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Unit 1

Kidney Disease and Treatment

i @Warmmg-up Exercises

1 What are the charactensncs of acute renal faﬂure" ,
2. How many categones are the causes of acute rcnal faﬂure dt"' i
s How should people prevent acute renal fallure? . '

Acute Renal Failure

The Characteristics of Acute Renal Failure (ARF) and the Classification
of Its Causes

Acute renal failure (ARF) is characterized by a rapid decline in glomerular
filtration rate (GFR) over hours to days. Depending on the exact definition
used, ARF complicates approximately 5%—7% of hospital admissions and up
to 30% of admissions to intensive care units. Retention of nitrogenous waste
products, oliguria (urine output <400 mL/d contributing to extracellular fluid
overload), and electrolyte and acid-base abnormalities are frequent clinical
features. ARF is usually asymptomatic and diagnosed when biochemical
monitoring of hospitalized patients reveals a new increase in blood urea and
serum creatinine concentrations. For purposes of diagnosis and management,
causes of ARF are generally divided into three major categories: (1) diseases
that cause renal hypoperfusion, resulting in decreased function without frank
parenchymal damage (prerenal ARF, or azotemia) (~55%); (2) diseases that
directly involve the renal parenchyma (intrinsic ARF) (~ 40%); and
(3) diseases associated with urinary tract obstruction (postrenal ARF) (~5%)
(Fig.1-1,1-2). ARF is often considered to be reversible, although a return
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to baseline serum creatinine concentrations postinjury might not be sufficiently
sensitive to detect clinically significant irreversible damage that may ultimately
contribute to chronic kidney disease. ARF is associated with significant in-
hospital morbidity and mortality, the latter in the range of 30%—60%,
depending on the clinical setting and presence or absence of nonrenal organ
system failure.

A=
Pre-renal
obstruction

Renal artery A CA

Intra-renal
obstruction

Bladder

Fig.1-1 The categories of ARF Fig.1-2 The process of ARF

Etiology and Pathophysiology

The most common form of ARF (prerenal azotemia) is prerenal ARF,
which occurs in the setting of renal hypoperfusion. Prerenal ARF is generally
reversible when renal perfusion pressué’ is ggtored. By definition, renal
parenchymal tissue is not damaged. More severe or prolonged hypoperfusion
may lead to ischemic injury, often termed acute tubular necrosis, or ATN.
Thus, prerenal ARF and ischemic ATN fall along a spectrum of manifestations
of renal hypoperfusion. Prerenal ARF can complicate any disease that induces
hypovolemia, low cardiac output, systemic vasodilatation, or selective intrarenal

vasoconstriction.

Clinical Assessment
Symptoms of prerenal ARF include thirst and orthostatic dizziness.
Physical signs of orthostatic hypotension, tachycardia, reduced jugular venous
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Unit 1 Kidney Disease and Treatment

pressure, decreased skin turgor and dry mucous membranes suggest prerenal
ARF. Careful clinical examination may reveal stigmata of chronic liver disease

and portal hypertension, advanced cardiac failure, sepsis, or other causes of
reduced “effective” arterial blood volume. Case records should be reviewed for 40
documentation of a progressive fall in urine output and body weight and recent
initiation of treatment with diuretics, NSAIDs, ACE inhibitors, or ARBs.

Prevention

Because there are no specific therapies for ischemic or nephrotoxic ARF,
prevention is of paramount importance. Many cases of ischemic ARF can be 45
avoided by close attention to cardiovascular function and intravascular volume
in high-risk patients, such as the elderly and those with preexisting chronic
kidney disease. Indeed, aggressive restoration of intravascular volume has been
shown to dramatically reduce the incidence of ischemic ARF after major
surgery or trauma, burns, or cholera. The incidence of nephrotoxic ARF can 50
be reduced by tailoring the administration (dose and frequency) of nephrotoxic
drugs to body size and GFR. In this regard, it should be noted that serum
creatinine is a relatively insensitive index of GFR and may overestimate GFR
considerably in small or elderly patients. For purposes of drug dosing, it is
advisable to estimate the GFR using the Cockcroft-Gault formula (which 55
factors in age, sex, and weight) or the simplified Modification of Diet in Renal
Disease (MDRD) equation (which factors in age, sex, weight, and race). Of
note, these equations cannot be used to estimate GFR when creatinine is not at
steady state (e.g. during evolving ARF).

