Drug-induced acute kidney injury in the critically ill adult:
Recognition and prevention strategies
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Acute kidney injury is common in critically ill patients, with an
incidence of 20% to 30%. It has been associated with increased
mortality, hospital length of stay, and total cost. A number of
strategies may be beneficial in identifying at-risk patients. In
addition, using preventive measures and avoiding nephrotoxic
medications are paramount in reducing the overall incidence.
Although multifactorial, drug-induced acute kidney injury may

cute kidney injury (AKI) is

common in hospitalized pa-

tients, ranging between 4.9%

and 7% (1, 2), depending on
the patient population and definition
used. In the elderly, it may be as high as
60% (3). AKI is also common in patients
who are critically ill, having a reported
incidence of 20% to 30%, with approxi-
mately 6% of those requiring renal re-
placement therapy (4). The development
of AKI has been associated with increased
mortality, length of stay, and hospital
cost (5). In one study of AKI developing
in patients after cardiac bypass surgery,
total postoperative costs doubled com-
pared with those in a group of matched
controls. Even patients with a small in-
crease in serum creatinine (peak 1.5
times baseline) had total postoperative
costs $11,234 higher than controls (6).
The epidemiology of AKI in the critically
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ill is often multifactorial; however, med-
ications have been associated with 15% to
25% of all cases of AKI (7-9).

The medications implicated in causing
drug-induced AKI can be classified based
on their mechanism of renal injury (Ta-
ble 1), such as prerenal, intrinsic renal, and
postrenal (obstructive), as well as their his-
topathologic findings (i.e., osmotic nephro-
sis) (10-13). The mechanisms of toxicity
are complex and, in many cases, affect
more than one aspect of kidney function.
This review focuses on the major types of
drug-induced kidney injury seen in the
critically ill patient.

Prerenal (alterations in
intraglomerular hemodynamics)

Nonsteroidal anti-inflammatory
drugs, including the
cyclooxygenase inhibitors

Blood flow through the kidney is pri-
marily mediated by vasodilation and va-
soconstriction of the afferent and efferent
arterioles. The purpose of this autoregu-
lated process is to maintain an adequate
intraglomerular pressure, preserving
both glomerular filtration and urine out-
put. When blood flow to the kidney is
decreased, the normal physiologic re-
sponse is increased prostaglandin synthe-
sis by the kidney. The enzyme responsible
for converting arachidonic acid to the
vasodilatory, and proinflammatory, pros-
taglandin is cyclooxygenase (COX). Under
normal circumstances the increased pro-
duction results in vasodilation of the af-
ferent arterioles leading to greater blood

account for up to 25% of all cases of acute kidney injury in this
population. This review focuses on the mechanisms of drug-
induced acute kidney injury in critically ill adults and offers
preventive strategies when appropriate. (Crit Care Med 2010;
38[Suppl.]:5169-S174)
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flow through the glomerulus. However,
in patients with diseases known to de-
crease renal perfusion (preexisting renal
disease, sepsis, etc.), this response may
not be adequate to maintain blood flow
through the kidney. Furthermore, this
response is blunted by drugs inhibiting
prostaglandin synthesis or by those af-
fecting the compensatory vasoconstric-
tion of the efferent arterioles, e.g., angio-
tensin-converting enzyme inhibitors and
angiotensin receptor blockers (14-16).

Nonsteroidal anti-inflammatory drugs
(NSAIDs) are used to treat a wide range of
acute and chronic medical conditions.
Their association with AKI is well docu-
mented, and it appears that their greatest
potential to cause harm is related to their
dose and duration of therapy (14). How-
ever, AKI may occur rapidly in patients
with preexisting renal disease, in disease
states known to decrease renal perfusion,
and when administered in combination
with known nephrotoxic drugs. All
NSAIDs have been associated with AKI,
and consideration should be given to ei-
ther avoid their use or, when indicated,
use with extreme caution.

