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Abstract: Sodium bicarbonate is an important buffer in the maintenance of acid/base
homeostasis. It plays an important role in preventing acidemia and associated complications.
Among patients with chronic kidney disease, metabolic acidosis has been linked to disorders of
muscle and bone metabolism. Administration of sodium bicarbonate can largely correct these
abnormalities. More recently, the use of sodium bicarbonate for the prevention of contrast-
medium induced nephropathy has generated considerable interest. Contrast induced nephropathy
is a common complication of iodinated contrast media exposure in patient with chronic kidney
disease. There are now multiple randomized controlled trials comparing sodium bicarbonate
to sodium chloride among patients with chronic kidney disease. However, the results of these
trials are not conclusive on the efficacy of sodium bicarbonate hydration for the prevention of
contrast nephropathy. In this review, we discuss the role of sodium bicarbonate treatment in
chronic kidney disease with an emphasis on prevention of contrast induced nephropathy. Insights
gained from randomized trials and meta-analyses are discussed.
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Introduction

Sodium bicarbonate is an important buffer in the maintenance of acid/base homeostasis.
It plays an important role in preventing acidemia and associated complications.! Among
patients with chronic kidney disease (CKD), metabolic acidosis has been linked to
disorders of muscle and bone metabolism.>* Administration of sodium bicarbonate
can largely correct these abnormalities.

More recently, sodium bicarbonate has been evaluated for the prevention of contrast-
medium induced nephropathy (CIN). In susceptible individuals, CIN occurs after expo-
sure to iodinated contrast media. It is a common complication in patients with CKD
and is the most frequent cause of iatrogenic acute kidney injury.> Persons with CKD
stage III or greater (glomerular filtration rate [GFR] < 60 mL/min per 1.73 m?) are
considered to be at the greatest risk for CIN.¢® With the increasing prevalence of CKD
and diagnostic and interventional procedures utilizing contrast-media, the incidence
of CIN is likely to increase further.” The higher morbidity, mortality, and healthcare
expenditure resulting from CIN have led to numerous investigations into preventive
therapies. In this review, we discuss the use of sodium bicarbonate supplementation
in the patient with CKD, in particular for the prevention of CIN. Randomized trials
of sodium bicarbonate therapy are reviewed with an emphasis on their strengths and
limitations.
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Normal physiology of acid/base

homeostasis

In the healthy individual, the kidneys help maintain acid/base
homeostasis to prevent the complications seen in acidemia
or alkalemia. The initial phase of maintaining balance is
the absorption of bicarbonate. Since loss of bicarbonate is
equivalent to an equal gain in acid in the bloodstream, all of
the bicarbonate that is filtered must initially be reabsorbed.
Once this is complete, any excess acid can then be excreted in
the urine. H+ is initially secreted in the proximal tubule and the
loop of Henle through a passive Na-H exchanger. Distally, the
collecting tubules are able to actively excrete H+ through an
aldosterone responsive H-ATPase.!” However, free H+ cannot
be excreted and therefore buffers must exist. Some of the H+
binds to filtered buffers such as HPO4(2-) and creatinine but
the main mechanism of excretion is through the formation of
ammonium. Glutamine is metabolized in the proximal tubule
to form ammonia which is then secreted and binds to the free
H+ to form ammonium which is then excreted in the urine.
Precise control of the acid/base homeostasis requires a very
complex process involving many mechanisms that must oper-
ate optimally. Any malfunction of the corresponding mecha-
nisms, such as that occurs in the many forms of CKD, can lead
to a disruption in the acid/base homeostasis in the body.

Metabolic acidosis in CKD

and associated complications

CKD is a general term that applies to many different forms of
renal impairment secondary to a variety of etiologies, includ-
ing diabetes, the many glomerulonephritides, hypertension
(HTN), drug-induced, and others. It is very common in
the United States with an increasing number of diagnoses
yearly.>!! With the growing number of patients with CKD
come the many complications associated with it such as
metabolic acidosis. It has been estimated that 300-400,000
patients have metabolic acidosis in the United States and
the prevalence among CKD patients in some studies is as
high as 60%.%!

