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Background: Contrast-induced nephropathy (CIN) remains a leading cause of acute renal failure in hospitalized
patients. N-Acetylcysteine has been studied previously for the prevention of CIN, resulting in mixed findings.
Objective: The objective of this study was to determine the impact of N-acetylcysteine on the development of
CIN in order to guide its use at community, teaching hospitals.
Methods: Patients admitted between January 1 and December 31, 2011, receiving intravenous radiocontrast
dye were included if they were compliant with two or more of the following conditions: baseline serum creatinine
> 1.2 mg/dL or estimated creatinine clearance <50 mL/min, age >75 years, diabetes mellitus, heart failure,
or hypertension. The primary outcome was the difference in the proportion of patients in each group
(N-acetylcysteine or no N-acetylcysteine) who developed CIN, which was defined as a >0.5 mg/dL increase
in serum creatinine or a >25% increase in serum creatinine within 12-96 hours post-exposure to contrast.
Results: A total of 302 patients were included, 151 who received N-acetylcysteine and 151 who did not receive
N-acetylcysteine. Patients who received N-acetylcysteine had significantly worse renal function at baseline
than those who did not receive N-acetylcysteine (mean pre-contrast serum creatinine, 1.41 vs. 0.95 mg/dL,
p<0.0001). A lower proportion of patients developing CIN was observed between those who received
N-acetylcysteine and those who did not receive N-acetylcysteine (10.2% vs. 21.8%, p =0.0428).
Conclusions: The use of N-acetylcysteine was likely associated with a reduced incidence of CIN in patients at
risk for CIN development. Based on these results, hospitals may benefit from the development of a protocol
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to guide the appropriate use of N-acetylcysteine.
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leading cause of acute renal failure in hospitalized

patients with an incidence ranging from 2% in
low-risk populations to 50% in high-risk populations (1-4).
The widely accepted definition of CIN is an absolute
(=0.5 mg/dL) or relative ( >25%) increase in serum cre-
atinine from baseline after exposure to contrast (3). This
increase in serum creatinine is usually transient, with
peaks occurring within 3 days after administration of
contrast and a return to baseline within 10 days after
administration (2).

Commonly referenced risk factors for the development
of CIN include underlying chronic renal impairment, heart
failure, advanced age, decreased blood volume, concomi-
tant administration of nephrotoxic drugs, and type and
higher doses of contrast medium (1, 2, 5). Diabetes mellitus
amplifies the risk of CIN in the setting of underlying renal
impairment. With these risk factors in mind, tools have
been created to help evaluate the risk of CIN in patients

Contrast-induced nephropathy (CIN) is the third

undergoing certain procedures (Table 1). The risk level of
the patient may help determine the need for prophylaxis in
patients requiring contrast.

The pathophysiology behind the development of CIN
has not been fully described, but there are three proposed
mechanisms: altered renal hemodynamics, direct cyto-
toxicity, and reactive oxygen species (2, 5). Based on these
potential mechanisms, hydration with saline and/or sodium
bicarbonate has been studied for the prevention of CIN,
and benefit has been seen with these strategies (6, 7). With
evidence of damage due to reactive oxygen species, it is
thought that the antioxidant, N-acetylcysteine, may be
able to provide additional benefit in the prevention of
CIN by improving renal hemodynamics through vasodila-
tion and by diminishing oxidative stress to the tissue by
scavenging oxygen-derived free radicals (1, 3, 8).

Individual studies and meta-analyses on the use
of N-acetylcysteine for the prevention of CIN show
mixed results. Studies in this area are often limited by
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Table 1. Predicting the risk of an acute decline in kidney function after percutaneous coronary intervention®

Risk factor

Score

Systolic pressure <80 mmHg for >1 hour, and patient requires

inotropic support or an intra-aortic balloon pump within 24 hours

after the procedure

Heart failure (New York Heart Association class Il or IV), history
of pulmonary edema, or both

Use of intra-aortic balloon pump

Age >75 years

Diabetes

Hematocrit <39% for men or <36% for women

Volume of contrast medium

Serum creatinine level >1.5 mg/dL, or

Estimated GFR <60 mL/min/1.73 m? body surface area

5

W w O

1 for each 100 mL
4
2, 40 to <60 mL/min/1.73 m?
4, 20 to 39 mL/min/1.73 m?
6 <20 mL/min/1.73 m?