The introduction of COX-2 inhibitors
into the market was an attempt to elimi-
nate or greatly reduce the unwanted effects
of the nonselective NSAIDs. These agents
selectively inhibit the proinflammatory ac-
tion of the COX-2 enzyme, sparing the fa-
vored vasodilatory activity of COX-1. De-
spite this well-intended approach, renal
failure has been associated with COX-2 in-
hibitors in at-risk patients (17, 18).

Patients most likely to develop AKI
that appears to be attributable to intra-
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Table 1. Classification of drug-induced acute kidney injury

Etiology

Agents

Prerenal

NSAIDs, cyclooxygenase inhibitor-2, angiotensin-converting enzyme inhibitors, angiotensin receptor-blocking

agents, cyclosporine, tacrolimus, radiocontrast agents, interleukin-2, diuretics

Intrinsic
Acute tubular necrosis

foscarnet), cisplatin, zoledronate, cisplatin, cocaine

Acute allergic interstitial nephritis

Aminoglycosides, amphotericin B, radiocontrast agents, antiretrovirals (adefovir, cidofovir, tenofovir, and

Antimicrobials (penicillins, cephalosporins, sulfonamides, ciprofloxacin, vancomycin, macrolides, tetracyclines

and rifampin), NSAIDs, cyclooxygenase inhibitor-2 inhibitors, proton pump inhibitors (omeprazole and
lansoprazole), anticonvulsants (phenytoin and valproic acid), cimetidine and ranitidine, diuretics, cocaine

Glomerulonephritis
Postrenal

NSAIDs, ampicillin, rifampin, lithium, penicillamine, hydralazine, gold, mercury, heroin
Acyclovir, methotrexate, sulfadiazine, foscarnet, indinavir, tenofovir, sulfonamides, triamterene, large-dose

vitamin C (because of oxalate crystals), guaifenesin, and ephedrine (nephrolithiasis)

Other
Osmotic nephrosis®

Intravenous immunoglobulins, starches, mannitol, radiocontrast agents (in addition to acute tubular necrosis)

NSAIDs, nonsteroidal anti-inflammatory drugs.

“?Classified based on histopathology.
Adapted from references 10—13.

glomerular hemodynamic alterations af-
ter NSAID use are those with preexisting
renal disease or prerenal states (heart
failure, volume depletion), or who use
concomitant nephrotoxins (18). NSAID-
induced AKI is usually reversible once the
offending agent is discontinued.

Besides the effects NSAIDs have on the
intraglomerular hemodynamics of the
kidney, they have been associated with
AKI through other mechanisms. NSAID-
associated AKI may occur as a result of
interstitial nephritis, nephrotic syn-
drome, or papillary necrosis (10).

Angiotensin-converting enzyme
inhibitors and angiotensin
receptor blockers

The efferent arterioles also play an im-
portant role in maintaining adequate in-
traglomerular hemodynamics. Vasocon-
striction of these arterioles is primarily
mediated by angiotensin II. When renal
perfusion decreases, in addition to the
effects of the vasodilatory prostaglandins
on the afferent arterioles, vasoconstric-
tion of the efferent vessels occurs in an
attempt to maintain adequate intraglo-
merular pressure.

Drugs such as the angiotensin-con-
verting enzyme inhibitors and angioten-
sin receptor blockers reduce angiotensin
IT synthesis, or its activity, resulting in
efferent arteriole vasodilatation. As a re-
sult, the transglomerular pressure de-
creases, leading to a reduction in glomer-
ular filtration rate and a decline in urine
production. Patients at most risk for AKI
are those with decreased renal perfusion
(heart failure, volume depletion) (19). Pa-
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tients with bilateral renal artery stenosis
are also at increased risk (20, 21).

Injury that occurs from angiotensin-
converting enzyme inhibitors and angio-
tensin receptor blockers is usually revers-
ible. However, mild elevations in serum
creatinine may be tolerated to maximize
the morbidity and mortality benefits of
these agents. In patients with creatinine
values of >1.4 mg/dL, increases of up to
30% (that stabilize within the first 2 mos
of therapy) have been associated with im-
proved long-term renal function. Angio-
tensin-converting enzyme inhibitors
should be continued unless serum creat-
inine exceeds 30% from baseline or if
hyperkalemia develops (22).