The metabolic acidosis of CKD is a result of the reduced
capacity of the kidneys to make ammonium and subsequently
excrete H+."* Decreased ability of the proximal tubule to uptake
glutamine leads to decreased ammonia production and secre-
tion making the kidneys reliant on titratable acid excretion.'
Metabolic acidosis is also a result of decreased production of
new bicarbonate and to a lesser extent decreased bicarbonate
reabsorption.'*!* There is no evidence of increased endogenous
production of hydrogen ion in CKD, therefore the metabolic
acidosis is a result of pathology at the renal level.'° The resulting

acidosis leads to serum bicarbonate levels of 12-22 in CKD."”
The bicarbonate levels generally do not drop below 12 and
metabolic acidosis becomes more common in patients whose
GFR is below 30 mL/min per 1.73 m?.'8

The metabolic acidosis caused by CKD leads to several
complications.! Of these, the most common relates to
nutritional status as well as protein metabolism. Metabolic
acidosis may lead to protein energy wasting (PEW) disorder
and has been linked with increased protein catabolism
through the upregulation of the ubiquitin-proteosome system,
excessive oxidation of branched-chain amino acids, and
decreased synthesis of proteins like albumin.!*? A study in
rats showed that metabolic acidosis causes increased protein
degradation.?* In patients whose bicarbonate levels are less
than 15, as much as 30 g of protein may be lost in a day.?
Protein breakdown is also contributed to by increased gluco-
corticoid levels stimulated by the metabolic acidosis.' Leal
et al showed that muscle and fat mass wasting is higher in
acidotic patients.” Several other studies have shown a strong
relationship between bicarbonate levels and hypoalbuminemia
especially when bicarbonate levels fall below 22, and there
is a direct association between higher bicarbonate levels and
increased albumin.?**” The NHANES III study confirmed that
hypoalbuminemia is indeed associated with low bicarbonate
levels in CKD patients.”® Even in normal renal function,
metabolic acidosis decreases albumin synthesis.?

Metabolic acidosis has also been associated with bone
disorders. The acidosis stimulates bone resorption and inhibits
bone formation, inhibits vitamin D production, and stimulates
parathyroid hormone (PTH) production and responsiveness >33
There is a direct suppression by acidosis on osteoblast induced
collagen synthesis and therefore bone formation.? Metabolic
acidosis also directly stimulates osteoclastic function leading
to increased bone resorption.**. There is also an independent
increase in PTH levels, as well as enhanced action of the PTH
due to the acidic pH, which stimulates osteclastic activity.*
The breakdown of bone acts to buffer the extra acid, however
it contributes to the renal osteodystrophy common in CKD.

Worsening of renal function has also been observed with
the metabolic acidosis of CKD. In rats metabolic acidosis has
been linked with the development and worsening of proteinuria
and tubulointerstitial fibrosis as well as the accelerated decline
in renal function.**?” In a study by Gennari et al there was
a direct correlation between GFR levels and bicarbonate
levels.?® Leal et al also showed that the average creatinine
clearance (CrCl) was lower in patients with metabolic acido-
sis and that 50% of patients with CrCl < 60 had some level
of acidosis.” One of the theories behind the worsening renal
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function secondary to metabolic acidosis is its association with
inflammatory mediators.'***. Metabolic acidosis may lead to
increased tumor necrosis factor (TNF)-alpha production which
is a very potent mediator.** Therefore the worsening of renal
function may be secondary to the activation of complement
pathways leading to further damage.?® This effect causes a
spiral of worsening acidosis secondary to renal damage and
resulting renal damage secondary to the worsening acidosis,
eventually culminating in end stage renal disease (ESRD).

