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Abstract

Background: The reports on efficacy of oral hydration treatment for the prevention of contrast-induced acute kidney injury (CIAKI) in
elective radiological procedures and cardiac catheterization remain controversial. Aims: The objective of this meta-analysis was to assess
the use of oral hydration regimen for prevention of CIAKI. Materials and Methods: Comprehensive literature searches for randomized
controlled trials (RCTs) of outpatient oral hydration treatment was performed using MEDLINE, EMBASE, Cochrane Database of
Systematic Reviews, Cochrane Central Register of Controlled Trials Systematic Reviews, and clinicaltrials.gov from inception until July
4*2014. Primary outcome was the incidence of CIAKI. Results: Six prospective RCTs were included in our analysis. Of 513patients
undergoing elective procedures with contrast exposures,45 patients (8.8%) had CIAKI. Of 241 patients with oral hydration regimen, 23
(9.5%) developed CIAKI. Of 272 patients with intravenous (IV) fluid regimen, 22 (8.1%) had CIAKI. Study populations in all included
studies had relatively normal kidney function to chronic kidney disease (CKD) stage 3. There was no significant increased risk of CIAKI in
oral fluid regimen group compared tolV fluid regimen group (RR = 0.94, 95% confidence interval, CI = 0.38-2.31). Conclusions: According
to our analysis,there is no evidence that oral fluid regimen is associated with more risk of CIAKI in patients undergoing elective procedures
with contrast exposures compared to IV fluid regimen. This finding suggests that the oral fluid regimen might be considered as a possible
outpatient treatment option for CIAKI prevention in patients with normal to moderately reduced kidney function.
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minimally invasive procedures that require iodinated
contrast administration. A commonly used definition for
CIAKI is as serum creatinine (SCr) elevation of 0.5 mg/

Introduction

Contrast-induced nephropathy or contrast-induced acute

kidney injury (CIAKI) is a well-recognized complication
of radiological interventions, cardiac catheterization, or
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dL or an increase of more than 25% from the baseline SCr
value in the absence of an alternative cause."

CIAKI is a common cause of acute kidney injury (AKI)
in an inpatient setting.” Its incidence has been reported
from 2% in the general population without risk factors
to more than 40% in high-risk patients.?®! The incident
rate of CIAKI is approximately 150,000 patients each year
in the world, and at least 1% requires renal replacement
therapy (RRT)."!
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In the outpatient setting, Kim et al.demonstrated that
CIAKI occurred in 2.5% of chronic kidney disease
(CKD) patients after contrast-enhanced computed
tomography (CT). The development of CIAKIwas
associated with poor kidney survival in the long-term
and also increased the risk of RRT, especially in patients
with CKD stage 4-5 (glomerular filtration rate (GFR)
< 30 mL/min/1.73 m2),1% The risk of CIAKI is also
associated with the type of procedures, with 14.5%
overall in patients undergoing coronary interventions
compared to 1.6-2.3% for radiological diagnostic
intervention.!!

The efficacy of oral hydration or oral sodium chloride
loading for the prevention of CIAKI in patients who
receive contrast as outpatients or elective radiological
procedures is still conflicting. A randomized controlled
trial (RCT) study found a higher rate of AKI in patients
undergoing elective cardiac catheterization who
received oral fluid regimen than those who received
intravenous (IV) normal saline.'” Conversely, a few
studies demonstrated no difference in the incidence of
CIAKI between oral fluid hydration group and IV fluid
regimen group.[>17!

The objective of this meta-analysis was to assess the use
of oral hydration regimen for prevention of CIAKI in
patients after electively radiological procedures with
contrast exposures.

Materials and Methods

Search strategy

Two investigators (W.C. and C.T.) independently
searched published RCTs indexed in MEDLINE,
EMBASE, Cochrane Database of Systematic Reviews,
Cochrane Central Register of Controlled Trials Systematic
Reviews, and clinicaltrials.gov from inception to July 4%,
2014using the terms “oral hydration” and “oral fluid”
combined with the terms “contrast nephropathy,”
“contrast-induced nephropathy,” and “contrast-induced
acute kidney injury.” A manual search for additional
relevant studies using referencesfrom retrieved
articles was also performed. Conference abstracts and
unpublished studies were excluded.

Inclusion criteria

The inclusion criteria were as follows:

1. RCTs published as original studies to evaluate the
incidence of CIAKI in patients undergoing elective
cardiac catheterization or any radiological procedures
with contrast exposures,

2. Data for analysis for relative risks, hazard ratios,
standardized incidence ratio with 95% confidence
intervals (CI) were provided,

3. Reference group composed of participants who used
IV fluid regimen and,
4. Only studies in humans.

Study eligibility was independently determined by the
two investigators noted above. Differing decisions were
resolved by mutual consensus. The quality of each study
was independently evaluated by each investigator using
Jadad quality assessment scale.['®!

Data extraction

A standardized data collection form was used to extract
the following information: last name of the first author,
study design, year of study, country of origin, year of
publication, sample size, characteristics of included
participants, definition of CIAKI, definition of oral fluid
and IV fluid regimens, type of contrast, and relative risk
with 95% CI. The two investigators mentioned above
independently performed this data extraction.

