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CONTRAST NEPHROTOXICITY: A RANDOMIZED CONTROLLED TRIAL OF A NONIONIC
AND AN IONIC RADIOGRAPHIC CONTRAST AGENT

§1evE J. SCHWAB, M.D., Mark A. Hrarxy, M.D., Karen S. PIEpeR, M.S., CHARLES J. Davinson, M.D.,
KenNETH G. Morgis, M.D., Tuomas N. SkeLton, M.D., anp THomas M. Basnore, M.D.

ract Experimental studies have suggested that
ic contrast agents are less nephrotoxic than ionic
yontrast agents. To examine the relative nephrotoxicity of
b two types of agents, we randomly assigned 443 pa-
s 10 receive either iopamidol (nonionic) or diatrizoate
jonic) for cardiac catheterization. The patients were strati-
ad Into low-risk (n = 283) or high-risk {(n = 160) groups,
the basis of the presence of diabetes mellitus, heart
‘wiure, or preexisting renal insufficiency (base-line serum
geatinine level, >133 umol per liter). Serum and urine
walyses were performed at base line and 24 and 48 hours
#er the infusion of contrast material. Nephrotoxicity was
defined as an increase in the serum creatinine level within
& hours of at least 44 umol per liter.
The median maximal rise in the serum creatinine level

HE administration of radiographic contrast me-
diums continues to be a common cause of renal
mjury acquired in the hospital.'* Conventional radio-
graphic contrast agents, as exemplified by sodium dia-
nzoate (Fig. 1), use iodine (300 mg per milliliter) to
sbsorb x-ray photons in order to achieve radiographic
visualization; such agents are highly osmolar (1500
| m0Osm per liter) and highly charged.”® These charac-
“teristics are believed to contribute to both the nephro-
wxicity and the allergic reactions associated with
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was 18 umot per liter in both the diatrizoate group
(n = 235) and the iopamidol group (n = 208) (P not signif-
icant; power to detect a difference >8 umol per liter, 90
percent). Creatinine levels increased by at least 44 pmol
per liter (0.5 mg per deciliter) in 10.2 percent of the pa-
tients receiving diatrizoate and 8.2 percent of the patients
receiving iopamidol (P not significant). Among the high-
risk patients, creatinine levels increased by at least 44
pmol per liter in 17 percent of the patients in the diatrizoate
group, as compared with 15 percent of ihe patients in the
iopamidot group (P not significant).

We were unable to demonstrate a difference in the inci-
dence of nephrotoxicity between patients receiving a non-
ionic contrast agent and those receiving an ionic contrast
agent. (N Engi J Med 1989; 320:148-53.)

these agents. New contrast agents such as iopamidol
(Fig. 1) have been developed that have lower osmolar-
ity (796 mQOsm per liter) and are nonionic, yet retain
sufficient iodine (370 mg per milliliter) to provide sat-
isfactory radiographic visualization.>”’ The principal
disadvantage of the new agents is their cost, which is
currently 13 to 25 times that of comparable amounts
of ionic contrast material.®

Recent studies in laboratory animals suggest that
nonionic contrast agents have fewer harmful effects
than ionic agents on systemic and renal hemodynam-
ics, as well as a less direct nephrotoxic effect on cells of
the proximal renal wbule.®!'® Nevertheless, studies in
humans have shown that nonionic contrast mediums
can cause renal injury. ' This randomized prospective
study was undertaken to compare the incidence of




150 THE NEW ENGLAND JOURNAL OF MEDICINE

nephrotoxicity observed after the use of ionic or non-
ionic contrast mediums in patients undergoing cardiac
catheterization.

METHODS

From April I, 1987, through March 31, 1988, all patients under-
going etective coronary angiography at the Veterans Administra-
tion Medical Center in Durham were asked to consider enrollment
in this study. The study was approved by the institutional review
boards of both Dukz University and the Veterans Administration
Medical Center. After giving informed consent, patients were ran-
domly assigned to receive either iopamidol or diatrizoate for coro-
nary angiography and left ventriculography. Before randomization,
the patients were stratified into either low-risk (n = 283) or high-
risk (n = 160} groups on the basis of risk factors reported previously
for the development of nephrotoxicity. Patients were placed in the
high-risk group if they had diabetes mellitus (treated with either
insulin or an oral agent), congestive heart failure (as determined by
history or physical examination), or preexisting renal insufficiency
{serum creatinine level above 133 pwmol per liter [1.5 mg per deci-
liter}).