Metabolic acidosis has also been implicated in other
complications. It can worsen cardiac disease by leading to
apoptosis of cardiac cells and increased aldosterone produc-
tion can be harmful especially in patients with congestive
heart failure (CHF).*'*> Metabolic acidosis also leads to
decreased insulin sensitivity secondary to reduced insulin
binding to receptors and consequently impaired glucose toler-
ance.* Since cardiac disease and diabetes are already the two
common comorbidities of CKD, the acidosis may lead to dif-
ficulties in managing these coexisting conditions. Decreased
thyroxine levels and elevated thyroid-stimulating hormone
(TSH) indicating thyroid dysfunction may also be caused by
metabolic acidosis.* With so many body systems affected, it
is no surprise that metabolic acidosis has been associated with
increased mortality. In the Dialysis Outcomes and Practice
Patterns Study (DOPPS) of hemodialysis patients, severe
acidosis (serum bicarbonate level <17) was associated with
increased mortality and hospitalization, although mild acido-
sis with bicarbonate levels around 20-21 had lower mortality
than if >27.% Also, a study by Kovesdy et al showed higher
mortality in patients with bicarbonate levels <22 (multivari-
able adjusted hazard ratio 1.33, P < 0.02).%

Administration of bicarbonate in CKD
Due to evidence showing the deleterious effects of metabolic
acidosis, several studies have tested the possible advanta-
geous effects of administering bicarbonate to patients with
CKD. For example, the correction of metabolic acidosis
with oral bicarbonate has been shown to decrease protein
catabolism.*’ Also, maintaining a bicarbonate level between
22-26 was shown to significantly decrease the rise in blood
urea nitrogen (BUN) levels and increase self reported patient
well-being in 50% of patients.* Oral bicarbonate administra-
tion has even been shown to improve stunted growth and the
healing of bones in children.*-°

A recent study demonstrated the benefits of administer-
ing sodium bicarbonate in patients with CKD.>' The study
compared the rate of decline of CrCl in patients treated to
bicarbonate levels between 16-20 with patients with no

correction. The study showed that at 1 year, the decline of
CrCl was similar, although this was most likely secondary
to the dropout of patients in the control group who had a
rapid decline in CrCl or developed ESRD. At 2 years, CrCl
in the control group decreased by 5.93 compared to 1.88 in
the treatment group with 45% of the control group having
a rapid decline defined as greater than 3 units per year,
compared with 9% in the treatment group (relative risk
[RR]: 0.15, P < 0.0001). Fewer patients developed ESRD
requiring dialysis (CrCl < 10), 6.5% compared to 33% (RR,
0.13; P < 0.001) and although there were more patients who
developed ESRD in the control group, the rate of decline
in CrCl was still significantly higher than in the treatment
group in the remaining patients. The study also showed that
although there was increased sodium intake, there was no
significant difference in blood pressure control or increased
edema. Dietary protein intake and decreased normalized
protein nitrogen appearance were both increased leading to
greater lean body mass and mid-arm muscle circumference
(P < 0.03). Also patients in the treatment group had higher
serum albumin levels and decreased potassium levels.

Administration of bicarbonate in ESRD

The administration of bicarbonate in ESRD has also been
shown to be beneficial. Bicarbonate can be administered
orally or by increasing the concentration in the dialysate
fluid. In a Cochrane review of three studies in 2009, two in
patients on hemodialysis and one in patients on peritoneal
dialysis, there was improvement in nutritional status and
protein metabolism as well as significant decrease in serum
PTH and reduction in bone turnover.* The studies were also
able to show no difference in sodium or blood pressure levels.
Only one trial reported clinical outcomes.** In this study the
rate of hospitalization, average length of hospital stay, and
all-cause mortality were nonsignificantly in favor of sodium
bicarbonate supplementation. In aggregate, there were
117 patients in these three trials. The small size of the trials,
short duration of follow-up, and lack of uniform reporting of
clinical outcomes makes recommendation of a target bicar-
bonate level difficult. Current guidelines must extrapolate
from the few randomized trials, cohort studies, and expert
consensus. The Kidney Disease Outcomes Quality Initiative
(KDOQI) recommends a bicarbonate level >22 mEq/mL
in all patients.® The UK Renal Association suggests that
predialysis bicarbonate concentration should be between
18-24 mmol/L.% While administration of bicarbonate is
likely beneficial for patients on renal replacement therapy,
overcorrection of metabolic acidosis can lead to alkalosis
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which has been associated with symptomatic hypotension
in hemodialysis patients.>