Risk of an increase in serum creatinine

Total risk score

levels of >0.5 mg/dL or >25%

Risk of dialysis

<5 7.5
6-10 14.0
11-15 26.1
>16 57.3

%
0.04
0.12
1.09
12.6

2Adapted from Barrett et al. (2).
GFR =glomerular filtration rate.

small sample size and failure to meet quality standards
such as allocation concealment, blinding, and intention-
to-treat analysis (8). The first study to report benefit of
N-acetylcysteine was completed in 2000 (5). In this study,
N-acetylcysteine in addition to hydration was more ef-
fective than hydration alone in patients with chronic
kidney disease who received contrast. Following the ad-
ministration of contrast, the incidence of an elevation in
serum creatinine of at least 0.5 mg/dL was 2% in the
N-acetylcysteine group compared to 21% in the hydration
only group (p =0.01) (5). Following this study, additional
prospective trials were begun, and results are largely
inconsistent (Table 2).

The majority of meta-analyses conducted do show an
association between N-acetylcysteine use and decreased
rates of CIN. Two meta-analyses evaluating eight rando-
mized controlled trials with a total of 885 patients found
that N-acetylcysteine plus hydration significantly reduced
the risk of CIN over hydration alone in patients with
chronic renal failure (OR, 0.41; 95% CI 0.22-0.79) (9, 10).
The analysis by Alonso et al. (10) only saw benefit in
patients with a baseline creatinine <1.9 mg/dL or
those given >140 mL of contrast. The largest meta-
analysis included 41 studies (n-6379) and showed that
N-acetylcysteine significantly lowered the risk of CIN
over saline alone (RR, 0.62; 95% CI 0.44-0.88) (11).

Results from a large prospective study (n-2308) were pub-
lished in 2011, after the publication of previously dis-
cussed meta-analyses. This study evaluated N-acetylcysteine
in high-risk patients undergoing vascular angiography. The
primary end-point of CIN (defined by a 25% elevation of
serum creatinine above baseline 48—96 hours after procedure)
occurred in 12.7% of patients receiving N-acetylcysteine
and 12.7% of patients in the control group. The two groups
had identical baseline serum creatinine levels and a near
identical rate of elevation, >0.5 mg/dL in serum creatinine.
This non-significant result was noted in all patient subgroups.

The Kidney Disease Improving Global Outcomes
(KDIGO) guidelines (12) determine their recommenda-
tions for CIN prophylaxis based on patient risk. Accord-
ing to the guidelines, alternative imaging methods should
be evaluated in any patient considered to be at an
increased risk of CIN. If other imaging studies are not
obtainable, non-pharmacologic recommendations include
using the lowest dose of contrast possible and using
low-osmolar contrast media. Pharmacologic prevention
recommendations consist of intravenous fluid administra-
tion of sodium chloride or sodium bicarbonate. Regarding
N-acetylcysteine, the KDIGO guidelines suggest using
oral N-acetylcysteine, in combination with intravenous
crystalloids, in patients at increased risk for CIN. The
low cost and low incidence of adverse events associated

Citation:)Joumal of Community Hospital Internal Medicine Perspectives 2015, 5: 27297 - http://dx.doi.org/10.3402/jchimp.v5.27297

(page number not for citation purpose)


http://www.jchimp.net/index.php/jchimp/article/view/27297
http://dx.doi.org/10.3402/jchimp.v5.27297

Prevention of contrast-induced nephropathy

Tuble 2. Clinical studies on the prophylactic use of N-acetylcysteine to prevent CIN?