Adjusting drug dosage according to circulating drug levels also appears to 60
limit renal injury in patients receiving aminoglycoside antibiotics, cyclosporine, or
tacrolimus. Diuretics, NSAIDs, ACE inhibitors, ARBs, and vasodilators
should be used with caution in patients with suspected true or “effective”
hypovolemia or renovascular disease as they may precipitate prerenal ARF or
convert the latter to ischemic ARF. Allopurinol and forced alkaline diuresis are 65
useful prophylactic measures in patients at high risk for acute urate
nephropathy (e.g. cancer chemotherapy in hematologic malignancies) to limit

uric acid generation and prevent precipitation of urate crystals in renal tubules.
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Rasburicase, a recombinant urate-oxidase enzyme, catalyzes enzymatic oxidation of
uric acid into a soluble metabolite (allantoin). Forced alkaline diuresis may
also prevent or attenuate ARF in patients receiving high-dose methotrexate or
suffering from rhabdomyolysis. N-acetylcysteine limits acetaminophen-induced
renal injury if given within 24 h of ingestion.

A number of preventive measures have been proposed for contrast
nephropathy. It is clear that hydration is an effective preventive measure.
Other measures that have been proposed include loop diuretics and mannitol,
dopamine, fenoldopam, N-acetylcysteine, theophylline, and sodium bicarbonate.
Despite favorable experimental data, there is insufficient evidence to support
the use of loop diuretics or mannitol to prevent radiocontrast nephropathy or
any other cause of ARF. Likewise, despite its widespread use, dopamine has
proved ineffective as a prophylactic agent. Fenoldopam, a dopamine a;
specific agonist approved for use as a parenteral antihypertensive agent, has
been tested in several clinical trials and does not appear to reduce the incidence
of contrast nephropathy. Moreover, fenoldopam is associated with significant
side effects, including systemic hypotension, and its use as an agent to prevent
radiocontrast nephropathy should be discouraged. In contrast, several
(relatively small) randomized clinical trials (RCTs) have suggested a clinical
benefit to the use of N-acetylcysteine, although have been inconclusive.

However, aside from the potential hazards associated with a delay in
radiographic imaging, N-acetylcysteine appears to be safe, and its use in
patients at high risk for radiocontrast nephropathy is reasonable, based on its
low side effect profile. Larger RCTs will be required to show definitive
benefit. Theophylline and aminophylline (adenosine antagonists) offer the
potential advantage of use immediately preceding radiocontrast administration,
although the benefit, if present, appears marginal in most studies. Lastly,
volume expansion with bicarbonate-containing intravenous fluids has been
suggested to be superior to sodium chloride (saline) administration and showed
a significant benefit in a single center RCT. Unlike N-acetylcysteine, the use
of sodium bicarbonate does not obligate a delay in imaging (the published
protocol began intravenous fluids 1 h before the imaging study was begun).
Whether a combination of strategies (e. g. N-acetylcysteine + sodium
bicarbonate) offers additive benefit and that patients require treatment remain
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unclear and warrant further study.

Specific Therapies
By definition, prerenal ARF is rapidly reversible upon correction of the
primary hemodynamic abnormality, and postrenal ARF resolves upon relief of
obstruction. To date there are no specific therapies for established acute kidney
injury (AKI). Management of these disorders should focus on elimination of
the causative hemodynamic abnormality or toxin, avoidance of additional
insults, and prevention and treatment of complications. Specific treatment of
other causes of intrinsic renal ARF depends on the underlying pathology.
(1,177 words)
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4\ New Words and Phrases

renal [ 'rimal] a. -5

glomerular [ glo'merjule] a. B 5ked
nitrogenous [ nar'trodzenas | a. SR8, 84
oliguria [ oli'gjuera] n. Ly, R (HE)
extracellular [ ekstra'seljula] a. (L TREAET)mpshth
electrolyte [1'lektravlart | n. LAY RN T OF:3
acid-base [ 'sesid-bers | a. BR A%, 44
asymptomatic [ jeisimpte'meetik | a. Fo s K IE K 69

serum [ 'srorom |([ £ J-rums/-ra) n. o i Rk
creatinine [ kri:'setmim] n. WUBR BT , ILET
hypoperfusion [ jharpsups'fjurzen] n. HEERE
parenchymal [ pa'regkimal | a. ERE; R
azotemia [ jeezo'tiimio | n. R gz
parenchyma [ pa'renkima] n. KR £ § AR
morbidity [mp'biditiz] n. REER R ARE
mortality [ mo:'teelrtiz] n. T, RILE
etiology [ iit1'pladz1] n. A B F
pathophysiology [ 'peefoufizi'pladzi] n. AREARF
ischemic [1'skimmik] a. B fn 64
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tubular [ 'tjubjula] a.

