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Summary

Patients with ST-segment elevation myocardial infarction (STEMI) who are treated by primary percutane-
ous coronary intervention (PPCI) have an increased risk of developing contrast-induced nephropathy (CIN)
when compared with patients undergoing elective percutaneous coronary intervention (PCI). However, CIN pre-
vention measures are less frequently applied in PPCI than in elective PCI. At present, no preventive strategy has
been recommended by the current guidelines for patients with STEMI undergoing PPCI.

Published research was scanned by formal searches of electronic databases (PubMed, EMBASE, and the
Cochrane Central Register of Controlled Trials) from 1966 to July 2018. Internet-based sources of information
on the results of clinical trials in cardiology were also searched.

A total of three randomized trials involving 924 patients were included in the present meta-analysis, of
whom 462 received hydration with isotonic saline (hydration group) and 462 received no hydration (control
group). Periprocedural hydration with isotonic saline was associated with a significant decrease in the rate of
CIN (16.9% in the hydration group versus 26.4% in the control group; summary risk ratio: 0.64, 95% confi-
dence interval: 0.50-0.82, P = 0.0005). There was no difference in the rate of postprocedural hemodialysis or

death between the groups.

Intravenous saline hydration during PPCI reduced the risk of CIN without significantly altering the rate of

requirement for renal replacement therapy or mortality.

(Int Heart J Advance Publication)
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farction (STEMI) who are treated by primary per-

cutaneous coronary intervention (PPCI) have an in-
creased risk of developing contrast-induced nephropathy
(CIN) when compared with patients undergoing elective
percutaneous coronary intervention (PCI).” However, CIN
prevention measures are less frequently applied in PPCI
than in elective PCL> Although several specific pharma-
cological interventions have been proposed for the protec-
tion of the renal function, compared with intravenous vol-
ume expansion with isotonic saline, hydration with N-
acetylcysteine (NAC), sodium bicarbonate (NaHCO:3), or
combined NAC and NaHCO:; does not significantly reduce
the incidence of CIN.>” At present, no preventive strategy
has been recommended in the current guidelines for pa-
tients with STEMI undergoing PPCL>¥ The purpose of
this meta-analysis was to evaluate the possible beneficial
role of periprocedural intravenous volume expansion with
isotonic saline in patients with STEMI undergoing PPCI.

P atients with ST-segment elevation myocardial in-

Methods

All analyses were based on previously published
studies; thus, no ethical approval or patient consent was
required.

Literature search and study selection: In this study, we
searched randomized trails concerning CIN prevention in
PPCI through electronic databases (PubMed, EMBASE,
and the Cochrane Central Register of Controlled Trials)
from 1966 to July 2018 using the following medical sub-
ject heading terms: nephropathy, isotonic saline, and hy-
dration. We also scanned Internet-based sources of infor-
mation on the results of clinical trials in cardiology (htt
p://www.theheart.org, http://www.cardiosource.com/clinical
trials, http://www.clinicaltrialresults.com, and http://www.t
ctmd.com). Other sources included conference proceed-
ings from the American College of Cardiology, American
Heart Association, and European Society of Cardiology
meetings. Besides, we also searched relevant reviews and
editorials, which were published in major medical journals
within the last year, assessing for possible information of
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interest. Regardless of the language or publication form,
all relevant studies were considered eligible for this study.
The most complete and/or recent data were used if there
were a variety of reports from the same trial.”

Study selection and outcome measures: Eligible studies
had the following characteristics: (1) they were random-
ized trials of any duration for the prevention of CIN, (2)
the intervention was hydration with isotonic saline, (3)
subjects (with or without preexisting kidney disease) un-
derwent PPCI, and (4) the studies reported the outcome
events (including no events) in both arms.

The primary outcome measure was the incidence of
CIN, defined as an increase of serum creatinine level
greater than 25% or greater than 0.5 mg/dL from baseline
within 72 hours after contrast administration.” The secon-
dary outcome measures included (1) the need for renal re-
placement therapy and (2) in-hospital mortality.

Data extraction: Using a standardized protocol and re-
porting form, three investigators (ZQ, YP, and GR) inde-
pendently extracted data on the patients and study charac-
teristics, outcomes, and study quality for each trial.” A
fourth reviewer (YL) resolved disagreements by consen-
sus.