Other studies have shown increased body weight and mid-
arm muscle circumference in patients given higher concentra-
tion of bicarbonate in the diasylate.’” Correction of acidosis is
also associated with increased albumin, reduction in normalized
protein catabolic rate, and an increase in total essential amino
acids.!***% In hemodialysis patients, correction of metabolic
acidosis reduces the increase of PTH, reduces bone resorption
and improves bone formation, as well as decreases TNF-alpha
levels.%? These suggest that secondary to a decreased inflam-
matory state and improved nutritional status, patients with
corrected metabolic acidosis have better outcomes.

Contrast-medium induced nephropathy
Contrast-medium induced nephropathy is likely the common-
est cause of iatrogenic acute kidney injury and a common
complication of iodinated contrast media exposure.™®* The
incidence of CIN is projected to increase given the increased
use of contrast media for both diagnostic and interventional
procedures. Patients with chronic kidney disease are at
heightened risk for CIN, particularly those with stage 3 or
greater renal dysfunction.” It also results in increased morbid-
ity, increased healthcare expenditure, and is associated with
a higher mortality.** The planned nature of the nephrotoxic
insult posses a unique opportunity to implement strategies for
preventing renal injury. While multiple interventions targeted
at the prevention of CIN have been explored, minimizing
contrast dose and adequate hydration remain the cornerstone
of CIN prevention. Considerable controversy remains sur-
rounding other potential preventative therapies such as sodium
bicarbonate hydration around the time of contrast exposure.
The mechanisms leading to renal injury from contrast
exposure remain poorly understood. This has undoubtedly
contributed to the difficulties in identification of effective
preventative therapies. Commonly proposed mechanisms
of renal injury from contrast media exposure are renal vaso-
constriction resulting in medullary ischemia, oxidative stress,
and direct tubular nephrotoxicity.®>% The vasoconstrictive
effect may be mediated by an influx of calcium. In a canine
model, administration of ionic hyperosmolar contrast media
into the renal arteries causes an initial increase in blood flow
followed by a prolonger period (>3 hours) of vasoconstric-
tion.”” When animals were pretreated with T-type calcium
channel blockers (diltiazem or verapamil) the vasoconstric-
tive response was markedly attenuated. Other studies have
investigated the role of vasoconstrictors such as endothelin
and adenosine in the pathogenesis of CIN. Fujisaki et al
observed higher urinary endothelin levels in patients with

chronic renal failure undergoing cardiac catheterization.®
The intense vasoconstrictive response may contribute to the
release of reactive oxygen species such as the superoxide ion.
In patients with CKD, the generation of reactive oxygen spe-
cies may exceed the antioxidant reserve resulting in CIN.%-
As our understanding of the pathogenesis of CIN improves,
it is likely that novel therapies will be introduced.”

Prevention of contrast nephropathy,

insights from randomized trials

In 2005, sodium bicarbonate was introduced for the pre-
vention of CIN with much excitement.’”? In a single center
study, 119 of planned 260 patients were randomized to either
hydration with an intravenous sodium bicarbonate solution
or 0.9% saline. Hydration was started one hour prior to
contrast exposure and continued for six hours post-contrast
exposure. A marked reduction in CIN was observed with
sodium bicarbonate hydration. The CIN rate in the sodium
bicarbonate and sodium chloride groups was 1.7% (1 patient)
and 13.6% (8 patients), respectively (P =0.02).

