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Background and objectives: Preemptive transplantation is ideal for patients with advanced chronic kidney disease (CKD).
The practice has been to perform coronary angiography (CA) on all patients aged >50, all diabetics, and all patients with
cardiac symptoms or disease with a view to revascularization before transplantation. Historically patients have delayed CA
until established on renal replacement therapy due to concerns of precipitating the need for chronic dialysis. The objectives
of this study were to establish the risk of contrast nephropathy in patients with advanced CKD who undergo screening CA,
and to determine whether or not preemptive transplantation is achievable.

Design and setting: This retrospective analysis included 482 patients with stage IV/V CKD seen in West London predialysis
clinics from 2004 to 2007. Seventy-six of 482 (15.8%) patients considered as potential transplant recipients met the authors’
criteria for coronary angiography. Modification of Diet in Renal Disease (MDRD) GFR measurements were recorded for the
12 mo preceding and 12 mo following CA unless a defined endpoint was reached (transplantation, dialysis, or death).

Results: Mean MDRD GFR at CA was 12.51 � 3.51 ml/min. The trend was not significantly different 6 mo pre- and
postangiography. Cumulative dialysis-free survival was 89.1% 6 mo postangiography. Twenty-three of 76 (30.3%) patients had
flow-limiting coronary artery disease. Twenty-five of 76 (32.9%) patients underwent transplantation with 22 of 25 (88.0%)
transplants being performed preemptively.

Conclusions: The data suggest CA screening does not accelerate the decline in renal function for patients with advanced
CKD, facilitating a safe preemptive transplant program.
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I t is well established that chronic kidney disease (CKD) is
associated with premature atherosclerosis and results in
an increased risk of cardiovascular morbidity and mortal-

ity (1). For patients with CKD, transplantation offers a greater
survival advantage over other forms of renal replacement ther-
apy (2). To minimize perioperative cardiac events, and reduce
long-term cardiac morbidity, our practice has been to perform
coronary angiography with a view to revascularization of sig-
nificant coronary artery disease (CAD) before transplantation
in all potential transplant recipients with one or more of the
following criteria: age �50 yr, type 1 or type 2 diabetes, cardiac
symptoms or disease irrespective of age, or an abnormal elec-
trocardiogram other than left ventricular hypertrophy. Histor-
ically, there has been a tendency to delay coronary angiography

in transplant recipients until they have been established on
renal replacement therapy due to the concerns that contrast
induced nephropathy (CIN) and cholesterol embolization syn-
drome may precipitate the need for chronic dialysis.

The reported incidence of CIN following coronary angiogra-
phy ranges from 3.3% to 37% (3–5), with pre-existing renal
disease being the greatest independent predictor. The severity
of renal dysfunction measured by serum creatinine directly
correlates with the incidence of CIN (6). The greatest concern
for the patient is the need for dialysis treatment in the setting of
CIN, which in one study has been reported to occur in 7.1%
patients in the short term, and 0.9% in the long term (7). Acute
dialysis requirement following percutaneous intervention is
associated with a marked increase in hospital mortality (8). The
renal dysfunction associated with CIN peaks at 3 to 5 d follow-
ing the administration of contrast and improves in 1 to 3 wk (9).
In those patients in whom renal insufficiency persists �3 wk,
cholesterol embolization syndrome may be a contributory fac-
tor.

It is possible that the safety profile of coronary angiography
has improved in the modern era, with the use of adequate
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hydration, N-Acetylcysteine, smaller volumes of nonionic con-
trasts, biplane imaging techniques, staged procedures in cases
requiring intervention, and careful postangiography monitor-
ing (10). If this is the case, potential transplant recipients should
not be put off coronary angiography until established on renal
replacement therapy, as this only heightens their cardiovascu-
lar burden, which may be halted or slowed down by successful
kidney transplantation (11).