N-Acetylcysteine dose CIN in the CIN in Volume of
Baseline SCr and route of N-acetylcysteine  the control Effect of contrast
Author N (mg/dL) administration group (%) group (%)  N-acetylcysteine dye (mL)
Tepel 83 25+13 600 mg BID PO, day 2 21 Benefit 75
et al. 2000 before and after
Diaz-Sandoval 54 1.6+0.4 600 mg BID PO, 1 dose 8 45 Benefit 184+10
et al. 2002 before and 3 after
Shyu 121 2.8+0.8 400 mg BID PO, day 3.3 24.6 Benefit 117+25
et al. 2002 before and after
Kay 200 1.25°(0.70-3.30) 600 mg BID PO, day 4 12 Benefit 125 (70-320)°
et al. 2003 before and after
Briguori 183 1.5+0.4 600 mg BID PO, day 6.5 11 No Benefit 197+135
et al. 2002 before and after
Allagaband 123 2.1+0.8 600 mg BID PO, day 17.7 15.3 No Benefit 125+65
et al. 2002 before and after
Durham 79 1.6+0.7 1,200 mg BID PO, 1 hour 26.3 22 No Benefit 81439
et al. 2002 before and 3 hours after
Webb 447 22+04 500 mg IV, 1 hour before 7.3 5.7 No Benefit 120 (80-175)°
et al. 2004
Boccalandro 181 1.84+0.5 600 mg BID PO, day 13 12 No Benefit 1914130
et al. 2003 before and after
Goldenberg 80 2.0+0.4 600 mg BID PO, day 10 8 No Benefit 116 +45
et al. 2004 before and after
Oldemeyer 96 1.6+0.7 1,500 mg BID PO, day 8.2 6.4 No Benefit 130+72
et al. 2003 before and after
Baker 80 1.8+0.5 150 mg/kg over 30 min 5 21 Benefit 230+158
et al. 2003 immediately before and
50 mg/kg over 4 hours
Miner 180 1.4+0.6 2,000 mg PO, 1 dose 9.6 22.2 Benefit 347 +199
et al. 2004 before and 2 doses after
Sar 45 0.53+0.15 1,200 mg BID PO, day 0 15 Benefit NR
et al. 2010 before and after
Amini 90 >1.5 600 mg BID PO, day 11.1 143 No Benefit 118435
et al. 2009 before and after
Coyle 137 1.14+0.43 600 mg BID PO, day 9.2 1.4 No Benefit 98 +35
et al. 2006 before and after
Gomes 156 >1.5 600 mg BID PO, day 10.4 10.1 No Benefit 102 +47
et al. 2005 before and after

8Adapted from Briguori et al. (4).
PMedian (interquartile range).

CIN =contrast-induced nephropathy, SCr =serum creatinine, PO =by mouth, BID =two times daily, NR =not reported.

with N-acetylcysteine form the basis of their recom-
mendation, while recognizing varying results regarding
efficacy. Other organizations provide different recom-
mendations for the prevention of CIN. For example, the
American College of Cardiology Foundation/American
Heart Association Task Force does not recommend the
use of N-acetylcysteine. Instead, they prefer adequate
hydration alone (13).

Due to increases in costs, in-hospital mortality, and
hospital stay associated with CIN, further evaluation of

its incidence is warranted (1, 2, 5). The objective of this
study was to determine the impact of N-acetylcysteine on
the development of CIN to guide its use.

Methods

Study design

This study was a historical cohort conducted at a 1,000
bed community, teaching hospital. There was no funding
received for the study, and all data collection and analysis
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was completed by the primary author. The study protocol
was approved by the appropriate institutional review
boards.

