arterioles and small arteries, i.e.,
arterio-, arteriolo-

Is this part of “routine” atherosclerosis????




Renal stone disease




Risk Factors

* Prevalence: 2-3% in the U.S., geographic variations

* Gender: Male/Female ratio 4:1

o Life-time risk: Males: 12 % Females: 7 %, incident is rising
* Peak age 20-50 years

« Family History

* Genetic factors

* Medullary sponge kidney
« CaSR or FGF 23 polymorphism

» Caucasians more than blacks or hispanics
« Recurrence 30%- 40% at 5 years, 50%- 60% at 10 years



©) Theories of Stone Formation

» Calcium oxalate : » Uric acid
> Brushite Saturation . apatite
» Sodium urate » Struvite

* Infection?

» Citrate

° PP

» Magnesium

Matrix e

* Uromodulin (THP)
* Crystal epitaxy - Uropontin
* Cell membrane - CMP
- Calgranulin - GAGs




alcium Phosphate

Uric Acid (10-15%) Struvite (10-15%)










INCIDENCE




STONE FORMATION

» Highly concentrated urine constituents crystallize and harden
to form calculi.

« Kidney stones form when urine contains more crystal- forming
substances — such as calcium, oxalate and uric acid.

» At the same time, our urine may lack substances that prevent
crystals from sticking together, creating an ideal environment
for kidney stones to form.




STONE FORMATION




Renal stones

» Calcium stones: Most kidney stones are calcium stones, usually
in the form of calcium oxalate and calcium phosphate.

« Oxalate is a naturally occurring substance found in food. Some
fruits and vegetables, as well as nuts and chocolate, have high
oxalate levels. Our liver also produces oxalate.

* IN ALKALINE URINE - ENLARGES RAPIDLY - TAKE SHAPE OF
CALYCES - STAGHORN ->CALCIUM PHOSPHATE




Renal stones

Uric Acid: This type of kidney stone is more common in men than in
women.

They can occur in people with gout or those going through
chemotherapy.

Struvite: This type of stone is found mostly in women with urinary
trl?cit m{ectlon. hese stones can be quite large and cause urinary
obstruction.

Cystine: Cystine stones are rare. They occur in both men and women
who have the genetic disorder cystinuria.

Other: Other, rarer t){ﬁes of kidney stones also can occur. Such as
XANTHINE S'I"ONES, DIHYDROXY ADENINE STONE, SILICATE STONES etc.




Hereditary
Disorders

* Polycystic kidney Disease
* Medullary Sponge Kidney

* Horseshoe kidney

Alcaptonuria Cystine (1%)

: . dibasic AA transporter
homogentisate 1,2-dioxygenase



Pathobiology of stone formation

Renal
Epithelium

Formation of CaOx stone.
Note alternating layers of
crystal and organic
compounds

=

Apatite crystal deposition
4

Randall's plaque

Renal
Epithelium

Randall's plaque

Randall's plague

Plaque progression:

4 pH 4 Calcium

* water

Plague now suburothelial and
visible on renal papillae during
endoscopic procedures

Epithelial erosion:

Oxidative stress:

? Reduced antioxidants

? Gene polymorphisms

? Sex hormone expression

Plaque expgd

%rothelial toxicity
and cell death




CAUSES




Hyperuricosuria:

Z /lll'lne pH > 6.5.

is the major source.



INTAKE BEING OBESE

RISK FACTORS



PATHOPHYSIOLOGY

the urine.

ces in the urine that would
ration and crystalline aggregation.



CLINICAL MANIFESTATION

truction >Hematuria > Renal



Metabolic abnormalities: Urinary excretion

values

dor > 140

< 320 mg/d
< 60 mg/d




Chronic Kidney Disease

0 remove waste
tatic functions.



Clinical Definition

Anatomy of the Kidney

* GFR of less than 60 ml/minute per
1.73m2 per body surface area
(normal is 125ml/min) . | Renal Pelvs

N
b

« GFR Calculator:
http://www.kidney.org/profession =y
als/kdogqi/gfr_calculator.cfm

* Presence of kidney damage,
regardless of the cause, for three or
more months

Medulla

Renal Vein




Pathophysiology

ISCHEMIA

Afferent arteriole
l from renal artery

Endothelial TUBULE CELL INJURY
dysfunction

i3 Reversible Irreversible

VASOCONSTRICTION /\ /\

4 Renin-angiotensin Loss of Detachment  Necrosis Apoptosi

} Endothelin polarity 1 L | T

{ NO * arteriole from
' PGl, 4 Distal | | glomerulus

sodium Obstruction Tubular
delivery by casts back-leak

}

$ Tubuloglomerular | 4 Intratubular ¥ Tubular

feedback pressure flow ) )
l Ascending

Branch of "3
renal vein

limb

Reduced GFR ==» Oliguria




Symptoms

* Hematuria

 Flank pain

* Edema

» Hypertension

* Signs of uremia
 Lethargy and fatigue
_oss of appetite

f asymptomatic may have el?vated serum creatinine
concentration or an"abnormal urinalysis




Risk Factors

or African Americans
her incidence rates of ESRD than



Convergence of Genetic Factors




Prevention
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