The purpose of this study was to establish the risk of contrast
nephropathy to patients with advanced CKD (stages IV or V)
who undergo elective and timely screening coronary angiogra-
phy, and to determine whether or not preemptive transplanta-
tion is achievable.

Materials and Methods
Patient Population

This retrospective analysis included all predialysis patients seen in
eight West London clinics between October 2004 and August 2007, n �

482. Seventy-six potential transplant recipients met the criteria for
proceeding to coronary angiogram, which was performed at two hos-
pital sites within the same institution. Patients on dialysis undergoing
cardiac assessment before transplantation were excluded. All patients
were seen by a consultant cardiologist before angiography and the risks
of the procedure, including CIN, were explained. More than one car-
diologist was involved, but practice was consistent according to local
protocol and national guidelines.

Reno-protection
Reno-protection in the form of adequate hydration, 0.9% saline

500mls at least 2 h before and 2 h after the procedure, and oral
N-Acetylcysteine 600mg twice daily at day �1, 0, and � 1 was admin-
istered in all cases. All potentially nephrotoxic drugs were withheld
24 h before the angiogram, and recommenced 48 h later, if not contra-
indicated. Seventy-four of 76 (97.4%) patients received Visipaque®
contrast media, the remaining two of 76 (2.6%) received Omnipaque®
contrast media.

Statistical Analyses
Simplified Modification of Diet in Renal Disease (MDRD) GFR re-

sults were generated from serum creatinine at time points pre- and
postcoronary angiography and slopes were derived from mean values.
Serum creatinine measurements were made on each visit to the clinic;
frequency of visits varied between 2 to 12 wk depending on patient’s
symptoms and the rate of progression of his or her CKD. Values were
recorded if within 28 d of 12, 9, 6, and 3 mo before and after the date of
the angiogram; if out with 28 d, no value was entered for analysis. By
nature of this retrospective analysis of real-life care for patients who
were not in a trial protocol, there were missing data points as a result
of nonattendance in clinic at appropriate time point. For �12, �9, �6,
�3, 0, �3, �6, �9, �12 mo points data were absent in 17 of 76, ten of
76, five of 76, two of 76, 0 of 76, four of 68, five of 56, five of 40, and six
of 38 patients at risk, respectively. No values were ascribed in these
instances. Patients were also advised to have their serum creatinine
checked once between 3 to 7 d after their angiogram; seven of 76
patients failed to attend for this investigation.

Dialysis- and transplant-free survival was analyzed using the Kaplan
Meier analysis performed using SPSS Version 16.0. Dialysis-free sur-
vival is censored for transplantation or death. All numeric values are
expressed as mean � 1 SD unless stated otherwise. MDRD GFR pre-

and postangiography and contrast volumes in the setting of biplane
versus monoplane angiography were analyzed using the paired t test.

Definitions
A history of myocardial infarction (MI) was defined as present if the

patient had electrocardiogram evidence of ST-elevation, MI previously,
or if the patient had a documented acute presentation with cardiac
symptoms, with associated troponin rise according to the reference
range in the biochemistry laboratory at that time. A history of smoking
was defined as present if the patient was a current smoker or if the
patient was an exsmoker of less than 5 yr. Flow-limiting coronary
artery disease was defined as �50% stenosis of one or more dominant
coronary vessels. Any atheromatous lesion �50% not requiring inter-
vention was defined as nonflow limiting. Endpoints included remain-
ing predialysis, undergoing transplantation, commencing dialysis, and
death.

