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Copyright © 2019 Massachusetts Medical Societ.  may be underused in patients with chronic kidney disease who present with condi-
tions such as acute coronary syndromes, presumably because of concern about
precipitating acute kidney injury."* This review summarizes the pathophysiology of
contrast-associated acute kidney injury, the diagnostic criteria, and risk stratifica-
tion; discusses current controversies regarding the incidence of this condition; and
highlights studies that have provided the evidence that forms the basis for preven-
tive care.

PATHOPHYSIOLOGY, DEFINITION, AND RISK ESTIMATION

Although the mechanisms by which contrast agents cause kid-
ney injury have been - and effects, as well
as hemodynamic perturbations, have been implicated>' (Fig. 2). Contrast agents
leading to loss of function and both

mechanisms are related to injury due to
mediated bi vasoactive substances such as endothelin, nitric

oxide, and prostaglandins. The renal has a relativel artial
which when coupled with makes the
to the hemodynamic effects of contrast material.””
Historically, the decline in kidney function after the intravascular administra-
tion of iodinated contrast material was referred to as contrast-induced nephropa-
thy and commonly defined as an increase in the plasma creatinine level of at least
0.5 mg per deciliter (44 pwmol per liter) or at least a 25% increase from the baseline
level within 2 to 5 days after exposure to contrast material.’**' The Kidney Disease
Improving Global Outcomes working group proposed the term
and suggested a based on a plasma
level that has increased by a factor o or more over the baseline
after exposure to contrast medium, a plasma creatinine level

value
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CONTRAST-ASSOCIATED ACUTE KIDNEY INJURY

High Osmolality ‘smolality .osmolality
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| E:TH ° I 0)\CH3 H;C)\O I °
lonic monomer lonic dimer Nonionic monomer Nonionic dimer
Diatrizoate meglumine and loxaglate lopamidol (408) lodixanol (550)
Generic Name diatrizoate sodium (760) meglumine and lopamidol (510) lodixanol (652)
(mg contrast/ml) ioxaglate sodium lopamidol (612)
(589) lopamidol (755)
lodine
Concentration 370 320 200-370 270-320
(mg/ml)
(mmw 1551 ~600 413-796 290
(mPassec at 37°C) 105 7.5 2.0-94 63-11.8
Figure 1. Clasifcaion of Avaizble Contrast Agents.
Contrast agents are classified according to osmolality. Examples of molecular structures and specific agents are shown, and characteristics
are described according to the American College of Radiology’s Manual on Contrast Media.®

that has increased by at least 0.3 mg per deciliter factor for contrast-associated acute kidney injury.?

over the baseline value Although-mellitus is commonly cited as
a risk factor, data from the Iohexol Cooperative

Study, performed more than 20 years ago, showed
that it was -h but

in patients with

though the plasma component of this
definition has reasonable sensitivity, its

because plasma creatinine levels
owing to i shifts and

with the early, high-osmolality contrast agents,
osmolality and agents are as-

sociated with a of kidney injury and
their use is recommended

Since other factors (e.g., medications
by the European Society

hypotension, or can
acute kidney after exposure to contrast of Cardiology and the American Heart Associa-

medium, the term tion—American College of Cardiology.”?* Use
of medium at a

or >4 ml per kilogram) or administra-
i rﬁafter initial administration

tio
has been shown to be with an in-
creased -18’29

There is also evidence that the risk of acute
of kidney function associated with higher degrees kidney injury varies with the clinical presentation
of risk.?® An analysis of data from pa- and the type of imaging procedure. For example,
tients undergoing percutaneous coronary inter- patients with ST-segment elevation myocardial
vention .F confirmed that i infarction who undergo have a particularly
ney disease was the independent of contrast-associated kidney injury.>

The risk of acute kidney injury after the ad-
ministration of contrast material is also influ-
enced by patient- and procedure-related factors.

