CIN in the Cath Lab: Understanding the Problem
and Improving Patient Outcomes
Based on an interview with Dr. Richard Solomon of the University of Vermont
College of Medicine and Fletcher Allen Health Care (Burlington, Vermont)

The increasing risk of CIN

All quotes are taken from the interview with Dr. Solomon.
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Dr. Solomon is Chief of the Nephrology
Unit in the Department of Medicine at
the University of Vermont College of
Medicine and Fletcher Allen Health
Care. He gained his medical degree at
Yale University School of Medicine and
completed his nephrology specialization
at Harvard Medical School and the Beth
Israel Hospital (Boston, MA) in 1975.
Dr. Solomon became involved with
contrast-induced nephropathy (CIN)
from a research perspective in the early
1990s, when he designed and
conducted the first prospective
randomized trial evaluating different
therapies for prevention of CIN.

Simply put, CIN is an acute form of kidney injury occurring as a result of exposure to
a radiocontrast agent during a diagnostic or interventional catheterization procedure.
But why focus on CIN now? As we employ newer and more complex interventional
procedures such as transcatheter aortic valve replacement, which require extensive
imaging in preparation for the procedure, patients are subject to greater contrast
exposure. And as the need for increased use of contrast agents rises, so does the
risk of CIN.

Patients (%)

Richard Solomon, MD

Along with advances in catheterization techniques, the complexity of interventional
procedures is increasing significantly. In parallel, the complexity of the conditions
being treated is also rising as they often present in older patients and those with
comorbidities and chronic illnesses. While interventions have the potential to bring
significant health benefits to these patients, they are not without risk: in particular, the
risk of contrast-induced nephropathy (CIN). CIN has been estimated to occur in 3–31%
of patients undergoing coronary intervention, depending on the type of procedure,
patient risk factors and duration of follow-up.1

Systemic complications after
PCI in patients with and
without CIN from an analysis
of data from 7,586 patients in
the Mayo Clinic PCI Registry.
Reprinted with permission
from Rudnick M, Feldman H.
Clin J Am Soc Nephrol.
2008;3(1):263-272.

The clinical significance of CIN

Risk stratification and management

The pathophysiology of CIN is complex. Essentially, iodinated
contrast agents cause kidney damage via two mechanisms: direct
nephrotoxicity to cells of the proximal tubule and vasoconstriction of
the arterioles in the renal medulla leading to ischemic injury.

By identifying patients at increased risk of CIN before a procedure,
the cath lab team will be able to employ appropriate preventative
strategies. A major factor is the amount of contrast delivered to the
patient. The longer and more complex the procedure, and the more
images needed, the more contrast required and the higher the risk
of CIN. There are also patient-specific risk factors, which can be
categorized into three main groups: inadequate kidney function,
often due to chronic kidney disease, defined as a glomerular filtration
rate (GFR) of <60 mL/min/1.73 m2; diminished renal blood flow
(hypotension, congestive heart failure or anemia); and impaired renal
vasodilatory vascular responses (older age or diabetes).

CIN is defined as an elevation in serum creatinine within 
48–72 hours of the intervention—either an absolute increase
of ≥0.5 mg/dL or a relative increase of ≥25%.

Importantly, it is not just kidney health that is affected by CIN. It is
increasingly recognized that CIN is not only an acute renal condition
but also a significant long-term risk factor for systemic adverse events.
Dr. Solomon reveals that patients who develop CIN following exposure
to contrast are “more likely to develop chronic kidney disease…
more likely to have future cardiovascular events, and they are
more likely to die within the next year than patients who do not
develop this injury.” As well as causing greater short- and long-term
morbidity and mortality, CIN also has a substantial economic impact,
both in the form of higher immediate costs due to longer hospital
stays and more demanding patient care, and an increased long-term
financial burden in managing future adverse events.

Prevention of CIN requires:
1. Identification of patients at risk
2. Elimination of factors that may increase risk
3. Use of appropriate prophylactic measures
4. Application of an intervention to minimize risk
5. Appropriate follow-up to determine whether CIN occurred
and, if so, to address the long-term adverse outcomes

The Mehran risk score model.
Integer score

Risk factor
Hypotension

5

Intra-aortic balloon pump

5

Congestive heart failure

5

Risk
score

Risk of
CIN

Risk of
dialysis

Age >75 years

4

≤5

7.5%

0.04%

Anemia

3

Diabetes

3

6–10

14.0%

0.12%

11–16

26.1%

1.09%

≥16

57.3%

12.6%

Contrast media volume
Serum creatinine >1.5 mg/dL
OR
Estimated GFR (eGFR)
<60 mL/min/1.73 m2
eGFR (mL/min/1.73 m2) = 186 × (serum
creatinine)–1.154 × (age)–0.203 × (0.742 if female) ×
(1.210 if African American)

1 for each 100 mL

Calculate

4
2 for 40–60
4 for 20–40
6 for <20

Example of a set protocol for CIN risk reduction. NPO: nil per os (no food or drink orally).

