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Prophylactic hydration to protect renal function
from intravascular iodinated contrast material

Nijssen EC, Rennenberg RJ, Nelemans PJ, Essers BA, Janssen
MM, Vermeeren MA, van Ommen V, Wildberger JE. (Departments
of Radiology and Nuclear Medicine, Internal Medicine,
Epidemiology, Clinical Epidemiology and Medical Technology
Assessment, and Cardiology, Maastricht University Medical
Centre, Maastricht, The Netherlands.) Prophylactic hydration to
protect renal function from intravascular iodinated contrast material
in patients at high risk of contrast-induced nephropathy
(AMACING): A prospective, randomised, phase 3, controlled,
open-label, non-inferiority trial. Lancet 2017;389:1312–22.

SUMMARY
The ‘A MAstricht Contrast-Induced Nephropathy Guideline’
(AMACING) trial was a prospective phase 3 randomized, single-
institute, parallel-group, open-label, non-inferiority trial designed to
assess the utility of intravenous hydration for prophylaxis of patients
at risk of developing contrast-induced nephropathy (CIN). Adult
high-risk patients with an estimated glomerular filtration rate (eGFR)
of 30–59 ml/minute/1.73 m2 who would be receiving intravenous or
intra-arterial contrast were enrolled, and were randomized to receive
standard intravenous saline as prophylaxis versus no prophylaxis.
The incidence of CIN was compared between the two groups, with a
non-inferiority margin set at 2.1%.

The trial was performed between June 2014 and July 2016.
Exclusion criteria included eGFR <30 ml/minute/1.73 m2, patients on
renal replacement therapy, intensive care patients, and emergency
cases. The randomized patients were stratified on the basis of eGFR
(<45 v. >45 ml/minute/1.73 m2), presence or absence of diabetes,
intravenous or intra-arterial contrast administration, and diagnostic
or interventional study. After exclusion, consecutive patients were
enrolled on either the hydration arm (328 patients) or the no prophylaxis
arm (332 patients). The incidence of CIN was not statistically
different in the two groups (2.7% v. 2.6% respectively; 8 in each arm).
No haemodialysis, intensive care admission, or related mortality
occurred in either arm on a 35-day follow-up. Eighteen patients in the
hydration arm developed hydration-related complications. No
prophylaxis was observed to be non-inferior and significantly more
cost-effective compared to intravenous saline, predominantly due to
hospitalization costs, in patients at risk of CIN.

COMMENT
CIN prophylaxis and its efficacy have always been shrouded in
uncertainty. Various options for prophylaxis include volume
expansion with oral or intravenous hydration with normal saline,
use of intravenous sodium bicarbonate, use of N-acetylcysteine,
and use of iso-osmolar contrast medium, among others.1–3 The
benefit of oral hydration or intravenous saline was not established
beyond doubt before this trial; however, being relatively cheap
and safe to use, it is considered to be the minimum standard of care
as per the current American College of Radiology (ACR)
guidelines.1,2 Data and meta-analysis available on other
prophylactic measures are conflicting, and the current evidence is
not sufficient to recommend them.1,2

Most previous studies compared one mode of CIN prophylaxis
with another, with very few randomized studies comparing
hydration with no prophylaxis.4–6 Two studies included patients
with ST elevation myocardial infarction receiving intra-arterial
contrast (coronary angiography).4,6 The patients in the two studies
were randomized to receive intravenous normal saline versus no
hydration and compared for the incidence of CIN, and hydration
was found to be superior. However, a majority of patients in these
studies had normal renal function. Extrapolating these results to
intravenous contrast administration is not appropriate, as there are
many other confounders with intra-arterial administration.2 A
third study comparing sodium bicarbonate with no hydration in
patients with eGFR <60 ml/minute/1.73 m2 undergoing CT
pulmonary angiography (receiving intravenous contrast) observed
that no hydration was not inferior to hydration with sodium
bicarbonate.5 Given that the use of sodium bicarbonate was not
the standard hydration regimen, the current study compared no
hydration with intravenous hydration with normal saline in patients
with eGFR of 30–59 ml/minute/1.73 m2, and found no hydration
to be non-inferior.

The results of Nijssen et al.’s study are along expected lines,
as recent literature has indicated that intravenous contrast is not an
independent risk factor for acute kidney injury in patients with
eGFR >30 ml/minute/1.73 m2.2,7–11 Since contrast-induced
nephropathy was unlikely to happen in patients enrolled in the
study (all with eGFR 30–59 ml/minute/1.73 m2), it is hardly
surprising that the prophylaxis against CIN did not help. However,
this study does add substantially to our understanding because the
recent literature on CIN is retrospective and many patients must
have received some form of prophylaxis. Thus, Nijssen et al.’s
work re-emphasizes that it is safe to administer intravenous
contrast in patients with eGFR >30 ml/minute/1.73 m2 by
addressing this limitation. Recent literature also suggests that
contrast may not be an independent risk factor for kidney injury
even in patients with eGFR <30 ml/minute/1.73 m2, and it would
be worth doing a similar study in this subgroup as well.9,10

Will this study change practice? The current widely practised
minimum standard of care remains hydration, but this study
reinforces the growing belief that even this may not be needed at
all in patients who do not have severe chronic renal impairment.
However, long-held beliefs and practices are unlikely to change
quickly. This study will make clinicians and radiologists more
comfortable in avoiding intravenous hydration, particularly in
patients who are critically ill, or those who have a potential
volume overload, or require emergency contrast-enhanced CT, as
well as perhaps in outpatient settings, where no hydration (or oral
hydration) should suffice.