Calcineurin inhibitors

Since their release, calcineurin inhib-
itors (CNI), e.g., cyclosporine and tacroli-
mus, have dramatically improved graft
and patient survival. Nephrotoxicity asso-
ciated with these agents is common and
occurs either acutely (hemodynamically
mediated) or after chronic use (intersti-
tial damage). Acute injury is believed to
be dose- and concentration-dependent;
however, it may be seen in patients with
therapeutic blood concentrations. AKI is
reversible after dose reduction. In con-
trast, CNI-induced chronic renal failure
is associated with interstitial nephritis
and is usually irreversible (23, 24). Gen-
erally, it is not associated with dose or
concentration of causative agent. Achiev-
ing the goals of reduced nephrotoxicity
and preventing graft rejection may re-
quire newer strategies (25, 26); however,
cyclosporine and tacrolimus continues to
be first-line therapy for many patients.

Although not totally understood, CNI-
induced AKI is believed to result primarily
from afferent vasoconstriction, although ef-
ferent vasoconstriction probably occurs as
well. This, at least in part, may be attribut-
able to increased production of vasocon-
strictive factors, such as thromboxane A,
and endothelin, and a reduction in renal
vasodilatory prostaglandins and inhibition
of nitric oxide (23, 24, 27-29). As a result,
renal plasma flow is decreased, leading to a
reduction in glomerular filtration rate.

CNI-associated AKI may develop early in
therapy. It can occur within a few days to
several weeks after the initiation of either
cyclosporine or tacrolimus. Clinical and
laboratory findings may include hyperten-
sion, reduced glomerular filtration rate, in-
creased serum creatinine, hyperkalemia,
and renal tubular acidosis (30).

In addition to therapeutic drug mon-
itoring, the avoidance of other potentially
nephrotoxic agents (particularly NSAIDs)
and the maintenance of adequate renal
blood flow are important preventive strat-
egies. CNI-induced AKI generally im-
proves once the dose of cyclosporine or
tacrolimus is reduced or the drug is dis-
continued.

Intrinsic AKI

Drug-induced intrinsic AKI includes
acute tubular necrosis, acute interstitial ne-
phritis (AIN), glomerulonephritis, and
thrombotic microangiopathy. Acute tubu-
lar necrosis and AIN are discussed in detail.

Acute tubular necrosis

Acute tubular necrosis has been asso-
ciated with several medications com-
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monly used in the intensive care setting
(e.g., aminoglycosides and amphotericin B).
AKI associated with contrast dye is also
commonly seen in the intensive care unit
and is discussed later. A number of med-
ications less commonly used in the inten-
sive care setting can cause acute tubular
necrosis and lead to AKI. Although not
discussed in this review, they include, but
are not limited to, many of the antiretro-
virals (adefovir, cidofovir, tenofovir, and
foscarnet), cisplatin, and zoledronate, a
bisphosphonate (31, 32).

Aminoglycosides

Aminoglycoside (AG) antibiotics have
been available to treat Gram-negative in-
fections for many years and their renal
toxicity is well-documented. Toxicity can
occur early or late in therapy but can be
minimized with therapeutic drug moni-
toring. AG-associated nephrotoxicity can
range from mild and rapidly reversible to
severe requiring a prolonged recovery
time. In the latter, renal replacement
therapy is often required. AGs are non-
protein-bound and readily undergo glo-
merular filtration. As a result, intratubu-
lar concentration can easily become toxic
when trough serum concentrations re-
main high for extended periods.

