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Cenderitide is a novel designer natriuretic peptide (NP) composed of C-type natriuretic peptide (CNP) fused to the
C-terminus of Dendroaspis natriuretic peptide (DNP). Cenderitide was engineered to coactivate the two NP receptors, partic-
ulate guanylyl cyclase (pGC)-A and -B. The rationale for its design was to achieve the renal-enhancing and antifibrotic proper-
ties of dual receptor activation, but without clinically significant hypotension. Here we report the first clinical trial on the
safety, tolerability, and cyclic guanosine monophosphate (cGMP) activating properties of Cenderitide in subjects with stable
heart failure (HF). Four-hour infusion of Cenderitide was safe, well-tolerated, and significantly increased plasma cGMP levels
and urinary cGMP excretion without adverse effects with no change in blood pressure. Thus, Cenderitide has a favorable
safety profile and expected pharmacological effects in stable human HF. Our results support further investigations of Cen-
deritide in HF as a potential future cGMP-enhancing therapeutic strategy.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?
� NPs possess cardiorenal protective and cGMP activating
properties linked to pGC receptors. Cenderitide is a novel
designer NP that is the only NP to coactivate the two known
NP receptors (pGC-A/pGC-B). Cenderitide elicits in normal
subjects natriuretic and diuretic effects, with preservation of
GFR and with less hypotension than nesiritide and is less sus-
ceptible to NEP degradation.
WHAT QUESTION DID THIS STUDY ADDRESS?
� We defined for the first time the safety, tolerability, and cGMP
activation of Cenderitide in humans with stable chronic HF.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE
� We established that Cenderitide in stable HF patients is well
tolerated with a safety profile in line with the expected pharma-
cological effect including cGMP activation and without exces-
sive hypotension.
HOW THIS MIGHT CHANGE CLINICAL PHARMA-
COLOGY OR TRANSLATIONAL SCIENCE
� Our findings provide for the first time in human HF new
insight into the tolerability and safety of the designer NP Cen-
deritide, which coactivates both pGC-A and pGC-B, laying the
foundation for larger clinical trials in HF.

Advances in peptide engineering have resulted in innovative pep-
tide therapeutics in the treatment of human diseases such as dia-
betes with glucagon-like peptide 1 receptor stimulators, HIV to
target critical molecular pathways with novel cell penetrating pep-
tides, and more recently in heart failure (HF) with the peptide
seralaxin.1–4 Goals of peptide engineering include enhanced
receptor activation, cotargeting of more than one peptide system,
and increased stability of a peptide-to-enzymatic degradation.
Cenderitide (CD-NP) represents a novel designer natriuretic

peptide (NP) which was engineered to coactivate the two particu-
late guanylyl cyclase (pGC) NP receptors pGC-A and pGC-B.5,6

Such a peptide does not exist in nature, as the endogenous cardiac
NPs (ANP and BNP) are ligands for pGC-A,7,8 while the endo-
thelial derived CNP activates pGC-B.9,10 To achieve dual pGC-
A and pGC-B activation, Cenderitide was designed by fusing the
22 amino acids of human CNP with the 15-amino acid C-
terminus of DNP (Figure 1).5,11,12 Importantly, activation of
both receptors results in the generation of the second-messenger
cyclic guanosine monophosphate (cGMP).11 CNP has more
potent antifibrotic properties than ANP and BNP, while also
having less hypotension but lacks renal actions. Of note, CNP is
the most susceptible NP to neprilysin (NEP) degradation, which
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has limited its clinical development.13 Importantly, DNP has
potent natriuretic and diuretic properties and is a robust activator
of pGC-A.14,15 Thus, a major goal in the engineering of Cenderi-
tide was to create a novel designer NP that would cotarget pGC-
A and pGC-B with less hypotension than pGC-A activators and
which possessed antifibrotic properties like CNP but had the
beneficial renal properties of pGC-A activation like DNP. Fur-
ther, Cenderitide’s design rendered it more resistant to NEP deg-
radation than native NPs.16

