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Acute Renal Failure/Acute Kidney Injury

Increase of BUN and/or creatinine of recent, abrupt
onset reflecting a sudden loss of net, effective clearance
capacity of the kidney.

Urine output can vary. Oliguria refers to < 400 cc./day;
many forms are “non-oliguric.”
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50-75% of inpatient general nephrology
activities relate to the diagnosis and
management of acute renal failure
secondary to renal ischemia, drugs and
diagnostic tests, and other toxins.



Incidence of ARF (any ARF)

1-2% of all hospital admissions
20-30% of Post-operative cases
10-25% of ICU admissions

20-30% of Acute sepsis

Up to 40% in Hematologic malignancy

The kidney fails when other organs
fail . . .

Lanore, Crit Care Med 1991; Nolan, J Am Soc Neph 1998;
Shusterman, Am J Med 1987; others




Impact of ARF

* ARF (any) increases hospital mortality x 5
Levy et al, JAMA 1996

* ARF needing RRT carries 45-65% mortality

somewhat better survival over last 5-10 yr
Nolan et al, J Am Soc Neph 1998

« ARF in “critically ill” - 27% 6 mo survival
Adj-life-yr cost: $274K/yr in worst cases
$ 62K/yrin best cases

Hamel et al, Ann Int Med 1996

FMLLSLEN R.D. Swartz



29 Levy et al. JAMA 275: 1489, 1996

16,000 patients undergoing contrast procedure.
183 developed ARF
34% mortality compared to 7% without ARF matched for age, baseline creatinine,

and contrast procedure.
After comorbidity adjustment, odds ratio of dying after ARF was 5.5.



Mechanisms of Acute Renal Failure and Approach to the Patient

lllustrative Case

A 73 year old man develops severe abdominal pain
radiating to the back and collapses at home. In the emergency
room a blood pressure of 80 and an acute abdomen are
present. At laparotomy, a ruptured, infrarenal abdominal aortic
aneurysm is found and repaired during an 8 hour procedure in
which 40 units of red blood cells and fresh frozen plasma are
used. Postoperatively, the patient is putting out less than 200
cc urine/day and creatinine increases between 1 and 1.5 units
daily until dialysis is started. Three weeks later, progressive
Increases in urine volume are noted along with smaller
increases of creatinine between dialysis treatments. During the
next week, sufficient renal function returns to discontinue
dialysis and the patient ultimately leaves the hospital with a
serum creatinine of 1.8 (as compared to 1.2 before this iliness).




Mechanisms of Acute Renal Failure
Objectives

1. Appreciate why the kidney is susceptible to diverse
insults resulting in acute renal failure.

2. Understand the contributions of the major relevant
cell types in the vascular and tubular compartments.

3. Understand how the vascular and tubular events
combine to produce whole organ dysfunction.

4. Be aware of the processes required for recovery and
the time frame over which they occur.



Why are cells in the kidney particularly susceptible to
diverse insults?

» High rates of oxidative metabolism

* Marginal oxygenation relative to work demands and
complex microcirculation highly susceptible to
inflammatory factors

» Reabsorptive functions and resulting urinary
concentration expose both exterior and interior of cells

to high levels of solutes.

* Metabolic transformation leading to toxic activation
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N Bastin, J. et al. Kidney Int. 31:1239,1987
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Predominant Actions of Regulators
of Renal Hemodynamics With Potential Effects
During Acute Renal Failure

Vasoconstricting

Macula
densa-mediated
tubuloglomerular
feedback

Angiotensin |
Arachidonic Acid
Products
Thromboxane
Leukotrienes
P450 metabolites
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Platelet activating
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Vasodilating

Prostaglandins
PGl
PGE,

Nitric oxide

Atrial Natriuretic
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Acetylcholine



Leukocyte Activation in Ischemic ARF
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procoagulant
effects.

Ischemic Kidney

Local production of inflammatory mediators
-cytokines (TNFa, IL-1), chemokines (IL-8, MCP-1)
-complement activation products

-platelet activating factor (PAF)

-metabolites of arachidonic acid

-reactive oxygen species (ROS)

Increased expression of
adhesion molecules on
endothelial cells
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Amelioration of experimental acute renal failure by
inhibition of leukocyte infiltration:

anti-neutrophil serum

anti-ICAM-1 mADb

ICAM-1 antisense oligonucleotides

ICAM-1 knockout

anti-CD11 mADb

P-selectin glycoprotein ligand-1

blockade of the CD28-B7 costimulatory pathway
Adenosine A2A receptor antagonists
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The Recovery Process

a) In the absence of cell loss - simple reprocessing and
resynthesis of structural macromolecules and
transporters with recovery of polarity and tight junctions.

b) After cell loss -
« Spreading and simplification of adjacent cells to
'seal’ the epithelium.
 Proliferation under the control of autocrine and
both local and distant paracrine growth factors.
« Redifferentiation with recovery of polarity and
tight junctions.

c) The time required for this recovery process after cell
loss helps explain why recovery of function in ischemic
acute renal failure often begins only after a delay of 1-2
weeks.
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Pathophysiology of Ischemic and Toxic Acute Renal
Failure

MICROVASCULAR O,/TOXINS TUBULAR
Glomerula Medullary

Inflammator
and
vasoactive
mediators




Approach to the Patient with Acute Renal Failure
Obijectives

1. Understand the three element etiological approach to acute renal failure
and be aware of the major disease entities in each category.