Study population

Patients who had received intravenous contrast in 2011
were screened, via use of a random number generator, for
inclusion into the study. Patients who met inclusion criteria
had at least two of the following characteristics: baseline
serum creatinine >1.2 mg/dL or a creatinine clearance
<50 mL/min (calculated via Cockcroft—Gault equation),
age >75 years, diabetes mellitus noted in their past
medical history, systolic heart failure with documented
ejection fraction <40%, and/or hypertension evidenced
by their past medical history or active use of antihyper-
tensives. In addition, patients had to have a serum
creatinine level drawn at baseline (within 1 month prior
to receiving contrast) and within 12-96 hours following
contrast administration. Excluded patients were those
<18 years of age, those who were pregnant or breast
feeding, and those who were receiving dialysis prior to or
during the study period.

Procedure

Patients were identified through electronic prescription
numbers in the electronic medical record. A list of all
patients who received intravenous contrast during the
defined study period was generated. From this list, an
additional filter was added to separate patients who had
also received N-acetylcysteine from patients who had not
received N-acetylcysteine. Patients from these two lists
(those who received N-acetylcysteine and those who did
not) were selected randomly. Data on patients included in
these two groups were then collected and analyzed (Fig. 1).

Outcomes

The primary outcome was the absolute difference in the
proportion of patients who developed CIN with and
without the administration of N-acetylcysteine. CIN was
defined as a >0.5 mg/dL increase in serum creatinine or
a >25% increase in serum creatinine within 12-96 hours
post-exposure to contrast.

Secondary outcomes included sub-analysis of the
primary outcome according to patients with diabetes
mellitus, patients aged >75 years, patients with systolic
heart failure, and patients with hypotension (systolic
blood pressure <90 mmHg) immediately prior to contrast
administration; absolute difference in blood urea nitro-
gen (BUN) post-exposure to contrast; and proportion
of patients with an elevation in serum creatinine of at
least 0.3 mg/dL.

Statistical analysis

The primary hypothesis was that N-acetylcysteine would
reduce the incidence of CIN. On the basis of reported
rates of CIN in previous studies, the anticipated incidence
of CIN without N-acetylcysteine was 15%. For the
primary outcome, we determined that 302 patients would
provide a power of 80% to detect a 10% absolute risk
reduction (ARR) with a two-sided alpha level of 0.05.
Categorical data were analyzed using the Fisher’s Exact
Test. Continuous data were analyzed using the Student’s
t-test.

Results

Patient characteristics

Baseline characteristics are presented in Table 3. Ap-
proximately 45% of patients were aged >75. The major-
ity of patients had co-morbidities of diabetes and/or
hypertension, with more patients with diabetes present in
the group not receiving N-acetylcysteine compared to
the group that did receive N-acetylcysteine. When com-
paring baseline renal function, mean pre-contrast serum
creatinine in patients receiving N-acetylcysteine was
1.41 mg/dL compared to 0.95 mg/dL in those not re-
ceiving N-acetylcysteine (p =0.0001).

Primary outcome

CIN occurred in 14 (9.3%) patients who received
N-acetylcysteine and in 27 (17.9%) patients who did
not (ARR 8.6%, p =0.0428) (Table 4). The mean increase
in serum creatinine post-contrast in patients receiving
N-acetylcysteine and patients not receiving N-acetylcysteine

Random selection of 302 patients who received intravenous
contrast between January 1, 2011 and December 31, 2011

I
151 patients who received NAC

|
I 1

I
151 patients who did not receive NAC

No Devel t
Development of CIN © i;/%?ﬁmen

No Development
Development of CIN of CIN

Fig. 1. Study procedure.