Results
Demographics

The clinical and demographic characteristics of the patients
who met the criteria for proceeding to coronary angiography
are outlined in Table 1. The male:female ratio was approxi-
mately 3:2, with a mean age of 56.33 � 9.59 yr. The population

Table 1. The clinical and demographic characteristics of
the patients

Demographics n � 76

Male gender 49 of 76
(64.5%)

Female gender 27 of 76
(35.5%)

Mean age (years) 56.33 � 9.59
Caucasian 52 of 76

(68.4%)
Asian 17 of 76

(22.4%)
Other ethnicity 7 of 76

(9.2%)
Diabetes 33 of 76

(43.4%)
Diabetic nephropathy 28 of 76

(36.8%)
Mean SBP (mmHg) 142 � 15
Mean DBP (mmHg) 77 � 12
Mean total cholesterol (mmol/l) 3.92 � 0.99
History of smoking 17 of 76

(22.4%)
History of previous MI 2 of 76

(2.6%)
Flow-limiting coronary artery disease 23 of 76

(30.3%)
Nonlimiting coronary artery disease 53 of 76

(69.3%)
Mean follow up (months) 8.71 � 4.0

MI, myocardial infarction; SBP, systolic blood pressure;
DBP, diastolic blood pressure.
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was predominantly Caucasian, although 17 of 76 (22.4%) were
Asian, reflecting the diverse ethnicity of the population in West
London. Thirty-three of 76 (43.4%) of the patients were diabetic,
with diabetic nephropathy being the most common cause of
CKD in this group of patients. Only two of 76 (2.6%) had a
history of previous MI. Twenty-three of 76 (30.3%) patients had
flow-limiting CAD, 29 of 79 (38.2%) patients had nonflow lim-
iting CAD, and 24 of 76 (31.5%) patients had normal coronary
arteries. All patients were followed up for 12 mo following
angiography, unless they reached a defined endpoint resulting
in a mean follow up of 8.71 � 4.0 mo.

Treatment
Sixty-five of 76 (85.5%) patients received some form of

lipid-lowering therapy; the majority of patients received sta-
tin monotherapy (80.3%). One of 76 (1.3%) patients was
enrolled in the SHARP trial, and was blinded to treatment
with either statin � ezetimibe, or statin alone. Thirty of 76
(39.5%) of patients had monoplane angiography, with a
mean contrast dose of 69.1mls, and 46 of 76 (60.5%) patients
had biplane angiography, with a mean contrast dose of
47.8mls (t test, P � 0.07). All 23 patients with flow-limiting
disease underwent revascularization; 10 of 23 (43.5%) pa-
tients required coronary artery bypass grafting and 13 of 23
(56.5%) required percutaneous intervention. Eleven of 13
(84.6%) patients undergoing percutaneous revascularization
had a staged procedure. The two patients that did not un-
dergo staged procedures received a moderate contrast vol-

ume, between 60 to 80mls. Table 2 summarizes the treatment
details.

eGFR Pre- and Postangiography
Mean MDRD GFR at angiography was 12.46 � 3.41ml/min.

Figure 1 demonstrates the trend in MDRD GFR, which was not
significantly different 6 mo pre- and postangiography (slope
change in MDRD GFR �0.21 � 0.27 versus �0.21 � 0.30 ml/
min/mo [t test, P � 0.42]). It also demonstrates the temporary
decline in MDRD eGFR following administration of contrast
media. The use of statins did not significantly impact the degree
of rise in serum creatinine at 1 wk postangiography (t test, P �

0.51).

Contrast Volumes
The mean contrast volume administered was 55.74 �

50.18mls. Figure 2 demonstrates the relationship between con-
trast volume and difference in serum creatinine from baseline
up to 1 wk after contrast. There was a significant relationship
between increasing contrast volume and rise in creatinine at 1
wk (R � 0.423). Unconventionally, one patient received a large
400ml volume of contrast for an aortogram due to concern
about a possible aortic dissection, and this patient has not been
included in this subanalysis. This patient had a significant
decline in renal function, but despite a period of anuria was
managed without the need for dialysis. In a number of patients
(n � 18) an improvement in serum creatinine was noted at 1 wk
postcontrast, which may be explained by the reno-protection

Table 2. The treatment details

Treatment Details n � 76

Lipid-lowering therapy Statin 61 of 76
(80.3%)