The mechanism for toxicity centers on
the cationic charge of these drugs. AGs
bind to the negatively charged acidic
phospholipids of the brush border mem-
brane in the proximal tubule, where they
undergo rapid transport into lysosomes.
Once inside the lysosome, they interfere
with cellular function affecting protein
synthesis and interrupting normal func-
tion of the mitochondria and the sodium-
potassium-adenosine triphosphatase
pump (33-35). The number of cationic
groups on an AG molecule, at least in
part, may determine the degree of toxic-
ity associated with each drug (36-38).
The most nephrotoxic AG appears to be
neomycin, whereas streptomycin may be
least toxic. Gentamicin, tobramycin, and
amikacin are in the intermediate cate-
gory (38-40).

Laboratory and clinical manifestations
of AG-induced acute tubular necrosis gen-
erally appears 5 to 10 days after a toxic
insult and at times may be seen after dis-
continuation of AG therapy. Both an in-
crease in serum creatinine and blood urea
nitrogen may be seen, as well as hypomag-
nesemia, hypocalcemia, and hypokalemia.
In general, AG-induced AKI results in
nonoliguric renal failure (10, 41).
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The risk of toxicity is most likely mul-
tifactorial and includes prerenal states
(i.e., volume depletion), preexisting renal
or liver disease, concomitant nephrotoxic
drug administration, advanced age, more
frequent use of iodinated contrast agents,
and diabetes (42). Cumulative dose (espe-
cially when associated with persistent el-
evated trough concentrations) may also
be associated with an increased risk of
toxicity. In addition, and as discussed, the
type of AG may also play a role.

Strategies to minimize toxicity in-
clude adequate hydration, avoidance of
concomitant nephrotoxic medications,
serial monitoring of renal function, ther-
apeutic drug monitoring, and, poten-
tially, extended interval AG dosing (i.e.,
once daily). This dosing technique relies
primarily on two pharmacodynamic
properties exhibited by AGs. First, their
bactericidal activity is concentration-
dependent. For traditional dosing, and in
patients with normal renal function, 1 to
2 mg/kg (gentamicin or tobramycin) is
administered every 8 hrs. In patients re-
ceiving extended-interval therapy, the
dose is administered at either 5 or 7
mg/kg (gentamicin or tobramycin), once
daily. The resultant concentration ex-
ceeds the minimal inhibitory concentra-
tion of most Gram-negative organisms by
at least 10 times. This maximizes the area
under the curve to minimal inhibitory
concentration and the peak-to-minimal
inhibitory concentration ratios. The sec-
ond pharmacodynamic property relies on
the postantibiotic effect, i.e., continued
killing of the organism once the drug
concentration falls below the minimal in-
hibitory concentration (43, 44). Favor-
able pharmacodynamic properties and
the potential of less nephrotoxicity (lower
trough concentrations) have made this
dosing strategy common in clinical prac-
tice. Extended-interval amikacin (15-20
mg/kg) dosing is also used clinically, and
the same pharmacodynamic principles
apply.

Amphotericin B

Although used less commonly today be-
cause of the availability of newer antifungal
agents (e.g., itraconazole, voriconazole, mi-
conazole, and caspofungin), amphotericin
B is still used by many clinicians to treat
life-threatening fungal infection. The inci-
dence of amphotericin B-associated AKI
has been reported to be as high as 80% and
appears to be associated with the cumula-
tive amphotericin B dose.

The mechanism of nephrotoxicity is
most likely associated with several fac-
tors. The first is by activating vasocon-
strictive prostaglandins that affect the af-
ferent arterioles. Vasoconstriction results
in decreased blood flow, i.e., decreased
oxygen delivery, followed by cell necrosis
and death. Second, amphotericin B binds
to epithelial cells in the proximal and
distal tubule-collecting ducts. This injury
results in increased sodium and potas-
sium permeability and, ultimately, in-
creased oxygen requirements (44—47).

Numerous risk factors are associated
with amphotericin B nephrotoxicity and
include volume depletion, preexisting re-
nal insufficiency, the use of concomitant
nephrotoxins, and single and cumulative
dose (46). Laboratory and clinical signs of
toxicity are increased serum creatinine
and blood urea nitrogen, and oliguria
may be seen. Electrolyte wasting (so-
dium, potassium, and magnesium) may
be seen in patients with or without neph-
rotoxicity.