Calculate GFR to determine
if patient is at risk of CIN

High risk
GFR <60 mL/min/1.73 m2

Not high risk
GFR ≥60 mL/min/1.73 m2

Stop agents that increase risk of CIN or
dehydration (e.g., nonsteroidals, diuretics)
Stop metformin

No pre-procedure intravenous hydration
No pre-procedure antioxidants
Avoid dehydration

Do not use “NPO after midnight”

Do not use “NPO after midnight”

Hydration with saline (12–24 hours) or
sodium bicarbonate (1 hour before and
6 hours after procedure)
Limit amount of contrast agent
N-acetylcysteine optional

Choice of contrast agent:
same as for high-risk patients

All patients
Measure serum creatinine at 24 hours after procedure
Repeat until peak if CIN occurs

In addition to using a GFR measurement for all patients undergoing
a diagnostic or interventional procedure, Dr. Solomon recommends
using the Mehran risk score.2 This takes into account eight variables—
hypotension, use of an intra-aortic balloon pump, heart failure,
age, anemia, diabetes, contrast media volume and baseline kidney
function—and produces a predicted risk score for CIN. It also predicts
whether the patient is likely to need dialysis and provides a 1-year
mortality rate.
Dr. Solomon is keen to point out that teamwork is vital when it
comes to protecting patients. Fletcher Allen Health Care uses a set
protocol developed by a multidisciplinary team of cardiologists and
nephrologists to ensure consistent assessment and management
of patients regardless of operator. Dr. Solomon explains that “if you
have a protocol where every provider is operating under the
same rules, your incidence of CIN goes down. Where you don’t
have a protocol and everybody does what they think is the right
thing, you have a higher incidence.” Guidance on prophylactic
strategies and controlling CIN risk in the cath lab has been published in
Europe3 and the USA.4 In addition, Dr. Solomon advocates developing
best practice guidance at each institution that takes into account the
types of procedures and equipment used, along with any treatment
algorithms or needs of particular patient populations.

Benchmark CIN rates:
regional/national registries

Strategies for preventing CIN
Maintaining balanced hydration is a well-known and clinically proven
method of reducing the risk of CIN. However, increasing urine output by
administering high doses of diuretics results in blood volume depletion,
which actually contributes to CIN. Therefore, optimal approaches
involve increasing urine flow without causing volume depletion.
Dr. Solomon gives the example of a device available in Europe that
facilitates volume replacement: “The two European trials that
have been published show that this was beneficial in terms of
protection against contrast-induced nephropathy.”5,6
What about the choice of contrast agent? Although experimental
evidence suggests that viscosity and osmolality can influence renal
toxicity, the incidence does not seem to differ between iso- and lowosmolar, low-viscosity agents.7,8 Therefore, non-ionic, iso-osmolar (e.g.,
iodixanol) and non-ionic, low-osmolar, low-viscosity (e.g., iopamidol)
contrast agents are recommended.
Antioxidants, such as N-acetylcysteine, sodium bicarbonate or ascorbic
acid, have been suggested for reducing the risk of CIN. However,
prospective, randomized clinical trials evaluating such agents have not
produced convincing data, so this approach remains discretionary.

Reducing contrast dose to reduce the risk of CIN
As contrast volume is a key risk factor for CIN, the aim should be
for all cath lab staff to work toward using the minimum amount of
contrast possible. One approach to reduce contrast dose is to “stage”
a procedure by splitting it into separate sessions. Also, the use of an
automated contrast delivery system, compared with manual hand
injection, is an established strategy to reduce the amount of
contrast delivered. Manual hand injections tend to offer
limited control over contrast volume delivery. And with
repeated manual injections, particularly in complex
anatomies or procedures, operators can become
fatigued and the accuracy of injection volume can
be reduced. Automated contrast delivery systems
that also have a user-responsive, variable-flow rate
function, such as the ACIST | CVi® Contrast Delivery
System, allow precise control of contrast volume and
flow rate, and potentially decrease procedure times.
Shorter procedures may play a role in reducing the
amount of contrast delivered and potentially allow postprocedural hydration sooner. Studies have shown that an
automated system can reduce contrast volume used in percutaneous
coronary intervention and diagnostic procedures by 30%, and that the
use of such a system, in conjunction with contemporary hydration and

pharmacological strategies, is associated with a significant reduction in
the incidence of CIN.9-11

Experimental and future approaches
to CIN reduction and prevention
In the future we may have more options for reducing CIN risk. There are
currently a number of pharmacological agents in clinical trials that work
by various mechanisms associated with protection against CIN, including
compounds with anti-inflammatory or vasodilatory characteristics, and
those involved in prevention of reactive oxygen species generation.12,13
A clinical trial is ongoing with a suction catheter device that is placed in
the coronary sinus. Following coronary injection, the suction function is
activated to remove the contrast medium, thereby significantly reducing
the amount that enters the circulation.
Furthermore, Dr. Solomon predicts CIN will come to be defined by a
direct marker of kidney injury—a “kidney troponin”—rather than by
increased serum creatinine levels caused by impaired kidney function.
As a result, more cases of CIN will be identified, and at an earlier
stage. This will increase the impetus for developing effective strategies
to minimize the injury. In addition, as we better understand the longterm consequences of CIN, new endpoints for evaluating preventative
strategies will be defined, further improving patient care and outcomes.

The AngioTouch® Hand Controller in the ACIST CVi system allows precise
control of contrast volume and flow rate.
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