Patients were given intravenous Auids before angiography, con-
sisting of 1 to 1.5 liters of 5 percent dextrose in half-normal saline,
as a routine clinical precaution to minimize nephrotoxicity. This
fluid challenge was administered overnight before cardiac cath-
eterization and was continued at a rate of 125 mi per hour for four
hours afterward. Diuretic agents and nonsteroidal antiinfiamma-
tory drugs were withheld before catheterization according to the
protocol, unless they were specifically needed, and no nephrotoxic
antibiotics were administered before the study. Patients with a his-
tory of allergic reaction to contrast mediums (anaphylaxis or urti-
caria) received methylprednisolone and cimetidine as prophylaxis.
Iopamidol (Isovue 370, Squibb, Princeton, N.J.) and sodium diatri-
zoate (Renografin, Squibb, or Hypague, Winthrop—Breon, New
York) were used exclusively as the contrast agents. The average
dose of contrast material (=SEM) was 171+33.7 ml (range,
30 to 500). A history was taken, and a physical examination
and base-line laboratory tests were performed by the siudy co-
ordinators before catheterization. During catheterization, a techni-
cian or nurse kept a detailed account of the procedure. The
study coordinators reviewed hospital records and interviewed each
patient about potential complications within 24 hours of the
procedure.

Blood and urine samples were obtained immediately before cardi-
ac catheterization and 24 and 48 hours afterward. All samples were
analyzed in duplicate with a Beckman 700 AutoAnalyzer (Beckman
Instruments, Somerset, N.J.). The serum and urine specimens were
analyzed for levels of creatinine, sodium, and uric acid. Levels of
urinary protein were measured with use of a urine-dipstick (Miles
Laboratories, Elkhart, Ind.). All urine specimens were analyzed
microscopically by a physician or medical technologist. Fractional
excretion of sodium and ratics of urinary uric acid to creatinine
were calculated with use of standard formulas.?

Contrast nephrotoxicity was defined as an increase in the serum
creatinine level of at least 44 pmol per liter (0.5 mg per deciliter)
above the base-line value within 48 hours of exposure 10 a contrast
agent. Uric acid excretion was considered elevated il the ratio of
uric acid to creatinine in urine exceeded 0.8, Hyperuricemia was
considered to be present if the base-line serum uric acid level was
(.47 mmol per liter (8 mg per deciliter) or higher. Statistical com-
patisons hetween the groups of patients who received ionic and

GHaOH OMa {Sodium)
CONH-CH-CH,0H col
f 1
{ NH-GO-CH;
u,c-mcoﬂn CONH.CH-CH.OH CHyCO-HN
rjom
1OPAMIDOL ! DIATRIZOATE

Figure 1. Chemical Structure of lopamidol and Diatrizoate.

Table 1. Clinical Characteristics of 443 Patients
ceiving Radiographic Contrast Agents for Cardiag

Catheterization.
CHARACTERISTIC TREATHERT GrOUup
IATRIZOATE 10PAMIDOL.
(N = B5) N =208}
Mean age © 594 59.4
niember {(percent)
Age >60 yr 119 (51) 106 Sty
History
Diabetes mellitus 49 (21) 41 {20)
Congestive heart failure 38 (16) 28 (13)
Laboratory data
Mean base-line serum 100* 97+
creatinine
Base-line serum creatinine 14 (6) 14 (D
=133 pmol/liter
Blood uric acid >0.47 61 (26) 37 (18)
mmokiter -
Proteinoria >2+ . I (0.4) 2N

*Vadues are micromoles per liter.

nonionic contrast material were performed with use of the W
rank-sum test for continuous data and the chi-square tes
gorical data. All P values reported are two-tailed,