Fibrate one of 76
(1.3%)

Ezetimibe two of 76
(2.6%)

SHARP trial one of 76
(1.3%)

Total 65 of 76
(85.5%)

Angiography Monoplane 30 of 76
(39.5%)

Biplane 46 of 76
(60.5%)

Mean volume of contrast (ml) 55.74 � 50.18
Revascularization Percutaneous (Unstaged) 2 of 76

(2.6%)
Percutaneous (Staged) 11 of 76 (%)
Surgical (CABG) 10 of 76

(13.2%)
Total 23 of 76

(30.3%)

CABG, coronary artery by-pass graft.
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protocol, which included prehydration and withholding of po-
tentially nephrotoxic drugs. This improvement was not sus-
tained and the slope of GFR in these patients reverted to the
precontrast slope in the proceeding months after angiography.

Biplane angiography was used in 46 of 76 (60.5%) patients and
was associated with a reduction in contrast volume, although not
statistically significant (t test, P � 0.07). If CIN is defined as a rise
in serum creatinine �10% above baseline within 1 wk of contrast
administration, only six of 17 (35.3%) patients had contrast ne-
phropathy with the smallest dose of contrast (20 to 39ml), com-
pared with four of four (100%) patients with the highest doses of
contrast (�100mls). Overall, 18 of 69 patients had CIN, of which
four of 18 (22.2%) patients with a mean MDRD GFR of 12.05 �

1.75 ml/min started dialysis during the 12 mo follow up; patients
without CIN had a similar outcome with eight of 51 (15.7%)
patients with a mean MDRD GFR of 10.34 � 2.07ml/min started
on dialysis. Those patients who remained dialysis independent
had a better baseline MDRD GFR 13.35 � 3.39 ml/min in the
group who got CIN, and 14.03 � 3.85 ml/min in the group that
did not get CIN.

Dialysis-Free Survival
Thirteen of 76 (17.1%) patients started dialysis during the

follow-up period. No patients required dialysis treatment im-
mediately postcontrast administration, and only one patient

commenced dialysis within 3 mo of undergoing coronary an-
giography. Figure 3 demonstrates cumulative dialysis-free sur-
vival, which was 89.1% at 6 mo postcoronary angiography.
Forty of 76 (53.3%) patients remained dialysis independent and
one of 76 (1.3%) patients died from trauma awaiting transplan-
tation. More diabetic patients started dialysis within the period
of study, but cumulative dialysis-free survival following an-
giography to 12 mo was not statistically different in diabetics
versus nondiabetics (Logrank P � 0.09).

Time to Transplantation
Of the 76 patients that had coronary angiography, 25 of 76

(32.9%) patients underwent transplantation, with 22 of 25
(88.0%) transplants being performed before the need for dialy-
sis. Of these patients receiving preemptive transplantation, 18
of 22 received live donor transplants, two of 22 received a
deceased donor kidney transplant, and two of 22 received a
simultaneous pancreas kidney transplant. Nine of 22 patients
were transplanted within 3 mo of coronary angiography. The
renal function for these preemptively transplanted patients be-
fore they exited the study as a result of transplantation was not
declining more or less abruptly than the rest of the cohort.
Figure 4 demonstrates cumulative patient survival without
transplantation, which was 64.5% at 12 mo.

Discussion
Our data suggest that coronary angiography did not accel-

erate decline in renal function for patients with advanced CKD.
A transient decline in GFR was demonstrated in the first week
following coronary angiography but this was entirely revers-
ible. This paper is of relevance to all clinicians involved with
patients requiring cardiac catheterization in the setting of ad-
vanced CKD. If the procedure is performed appropriately with
small volumes of contrast, biplane angiography using N-Ace-
tylcysteine, and adequate hydration around the time of the
procedure, then the risk of contrast exposure can be minimized
in this population.