Statistical analysis: Data were analyzed through an
intention-to-treat  protocol using Review Manager

(n=72)

Flowchart of the study selection procedure.

(RevMan) 5.0.16.0. In order to estimate the pooled rela-
tive risk (RR),” we used the Mantel-Haenszel method for
fixed effects and the DerSimonian-Laird method for ran-
dom effects. Q-statistics were used to test the heterogene-
ity of the included studies, and the I* statistics were used
to test the extent of inconsistency between the results.
When heterogeneity between studies was absent, the
Mantel-Haenszel and DerSimonian-Laird methods pro-
duced very similar results. Since there were a small num-
ber of events, we reported fixed-effects estimates for more
robust meta-analysis calculations. Funnel plot analysis was
used to assess the possibility of publication bias. Data
were presented as RRs with 95% confidence intervals
(CIs). P < 0.05 was considered statistically significant.

Results

Search results and study characteristics: The initial
search yielded 527 results, of which three studies (two
prospective randomized clinical trials>® and one subgroup
of one randomized clinical trial”) met our inclusion crite-
ria. Figure 1 shows the flowchart of this procedure. The
studies included a total of 924 patients undergoing pri-
mary PCI for STEMI, of whom 462 received hydration
with isotonic saline (hydration group) and 462 received no
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hydration (control group). The baseline characteristics of
the patients enrolled in the individual trials are listed in
the Table.

CIN: The overall incidence of CIN was 21.6% (200 out
of 924): 16.9% (78 out of 462) in the hydration group
and 26.4% (122 out of 462) in the control group. Prepro-
cedural hydration with isotonic saline significantly de-
creased the risk of CIN compared with no hydration (RR:
0.64; 95% CI: 0.50-0.82; P = 0.0005) (Figure 2). There
was no significant heterogeneity between trials (P = 0.26).
Need for renal replacement therapy: There was no dif-
ference in the need for renal replacement therapy between
the hydration group and the control group in the three tri-
als, with 3 out of 462 patients in the hydration group
(0.6%) and 10 out of 462 patients in the control group
(2.2%) requiring renal replacement therapy. The pooled
RR was 0.30 (95% CI: 0.08-1.08, P = 0.07) (Figure 3).
There was no significant heterogeneity between trials (P =
0.50).

In-hospital mortality: There was no difference in the
mortality rate between the hydration group and the control
group in the three trials, with 15 out of 462 deaths in the
hydration group (3.2%) and 26 out of 462 deaths in the
control group (5.6%). The pooled RR was 0.58 (95% CI:
0.31-1.08, P = 0.08) (Figure 4). There was no significant
heterogeneity between trials (P = 0.42).

Discussion

We conducted a meta-analysis on the role of isotonic
hydration in preventing CIN in patients who underwent
PPCI. We found three randomized controlled trials that
met our criteria. In this meta-analysis, we found that pre-
procedural hydration with isotonic saline significantly re-
duced the incidence of CIN compared with no hydration,
without decreasing the incidence of death or need for
hemodialysis.

Patients with STEMI treated by PPCI have an in-
creased risk of developing CIN when compared with pa-
tients undergoing elective PCI, which is associated with
higher rates of early clinical complications and mortality.”
In patients undergoing elective PCI, worse cardiac and re-
nal function may be associated with an increased risk of
developing CIN."” Similarly, conditions such as hemody-
namic instability and impaired systemic perfusion caused
by left ventricular dysfunction, large volume of contrast
medium, renal hypotension, and lack of hydration or other
effective prophylactic measures may contribute to the de-
velopment of renal dysfunction in patients with STEMI
undergoing PPCL" At present, since no feasible, effective
therapeutic strategy for CIN has been identified, certain
preventive measures against CIN can be adopted in a
timely manner in patients with STEMI undergoing PPCI
to improve renal and cardiac outcomes.”