, with lower levels
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Direct mechanisms of kidney injury from exposure to contrast agents are thought to be due to nephrotoxic effects on the tubular epithe-
lium, leading to loss of function, apoptosis, and eventually, necrosis. Such effects are related to the biochemical properties of the par-
ticular contrast medium. At the level of the individual nephron, early tubular epithelial injury is characterized by the-ofcell-

due to the resulting in abnormal ion trans-
port across the cells and delivery to the distal tubules. This phenomenon leads to further renaI_through

With the progression of cellular injury, epithelial cells detach from the basement membranes and cause
luminal obstruction, increased intratubular pressure, and finally, a decrease in the glomerular filtration rate. Indirect effects of contrast
agents involve ischemic injury from regionally or globally decreased perfusion. Contrast agents may lead to intrarenal vasoconstriction
locally mediated by vasoactive substances such as endothelin, nitric oxide, and prostaglandin, resulting in reduced glomerular blood
flow and reduced oxygen delivery to the metabolically active parts of the nephron. In addition, contrast agents increase blood viscosity,
leading to further reduction of the microcirculatory flow and to changes in blood osmolality, which in turn impair the plasticity of erythro-
cytes and may increase the risk of microvascular thrombosis.
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CONTRAST-ASSOCIATED ACUTE KIDNEY INJURY

It is generally believed that_is associ-
ated with ah- than computed tomogra-
h , owing to delivery oi concentrated
material to the kidneys with arteriograph-
ic procedures and thei overall-
of patients requiring such procedures.

A series of risk-stratification models that in-
corporate patient and procedural factors have
been validated in past studies (Table S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org).!®33* A strength
of these risk-stratification models is that they
are derived from data based on large numbers of
patients. However, there are caveats to their
clinical use — namely, the inclusion of variables
(e.g., the volume of contrast material adminis-
tered and use or nonuse of a hemodynamic-
support device) that are unknown before the
procedure. Furthermore, most of these

were in studies involving patients

underfoing

SERIOUS ADVERSE OUTCOMES
AND IMPLICATIONS FOR CLINICAL
PRACTICE

Many studies have shown that

acute kidney injury, defined by small decrements
in kidnei function, is ‘ with -

313541 Contrast-associated acute kidne
injury is also correlated with

James et al. reported that the risk of a sustained
reduction in kidney function at 90 days was
greater for patients who had acute kidney injury
after undergoing coronary angiography than for
those who did not have acute kidney injury.* For
patients with acute kidney injury, the ad-
justed odds ratio was (95% confidence inter-
val [CI], 3.9 to 5.7), and for those with more
severe acute kidney injury, the
was (95% CI, 12.0 to 24.9), supporting a
between the severity of acute
kidney injury and the - of sustained kidney
impairment. Accordingly, deteriorating kidney
function after angiography or angioplasty has
been characterized as a major procedural com-
plication in the National Cardiovascular Data
Registry.?

Collectively, these studies and others with
similar findings undoubtedly raised awareness

of contrast-associated acute kidney injury and
spurred research to identify preventive strategies.
However, the reports are solely associational
(Fig. S1 in the Supplementary Appendix). It is
ﬁ that contrast-associated acute kidney
injury is a of an risk of serious
adverse outcomes than a mediator of such

outcomes. Support for such a view derives from
et al.,® who found that al-

in plasma creatinine levels after surgical

or radiographic procedures are irobably due to

events; they also
underscore the problem in defining contrast-
associated acute kidney injury on the basis of
small increments in a biologic marker (i.e., plasma
creatinine) that are neither specific for injury
due to the administration of contrast material
indicative of intrinsic kidne

Whether contrast-associated acute kidney in-

jury represents a- ora of adverse

outcomes, it appears likely that the many studies
documenting these have had impor-
tantﬁ for clinical care.
A large and growing number of studies have
shown that patients with disease
are -i to undergo

and revascularization than patients who do not
have chronic kidney disease.'***” It has been

hypothesized that concern about the risk of con-
trast-associated acute kidney injury explains these
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findings. This is of
given current about the rela-
tionship between contrast-associated acute kidney
injury and serious adverse outcomes, the substan-
tial morbidity and mortality related to cardio-
vascular disease among patients with chronic
kidney disease, and clinical practice

raphy) for the management of
in most patients with
Studies showing differences in
the use of angiography based on the presence or

absence of chronic kidney disease underscore
the of

clinically significant acute kidney injury in the
large and growing population of patients under-
going contrast-enhanced procedures.