2. Be able to calculate fractional sodium excretions and use them in the
evaluation of acute renal failure.

3. Know the urinary sediment abnormalities that provide clues to the
etiology of acute renal failure.

4. Understand the use and interpretation of ultrasound examination of the
kidneys in the diagnosis of ARF.

5. Know the general indications for dialysis.
6. Be aware of specific considerations in approaching some common

causes of ARF, i.e. NSAIDs, angiotensin blockade, contrast nephropathy,
aminoglycosides.



Acute Renal Failure/Acute Kidney Injury

Increase of BUN and/or creatinine of recent, abrupt
onset reflecting a sudden loss of net, effective clearance
capacity of the kidney.

Urine output can vary. Oliguria refers to < 400 cc./day;
many forms are “non-oliguric.”



APPROACH TO ACUTE RENAL FAILURE

PRERENAL
RENAL
POSTRENAL



PRERENAL ETIOLOGIES

- Hypovolemia
Gastrointestinal, renal, or skin fluid and
electrolyte losses
Hemorrhage
Third spacing - burns, pancreatitis,
peritonitis, anaphylaxis, sepsis, portal
hypertension
- Cardiac failure
Infarction
Cardiomyopathy
Valvular disease
- Hepatorenal syndrome
- Nonsteroidal anti-inflammatory drugs
- Angiotensin blockade - ACEI, ARB



Schrier, Diseases of the Kidney



IENTETT| Schrier, Diseases of the Kidney



POST RENAL ETIOLOGIES

Extrarenal obstruction
- Urethral stricture
- Bladder, pelvic, prostatic or
retroperitoneal neoplasms
- Prostatic hypertrophy
- Surgical complications
- Stones
- Hematoma
- Anticholinergics
- Neurogenic bladder

Bladder rupture



MAJOR INITIAL ELEMENTS OF THE WORKUP

Medication issues
Nonsteroidals
ACE inhibitors
Contrast studies
Antibiotics
Direct nephrotoxicity
Hypersensitivity reactions

Volume status
Urinalysis
Urine chemistry

Bladder emptying capacity and renal ultrasound



Assessment of Volume Status During Acute Renal
Failure

- Physical examination
Blood pressure with orthostatic changes

Jugular venous pressure
Temperature of the extremities
Skin color and turgor

- BUN/Cre ratio
>20 - prerenal
~10 - renal

- Pulmonary artery catheter
RA and wedge pressure
Cardiac output and peripheral resistance



Use of the Urinary Sediment in the Differential Diagnosis of Intrinsic Acute Renal
Failure

Red Blood Cells

- Favor glomerular rather than tubulointerstitial processes

- Even more strongly suggestive of glomerular disease if dysmorphic and/or
present as red cell casts

- Red colored, strongly heme positive urine without substantial numbers of RBCs
suggests pigment nephropathy.

Tubule epithelial cells and granular casts

- Present in ischemic and toxic ATN, but may also be seen during 'prerenal’
azotemia, interstitial nephritis, and acute glomerulonephritis.

- Highly colored in pigment nephropathy

Pyuria and WBC casts

- Pyelonephritis

- Identify eosinophils by Wright's or Hansel's stains

- Need to discriminate WBCs from tubule epithelial cells - Sternheimer-Malben
stain

Crystals
- Uric acid during uric acid nephropathy

- Oxalate after polyethylene glycol intoxication



Urinary Chemical Indices in the Diagnosis of Oliguria
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CAUSES OF ARF ASSOCIATED WITH
LOW FRACTIONAL SODIUM EXCRETION

- PRERENAL
Intravascular volume depletion due to
hemorrhage, Gl losses, third spacing
Low cardiac output secondary to
myocardial dysfunction
NSAIDs
Hepatorenal syndrome

- RENAL
Acute GN
Contrast
Early pigment nephropathy

- POSTRENAL
Early obstruction



COMPLICATING FACTORS IN THE USE OF
LOW FRACTIONAL SODIUM EXCRETION
IN THE DIAGNOSIS OF ARF

« Recent use of drugs with diuretic effects including loop
diuretics, mannitol, dopamine

* Heavy glycosuria or mannitol treatment

Continuing excretion of contrast agent

Recent aggressive fluid replacement

Alkalemia with increased bicarbonate excretion

Patient not oliguric



RADIOLOGICAL ASSESSMENT DURING ACUTE
RENAL FAILURE

Plain abdominal film
VP

Retrograde pyelogram
Computed tomography
Angiography
Ultrasound
Radioisotope studies

Factors that determine usefulness - Sensitivity for
providing the necessary information, invasiveness, need

for IV contrast.