Previous studies have reported that Cenderitide activates
cGMP in human cardiac fibroblasts (CFs) and inhibits CF prolif-
eration induced by profibrotic factors.5 Further, Ichiki et al.
reported that Cenderitide suppressed Collagen I gene expression
activated by transforming growth factor beta (TGF-beta) and
that these fibro-suppressing actions were greater than either BNP
or CNP.17 Further, in a rat model of cardiac fibrosis and
impaired diastolic function, a 2-week continuous infusion of
Cenderitide suppressed cardiac fibrosis and preserved myocardial

diastolic function.18 In normal canines, Cenderitide was diuretic,
natriuretic, and increased the glomerular filtration rate (GFR)
with less hypotension than BNP.5

To advance the clinical development of Cenderitide, Lee et al.
administered Cenderitide to normal human volunteers in a first-
in-human study to demonstrate the safety and tolerability of a 4-
h intravenous infusion compared to placebo.19 Cenderitide was
well tolerated, without adverse actions and activated cGMP con-
sistent with NP receptor activation. There was minimal blood
pressure (BP) reduction, also consistent with the modest BP-
lowering actions of CNP in humans together with natriuresis
and diuresis, while GFR was preserved. Based on the safety and
tolerability of Cenderitide in healthy subjects and its important
cardiorenal profile, Cenderitide may have therapeutic potential
for the treatment of HF, mediating cardiorenal protection.
The current study was designed as a prospective, randomized,

placebo-controlled trial to determine for the first time the overall
safety and tolerability of Cenderitide as well as the ability of Cen-
deritide to activate plasma and urinary cGMP in patients with
stable chronic HF. We tested the hypothesis that Cenderitide
can be safely administered to HF subjects and that the activation
of cGMP observed in preclinical studies and in normal subjects
can be translated to HF.

RESULTS
Demographics and baseline data
A total of 18 stable HF patients participated in this study. Of
them, 12 were randomized to Cenderitide and 6 to placebo.
Table 1 summarizes the clinical characteristics of the study
population.

Safety
The safety stopping criteria consisted of the following: 1) decrease
in systemic systolic blood pressure from baseline by �30 mmHg,
systolic BP <80 mmHg, or hypotension is associated with symp-
toms or that required treatment; 2) development of second- or
third-degree atrioventricular (AV) block, interventricular conduc-
tion defect, corrected QT (QTc) interval >500 msec, or increase
in the QTc interval by >30 msec during therapy, ventricular

Figure 1 Structures and amino acid sequences of C-type natriuretic pep-
tide (CNP), Dendroaspis natriuretic peptide (DNP), and Cenderitide
(CD-NP).

Table 1 Baseline characteristics

All (n 5 18) Placebo (n 5 6) Cenderitide (n 5 12) P- value

Age, years 63.2 6 14.0 60.5 6 15.1 64.5 6 13.9 0.584

Male, n (%) 16 (88.9) 6 (100) 10 (83.3) 0.187

BMI, kg/m2 29.9 6 3.4 30.2 6 3.7 29.7 6 3.4 0.760

LVEF, % 28.5 6 10.7 29.5 6 14.2 28.0 6 9.2 0.789

SBP, mmHg 108.5 6 15.2 108.5 6 15.7 108.5 6 15.6 1.000

DBP, mmHg 63.4 6 9.4 66.3 6 7.9 61.9 6 10.1 0.365

HR, beats/min 65.3 6 11.5 63.5 6 12.9 66.2 6 11.2 0.656

SCr, mg/dl 1.10 6 0.25 1.10 6 0.17 1.10 6 0.30 1.000

Data displayed as mean 6 standard deviation, median (interquartile range), or n (%). BMI, body mass index; LVEF, left ventricular ejection fraction; SBP, systolic blood pres-
sure; DBP, diastolic blood pressure; HR, heart rate; SCr, serum creatinine.
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tachycardia >5 beats, ventricular fibrillation, or asystole in any
subject.
All 18 patients completed the treatment period, and no

patients met the prospectively defined stopping criteria. During
Cenderitide infusion of 20 ng/kg/min, no significant changes in
electrocardiographic findings were observed, nor did drug-related,
clinically relevant changes in safety laboratory parameters occur.
There were no adverse effects (Table 2).