Routine administration of hydration protocols before
contrast exposure is an established preventive measure for
preventing CIN in patients with chronic renal failure un-
dergoing elective PCL.>” However, no optimal hydration
strategy has been well established in patients undergoing
PPCI. Earlier, smaller reports have probably overestimated
the magnitude of the benefit of NaHCO;>'"'"? whereas
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larger, more recent studies have produced neutral re-
sults.>**' In the recent Prevention of Contrast-Induced
Nephropathy with N-Acetylcysteine or Sodium Bicarbon-
ate in Patients With ST-Segment Myocardial Infarction
(CINSTEMI) trial, Thayssen, et al.” randomized 720 pa-
tients ina 1 :1:1: 1 ratio to receive hydration with so-
dium chloride together with one out of four prophylactic
regimes: (1) NAC, (2) NaHCO; infusion, (3) NAC in
combination with NaHCOs, or (4) hydration with sodium
chloride infusion alone. CIN occurred in 141 patients
(21.9%). Preventive treatment with NAC, NaHCO;, or
NAC and NaHCO; combined did not significantly reduce
the rate of CIN compared with hydration via intravenous
infusion of sodium chloride alone. In our study, intrave-
nous saline hydration during PPCI achieved a 36% reduc-
tion in the risk of CIN relative to nonhydration. Given the
higher incidence of CIN, morbidity, and mortality in pa-
tients undergoing PPCI, preventive intravenous saline hy-
dration should be mandatory for these patients unless oth-
erwise contraindicated.” Recently, Lancet published the
Prophylactic hydration to protect renal function from in-
travascular iodinated contrast material in patients at high
risk of contrast-induced nephropathy (AMACING trial),
which showed that nonprophylaxis is noninferior when
compared with intravenous hydration."”” However, in the
AMACING trial, emergency and intensive care patients
were excluded from the study population. The result,
therefore, could not be generalized to include such cases.
Aggressive hydraTion in patients with ST-Elevation Myo-
cardial infarction undergoing Primary percutaneous coro-
nary intervention to prevenT contrast-induced nephropathy
(ATTEMPT) is an ongoing multicenter, randomized, con-
trolled clinical trial assessing the effect of aggressive hy-
dration with normal saline guided by the left ventricular
end-diastolic pressure compared with general hydration on
CIN and important clinical outcomes in patients after
STEMI. ATTEMPT will provide reliable evidence to
guide the optimal hydration strategy for patients with
STEMI undergoing primary PCL?

In our study, we did not find any differences in the
need for renal replacement therapy or in-hospital mortality
between the groups, which could be attributed to the lack
of power of the included studies. The studies that were in-
cluded in our meta-analysis were designed to focus on the
incidence of CIN rather than patient-centered outcomes.
According to the current data and our study results, we
speculated that this reduction in CIN may translate into
long-term benefits. However, more studies are necessary
for further evaluation.

Our study has several potential limitations. First,
there was a significant crossover rate between the two
treatment groups. This issue was an expected limitation
because the protocol allowed the physician to change pa-
tients between groups according to the clinical or hemo-
dynamic situation. We performed an intention-to-treat
analysis to reduce this limitation. Second, all trials were
single-center studies without blinding. Third, the number
of eligible trials was relatively small, which might have
limited the power of detecting publication bias. Finally,
the total number of patients was not large, limiting the
ability to detect meaningful differences in secondary out-
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Figure 2. Relative risk (RR) for contrast-induced nephropathy (CIN) in patients who received either hydration with iso-
tonic saline or no hydration. CI indicates confidence interval.
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Figure 3. RR for the need for renal replacement therapy in patients who received either hydration with isotonic saline or
no hydration. CI indicates confidence interval.

hydration Control Risk Ratio Risk Ratio
udy or Subgroup : a il ] M-H, Fixed. 95% ixed, 9
Jurado-Roman 2015 7 204 & 204 308%  0.88[0.32,237)
LuoY 2014 3 108 10 108 38.5%  0.30[0.08, 1.06]
Maioli 2011 5 150 & 150 30.8%  063[0.21,1.87)
Total (95% Cl) 462 462 100.0% 058 [0.31,1.08]
Total events 15 26

00t o1 1 10 100
Favours hydration Favours control

Heterogeneity: Chi* = 1.72, df = 2 (P = 0.42); F = 0%
Test for overall effect. Z= 1.73 (P = 0.08)

Figure 4. RR for mortality in patients who received either hydration with isotonic saline or no hydration. CI indicates
confidence interval.
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