CIN =contrast-induced nephropathy, NAC = N-acetylcysteine.
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Characteristic N-Acetylcysteine (n =151) No N-acetylcysteine (n =151) p

Mean age (years) 70.19+11.43 70.66+12.45 0.7291
Gender-male, n (%) 85 (0.56) 78 (0.52) 0.4886
Mean height (inches) 67.0+4.2 66.6+4.0 0.4652
Mean weight (kg) 89.94+26.4 87.9+24.8 0.5057
Mean IBW (kg) 64.0+11.4 63.0+10.9 0.4353
Age >75, n (%) 62 (0.41) 75 (0.50) 0.1653
Diabetes, n (%) 66 (0.44) 88 (0.58) 0.0155
Hypertension, n (%) 140 (0.93) 145 (0.96) 0.3182
Congestive heart failure, n (%) 22 (0.15) 19 (0.13) 0.7372
Hypotension prior to contrast, n (%) 4 (0.03) 3 (0.02) 1.0000
Mean pre-contrast SCr (mg/dL) 1.41+0.55 0.9540.62 0.0001
Mean hours prior to contrast — SCr (mg/dL) 11.374+22.41 12.064+-30.67 0.8238
Mean hours post-contrast — SCr (mg/dL) 40.97 +27.23 38.21+25.24 0.3609
Mean pre-contrast CrCl (mL/min) 46.30+19.97 68.18 +30.96 0.0001
Mean pre-contrast BUN (mg/dL) 29.34+14.15 18.78 £9.67 0.0001

SCr =serum creatinine, CrCl = creatinine clearance (as estimated by Cockcroft—Gault), BUN =blood urea nitrogen, IBW =ideal body weight.

was 0.07 and 0.05 mg/dL, respectively. Of the 41 patients
who developed CIN, 16 met both criteria in the definition
of CIN. Twenty-four patients met the definition solely based
on a relative increase in serum creatinine of >25%, and one
patient met the definition solely based on an absolute
increase in serum creatinine of >0.5 mg/dL.

Secondary outcomes

Secondary outcomes are presented in Table 4. In a sub-
group analysis of the primary outcome, significant differ-
ences in the incidence of CIN were seen in patients aged at
least 75 years and in patients with a history of hyperten-
sion. A significant difference was also noted in the percent
change in BUN.

Fluid administration

In the overall population (n=302), 77% of patients
received fluids either prior to or immediately following
contrast administration; however, the mean percentage

Table 4. Outcomes

was different between the two study groups. In the group
of patients receiving N-acetylcysteine, 85% of patients
received fluids compared to only 69% of patients in the
group that did not receive N-acetylcysteine. Seventy
patients did not receive any fluids around the time of
contrast administration. Patients who received fluids had
a lower incidence of CIN than patients who did not
receive fluids (10.8% vs. 22.9%, respectively; p =0.0157).
The effect of fluid administration in the overall population,
in those receiving N-acetylcysteine (p =0.0411), and in
those not receiving N-acetylcysteine (p =0.2561), is pre-
sented in Fig. 2.

Discussion

In this historical cohort, we evaluated the use of
N-acetylcysteine for the prevention of CIN. Based on
the primary outcome, N-acetylcysteine is likely associated
with a lower incidence of CIN.

Outcome N-Acetylcysteine (n =151) No N-acetylcysteine (n =151) p
Development of CIN, n (%) 14/151 (9.3) 27/151 (17.9) 0.0428
Patients >75 years, n (%) 4/62 (6.5) 16/75 (21.3) 0.0156
Diabetes mellitus, n (%) 8/66 (12.1) 16/88 (18.2) 0.3725
Hypertension, n (%) 11/139 (7.9) 26/145 (17.9) 0.0134
Heart failure, n (%) 3/22 (13.6) 6/19 (31.6) 0.2595
Hypotension prior to contrast, n (%) 1/4 (25.0) 1/3 (33.3) 1.0000
Increase in SCr >0.3 mg/dL, n (%) 17 (11.3) 15 (9.9) 0.8520
Absolute change in BUN (mg/dL) 0.61 1.17 0.6366
Percent change in BUN (%) 3.3 13.7 0.0307

CIN =contrast-induced nephropathy, BUN =blood urea nitrogen, SCr =serum creatinine.
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Fig 2. Effect of fluids.

CIN =contrast-induced nephropathy, NAC = N-acetylcysteine.