Statistical analysis

Review Manager 5.2 software from the Cochrane
Collaboration was used for data analysis. Point estimates
and standard errors were extracted from individual
studies and were combined by the generic inverse
variance method of DerSimonian and Laird.'! Given the
high likelihood of between study variances, we used a
randome-effect model rather than a fixed-effect model.?**!
Statistical heterogeneity was assessed using the Cochran’s
Q test. This statistic is complemented with the I? statistic,
which quantifies the proportion of the total variation across
studies that is due to heterogeneity rather than chance. A
value of I? of 0-25% represents insignificant heterogeneity,
26-50% low heterogeneity, 51-75% moderate heterogeneity,
and >75% high heterogeneity./>%!

Results

Our search strategy yielded 774 potentially relevant
articles. Seven hundred and thirty-six articles were
excluded based on title and abstract for clearly not fulfilling
inclusion criteria on the basis of the type of article, study
design, population, or outcome of interest. Thirty-seven
articles underwent full-length-article review. Thirty-one
articles were excluded (23 articles used only 1V fluid
regimen, and eight articles did not report the outcomes of
interest). Six RCTs were identified and included in the data
analysis.['*'”) Table 1 describes the detailed characteristics
and quality assessment of the included studies.

The overall incidence of CIAKI

Of 513 patients who had elective cardiac catheterization
or radiological procedures with contrast exposures, 45
patients (8.8%) developed CIAKI. Of 241 patients with

North American Journal of Medical Sciences | Dec 2014 | Volume 6 | Issue 12 | 619




Cheungpasitporn, ez al.: Oral hydration and prevention of contrast-induced acute kidney injury

Heterogeneity: Tau®= 0.51; Chi*=8.58, df=5 (P=0.13); I*= 42%
Test for overall effect: Z=0.13 (P = 0.90)

Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Taylor et at -0.69315 1.176821 11.0% 0.50[0.05,5.02] 1998
Trivedi et al 2235376 1.01797 13.5% 9.35[1.27,68.76] 2003
Dussol et al 0.239017 0.653763 22.2% 1.27[0.35, 4.57] 2006 I I —
Lawlor et al -0.11653 0.877044 16.3% 0.89[0.16, 4.97] 2007
Wrobel et al -0.37106 0.923647 15.3% 0.69([0.11,4.22] 2010
Cho etal -1.20397 0.668632 21.8% 0.30([0.08,1.11] 2010 — =T
Total (95% CI) 100.0% 0.94 [0.38, 2.31]
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Figure 1: Forest plot of the included studies comparing the risk of CIAKI in oral hydration and IV fluid regimens
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Figure 2: Funnel plot of 6 studies to evaluate publication bias for
the risk of CIAKI in patients receiving oral hydration regimen versus
IV fluid regimen

oral hydration regimen, 23 (9.5%) developed CIAKI. Of
272 patients with IV fluid regimen, 22 (8.1%) had CIAKI.

The risk of CIAKI in oral hydration and IV fluid
regimens

The pooled risk ratio (RR) of CIAKI in oral hydration
regimen versus IV fluid treatment was 0.94 (95% CI,
0.38-2.31). The statistical heterogeneity was moderate
with an I?of 42%. [Figure 1] shows the forest plot of the
included studies.

Evaluation for publication bias

Funnel plot to evaluate publication bias for the risk of
CIAKI in patients receiving oral hydration regimen
versus IV fluid regimenis summarized in [Figure 2]. The
graphshows no obvious asymmetry and, thus, provide a
suggestion to the absence of publication bias.

Discussions

Our meta-analysis showed an overall incidence of
CIAKI of 8.8% in patients undergoing elective cardiac
catheterization or radiological procedures with contrast
exposures. Our study also demonstrated no significant

difference between oral fluid hydration and IV fluid
hydration regimens in the prevention of CIAKI.

Although there have been heterogeneities of the reported
incidence of CIAKI among studies, due to differences in
definition, study population, imaging procedure "1, all
included studies in our analysis used the same definition
of CIAKI (an increase in serum creatinine >0.5mg/dL
within 48 hours of contrast exposure).! Our meta-
analysis found higher incident rate of CIAKI of 8.8% in
the outpatient setting, compared to 2.5% from the study
by Kim et al. in 2010.1% The higher incidence could be
explained by the use of both intra-arterial and IV contrast
in our included studies in the analysis compared to the
main use of IV contrast in study by Kim et al."!

The underlying pathogenesis of CIAKI is not completely
explained.It has been observed that a combination of
direct toxic injury to the renal tubular cells and ischemic
injury (hemodynamic changes of renal blood flow),
mediated by increase in free radicals, adenosine and
endothelin-induced vasocontriction as well as decrease
innitric oxide and prostaglandin-induced vasodilation.®!