REsuLTs

Four hundred forty-three consecutive patients’
randomly assigned to groups before cardiac cathg
ization. Eleven patients were excluded from the
because they had been catheterized on an cmctg_
basis and could not be evaluated beforehand ér
domized. Twenty-six patients were excluded for log
tic reasons, and three refused to be randomize
characteristics of the randomized patient popula
are detailed in Table 1. Two hundred thirty-five pa
tients were randomly assigned to receive diatrizog
whereas 208 were randomly assigned to receive lopa«
midol. The mean age of the total patient populdtion
was 59 years, and 225 patients (D1 percent) were over
60 years of age. All but three patients were men. Base-
line serum creatinine measurements ranged from 35 to
339 pmol per liter (0.5 to 6.1 mg per deciliter). One
hundred sixty patients (36 percent) fell into one of the
high-risk groups as previously defined, with 81 receiv-
ing diatrizeate and 79 receiving iopamidol (Table 2).
Ninety patients had diabetes mellitus (20 percent),
66 had congestive heart failure (15 percent), and 28
(7 percent) had preexisting renal impairment ({se-
rum creatinine level above 133 pwmol per liter). The
number of patients with several risk factors was simi-
lar in both groups. Four patients had three risk fac-
tors, whereas 30 patients had two. The base-line se-
rum creatinine levels and the numbers of patients with
serum creatinine levels higher than 133 pmol per liter
(1.5 mg per deciliter) were also similar in both groups
{(Table 1). Hyperuricemia and proteinuria of more
than 2+ were present in equal numbers of patients in
both groups. As expected with randomization, there
were no significant differences in any characteristics
between the patients in the diatrizoate group and
those in the lopamidel group (Table 1),
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Table 2. Changes in Serum Creatinine Levels after the Adminis-
tration of Contrast Agents.*

DHATRIZOATE [oraMimoL
MEDIAN MEAN (95% CT} MEDIAN MEAN {35% C1}
(N = 23%) (N = 208}

micromoles per liter

All patients
Base-line measurement
peak increase

100 (95-105) 143 97 (93-101)
23 (19-28) 11 20 (17-23}
ngh.risk patients % = 8l) (N =19

110 (99-122) 97 108 (99-116)
31 (20-41) 18 24 (18-31)
pow-risk patients {N = 154) N =129
Base-line measurement 94 (91-98) 20 91 (88-94)
peak increase 19 (16-22) 18 17 ¢15-26)

fase-line measurement
peak increase

*The p pes of pati with an i in the serum creatinine level of 44 umol per
liter or more witlin 48 hours were as follows — in afl patients: diatrizoste grovp, 10.2;
jopurmidol group, B.2; in high-risk patients: diatizoate, i7.0; jopamidol, 15.0; in low-risk
w;ienw diatrizoate, 7.0; iopamidol, 5.0. CI denotes confidence interval.

The changes in serum creatinine concentrations
after the administration of contrast material are de-
scribed in Table 2 and shown in Figure 2. The serum
creatinine levels rose a median of 18 umol per liter
(0.2 mg per deciliter) above the base line in patients
receiving either contrast agent (Table 2). The number
of patients with an increase in the serum creatinine
tevel of more than 44 pmol per liter (10.2 percent
receiving diatrizoate and 8.2 percent receiving iopami-
dol) did not differ in either contrast group (P not sig-
nificant). The maximal increases in serum creatinine
were 345 wmol per liter {3.9 mg per deciliter) in the
diatrizoate group and 212 pmol per liter (2.4 mg per
deciliter) in the iopamidol group. No paiients in this
study had nephrotoxicity or acute oliguria requiring
dialysis as a resuit of the administration of contrast
material,

The numbers of patients designated as being at
high risk of renal injury from contrast material were
not significantly different in the two groups (81 vs. 79),
and their base-line serum c¢reatinine levels were simi-
[ar {Table 2), The mean and median peak increases in
serurn creatinine above the base line did not differ in
either the high-risk group or the low-risk group when
the two types of contrast material were compared (Ta-
ble 2). Analysis of the risk factors determined prospec-
tvely revealed that the high-risk group had a greater
incidence of nephrotoxicity (Table 2), but that only
base-line serum creatinine levels above 133 umol per
liter correlated with the increments in serum creati-
nine mediated by contrast material. Figure 2 shows
the distribution of increases in serum creatinine above
the base-line values after the administration of the two
types of contrast material. Increments in serum creat-
inine above the base-line level were distributed equal-
ly in both groups. There were no differences between