Effects of Cenderitide
Neurohumoral parameters. Compared with Placebo, Cenderitide
significantly increased plasma CNP levels as a measure of Cen-
deritide immunoreactivity (Figure 2). At baseline, plasma cGMP
levels and urinary cGMP excretion were not significantly

different between the two groups. The mean plasma cGMP levels
and the mean urinary cGMP excretion were 3.96 0.7 (mean6

standard error of the mean (SEM); range 1.1–12.3) pmol/mL
and 905.56 222.5 (mean6 SEM; range 268.3–3,540.1) pmol/
min, respectively. During the 4-h infusion period, plasma cGMP
levels and urinary cGMP excretion did not change in the placebo
group, but after 4 h, plasma cGMP levels and urinary cGMP
excretion of the Cenderitide groups were significantly increased
from baseline (mean6 SEM, from 3.96 0.9 to 8.86 1.3 pmol/
ml, P< 0.01 and 845.46 279.7 to 2,176.56 1,002.5 pmol/min,
P< 0.01, respectively) (Figure 2). Also, plasma cGMP values of
the Cenderitide group were significantly higher than those of the
placebo group after 4 h of infusion (placebo 3.76 1.3 to 3.66

1.0 pmol/ml; Cenderitide 3.96 0.9 to 8.86 1.3 pmol/ml,
P< 0.05). There were no changes in angiotensin II or aldoste-
rone in either group.

Hemodynamic actions. The baseline hemodynamic variables
including systolic blood pressure (SBP), diastolic blood pressure
(DBP), and mean arterial pressure (MAP) and heart rate (HR)
are illustrated in Figure 3. During 4 h of drug infusion, hemody-
namic parameters remained unchanged in both groups.

Renal actions. Urine flow and urinary sodium excretion did not
significantly differ between the placebo and Cenderitide groups
after 4 h of study drug infusion. There was also no significant dif-
ference in GFR between the placebo and Cenderitide groups
(P5 0.165, Figure 4a,b). Across the entire population of sub-
jects receiving Cenderitide, there was no statistical change in
GFR. However, in the Cenderitide subjects with low-baseline
GFR equal or below 65ml/min/1.73m2, mean GFR improved
relative to baseline at 4 h (Figure 4c). The mean change from
baseline in GFR was 27.16 6.6ml/min/1.73m2 in placebo,
215.66 9.0ml/min/1.73m2 in Cenderitide with high-baseline
GFR (>65ml/min/1.73m2), and 115.16 4.5ml/min/1.73m2

in Cenderitide with low-baseline GFR. Thus, the absolute
increase in GFR during 4 h were significantly higher in Cenderi-
tide patients with low-baseline GFR compared with placebo
patients and Cenderitide patients with high-baseline GFR.

Table 2 Treatment-emergent adverse events during the study

Placebo,
n 5 6

Cenderitide,
n 5 12

Adverse effects

Hypotension, n (%)

Symptomatic hypotension 0 (0) 0 (0)

Symptomatic hypotension with
SBP <80 mmHg

0 (0) 0 (0)

Decrease from baseline in
SBP (�30 mmHg)

0 (0) 0 (0)

Arrhythmia, n (%)

Second- or third-degree AV block 0 (0) 0 (0)

Ventricular tachycardia>5 beats 0 (0) 0 (0)

Ventricular fibrillation or asystole 0 (0) 0 (0)

Flushing, n (%) 0 (0) 0 (0)

Dizziness, n (%) 0 (0) 0 (0)

Tachycardia, n (%) 0 (0) 0 (0)

Paresthesia, n (%) 0 (0) 0 (0)

Dyspnea, n (%) 0 (0) 0 (0)

Data are presented as n. SBP, systolic blood pressure; AV, atrioventricular.