Two potential mechanisms were thought to underlie this
profound treatment effect. The first involves renal vasocon-
striction resulting in medullary ischemia. Reported duration of
renal vasoconstriction in response to iodinated contrast-media
exposure vary from less than two to greater than four hours.*”
It is hypothesized that hydration may attenuate this adverse
effect of contrast exposure by reducing renin activation and
loss of nitric oxide. However, the optimal duration and rate of
hydration remain unknown. The second proposed mechanism
thought to underlie this treatment effect is mediated by oxi-
dant or free radical injury. It has been postulated that sodium
bicarbonate administration may decrease generation of free
radicals mediated by the Haber-Weiss reaction by increasing
tubular pH since the reaction is most active at lower pH values.
It has also been suggested that sodium bicarbonate hydration
may scavenge the potent oxidant peroxynitrate, produced by
the nitric oxide mediated pathway.” Data in support of these
mechanisms remains limited. Clearly, the pathophysiology of
CIN is complex and not well understood.

Subsequent trials have shown mixed results. For example,
the largest trials to date have not shown a statistically significant
benefit for hydration with sodium bicarbonate.”>® In a study
by our group, 353 patients undergoing cardiac catheterization
were randomized to hydration with sodium bicarbonate or
sodium chloride.” The population was at elevated risk for
CIN. Inclusion criteria required an estimated glomerular
filtration rate (eGFR) of less than 60 mL/min/1.73 m? and at
least one other CIN risk factor: age > 75 years, hypertension,
diabetes mellitus, or history of congestive heart failure. CIN
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was observed in 13.3% of the sodium bicarbonate group and
14.6% in the sodium chloride group (P = 0.82).

In another large trial, Maioli et al randomized 502 patients
undergoing cardiac catheterization to hydration with sodium
bicarbonate or sodium chloride. Inclusion criteria included
CrCl less than 60 mL/min.”® CIN, defined as a 0.5 mg/dL
increase in serum creatinine, was observed in 10% of the
sodium bicarbonate group and 11.5% of the sodium chloride
group (P = 0.60). Regardless of the definition of CIN, the
rates were statistically similar with both fluid types. Another
recent trial randomized 382 patients with diabetes scheduled
to undergo cardiac catheterization to either sodium chloride
for 12 hours pre- and postprocedure or to sodium bicarbon-
ate for one hour before and six hours postprocedure. CIN
was defined as either a 25% increase or 0.5 mg/dL absolute
increase in serum creatinine. The CIN rate was in fact nonsig-
nificantly greater in the sodium bicarbonate group compared
to the sodium chloride group, 9.0% vs 5.3%, respectively
(P=0.17).

Prevention of contrast nephropathy,

limitations of trial data
There are likely multiple reasons for the conflicting data
on the efficacy of sodium bicarbonate. A randomized trial

provides the highest level of evidence on the efficacy, or lack
thereof, for a particular therapy. However, trials must be con-
ducted in a rigorous manner meeting certain quality metrics.
An underpowered trial can be particularly challenging to
interpret.” Power analysis aids the investigator to design a
trial that has a reasonable probability of rejecting the null
hypothesis when in fact the null hypothesis is false. By con-
vention, a study with at least 80% power is considered to be
adequately powered with a chance of detecting a clinically
significant effect when one exists. Underpowered trials inflate
the likelihood of reaching false positive (ie, type I error) and
false negative (ie, type II error) conclusions.*