NEPHROTOXICITY OF CONTRAST
MATERIAL IN CURRENT PRACTICE

Over the past decade, multiple studies have com-
pared the risk of acute kidney injury after pro-
cedures performed with and those performed
without intravascular administration of contrast
material. A meta-analysis b

between patients who underwent procedures with
iadministration of iodinated contrast
material and those who underwent procedures
(6.4% and 6.5%, respectively; risk ratio,
0.79; 95% CI, 0.62 to 1.02; P=0.07).>® The inci-
dence rates of dialysis and death were also

similar in the two groups. --
sis showed a ﬁof acute kidney injury
among patients with acute ischemiciwho
underwent with administration
of material, as with patients
who underwent CT the use of contrast
material (odds ratio, 0.47; 95% CI, 0.33 to 0.68;
P<0.01).”® -- have reported
findings.*%%

Residual confounding and indication are
major limitations of such studies. Despite the use
of propensity-score matching in some studies

than are lower-risk patients.
This likelihood is underscored by the finding in
several studies of lower rates of acute kidney
injury among patients who were exposed to con-
trast material than among those who were not,

N ENGL J MED 380522

an observation that should
indicating a
material.>>%! These analyses
administration of iodinated

material doesnot appear to be
of acute kidney injury.
Research reveals that the nominal increments

in plasma creatinine levels that are used to de-
fine acute kidney injury are not uncommon in
patients who have undergone contrast-enhanced
procedures, nor are such increases uncommon
among hospitalized patients in general.®*®*> How-

that prospectively assessed the development of
contrast-associated acute kidney injury among
patients with chronic kidney disease who were
undergoing nonemergency coronary angiography
showed that 1.2% of the patients had a postpro-
cedure increase in the plasma creatinine level
that was 50% or more of the baseline value, and
none had an increase of 100% or more or re-

was just
available -

agents are

or both appears to be after intra-
vascular contrast administration. Accordingly, a
prudent approach to the care of patients under-
going contrast-enhanced procedures involves ju-
dicious implementation of evidence-based pre-
ventive care for patients identified as being at
highest risk for acute kidney injury.

Research on the prevention of contrast-associated
acute kidney injury has focused principally on
the use of renal replacement therapies, pharma-
ceutical agents, and intravenous crystalloid. The
benefits of

and of most

been- rendering the provision of peripro-
cedural intravenous the iﬁ»
-to- Here we summarize data
from studies investigating the use of intravenous

fluids and certain pharmaceutical agents to pre-
vent contrast-associated acute kidney injury.
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CONTRAST-ASSOCIATED ACUTE KIDNEY INJURY

INTRAVASCULAR

Although several studies have
shown a effect of intravenous

evidence from clinical is rela-
tively A study by Trivedi et al. that ran-
domly assigned patients undergoing angiography
to receive intravenous isotonic saline or unre-
stricted oral fluids was stopped after 53 patients
were enrolled, owing to a markedly lower inci-
dence of contrast-related acute kidney injury with
saline (3.7% vs. 34.6%, P=0.005).%> Mueller et al.
reported a lower rate of contrast-associated acute
kidney injury with periprocedural use of isotonic
saline as compared with periprocedural use of
half-isotonic saline (0.7% vs. 2.0%, P=0.04).%*
However, the patients in this study had a low
baseline risk. Current College o
guidelines on the administration of con-
trast material the use o
isotonic at an infusion rate of|