Several strategies to minimize toxicity
have been suggested. Sodium loading be-
fore each dose of amphotericin B followed
by adequate volume replacement may be
beneficial (46). Lipid-based formulations
have also been developed to lessen the
likelihood of toxicity. Although benefi-
cial, in most clinical settings they are
reserved for patients with preexisting re-
nal dysfunction (48).

Radiocontrast media

The use of intravenous contrast dye as
a diagnostic tool is common, and its as-
sociated nephrotoxicity is well-known.
Like many drugs or disease processes re-
sulting in AKI, the incidence of contrast-
induced nephropathy (CIN) varies de-
pending on the definition used or on the
procedure requiring contrast administra-
tion, and is influenced by underlying risk
factors (in particular, chronic renal fail-
ure). The incidence of AKI ranges from
0% to 34% (49), with the overall inci-
dence today decreasing because of greater
awareness, preventive strategies, and
availability of less toxic agents. However,
as the mean age of the population in-
creases, along with associated comorbid
conditions, the true incidence of CIN will
continue to vary. If AKI occurs, then it is
usually seen within 3 days after adminis-
tration of the contrast agent. An increase
in serum creatinine generally occurs
within 24 hrs and typically peaks in 5
days.
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The etiology of CIN is multifactorial.
Vasoconstriction is caused by the release
of adenosine, endothelin, and other renal
vasoconstrictors. In addition and because
iodinated contrast is water-soluble, it
concentrates in the renal tubules and col-
lecting ducts, where it causes direct cel-
lular injury and death (50). In addition,
dyes that are hyperosmolar may further
compromise renal perfusion by causing
an osmotic diuresis (osmotic nephrosis is
discussed in a later section) and impaired
blood flow. Decreased flow is a direct re-
sult of the increased viscosity from some
of these agents (51). A detailed review of
CIN pathophysiology is outside the scope
of this report, and the reader is referred
to recent reviews (52, 53).

A number of strategies to reduce the
incidence of CIN have been described.
Identifying at-risk patients (53-55) is im-
portant (patients with preexisting renal
disease, hypertension, diabetes mellitus,
advanced age, or concomitant nephro-
toxic drugs) so appropriate measures can
be undertaken to limit the toxic effects
associated with the contrast agent. Con-
trast agents having a higher osmolality
may be more likely to cause CIN (56, 57),
but data are conflicting (58). However,
the volume of contrast administered is
likely an independent predictor of CIN,
i.e., the more contrast given, the greater
the chance of toxicity. An important area
of interest has been protection from CIN
using hydration with crystalloid solutions
and/or the use of N-acetylcysteine. Both
normal saline and sodium bicarbonate in-
fusions have shown promise and are used
widely. However, studies have not dem-
onstrated a clear advantage with either
approach (59). N-acetylcysteine, although
initially promising, in fact may not pro-
vide adequate protection particularly if
used alone (60).

If contrast is indicated, then it is ad-
visable to choose a low-osmolar agent
using the minimal amount necessary for
the diagnostic procedure. In addition, ad-
equate hydration using a saline solution,
with either sodium chloride or sodium
bicarbonate (infused at 3 mL/kg/hr for 1
hr, followed by 1 mL/kg/hr for the subse-
quent 6 hrs), should be used to furthur
decrease the likelihood of AKI.

AIN

Drug-induced AIN accounts for 3% to
15% of all drug-induced AKI (41, 61). It is
a hypersensitivity reaction that affects
both renal tubules and the interstitium.
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Many drugs are associated with AIN, in-
cluding antibiotics (penicillins, cephalo-
sporins, sulfonamides, ciprofloxacin, van-
comycin, and rifampin), NSAIDs and
selective COX-2 inhibitors, proton pump
inhibitors (omeprazole and lansopra-
zole), and allopurinol, to name a few (10,
41). AKI seen with the chronic adminis-
tration of calcineurin inhibitors, cyclo-
sporine and tacrolimus, also has been as-
sociated with AIN.