In many randomized investigations of sodium bicarbon-
ate, the type I and II errors are considerably inflated from
their accepted values, possibly yielding false positive or
false negatives results more frequently. The sample size
calculation used by many trials testing the hypothesis that
sodium bicarbonate is superior to sodium chloride for the
prevention of CIN assumes a very large treatment effect.
Specifically, assuming a CIN rate of 15% with sodium
chloride and 5% with sodium bicarbonate 280 to 300
patients would be required to detect a statistically significant
difference with a power of 80% and o of 5%. There are
multiple trials in the literature now that have sample sizes
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Figure | Power Curve. The graph shows the relationship between trial size and power. The dashed lines represent the sample size (n = 300) necessary to achieve 80%
power assuming an event rate of 15% in the sodium chloride group and 5% in the sodium bicarbonate group with an o of 0.05. Closed circles represent trials where there
was no difference between hydration with sodium bicarbonate or chloride for the prevention of contrast-medium induced nephropathy. Open circles represent trials where
sodium bicarbonate was superior. Based upon these assumptions, all trials with =80% power did not observe any benefit for hydration with sodium bicarbonate. The trial

by Heguilen et al is not shown since the trial enrolled only 18 subjects.”
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considerably smaller than this and are likely underpowered
or powered for a clinically unrealistic treatment effect.”>8-83
Figure 1 shows the relationship between power and study
size. Based on the above sample size criteria, only three trials
were adequately powered to detect a 10% difference between
treatment groups. Moreover, each of these trials did not
observe a statistically significant difference between hydra-
tion with sodium bicarbonate versus sodium chloride.

An additional problem is that some trials have been prema-
turely terminated without previously defined stopping rules.”>*!
Premature termination of randomized trials needs to be care-
fully considered. For example, the first trial of sodium bicar-
bonate to show a marked reduction in CIN was prematurely
terminated after enrollment of 119 of the planned 260 patients.”
One additional event in the sodium bicarbonate group would
have yielded a statistically nonsignificant result. Furthermore,
if the data are analyzed multiple times during the study, the
likelihood of a chance finding is increased. This means that the
significance level, o, may need to be adjusted to compensate
for the increased probability of a type I error due to multiple
testing, something that was not done in these studies.

Other measures of trial quality are also commonly lacking
or not well described in trials investigating sodium bicar-
bonate. For example, to date, only one trial has been double
blinded.** The results from this study were negative, sug-
gesting no benefit for hydration with sodium bicarbonate.
Most trials have been partially blinded with physicians but
not patients able to determine the treatment assignment.
If contrast volumes and intensity of follow-up are similar
between treatment groups, partial blinding is less likely to
have a profound impact since the outcome of interest, CIN, is
based upon a qualitative laboratory measure. Another limita-
tion is that most trials have been performed at single centers.
Practice patterns may differ limiting the external validity or
generalizability of the trial data.

Prevention of contrast nephropathy,

insights from meta-analysis

Many of the issues raised about trial quality and outcomes
have been investigated using meta-analytic techniques.?>3¢
However, conclusions from these studies have been conflict-
ing and the quality of the analyses varied.®”** One reason for
the divergent conclusions are differences in interpretation of
the extent of heterogeneity between trials and exploration
of sources of heterogeneity. Trials that are very different or
heterogeneous are not appropriate for pooling and a sum-
mary estimate from such analysis would be unreliable. Many

of the current meta-analyses report the presence of statisti-
cally significant heterogeneity yet report summary estimates
and fail to explore possible reasons for the heterogeneity.
Understanding the sources of the heterogeneity may lead to
clinically meaningful insights and enhance the interpretation
of the trials in aggregate. Two recent meta-analyses explore
potential sources of heterogeneity and provide insight into
the disparate results of randomized trials.%¢

A recent comprehensive review of the literature identi-
fied 14 randomized trials performed between 2000 and 2009
(Table 1).%5 Among these, seven studies have been published
and seven remain unpublished. There is considerable hetero-
geneity between these trials that can be quantified statistically.
The I? statistic, the inconsistency in studies that cannot be
explained by chance, was 48% (P heterogeneity = 0.02) and
was largely explained by trial size and published status.