8 European Society of Cardiol-
ogy guidelines on myocardial revascularization
recommend intravenous isotonic saline at a rate
of 1 to 1.5 ml per kilogram per hour for 12 hours
before and up to 24 hours after the procedure.?
A shorter protocol that is more practical for out-
patients and those undergoing urgent proce-
dures comprises an intravenous infusion of iso-
tonic saline for 1 to 3 hours before and 6 hours
after the procedure.®

Despite such recommendations, a-non-
inferiorit the tenet that intrave-
nous are In the (A
Maastricht Contrast-Induced Nephropathy Guide-
line) which randomly assigned 660 patients
undergoing contrast-enhanced procedures to re-
ceive either periprocedural intravenous isotonic
saline or no intravenous fluids, there was
in the incidence of acute
kidney injury between the hydration group and
the no-hydration group (2.7% and 2.6%, respec-
tively; absolute difference, —0.1 percentage point;
95% CI, —2.25 to 2.06).%* However, the validity of
this finding is diminished by substantial under-
enrollment (although the initial plan was to en-
roll 1300 patients, only 660 patients underwent
randomization), - rates of _ proce-
dures (48%) and interventional procedures (16%),
and in a major-

ity of patients. Consequently, it is
ﬁ that intravenous h are

or unnecessary on the basis of the results of this
trial.

The of intravenous fluid-for
the of acute kidney injury in patients
undergoing contrast-enhanced imaging proce-

dures, including those with underlying heart
failure, is i The- (Prevention
of Contrast Renal Injury with Different Hydra-
tion Strategies) trial compared standard intrave-
nous administration of fluid with a strategy of
fluid administration based on measured

.20 All patients re-
ceived 0.9% isotonic saline at a rate of 3 ml per
kilogram per hour for 1 hour before undergoing
coronary angiography. The control group contin-
ued to receive isotonic saline at a rate of 1.5 ml
per kilogram per hour during the procedure and
for 4 hours afterward, whereas the pressure-
guided group received isotonic saline at a rate of
5 ml per kilogram per hour, 3 ml per kilogram
per hour, or 1.5 ml per kilogram per hour for
left ventricular end-diastolic pressure of less
than 13 mm Hg, 13 to 18 mm Hg, and more than
18 mm Hg, respectively. The

(6.7% vs. 16.3%;
relative risk, 0.41; 95% CI, 0.22 to 0.79; P=0.005),
with a very low overall rate of pulmonary com-
promise.”® Similar results were reported by Qian
and colleagues, who used right atrial pressure to
guide intravascular volume expansion.® Although
volume expansion was associated with an accept-
able side-effect profile in these studies, includ-
ing among patients with clinically significant
elevations in filling pressures at baseline, the
intravenous fluid and sodium loads may need to
be reduced in cases of heart failure or severe
hypertension.

Multiple trials, many with small samples,
along with subsequent meta-analyses, have com-
pared intravenous isotonic sodium
with isotonic for the prevention
of contrast-associated acute kidney injury, on the
hypothesis that urinary alkalinization would re-

duce contrast-induced generation of iniurious 0x-

ygen free radicals. The highly
of these trials and resultant clinical equipoise
formed the basis for the Prevention of Serious
Adverse Events Following Angiography
19 In a 2-by-2 factorial design, this double-
blind trial randomly assigned 5177 high-risk
patients undergoing nonemergency angiography
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to receive intravenous isotonic sodium bicarbon-
ate or intravenous isotonic saline, as well as

or oral placebo, for the prevention
of a primary 90-day composite end point com-
prising death, need for dialysis, or persistent
impairment in kidney function. The trial, which

was stopped early because of futility, showed.
“ in the incidence of the
primary outcome (4.4% with bicarbonate and
4.7% with saline; odds ratio, 0.93; 95% CI, 0.72
to 1.22; P=0.62) or in the incidence of contrast-
associated acute kidney injury, which was a
secondary end point (9.5% with bicarbonate and
8.3% with saline; odds ratio, 1.16; 95% CI, 0.96
to 1.41; P=0.13). Although the exclusion of pa-
tients undergoing emergency procedures and a
low overall median volume of contrast material
administered (85 ml) were limitations of this
trial, its large size, robust statistical power, and
use of a clinically relevant primary end point
were important strengths affirming the investi-