Significant flow-limiting CAD was identified in just under a
third of patients, and just over a third of patients had nonflow-

Figure 1. Modification of Diet in Renal Disease (MDRD) eGFR
before and after coronary angiography.

Figure 2. Change in serum creatinine up to 1 wk after contrast
administration.

Figure 3. Kaplan-Meier analysis demonstrating cumulative di-
alysis free survival.
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limiting disease. Only 31.5% of patients (24 of 76) had normal
coronary angiograms. Listing for transplantation was facili-
tated, 25 of 76 (32.9%) of screened patients underwent trans-
plantation within 12 mo of coronary angiography; the large
majority were transplanted preemptively. Our overall rates for
preemptive transplantation are currently above the national
average, 17% versus 14% (12). Of the 76 patients screened, the
first patient to commence dialysis did so at 3 mo postcoronary
angiography; this patient did not have a potential live donor.
Nine of 22 (40.9%) preemptive transplants were performed
within 3 mo of coronary angiography, which highlights how it
is possible to complete workup of the donor and recipient
within 3 mo.

We report a cumulative dialysis-free survival of 89.1% at 6
mo postcoronary angiography. This may be attributed in part
to the identification of strategies that minimize contrast ne-
phropathy. As this was censored for transplantation, it is not
possible to know if the 22 patients preemptively transplanted
would have required dialysis before the end of the follow-up
period. We carried out staged procedures to reduce the volume
of contrast administered in a single sitting particularly for those
with complex and widespread lesions, an approach used by
many operators in cardiac catheter laboratories (13). The use of
continuous veno-venous hemofiltration, initiated before expo-
sure to contrast and continued for 18 to 24 h after the proce-
dure, has been reported to result in a significant reduction in
the degree of renal injury in a cohort of patients known to be at
considerable risk (mean baseline creatinine 265.2 �mol/L) (14).
This approach obviously has significant implications in terms
of resources, and was not a strategy we utilized.

The mechanisms responsible for worsening of renal function
were not formally identified in this study design. CIN results
from a combination of pathophysiologic processes. Hypertonic
contrast media causes the production of oxygen-free radicals
leading to apoptosis in renal tubular cells (15). Aside from
direct tubular injury, contrast media also has effects on the
metabolism of certain vasoconstrictors including adenosine and
endothelin, causing disturbances to renal hemodynamics (16).

We have demonstrated that the dose-dependent association of
volume of contrast administered with CIN and contrast vol-
umes can to some extent be controlled. Recent reports have
suggested that the use of biplane angiography is associated
with a significant reduction in contrast volumes (17). In this
study, biplane angiography was used in a proportion of pa-
tients and was associated with a reduction in contrast volume,
although this did not reach statistical significance.

Cholesterol embolization syndrome occurs when disruption
to a vascular plaque releases cholesterol crystals into the blood-
stream, resulting in localized inflammation and fibrosis, most
commonly seen in the skin, digits, kidneys, and eyes and often
persisting for weeks. The initial event may be either due to
spontaneous plaque rupture, or as a secondary phenomenon
following the administration of thrombolytics or following vas-
cular endothelial trauma (18). One prospective study evaluat-
ing patients undergoing coronary angiography found that no
patients had dermatological manifestations of cholesterol em-
bolization syndrome, but a persistently elevated creatinine at 3
wk was reported to occur in 2% of patients studied, which was
attributed to cholesterol embolization to the kidneys (19).

Many of the recent studies investigating the effect of individ-
ual preventive measures against contrast nephropathy have
included data from patients with less advanced CKD, whereas
this study has looked at utilizing a combination of preventive
measures in patients with advanced CKD; the average serum
creatinine on the day of angiogram was 371.81 � 88.79 mmol/L
in this study. In one study that used hemofiltration around the
time of contrast exposure, patients had a mean creatinine of
265.2 � 88.4mmol/L (14). In one study that assessed how low
volumes of contrast affected renal function after exposure, pa-
tients had a mean creatinine of 184.4mmol/L (17). In a recent
study into the type of contrast media used during angiography
and its association with contrast nephropathy, the mean serum
creatinine was 255.2 � 132 mmol/L (20), and finally in a
randomized control trial using N-Acetylcysteine to reduce CIN,
the mean serum creatinine was 199.76 � 47.52 mmol/L (4).