The observed treatment effect among some of the small
trials has been quite extreme. The relative risk (RR) for five
trials ranges from 0.12 to 0.33.728183%5 [n contrast, the RR
among the three largest studies ranges from 0.75 t0 0.91 and
was nonsignificant in each of the trials.”””” This phenomenon
where extreme treatment effects are limited to small trials
has been characterized as the small study effect.”® Meta-
regression analyses are largely supportive. In a mixed-effects
model, trials with larger standard errors (smaller studies) have
greater estimated benefit with sodium bicarbonate. When the
trials are stratified by size, the treatment benefit is limited
to the small studies. This observation was corroborated in a
subsequent meta-analysis.%

Using the sample size calculation described by Merten
et al, three trials were characterized as large and eleven as
small. The group of small and large trials each comprised
50% of the study population in the meta-analysis (n=2290).
In the small trials, the event rates in the sodium bicarbonate
and sodium chloride groups were 6.7% and 13.5%, respec-
tively. The pooled RR and 95% confidence interval (CI) was
0.50 (0.27 to 0.93, P = 0.03). This estimate is less reliable
given the marked residual heterogeneity between the small
trials (I> = 56%; P heterogeneity = 0.01). Among the large
trials, the cumulative incidence of CIN in the sodium bicar-
bonate and sodium chloride groups was 10.7% and 12.6%,
respectively. The pooled RR and 95% CI were 0.85 (0.62
to 1.17, P = 0.32), suggesting no statistically significant
difference between fluid types. There was also no evidence
of clinical or statistical heterogeneity between the large tri-
als (I> = 0%). The event rates by fluid type in each trial are
summarized in Figure 2.
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Table | Randomized controlled trials of sodium bicarbonate for the prevention of CIN

Study Year Sample CI-AKI definition Hydration protocol Contrast Baseline  Age Diabetes
size (n) type creatinine (yr) (%)
(mg/dL)
Merten 2004 119 Creatinine increase 3 ml/kg per hfor | h Low osmolar  1.78 68 48
of =25% within 2d preprocedure and | mL/kg per h (iopamidol)
for 6 h postprocedure
Saidin®® 2006 57 Creatinine increase Infusion started 2 h preprocedure - - 62 -
of =25% within 72 h and for 6 h postprocedure. Rate not
reported.
Briguori®? 2007 219 Creatinine increase Saline: | mL/kg per h for 12 h pre- Iso-osmolar 1.99 71 57
of =25% within 48 h and postprocedure. Bicarbonate: (iodixanol)

3 ml/kg per h for | h preprocedure,
I mL/kg per h during procedure, and
6 h postprocedure

Chen?* 2007 105 Creatinine increase of 2 ml/kg per h for 6 h preprocedure Low osmolar — 71 36
=0.5 mg/dL within 72 h  and 80 mlL/kg per h for 6 h (iohexol)
postprocedure
Kim!2 2007 100 Creatinine increase ImL/kg per h pre- and postprocedure Iso-osmolar I.1 - -
of =25% within 48 h (iodixanol)
Ozcan® 2007 176 Creatinine increase I mL/kg per h for 6 h pre- and post Low osmolar  1.39 69 45
of =25% or > 0.5 mg/dL  procedure (ioxaglate)
within 48 h
Masuda® 2007 59 Creatinine increase of 3 ml/kg per h for | h (if possible) Low osmolar 1.3 75 31
=0.5 mg/dL within 2 d preprocedure and | mL/kg per h (iopamidol)
for 6 h postprocedure
Lin'® 2008 60 Creatinine increase 3 ml/kg per h for | h preprocedure Low osmolar  0.84 47 24
of =25% within 3 d and 6 h postprocedure (iopamidol)
Shavit'®! 2008 87 Creatinine increase Saline: | mL/kg per h for 12 h Low osmolar 1.8 - -
of =25% within 2 d preprocedure only. Bicarbonate: (iopamidol)