For nearly two decades, numerous clinical trials
have investigated the role of acetylcysteine for the
prevention of contrast-associated acute kidney
injury. The results of these trials and meta-analy-
ses are highly divergent and inconclusive. Despite
equipoise on its efficacy, acetylcysteine has been
widely used in clinical practice because of its
low cost, ease of use, and limited toxic effects.

In th acetylcysteine was
administered at a dose of mg
for , beginning on the day of angiogra-

phy.’ As compared with placebo, acetylcysteine

or the rate of persis-
tent impairment in at 90 days
(4.6% with acetylcysteine and 4.5% with placebo;
odds ratio, 1.02; 95% CI, 0.78 to 1.33; P=0.88)
in the rate of
(9.1% and 8.7%, respectively; odds
ratio, 1.06; 95% CI, 0.87 to 1.28; P=0.58). On

the basis of these findings, the routine admin-
for the prevention of acute kidney injury or

longer-term adverse events after angiographic
procedures.

N ENGL J MED 380522

The hypothesis that statins reduce the risk of
contrast-associated acute kidney injury is based on
their antiinflammatory and antioxidant proper-
ties. The PROMISS (Prevention of Radiocontrast
Medium-Induced Nephropathy Using Short-Term
High-Dose Simvastatin in Patients with Renal
Insufficiency Undergoing Coronary Angiography)
trial failed to show a difference between simvas-
tatin and placebo with respect to a primary end
point based on the mean peak increase in the
plasma creatinine level within 48 hours after
angiography in patients with chronic kidney
disease.”” Conversely, the PRATO-ACS (Protective
Effect of Rosuvastatin and Antiplatelet Therapy
on Contrast-Induced Acute Kidney Injury and
Myocardial Damage in Patients with Acute Coro-
nary Syndrome) trial showed a significant reduc-
tion in rates of acute kidney injury and 30-day
cardiovascular and renal events after PCI in pa-
tients treated with high-dose rosuvastatin (40-mg
loading dose on admission followed by a mainte-
nance dose of 20 mg per day) as compared with
patients who did not receive statin treatment.®
Other trials and several meta-analyses have
documented a benefit of prophylactic statins in
patients undergoing PCL%7® However, several of
these trials have methodologic limitations —
namely, small samples leading to limited statis-
tical power to examine patient-centered outcomes.

Nonetheless, because high-intensity
statins are commonly indicated for atheroscle-
rotic disease according to clinical practice guide-
lines, many patients undergoing procedures with
contrast administration will have an indication
for maintenance therapy with these agents.

-PRACTICAL_CONSIDERATIONS

Among patients identified as high risk, using the

necessary total - of iosmolality or
contrast medium is advisable. Al-
though a specific definitively associated
with contrast-associated acute kidney injury has
et been one approach is to
the total the
patient’s baseline
There are
ation of diuretics
inhibitors, or

converting—enzyme
receptor blockers. Stop-
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CONTRAST-ASSOCIATED ACUTE KIDNEY INJURY

ping potentially nephrotoxic agents, including
nonsteroidal antiinflammatory medications, is
appropriate. A preemptive temporary suspension
of metformin therapy has been advocated, not
because this medication augments the risk of
kidney injury but rather out ofjconeern about the
development of lactic lacidosis, should severe
acute kidney injury joccur. Given the prevalence
of diabetes, the widespread use of metformin,
and practical issues related to the temporary dis-
continuation of the medication, additional data
are needed before firm, evidence-based recom-
mendations can be provided regarding the dis-
continuation of metformin in patients undergoing
contrast-enhanced procedures. Figure 3 depicts
our recommended preventive strategies for pa-
tients undergoing angiographic procedures.