ROLE OF ULTRASOUND IN THE DIAGNOSIS
OF ARF

Non-invasive, no |V contrast or other toxicity

Relatively cheap and widely available



ROLE OF ULTRASOUND IN THE DIAGNOSIS
OF ARF

Determination of renal size

'Quality’ of renal parenchyma

Rule out obstruction
98% sensitive
4% specific
15% false positive

False negatives due to:
Early (1-3d) obstruction
Infiltrative (tumor, fibrosis) processes



CLUES TO TYPES OF UNDERLYING KIDNEY DISEASE FROM MEASUREMENTS OF KIDNEY
SIZE

« Equal, normal sized kidneys in a patient with renal insufficiency strongly favor a process of recent
onset.

« Bilaterally small kidneys favor a chronic process that has affected both kidneys similarly and led to
substantial parenchymal loss, e.g. chronic glomerulonephritis, nephrosclerosis secondary to
hypertension.

« Assymetrical kidneys suggest large vessel renovascular disease.

» Large kidneys with nephrotic syndrome accompanied by renal insufficiency suggest diabetes or
amyloidosis.

'Quality’ of renal parenchyma

Rule out obstruction
98% sensitive
74% specific
15% false positive

False negatives due to:
Early (1-3d) obstruction
Infiltrative (tumor, fibrosis) processes



ROLE OF ULTRASOUND IN THE DIAGNOSIS
OF ARF

Determination of renal size
'Quality’ of renal parenchyma

Rule out obstruction
98% sensitive
4% specific
15% false positive

False negatives due to:
Early (1-3d) obstruction
Infiltrative (tumor, fibrosis) processes
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MANAGEMENT
Withdraw offending drugs
Correct hypotension or fluid deficits
Monitor /O, weight, BUN, Creatinine, lytes, PO, daily
Dose adjust renally excreted medications

If oliguric:
?7?7? Diuretics



INDICATIONS FOR DIALYSIS
Unmanageable fluid overload
Hyperkalemia
Acidosis
Uremia, BUN > 80-100
Uremic complications - bleeding, mental status
Timing of initiation depends on:

Severity of labs and clinical findings
Trajectory
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No Calcium
Dialysate

DFR 2000 ml/hr

\ UFR300-500/hr \

ACD
(citrate) iCa++ measurement

] \ Systemic
| & |PEinEL |R.D. Swartz

Continuous renal replacement therapy during ARF with
CVVHD using citrate anticoagulation




Organ System Disease & Outcome
Lohr et al, Am J Kid Dis, 1988

Patients with ARF requiring RRT
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CONSIDERATIONS FOR SOME SPECIFIC DISEASE
ENTITIES



Intravenous Contrast

- 'RENAL’ form of ARF in that the agents are direct tubule
toxins and the renal dysfunction is not immediately
reversible.

- 'PRERENAL’ form of ARF in that FE, is often low and
vasoconstriction is a major factor.

-High risk groups - Diabetics > other causes of CRF.



CONTRAST NEPHROPATHY

« Serum creatinine increase > 0.5 mg/dl in 3.3% of 7586
patients.

* Cre < 1.1 - 3.7% in diabetics, 2% in nondiabetics

* Cre 1.2-1.9 — 4.5% in diabetics, 1.9% in nondiabetics
* Cre 2-2.9 - 22.4%

* Cre >3 -30.6%

« 22% mortality with ARF, 1.4% without, odds ratio 10.3




GROUPS AT RISK FOR CONTRAST NEPHROPATHY
* GFR < 60 estimated by MDRD or Cockroft Gault
* Diabetics
* Repeat administration within 36 hours

 Emergent studies

* Shock



PREVENTING CONTRAST NEPHROPATHY
 Hold NSAIDs, diuretics, ? ACEI/ARB

* Diuretics, mannitol non-specific endothelin blockade ineffective and
possibly deleterious.

« Volume expansion prior to and following procedure has well
established benefit — NaHCO; > isotonic NaCl > 72 NS.

* Minimize amount of contrast used.

 Risk from low osmolarity contrast < isosmolar contrast << high
osmolarity contrast.

 Oral N-acetylcysteine of uncertain benefit, but inexpensive,
nontoxic.

 Benefit of fenoldopam, theophylline not established.
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Aminoglycosides
- Every course is toxic. Hypotension or ischemia plus
aminoglycosides are potentially synergistic in their toxicity. Don't use
unless absolutely necessary. Switch if cultures and clinical condition
allow you to.

- Dose by the estimated clearance taking into account size (muscle
mass), age, and sex, not the absolute level of creatinine.

- Dose adjustments for decreased renal function should be by
lengthening the interval as opposed to reducing the dose.

- Levels are important as a guide to how you are doing, but high
troughs frequently indicate that problems that are destined to be
progressive have already begun.

- If you must continue dosing despite nephrotoxicity, use levels as a
guide to when to next dose.

- Course of nephrotoxicity - anticipate full expression of acute renal
failure well after you have stopped dosing.
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