[ the iopamidol and the diatrizoate groups in the per-
| centage of patients with increases at any level of incre-

ment above base-line values.
Table 3 shows determinations of urine chemistries

B alicr angiography in patients with and without an in-
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crease in the level of serum creatinine. Control urine
chemistries before angiography did not differ when
groups were compared according to contrast agent or
risk status. Specifically, the median urinary sodium
measurements before catheterization were 64.7 and
64.2 mmol per liter (P not significant) in the ionic
and nonionic contrast groups, respectively, and 65.6
and 51.6 mmol per liter (P not significant) in the pa-
tients in whom contrast nephrotoxicity developed and
those in whom it did net. Urinary sodium levels and
fractional excretion of sodium after exposure to con-
trast material did not differ in patients with nephro-
toxicity and those without it {(Table 3). Ratios of uric
acid in urine to that in plasma also had no value in
predicting contrast nephrotoxicity {Table 3). No sig-
nificant differences in the degree of crystalluria were
found in patients who had increases in serum creati-
nine as compared with those who did not. In addition,
there were no differences in urinary indexes when
these groups were divided according to type of con-
trast material (Table 3). Despite intravenous hydra-
tion, the fractional excretion of sodium was low in
patients in both contrast groups after the administra-
tion of contrast material, independently of any change
in serum creatinine levels (Table 3).

Discussion

Nephrotoxicity due to the administration of con-
trast material is reported to be one of the most com-
mon causes of acute renal failure acquired in the
hospital."*'*!5 Hou and associates found that the
likelihood of acute renal failure due to contrast mate-
rial exceeded the likelihood of acute remal failure
mediated by aminoglycoside antibiotic agents.? In
recent studies, the incidence of nephrotoxicity of
contrast agents has shown wide variability.!-+13-13
A variety of underlying conditions have been suggest-
ed as being associated with an increased likelihood
of renal toxicity after the use of ionic contrast
material. These include age, renal impairment, dia-
betes mellitus, proteinuria, congestive heart failure,
and hyperuricemia."*'*!7 Other investigators have
attempted to reduce the likelihood of contrast ne-
phropathy by pretreatment with volume expansion or
diuresis. 318

Several investigators have proposed that nonionic

Table 3. Urine Chemistries after Angiography in Patients with an
Increase in the Serum Creatinine Level and Those with
No Increase.*

INCREASE* NO INCREASE

DIATRI- OPA- DIATRI- [OPA-
ZOATE ~  MIBOL ZOATE MDOL

Median fractional excretion 0.7 0.3 0.5 0.4
of sodium (%)

Median ratio of uric acid in urine 0.20 0.19 0.27
to that in plasma

Crystalluriat(%) 4 ] 4 5

*An increase in the serum creatinine level was defined as an increase of 44 umol per liter or
more within 48 hours.

tCrystalluria was defined as the presence in spun uring of more than five crystals per high-
power field.
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Figure 2. Peak Increases in Serum Creatinine Levels after the
Administration of Conirast Agents,

The percentage of patients is plofled against the maximal in-

crease in creatinine level from base-line values. The solid line

represents 208 patients receiving iopamidol, the dashed line 235
patients receiving diatrizoate.

contrast agents may have little or no nephrotoxic po-
tential.*7%19 In this regard, we recently evaluated the
incidence of nephrotoxicity in 1444 patients undergo-
ing cardiac catheterization with nonionic contrast ma-
terial.!! Serum creatinine levels increased by 44 gmol
per liter (0.5 mg per deciliter) or more in 6 percent of
the patients who received nonionic contrast material
for cardiac catheterization.!! The risk of nephrotoxici-
ty increased exponentially when patients with serum
creatinine levels higher than 107 pmol per liter
(1.2 mg per deciliter} received nonionic contrast mate-
rial. In addition, elevated base-line serum creatinine
levels were the only risk factor that correlated with the
development of contrast nephrotoxicity.

We designed this study to compare the renal effects
of an ionic and a nonionic contrast agent. Using a
poputation carefully randomized and matched for pu-
tative risk factors for contrast nephrotoxicity, we could
not show any difference in nephrotoxicity between two
contrast agents. As is shown in Figure 2, there were no
significant differences in increments in serum creati-
nine levels between the patients who received the ionic
contrast agent and those who received the nonionic
agent. When the median maximal increases in serum
creatinine levels were examined, there were no differ-
ences in increments in serum creatinine after exposure
to the contrast agents (Table 2). This study was de-
signed to detect a difference in the serum creatinine
level of 9 gmol per liter (0.1 mg per deciliter) between
the two contrast groups. The statistical power to de-
tect this difference was well over 90 percent. Thus, it is
very unlikely that an important difference in nephro-
toxic potential was missed because of a Type IT statis-
tical error.'?