3 ml/kg per h for | h preprocedure
and | mL/kg per hfor 6 h

postprocedure
Adolph® 2008 145 Creatinine increase of 2 mL/kg per h for 2 h preprocedure. Iso-osmolar 1.56 72 32
=25% or >0.5 mg/dL | mL/kg per h during and for 6 h (iodixanol)
within 2 d postprocedure
Heguilen®” 2007 18 Creatinine increase of 3 ml/kg per h for | h preprocedure Iso-osmolar - 67 -
=25% within 3 d and 3 mL/kg per h for 6 h (ioversol)
postprocedure
Shaikh”” 2007 320 Creatinine increase of 3 ml/kg per hfor | h - 1.77 70 45
=25% or >0.5 mg/dL preprocedure and | mL/kg per h
within 48 h for 6 h postprocedure
Brar” 2008 353 Estimated GFR decrease 3 mL/kg per h for | h preprocedure Low osmolar 1.5 71 44
of = 25% within 4 d and 1.5 mL/kg per h during and 4 h (ioxilan)
postprocedure
Maioli’ 2008 502 Creatinine increase of Saline: | mL/kg per h for 12 h pre- Iso-osmolar 1.2 74 24
=0.5 mg/dL within 5d and postprocedure. Bicarbonate: (iodixanol)

3 ml/kg per h for | h preprocedure
and | mlU/kg per h for 6 h

postprocedure
Vasheghani- 2009 265 Creatinine increase of 3 mlu/kg per h for | h Low osmolar  1.64 63 26
Farahani® =25% or >0.5 mg/dL preprocedure and | mL/kg per h for (iohexol)
within 48 h 6 h postprocedure
Kim?® 2010 382 Creatinine increase of Saline: | mL/kg/h for 12 h pre- Iso-osmolar 1.5 68 100%
=25% or >0.5 mg/dL and postprocedure. Bicarbonate: (iodixanol)
within 48 h 3 mU/kg for | hr preprocedure and
| mL/kg/hr during and 6 h
postprocedure

Abbreviations: CI-AKI, contrast induced-acute kidney injury; CIN, contrast-medium induced nephropathy.
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Figure 2 Modified L'Abbe plot of contrast nephropathy rates by trial. The plot shows the event rate of contrast induced nephropathy in the sodium bicarbonate and sodium
chloride groups from randomized trials. The area of each circle is inversely proportional to the study size.The dotted line represents the no-effect line with identical event
rates in both groups. Solid circles represent studies characterized as large (sample size > 300 subjects). The solid line represents the pooled risk ratio of 0.85 as observed
in the large trials. The shaded areas represent two groups of studies: (I) none or marginal benefit with sodium bicarbonate [light gray] and (2) marked benefit with sodium

bicarbonate [dark gray].

Conclusion

The bicarbonate ion plays a critical role in the maintenance
of acid/base homeostasis. The administration of bicarbonate
can help correct acidemia and disorders of muscle and bone
metabolism. More recently, sodium bicarbonate hydration
has been proposed for the prevention of iodinated contrast-
media associated acute kidney injury. The initial enthusiasm
surrounding sodium bicarbonate as an effective therapy for
the prevention of contrast medium-induced nephropathy has
largely dissipated due to the subsequent publication of nega-
tive trials. However, the literature remains conflicting due
to the presence of multiple small positive randomized trials.
As shown in a recent meta-analysis, smaller trials tended
to be of lower quality and observed exaggerated treatment
effects. Larger trials investigating sodium bicarbonate tend

to be of higher methodological quality and have not shown
a statistically significant benefit. Currently, there does not
appear to be ample evidence to support the routine administra-
tion of sodium bicarbonate for the prevention of CIN. Never-
theless, sodium bicarbonate hydration has not been associated
with an increase in adverse events. Therefore, hydration with
sodium bicarbonate is safe but the efficacy remains in ques-
tion. Furthermore, the treatment effect of sodium bicarbon-
ate, if any, is likely considerably smaller than that observed
in many of the small randomized trials. For example, a trial
powered to detect a more modest 15% reduction in CIN rates
would require 7000 to 9000 patients.
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