In summary, Nijssen et al.’s trial, taken in conjunction with the
recent literature on CIN, suggests that it is safe and cheaper to
administer intravenous contrast in patients with eGFR >30 ml/
minute/1.73 m2 without prophylaxis.
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Hyperbaric oxygen with cord blood transplants:
Filling the donor gap

Aljitawi OS, Paul S, Ganguly A, Lin TL, Ganguly S, Vielhauer G,
Capitano ML, Cantilena A, Lipe B, Mahnken JD, Wise A, Berry
A, Singh AK, Shune L, Lominska C, Abhyankar S, Allin D,
Laughlin M, McGuirk JP, Broxmeyer HE. (Division of
Hematologic Malignancies and Cellular Therapy; Hematology
and Transplantation Translational Research Laboratory; Pathology
and Laboratory Medicine, University of Kansas Medical Center,
Kansas City, Kansas; Division of Hematology/Oncology and
Bone Marrow Transplantation Program, University of Rochester
Medical Center, Rochester, New York; Department of Urology,
University of Kansas Medical Center, Kansas City, Kansas;
Department of Microbiology and Immunology, Indiana University
School of Medicine, Indianapolis, Indiana; Cardiovascular
Research Institute, Department of Biostatistics, Department of
Radiation Oncology, Department of Emergency Medicine,
University of Kansas Medical Center, Kansas City, Kansas;
Cleveland Cord Blood Center, Cleveland, Ohio; Department of
Biomedical Engineering, Case Western Reserve University,
Cleveland, Ohio, USA.) Erythropoietin modulation is associated
with improved homing and engraftment after umbilical cord
blood transplantation. Blood 2016;128:3000–10

SUMMARY
Delayed engraftment represents one of the most important limitations
of umbilical cord blood transplantation (UCBT).1 To overcome this
limitation, Aljitawi et al.’s paper, comprising both preclinical
experiments and a first-in-humans prospective clinical study, explores
a new way to accelerate engraftment in these patients. The hypothesis
is that erythropoietin has a negative impact on stem cell homing and
engraftment into the bone marrow niche. Since erythropoietin can be
downregulated by hyperbaric oxygen (HBO) therapy, HBO may
represent a way to accelerate engraftment in UCBT.

Previously, this group had successfully shown in a series of

murine experiments that engraftment, as well as immune reconstitution
from human CD34+ UCB cells, was significantly better if the mice
were exposed to HBO with their transplants.2 The current paper
builds on these findings. The preclinical part of the paper aims to
delineate the mechanisms by which HBO enhances engraftment.
First, the researchers established the presence of erythropoietin
receptors on a subset of CD34+ human UCB cells by flowcytometry
and western blot. Further, a functional interaction between
erythropoietin and erythropoietin receptors was demonstrated by
reduced erythroid differentiation in the presence of RNA interference
against the expression of the erythropoietin receptor gene.
Subsequently, in a series of experiments performed on CD34+ cells
migrating along a stromal cell-derived factor-1 gradient, they showed
that erythropoietin inhibits migration of cells along the gradient.
They also showed that this inhibition is mediated through
erythropoietin–erythropoietin receptor interactions.

The negative relationship between HBO exposure and serum
erythropoietin levels was shown in a murine model. They also
showed that HBO-treated mice have a higher proportion of CD34+
cells in the marrow 3 hours after transplantation. This difference
could be abrogated by erythropoietin treatment after HBO exposure.
In a simulated marrow environment, it was shown again that
erythropoietin inhibits both migrations as well as myeloid
differentiation of CD34+ cells.

Based on these preclinical experiments, a clinical, prospective,
interventional, single-arm study was planned. Patients aged 17–70
years undergoing UCBT were recruited. In addition to the routine
UCBT process, patients received a single session of 90 minutes of
HBO therapy 6 hours before stem cell infusion. The primary outcomes
were safety and tolerability, and the secondary outcomes were rates
of neutrophil and platelet engraftment.

Fifteen patients were recruited with a median age 44 years. All
underwent UCBT for malignant indications, mostly (12/15) for acute
myeloid leukaemia. HBO was remarkably well tolerated with no
grade III–IV toxicities attributable to the procedure. A few events of
uncertain relation to HBO (self-resolving subcutaneous nodules and
self-resolving shoulder pain) were noted. When compared to historical
cohorts, rates of neutrophil engraftment were faster by around one
week, although statistical significance was not achieved possibly due
to the small number of patients (Table I). All 15 patients in the cohort
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