Since less than 5 percent of the patients had serum
creatinine levels higher than 265 gmol per liter (3 mg
per deciliter), we could not assess the effect of these
contrast agents in patients with advanced renal im-
pairment. In accordance with our earlier observa-
tions, we found the incidence of nephrotoxicity to be
in the range of 8 to 10 percent with either contrast

agent. Clinically serious renal impairment wag up.
common in our study, regardless of the contrast agen;
used. The interpretation of these favorable findings
requires a cautionary note, however. All the patients
in this study were well hydrated both before and after
angiography, and none had had a recent renal injury
that would predispose them to injury from contrast
material. In common clinical practice, the incidence
of clinically serious renal injury may be greater thagy
that observed here,

We were unable to define any factors other thag
preexisting renal impairment that would allow us 1o
predict which patients would have acute renal injury
after the injection of contrast material. Fang and asge.-
ciates suggested that low fractional excretion of sodj-
um after such exposure was associated with a high
likelihood of nephrotoxicity.?**' In our study, we
could not document a significant difference in the frac.
tional excretion of sodium between patients who had
an increase in serum creatinine level of more than
44 pmol per liter and patients who did not. It is note-
worthy, however, that fractional excretion of sodium
was low {less than 1 percent) in most patients after
angiography, regardless of nephrotoxicity or type of
contrast material used (Table 3). A biphasic response
of early renal vasodilation followed by vasoconstric-
tion has been described.?*** It is interesting to specu-
late whether the activation of intrarenal vasoconstric-
tors mediated by contrast agents may lead to this.avid

. reabsorption of sodium, as has been proposed.”*Vari

et al. showed that in combination with sodium restric-
tion, use of the prostaglandin inhibitor indomethacin
uniformiy led to contrast nephrotoxicity in rabbits,2®
The ratio of uric acid concentrations in urine to those
in plasma was not shown to correlate in either group
with the likelihood of increases in serum creatinine
levels. We were also unable to find any significant
change in the degree of crystalluria in these same’
groups. :
The cost of nonionic radiographic contrast material
continues to be a serious impediment to its wider use.
Although we did not detect any differences in nephro-
toxic potential between the two contrast agents, we

“and other investigators have shown marked decre-

ments in other side effects when nonionic radiographic
agents are used, as compared with ionic agents 25-22
Significant reductions in cardiovascular complications
such as bradyarrhythmias, tachyarrhythmias, and
hypotension have been reported in patients undergo-
ing coronary arteriography with nonionic contrast
material.®?” Whether these advantages outweigh the
cost considerations remains to be decided.®

In conclusion, in this large prospective, random-
ized, controlled clinical trial, a nonionic radiographic
contrast agent {iopamidol) had no significant advan-
tage in preventing contrast nephrotoxicity when com-
pared with a conventional ionic contrast agent (diatri-
zoate}. Elevated serum creatinine levels appeared to
be the only risk factor for the development of renal
injury induced with the use of either ionic or nonionic
contrast material. Since less than 5 percent of the pa-
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ents in this‘ _study had ad\.ranced renal impairment,
the app[icablll!:y of our findings cannot necessarily be
exiC“dCd to this patient group. In the majority of pa-
jents, there appears to be no advantage to using a

pioni¢ contrast agent to prevent renal injury medi-
sted by contrast material.

We are indebted to Susan Allen, Paul Owens, and Robin Sykes
technical assistance, to Dr. Vincent W, Dennis for review of the
auscript, and to Mrs. Sue Younkin for assistance in the prepara-

gon of the manuscript,
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MEDICAL PROGRESS

DIAGNOSIS OF GENETIC DISORDERS AT THE DNA LEVEL

SryLiaNos E. ANToNARAKIS, M.D.

XTRAORDINARY progress in the understand-
ing of the structure and function of human genes
has been made in the past 25 years. Techniques have
been developed for the manipulation and study of
. genes in both normal and abnormal states. Many of
these achievements have been extremely important to
medicine, and they have led to the diagnosis of basic
defects at the DNA level and the understanding of the
biochemical mechanisms of several diseases.
Most of the progress has related to disorders due to
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a defect in a single gene. In this category of genetic
diseases, there is clear Mendelian inheritance of a
characteristic phenotype. All known autosomal domi-
nant, autosomal recessive, and X-linked disorders be-
long to this category."? The genes responsible for
some of these disorders have been cloned (isolated and
propagated in large amounts in bacteria) and charac-
terized (Table 1). There are several ways to clone such
genes.%’ The protein that some of the genes encode is
known. With information derived from the amino acid
sequence in the protein, from antibodies against the
defectivé protein, or from a functional assay of protein
activity, the gene can be cloned and characterized. For
disorders in which the defective protein is unknown,
the gene can be cloned with the use of information