CONCLUSIONS

Determine risk of acute kidney injury
Assess baseline risk factors
Use risk-prediction tools

High risk Low risk

Use low-osmolality or isoiosmolality
contrast medium

Minimize contrast volume

Suspend nephrotoxic medications

Administer intravenous isotonic

medications

Use low-osmolality or iso-osmolality
contrast medium
Consider suspending nephrotoxic

sodium chloride

Perform follow-up assessment
of kidney function

There have been incremental advances in our
understanding of the pathophysiology of and
risk factors for contrast-associated acute kidney
injury. However, reliance on a /definition based
on small increments in the plasma creatinine

Injury in Patients Undergoing Angiographic Procedures.

been determined.

Figure 3.-to the Prevention of Contrast-Associated Acute Kidney

The most effective regimen of intravenous sodium chloride administration
in patients at high risk for contrast-associated acute kidney injury has not

E which are [frequently transient and nonspe-
cific for contrastinduced damage, coupled with
observational studies showing an jassociation
with serious, iverse outcomes Wwithout known
cause, has limited meaningful progress in deter-
mining the clinical importance of this condi-
tion. [Additional work is clearly needed to effec-
tively address the ongoing controversy over the
true toxic effects of contrast materials in current
use, to determine whether there is any justifica-
tion for limiting their use in patients at elevated

risk for kidney injury, and to evaluate the pos-
sible survival benefit associated with preventing
this iatrogenic condition.

The opinions expressed in this article are those of the authors
and do not necessarily represent the views of the U.S. govern-
ment or the Department of Veterans Affairs.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
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Contrast-Associated Acute Kidney Injury

TO THE EDITOR:

as traditionally defined, is
but the issue of contrast
acute kidney injury in patients who require
dialysis still warrants consideration, since it may
jeopardize both survival and long-term renal
function. In their review article, Mehran et al.
(May 30 issue)! correctly state that evidence re-

and that the

strategy for prevention should
However, the findings of
on the matter apply to

only: patients with baseline renal func-
tion were from the PRESERVE (Preven-
tion of Serious Adverse Events Following Angiog-
raphy) trialz-those with kidney
disease (stage 4 or 5) from the AMACING (A
Maastricht Contrast-Induced Nephropathy Guide-
line) trial.® In patients who are
for death, there is

populations

thus, there is room for further research.

The discrepancy in efficacy
between the PROMISS (Prevention of Radiocon-
trast Medium-Induced Nephropathy Using Short-
Term High-Dose Simvastatin in Patients with
Renal Insufficiency Undergoing Coronary Angi-
ography) trial* and the PRATO-ACS (Protective
Effect of Rosuvastatin and Antiplatelet Therapy
on Contrast-Induced Acute Kidney Injury and
Myocardial Damage in Patients with Acute Coro-
nary Syndrome) trial® may depend only on the
time at which acute kidney injury was diagnosed
— 48 hours or 30 days.

Andrea Campo, M.D.

Azienda Sanitaria Locale Cuneo 2
Alba, Italy
andrea_campo@hotmail.com
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TO THE EDITOR: In their review of contrast-asso-
ciated acute kidney injury, Mehran et al. conclude
that there is no protection from volume expan-
sion or urinary alkalinization with sodium bicar-
bonate as compared with isotonic saline be-
cause the incidences of major adverse kidney
events in patients who received these agents in
the PRESERVE trial were similar.! That findin

in some circumstances. In the PRESERVE
trial, the mean value for urinary pH was 6.7 with
bicarbonate and 6.0 with saline.! This degree
of urinary alkalinization may be insufficient to
achieve the putative protection of suppression
of reactive oxygen species, which is greatly en-
hanced at a higher pH.