Symptoms include fever, rash, and eo-
sinophilia, which may not be seen for
several weeks after a first exposure. How-
ever, with a second exposure, these symp-
toms may be seen within 3 to 5 days.
Eosinophiluria and sterile pyuria are
common renal manifestations (11, 41).

In patients presenting with AKI and re-
ceiving medications known to cause AIN,
AIN should be ruled out by clinical signs,
examination of the urine, and, if necessary,
renal biopsy. In general, AIN is self-limiting
once the offending medication is discontin-
ued. Recovery may take weeks to a few
months but is usually reversible. AKI asso-
ciated with the chronic use of CNI is an
exception to this rule. In this case, AIN is
often irreversible.

Osmotic nephrosis

Osmotic nephrosis is often seen with
hyperosmolar agents. The most notable
agents are high-osmolar radiocontrast
agents, intravenous immune globulins,
and intravenous starches (62). In addi-
tion, mannitol has also been associated
with osmotic nephrosis (63). AKI associ-
ated with the use of intravenous immune
globulins is believed to be secondary to
the stabilizing agent, sucrose. On biopsy,
the renal proximal tubular cells are swol-
len with cytoplasmic vacuolization and
edema results in narrowing of the lumen
whereas the glomeruli are spared (62).

Nephrotoxicity is most commonly
seen in patients who have preexisting risk
factors, such as administration of con-
comitant nephrotoxins, the elderly, and
those with underlying renal insufficiency.
After the administration of intravenous
immune globulins, the onset of renal fail-
ure is usually seen within 2 to 4 days. In
general, renal failure is reversible after
supportive care and, in some cases, renal
replacement therapy is needed.

Although controversial, AKI associ-
ated with the use of the hydroxyethyl
starches resembles AKI seen with other
drugs known to cause osmotic nephrosis.
Volume expansion using these agents

should be undertaken with caution in pa-
tients known to have underlying risk fac-
tors for AKI. In addition, lower molecular
substitution and lower-molecular-weight
starches (e.g., pentastarch) may reduce
the risk of AKI. However, studies con-
firming these findings are conflicting.

Tubular obstruction

A number of medications are known
to cause tubular obstruction. Examples
include acyclovir, methotrexate (MTX),
sulfadiazine, foscarnet, indinavir, tenofo-
vir, and triamterene (also associated with
hemodynamically mediated AKI). Ob-
struction from the active drug and/or its
metabolites can occur in the renal tu-
bules or lower urinary tract, or can result
in nephrolithiasis. Risk factors may be
specific to the offending agent; however,
preexisting renal dysfunction and poor
hydration are common. Of these agents,
acyclovir and MTX are discussed in fur-
ther detail.

Acyclovir is cleared by the kidney
through glomerular filtration and tubu-
lar secretion. Approximately 62% to 91%
of the drug is eliminated unchanged (64,
65). In low-flow states (hypoprofession
secondary volume depletion) acyclovir,
primarily an insoluble drug, may precip-
itate in the renal tubal resulting in ob-
struction. Urinalysis typically shows crys-
talluria, hematuria, and pyuria (64-66).

AKI after acyclovir administration is
most often associated with high-dose intra-
venous therapy and develops 24 to 48 hrs
after the insult. Typically, it is reversible
after discontinuation and adequate hydra-
tion. However, in some cases, short-term
hemodialysis may be necessary. Strategies
to reduce the likelihood of acyclovir-
induced AKI include adequate hydration,
dose reduction in patients with preexisting
renal insufficiency, avoidance of rapid infu-
sions, and avoidance of other nephrotoxic
medications.

Like acyclovir, MTX-induced AKI is
more commonly associated with high-
dose therapy and preexisting renal dys-
function. Renal clearance is >90%, and
precipitation in the tubules occurs after
low-flow states. However, unlike acyclo-
vir, the urine solubility of MTX is pH-
dependent and is most soluble in alkaline
urine (67).