Although the reported need for RRT in the setting of
CIAKITis low as 0.44%M), patients developing CIAKI have
longer hospitalization and higher mortality rates.*'!
Solomon et al.showed that the long-term adverse event
rate was higher in patients developing CIAKI after
adjustment for baseline comorbidities.* Since no
specific treatments are currently available when AKI
has occurred, studies have focused on the prevention
of CIAKI.

Acetylcysteine has been studied for CIAKI prevention
as it potentially reduces both vasoconstriction and
oxygen-free radical generation after contrast exposure.*’!
However,studies have suggested that hydration is still the
most effective treatment to prevent CIAKI.?®) Hydration
increases urine flow rates,?! decreases the concentration
of contrast media in the tubule, and expedites excretion
of contrast media.*!
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For inpatient setting or individuals who require emergent
coronary angiography or radiological procedures with
contrast exposures, intravenous hydration has been
studied and used as first-line treatment for prevention
of CIAKILP# Jsotonic saline is preferred to hypotonic
solution because isotonic saline is a more efficient
volume expander.? The use of IV sodium bicarbonate
compared to IV isotonic saline has been examined in a
number of randomized trials and meta-analyses®! since
alkalinization may protect against free radical injury.
However, the results remain conflicting.

24,48, and 72 hours after

angiography
No reported blinding

Cho et al®

Serum creatinine
0.30 (0.08-1.10)

2 of 5 due to
Incomplete blinding
method

USA

In the outpatient setting, our analysis suggests that
the oral fluid regimen is not significantly inferior to
IV fluid regimen. A recent systematic review raised
a very important point that oral hydration may be as
effective as IV fluid for CIAKI prevention.*! Even in
patients with CKD stage 3, studies by Talor ef al.l'! and
Dussol et al.' showed that outpatient hydration and
oral salt loading prior to the contrast exposures are
similar in term of CIAKI prevention compared with
IV hydration. However, unrestricted oral fluids only,
without encouraged oral fluid hydration or additional
salt intake, may not be enough, and could potentially
increase the risk of CIAKI compared to IV fluid hydration
with isotonic saline.['2

and dropouts described and dropouts described

measurement performed measurement performed
No patient withdrawals No patient withdrawals

Wrobel et al.1""]
Poland

Serum creatinine

24,48 and 72 hours after
angiography

0.69 (0.11-4.11)

2 of 5 due to
Incomplete blinding
method

No reported blinding No reported blinding

Incomplete blinding
method

Serum creatinine

measurement
performed 24 and

48 hours after
angiography

Lawlor et al.["s!
0.89 (0.16-4.98)
3 of 5 due to

Canada

Although almost all included studies were of moderate
to high quality™>*1% (as evaluated by Jadad quality
assessment scale), there are some limitations. Firstly, study
populations in all included studies had relatively normal
kidney function to CKD stage 3. Therefore, the finding
of our study can notbe generalized to the individuals
with moderate to severe CKD (stage 4-5). Secondly, all
included studies used fixed rates of chloride based IV
fluid as the control groups [Table 1]. Therefore, we could
not demonstrate the comparison with other IV solutions,
such as IV sodium bicarbonate, or with a higher rate of
IV isotonic saline. Recently, the POSEIDON randomized
controlled trial®! showed that the use of different IV
isotonic saline rates guided by end-diastolic pressure
for CIAKI prevention is effective in patients undergoing
cardiac catheterization. Although, our study could not
compare oral fluid hydration regimen to IV isotonic saline
guided by end-diastolic pressure for CIAKI prevention,
oral fluid hydration is a reasonable strategy for patients
with low risksP® for CIAKI undergoing radiological
procedures with IV contrast that do not have central
venous catheter to assess end-diastolic pressure.

Serum creatinine were

collected day 1 and day
2 following radiological

procedures
Incomplete blinding

Dussol et al.14
1.27 (0.35-4.54)
3 of 5 due to

USA
method

No reported blinding No reported blinding

Incomplete blinding
method

Serum creatinine

Trivedi et al.2
measurement
catheterization
9.35 (1.27-68.68)
3 of 5 due to

USA
48 hours after

after cardiac catheterization. performed 24 and

obtained 24 and 48 hours
No reported blinding

Incomplete blinding
method.
kilogram

Taylor et al.l®
USA
Outcome ascertainment Serum creatinines were
0.50 (0.05-5.04)
3 of 5 due to

gram, kg

Despite no significant publication bias, there are moderate
degrees of heterogeneity in our complete analysis. The
potential sources of these heterogeneities include the
difference in oral fluid regimen, IV fluid regimen and rate
of IV fluid, and the type of contrast media.Moreover the
definition of acute kidney injury®®-" also varies among

Continued

Table 1
Country
Relative risk
Jadad quality
assessment scale
IV = Intravenous, g
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included studies. However, the strength of our meta-
analysis is only RCTs were included, which minimized
the potential confounders.

In conclusion, our study demonstrates no statistical
significance in increased risks of CIAKI in oral fluid
treatment in patients undergoing elective procedures
with contrast exposures compared with IV fluid regimen.
This finding suggests that the oral fluid regimen might be
considered as a possible outpatient treatment option for
CIAKI prevention in patients with normal to moderately
reduced kidney function.
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