Although not mentioned in their article, -
by inhibiting carbonic anhydrase-
mediated bicarbonate resorption, generates a
muc_ and bicarbonate concen-
tration than bicarbonate alone (7.8 vs. 6.4 mmol

la.* We believe that these several attributes of a
drug that has a

in two clinical
trials*® warrant review in a larger trial, perhaps
in combination with intravenous bicarbonate
administration.
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To THE EDITOR: We would like to raise a point
not mentioned by Mehran et al. — a

agents have
Epidemiologic studies have

an elevated level increases the risk by a factor of
2 or 3.! Uric acid crystals in urine can cause tu-
bular obstruction, increased intraluminal hydro-
static pressures, and consequent decreases in the
single-nephron glomerular filtration rate (GFR)
and in renal plasma flow. In addition

and
cause tubular-cell injury. Soluble uric acid, at lev-
els that do not lead to crystal formation, causes
renal vasoconstriction, a decrease in the GFR,
activation of the renin—angiotensin system, a
decrease in the bioavailability of nitric oxide,
preglomerular arteriolar thickening, and impaired
autoregulation.? Two prospective, randomized,
controlled trials (one with 159 participants and
the other with 500)** showed that

Randomized,

controlled trials are warranted to evaluate the
role of uric acid in contrast-associated acute kid-
ney injury.
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TO THE EDITOR: In their article on contrast-asso-
inj Mehran et al. state

.t We would like to
address their argument that “validity . . . is di-
minished by substantial underenrollment.” In
noninferiority trials, missing unacceptably large
differences between groups and falsely conclud-
ing noninferiority is the type I error (c).? Conven-
tionally, a one-sided alpha level of 5% is chosen,
and if the 95% confidence interval around the
absolute difference between groups excludes the
noninferiority margin, as in the AMACING trial,
the null hypothesis (i.e., a difference exceeding the
noninferiority margin) can be rejected. It is the
probability of making a type II error — not rec-
ognizing a truly noninferior treatment — that
increases with reduced sample size.> The
AMACING trial is representative of clinical
practice in both procedure types and patients
eligible for guideline-recommended standard pro-
phylaxis.! No benefits from intravenous fluids were
observed, 5.5% of patients had complications, and
follow-up at 1 month and 1 year confirmed the
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safety of withholding prophylaxis in this popula-
tion (with an estimated GFR of 30 to 59 ml per
minute per 1.73 m? of body-surface area).’* In-
deed, European and other guideline committees
no longer recommend intravenous fluids for pa-
tients with an estimated GFR greater than 29 ml
per minute per 1.73 m?.
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THE AUTHORS REPLY: Campo suggests that the
effects of isotonic sodium bicarbonate and acetyl-
cysteine for the prevention of contrast-associated
acute kidney injury are unknown in patients at high
risk for injury, citing the exclusion of such patients
from recent studies, including the PRESERVE
trial." Although the PRESERVE trial excluded pa-
tients undergoing emergency angiography and
those with stage 5 chronic kidney disease, all
participants had stage 3 or 4 chronic kidney dis-

ease, and those with stage 3A chronic kidney dis-
ease had to have underlying diabetes. Hence, the
study population was highly representative of
patients who would be considered to be at high
risk for contrast-associated acute kidney injury.

Campo also comments on the role of statins,
referring to their use in the prevention of athero-
embolic disease and the discrepancies in the
findings of past trials involving patients with
contrast-associated acute kidney injury. Although
our review article did not address preventive
strategies for atheroembolic disease, we noted
that the role of statins in the prevention of
contrast-associated acute kidney injury has not
been definitively established. Large, adequately
powered trials investigating patient-centered
outcomes associated with contrast-associated
acute kidney injury are needed.

Swenson and Sanghavi note that urinary alka-
linization greater than that achieved in patients
who received sodium bicarbonate in the PRESERVE
trial may be beneficial in the prevention of
contrast-associated acute kidney injury. Since the
trials cited enrolled small numbers of patients
and used surrogate biochemical end points, ap-
propriately powered clinical trials would be need-
ed to address the role of urinary alkalinization.