Patients included in this cohort had to have at least two
risk factors for the development of CIN. Based on the
predictive risk tool by Barrett et al. (2), the majority of
patients in this cohort would have been at a 7.5-14% risk
of developing CIN by our definition. The incidence of
CIN in patients not receiving N-acetylcysteine was ap-
proximately 18%, which is just above the average incidence
in previously reported studies (15.7%) (4). Similarly, in
patients who did receive N-acetylcysteine, the incidence
of CIN in our study was similar to the average incidence
reported in previous literature (4) (9.3% vs. 8.9%, respec-
tively). This suggests that patients reviewed in this study
were at similar baseline risk to those patients reviewed by
others previously.

In addition, this study analyzed the effect of fluids,
both with regard to use and non-use of N-acetylcysteine,
since adequate hydration has been shown to be effective
in preventing CIN. The definition of CIN and the risk
factors for CIN used in this study are well agreed upon
in the literature. In addition to the primary outcome
being analyzed with a commonly accepted definition
of CIN, other important markers used to describe acute
kidney injury and CIN were included as secondary out-
comes (absolute change in serum creatinine and change
in BUN) (14, 15).

There were several limitations to this study. First,
the retrospective nature of the study does not allow for
cause and effect relationships to be analyzed, and we are
only able to support an association between the incidence
of CIN and N-acetylcysteine use. Second, the dose, route,

and frequency of N-acetylcysteine were not analyzed
in this study. All patients who received N-acetylcysteine
received at least 600 mg/dose and received at least a
total of four doses surrounding contrast administra-
tion, but no consistent pattern of administration was
enforced. For example, some patients received one dose
of N-acetylcysteine before contrast and three after, while
others received two doses before and three after, and so
on. This is a potential confounder as previous literature
suggests that certain dosing strategies may be associated
with better outcomes (16, 17). Selection bias is a factor
due to patients in the group receiving N-acetylcysteine
having worse renal function at baseline. This is likely
reflective of healthcare professionals being more likely
to order N-acetylcysteine in patients with poor renal
function at baseline due to the potential benefit seen in
previous literature.

Several additional confounders may be present in this
study. The concomitant use of nephrotoxic medications
by patients was not taken into account. In addition, there
was an observed difference in the percentage of patients in
each group that received intravenous fluids. Since fluids
are considered the first-line preventative strategy for
CIN, the difference in use could impact the results of
this study. Finally, while the study did meet power for the
primary outcome, it is possible that the non-significant
results noted in some subgroups is a result of type II error.

Despite the limitations presented above, this study
may provide information that can be used for the pre-
vention of CIN. In this time of nationwide drug shortages,
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the appropriate utilization of medications is of extreme
importance. Based on the subgroup analysis of the pri-
mary outcome, a protocol can be developed that takes into
account the patients at the highest risk for CIN develop-
ment. In addition to helping identify those at the high-
est risk, a protocol could help with the establishment of
more consistent N-acetylcysteine dosing. Developing this
type of protocol would likely reduce drug cost and allow
N-acetylcysteine to be used more resourcefully.

This study conducted in a community, teaching hospital
may provide information to healthcare professionals
in numerous health-system settings. Specifically, other
community-based hospitals can use the data presented
here to tailor or develop N-acetylcysteine protocols. While
this study was retrospective, the inclusion of over 300
patients allows for extrapolation to other hospitals. Future
prospective studies, analyzing a larger number of patients
with various risk factors, would help in the development of
a protocol for the optimal use of N-acetylcysteine. Ideally,
these future studies would take into account confounding
factors such as the use of nephrotoxic drugs and the dosing
strategy of N-acetylcysteine.

Conclusion

In conclusion, N-acetylcysteine was likely associated with
a lower rate of CIN in patients at risk for CIN develop-
ment. Subgroup analyses reveal patients who may have the
greatest benefit, specifically those aged >75 years and
those with a history of hypertension.
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