Recognition and management of cardiovascular risk factors
should begin earlier than the pretransplant screening stages
and should remain an integral part of long-term care. Sixty-five
of 76 (85.5%) patients in this study were already prescribed
lipid-lowering therapy. There has been some interest in the
literature concerning the potential protective benefits of high-
dose short-term statin use. Statins appear to have pleiotropic
effects, including antioxidant properties (15), and oxidative
stress has been suggested as one of the possible mechanisms
responsible for CIN. Unfortunately, no significant difference in
renal function 48 h postcontrast was demonstrated in a ran-
domized control study comparing patients treated with a total
of 160mg simvastatin doses over 36 h versus no simvastatin (21)
In this study, the use of standard-dose statins did not signifi-
cantly impact the degree of rise in serum creatinine at 1 wk
postangiography (t test, P � 0.51).

International guidelines recommend aggressive intervention
in patients with renal disease and acute coronary syndromes
(22). In spite of this, there remains a reluctance to undertake
angiography and angioplasty in this population because of a

Figure 4. Kaplan-Meier analysis demonstrating time to trans-
plantation.
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lack of evidence base for managing CAD in patients with CKD
and without symptoms. There is little evidence within the
general population without renal failure that intervention on
asymptomatic nondiabetic patients results in improved sur-
vival (23). This significantly impacts the cardiac assessment of
potential renal transplant recipients and how to manage coro-
nary artery lesions that are identified. A recent prospective
study in a Scottish CKD population challenged the current
practice of coronary angiographic screening (24). The authors
reported no direct evidence of patient benefit from cardiac
screening, and in fact suggested that it may serve as a barrier to
being placed on a waiting list.

We know significant numbers of our potential transplant
patients have premature CAD, which continues to burden them
after transplantation, particularly in the immediate postopera-
tive period. Our cardiac assessment and intervention protocol
during the pretransplant period may be considered aggressive,
but our aim is to have fully optimized our patients’ cardiac
status in preparation for transplantation. We advocate coronary
angiography to assess cardiac status once the donor and recip-
ient pair are assessed suitable by all other noncardiac criteria.
We hypothesize that coronary angiography and revasculariza-
tion before transplantation for high-risk patients is essential for
reducing short- to medium-term cardiac morbidity and mortal-
ity and are examining this hypothesis prospectively.

Limitations
This study was retrospective and not controlled, but repre-

sents a unique and large cohort of predialysis patients screened
in a consistent fashion. Data on dialysis-free survival is uncon-
troversial; however, by nature of its design, there were a minor
number of missing data for serum creatinine in patients at risk
at each time point. These have been clearly outlined in the
Results section and must be taken into account. Data were not
systematically missing for any one individual. It is acknowl-
edged that 38 of 76 patients received either a transplant or
dialysis treatment within the 12 mo follow-up period after
screening and, as a result, could not contribute data points
postcoronary angiography. While censoring for these patients
lessens the numbers at risk for analysis after angiography, there
is no reason to suspect that these patients were more likely to
suffer accelerated decline in renal function, and bias as a result
seems unlikely. Pragmatically, by virtue of their coronary an-
giography, 22 of 38 of these patients had preemptive transplan-
tation, the most ideal treatment for their already advanced
renal disease.

As a result of this study we have been able to draw some
useful conclusions that may influence potential transplant-re-
cipient screening practice within transplant units. Coronary
angiographic screening did not accelerate the decline in renal
function for patients with advanced CKD, which has enabled
the facilitation of a safe and prompt preemptive transplantation
program.

Disclosures
None.
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