Uric acid has not been identified as a primary
factor in the pathogenesis of contrast-associated
acute kidney injury. Mohandas et al. cite two
trials that reported a benefit from the use of
allopurinol for the prevention of contrast-associ-
ated acute kidney injury, but these trials were
underpowered. Furthermore, other trials, also
limited in scope and size, showed no benefit
from the use of allopurinol. In light of the dis-
crepant findings regarding the benefit of allopu-
rinol reported in small trials, it may be prema-
ture to call for further randomized trials before
additional data are available regarding the spe-
cific mechanistic role played by uric acid, if any,
in the pathogenesis of contrast-associated acute
kidney injury.

Finally, in our review of a noninferiority trial
conducted by Nijssen et al.? that tested the effect
of hydration in the treatment of contrast-associ-
ated acute kidney injury, we commented that the
limitations of that trial rendered it of little use
in changing clinical practice. These limitations
included the enrollment of a small population of
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patients largely at low risk for kidney injury and
the use of a wide upper bound for the confidence
interval. Since the event rates were 2.6% to 2.7%
(8 vs. 8 events per group), we view the pre-
specified 2.1% upper bound of the noninferior-
ity margin as being too wide to be considered
clinically meaningful.
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INTERNATIONAL SOCIETY FOR STEM CELL RESEARCH
The following symposia will be held: “From Stem Cell Biol-
ogy to New Therapies” (Toronto, Nov. 6-8) and “Stem Cells
and Regenerative Medicine” (Shanghai, China, March 13-15).
Contact the International Society for Stem Cell Research,
5215 Old Orchard Rd., Suite 270, Skokie, IL 60077; or call (224)
592-5700; or see http://www.isscr.org.

MAYO CLINIC

The following courses will be offered in Rochester, MN,
unless otherwise indicated: “Mayo Clinic Hot Topics in Family
Medicine” (Red Wing, MN, Oct 4); “Mayo Clinic Pediatric Days
2019” (Chicago, Oct. 6-8); “Mayo Clinic Preventive Medicine
Symposium” (London, Oct. 17 and 18); “Frontiers in Addiction
Treatment 2019” (Nov. 1); “Minnesota Memorial Pediatric
Orthopaedic Symposium 2019” (Nov. 8); “2019 Mayo Clinic
Leadership Forum” (Mumbai, India, Nov. 11 and 12); “Middle
East Healthcare Social Media Summit 2019” (Dubai, United
Arab Emirates, Dec. 9 and 10); “Endocrine Update 2020” (San
Juan, Puerto Rico, Feb. 24-28); “Infectious Diseases Practice
Updates 2020” (Waimea, HI, March 2-6).

Contact the Mayo School of Continuous Professional Devel-
opment, 200 First St. SW, Rochester, MN 55905; or call (800)
323-2688 or (507) 284-2509; or fax (507) 284-0532; or see
https://ce.mayo.edu; or e-mail cme@mayo.edu.

HEAL 2020: HEARING ACROSS THE LIFESPAN
The conference will be held in Cernobbio, Lake Como, Italy,
June 4-6. Deadline for submission of abstracts is Jan. 15.
Contact the Organising Secretariat, Meet and Work Srl,
Piazza del Sole e della Pace 5, 35031 Abano Terme (Padova),
Italy; or call +39.049.8601818; or fax +39.049.8602389; or e-mail
meet@meetandwork.com; or see http://www.heal2020.org.

AMERICAN SOCIETY OF TROPICAL MEDICINE
AND HYGIENE

The “ASTMH 68th Annual Meeting” will be held in National
Harbor, MD, Nov. 20-24.

Contact the American Society of Tropical Medicine and Hy-
giene, 241 18th St. South, Suite 501, Arlington, VA 22202; or
call (571) 351-5409; or e-mail info@astmh.org; or see https://
www.astmh.org/annual-meeting.
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