Strategies to reduce MTX-induced AKI
(especially with high-dose therapies) in-
clude adequate hydration and urine alka-
linization. Leucovorin is commonly ad-
ministered as “rescue” therapy after high-
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dose MTX administration. It does not
treat or prevent AKI, but rather it is used
to prevent cell destruction from the toxic
effects of MTX that may have accumu-
lated (68).

Computerized prescriber order
entry and clinical decision
support as a means to improve
prescribing and preventing
drug-induced nephrotoxicity

Interest in systems and processes to
improve patient safety has steadily gained
acceptance in the healthcare community.
Much of this has been driven by the In-
stitute of Medicine’s report, “To Err Is
Human: Building a Safer Health Care
System” (69). Although many types of
medical errors are possible, preventable
adverse drug events appear to be the most
common medication-related error (70—
72). Systems could be developed to alert
prescribers when patients have risk fac-
tors for nephrotoxicity relating to the
drugs being prescribed. In addition, pa-
tients with renal impairment may be at
greater risk because many drugs are
cleared by the kidneys and, if not dose-
adjusted, can accumulate, leading to un-
wanted effects, i.e., preventable adverse
drug events.

Computerized prescriber order entry
with or without clinical decision support
(CDS) can assist in reducing many med-
ication errors. Chertow et al (73) used a
real-time computerized decision support
system to assist clinicians when prescrib-
ing medications to hospitalized patients.
The system was able to determine
whether a patient had renal insufficiency
(defined as an estimated creatinine clear-
ance of <80 mL/min by the Cockroft-
Gault equation) and, in real time, modify
the prescribed dose and frequency. De-
spite an overall improvement in the “ap-
propriateness of dosing,” 49% of orders
were still considered inappropriate in the
intervention group. They speculated that
some physicians may have been reluctant
to reduce the dose, particularly among
more critically ill patients, whereas oth-
ers may have disregarded the advice alto-
gether in favor of their own practice.

Nash et al (74) investigated a slightly
different approach. Their computerized or-
der entry system provided the prescriber
with medication dose and route of admin-
istration; however, it did not provide CDS.
Their strategy was to develop a medication
safety reporting system to detect inappro-
priate medications or doses. Each morning
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the medication safety reporting system
generated a printed report of “violations.”
Data were collected during three time pe-
riods (baseline, intervention by a quality-
improvement nurse, and intervention by a
pharmacist) and the “excessive dose” was
compared. The rates of excessive dosage
were 23.2% at baseline, 17.3% in the qual-
ity-improvement nurse intervention group,
and 16.8% in the pharmacist’s intervention
group.

Computerized prescriber order entry
with or without CDS can assist in reduc-
ing many medication errors. CDS, for ex-
ample, could alert a prescriber when a
patient has risk factors for AKI that are
related to the drug being prescribed. Al-
though computerized prescriber order
entry and CDS have shown promise in
improving patient safety, they have been
met with skepticism. In addition to the
aforementioned studies, numerous au-
thors have found less than optimal com-
pliance when these systems have been
put into practice (75-77).

Conclusion

Drug-induced AKI is common in crit-
ical illness and accounts for 15% to 25%
of all cases of renal failure seen in this
population. It is associated with increased
mortality, length of stay, and hospital
cost. A better understanding of the pro-
posed mechanisms of injury and the as-
sociated clinical course will assist the cli-
nician when evaluating patients with
suspected drug-induced AKI. In addition,
preventive strategies (e.g., computerized
prescriber order entry with CDS focused
on renal dosing) should be implemented
whenever possible to decrease the likeli-
hood of injury. Other approaches include
identifying the at-risk patient (e.g., pa-
tients with preexisting renal dysfunction,
elderly, and those with other acute in-
sults to the kidney), using protection/
prevention strategies (hydration before
and during intravenous contrast admin-
istration), and, if possible, avoiding med-
ications known to be nephrotoxic.
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