necrosis [ ne'kroausis] n.
hypovolemia [ ;haipauve'liimia] n.
cardiac [ 'kadiek | a.

vasodilatation [ jvaezoudaila'teifon] n.
vasoconstriction [ jvaezouken'strikfan] n.
orthostatic [ 0:0au'steetik | a.
hypotension [ haipsu'tenfon] n.
tachycardia [ teeki'kadia] n.

jugular ['dzagjula] a.

venous [ 'vimnas] a.

turgor [ 'taige] n.

mucous [ 'mjukas] a.

membrane [ 'membrein | n.

stigma [ 'stigmoa] ([ & Jstigmas/stigmata ) n.

sepsis [ 'sepsis] n.
arterial [a:'troral ] a.
diuretic [ darjus'retik | n.

NSAIDs (non-steroidal anti-inflammatory drugs)

ACE (angiotensin converting enzyme)
inhibitor [m'hibita] n.

ARBs (angiotensin receptor blockers)
nephrotoxic [ nefra'toksik | a.
cardiovascular [ kadrov'vaeskjula] a.
intravascular [ intra'veeskjula] a.
incidence [ 'msidens] n.

cholera [ 'kolora] n.

aminoglycoside [ a/minav'glatkasaid | n.
cyclosporine [saiklov'sporm | n.
vasodilator [ jverzoudar'lerta ] n.
renovascular [ rimnau'veeskjula ] a.
allopurinol [ zelau'pjuermol | n.
alkaline [ 'selkslamn] a.

diuresis [ daijua'rissis | n.
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prophylactic [ profi'leektik] a.
urate [ 'juerert] n.

nephropathy [ ni'frops6r] n.
hematologic [ hemata'lndzik] a.
malignancy [ ma'lignensi ] n.
tubule [ 'tjubjul] n.

rasburicase n.
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urate oxidase enzyme [ 'juorert 'vksiderz en'zaim | Jk 8% A .1L.BE

enzymatic [ ienzar'meetik | a.
metabolite [ mi'teebalart | 7.

allantoin [ 2'leentouin] n.
methotrexate [ jmefs'treksert | n.
rhabdomyolysis [ reebdeumar'nlisis] 7.
N-acetylcysteine

acetaminophen [asite'mimafan] n.
loop diuretic [lu:p darjue'retik] n.
mannitol [ 'meenttol] n.

dopamine [ 'dsupsmi:n] n.
fenoldopam

theophylline [ 6'filin] n.

sodium bicarbonate [ 'saudizam bar'ka:benit |
radiocontrast nephropathy

agonist [ 'segenist | n.

parenteral [ pee'rentoral] a.

antihypertensive [ 'sentihampa'tensiv] a. & n.

radiographic [ ireidsu'gra:fik ] a.
aminophylline [emimau'filin] n.
adenosine [a'denssiin] n.
antagonist [een'teegonist | n.
intravenous [ ntra'vimss | a.
sodium chloride [ 'soudiom 'kloiraid]
hemodynamic [ hiimaudai'neemik] a.
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Exercises

Reading Comprehension

Answer the following questions.

What are the clinical features of acute renal failure?

According to the passage, what may severe or prolonged hypoperfusion lead to?
What physical signs suggest prerenal ARF?

For ischemic or nephrotoxic ARF, why is prevention of paramount important?
In what condition is prerenal ARF reversible?

. Choose the right answer to each question.

Prerenal ARF occurs in the setting of

A. tHirst B. low cardiac output
C /renal hypoperfusion D. orthostatic dizziness

can be avoided by close attention to cardiovascular function and
intravascular volume in high-risk patients.
A. Ischemic ARF . B. Prerenal ARF
C. Nephrotoxic ARF D. Postrenal ARF
Which of the following factor is not used to estimate the GFR in the
Cockcroft-Gault formula?
A. Age. B. Weight. C. Race. D. Sex.

is an effective preventive measure for contrast nephropathy.
A. Loop diuretics B. Mannitol C. Sodium chloride D. Hydration
To prevent radiocontrast nephropathy, is associated with
significant side effects and should be discouraged.
A. N-acetylcysteine B. fenoldopam
C. sodium bicarbonate D. theophylline

Words and Expressions
Fill in the blanks with the words or expressions given below, and change the
form where necessary.

nephropathy incidence mortality hypoperfusion hypovolemia
malignancy  obstruction serum metabolite intravenous
vasodilator  cardiac ischemic  necrosis hypertension