Figure 2 Effect of Cenderitide on plasma CNP, plasma cGMP, and urinary cGMP excretion (UcGMPV). Values are mean 6 SEM. *P<0.05 vs. placebo,
†P<0.01 vs. baseline.
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DISCUSSION
This clinical study investigated for the first time the safety, tolera-
bility, pharmacodynamics, and cGMP activating properties of
Cenderitide in patients with stable chronic HF. The study
showed that a 4-h infusion of Cenderitide was safe, well tolerated
with increases in plasma cGMP, and urinary cGMP excretion in
the absence of hypotension. Importantly, GFR was preserved and
was increased in the presence of a reduced GFR.
Nearly all etiologies of heart disease involve pathological myo-

cardial remodeling characterized by excessive deposition of extra-
cellular matrix proteins by CFs, which reduces tissue compliance
and not only accelerates the progression to HF but also leads to
poor prognosis in HF patients.20,21 Indeed, left ventricular (LV)
myocardium in both endstage HF and in LV assist device
(LVAD) patients is characterized by the presence of fibrosis.17

Thus, pathological fibrosis has emerged as an important target
for pharmacological intervention in HF, yet approved drugs for
this specific pathology are lacking. Cenderitide, as a dual pGC-A/
pGC-B activator that may potentially optimize antifibrotic prop-
erties of the NPs/cGMP pathway, may represent a significant
advance in targeting cardiac fibrosis.5,17,22,23 Supporting the
potential clinical target of fibrosis in HF is our demonstration of
significant increases in plasma cGMP in the current study.
Impaired renal function characterized by a reduction in GFR

and congestion secondary to sodium and water retention are
more predictive of poor HF outcomes than LV ejection fraction
(LVEF).24,25 In normal canines, intravenous infusion of Cenderi-
tide increased GFR and in freshly isolated canine glomeruli
increased cGMP generation.5,11 Cenderitide was also natriuretic
and diuretic in normal dogs, with less reduction in BP compared

Figure 3 Effect of Cenderitide on systolic (SBP), diastolic (DBP), and mean arterial (MAP) pressures (mmHg). Values are mean 6 SEM.

Figure 4 Individual GFR responses in placebo groups (a) and Cenderitide groups (b). Comparison of changes from baseline in GFR at 4 h between pla-
cebo, Cenderitide with baseline GFR �65 ml/min/1.73m2, and Cenderitide with baseline GFR <65 ml/min/1.73m2 groups (c). P value in box is from
ANOVA for comparison of groups. Data are mean (SEM). NS, not significant.
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to nesiritide.5 In normal human volunteers, Cenderitide
increased sodium and water excretion, preserved GFR, and aug-
mented plasma and urinary cGMP excretion with a minimal
reduction in BP.19 In the current study in stable HF subjects,
intravenous infusion of Cenderitide preserved GFR with an
increase in plasma cGMP and urinary excretion of cGMP, with
no change in blood pressure or sodium excretion. This reduced
BP and natriuretic response may be due to reduced pGC-A and/
or pGC-B receptor activity. Thus, in future studies a dose-
ranging study of longer duration is warranted to address this
issue. Alternatively, the lack of natriuresis and diuresis may be
related to the short duration of infusion or the holding of diu-
retics on the day of the study.
In this small study we did note that GFR increased in subjects

with GFR below 65ml/min/1.73m2 but this needs confirmation
in a larger trial. These renal actions especially related to GFR are
consistent with pGC-A action, as supported by previous studies
in isolated glomeruli.11 Of note, compared to placebo there was
no natriuresis or diuresis.
Our major objective was to establish that Cenderitide was safe

and well tolerated. In the current study there were no adverse
effects observed. Specifically, there was no hypotension, tachycar-
dia, dizziness, or other adverse effects.
It should be noted that Entresto represents a newly approved

drug for HF that antagonizes the Angiotensin Type 1 receptor
and inhibits neprilysin that is the enzyme especially abundant in
the kidney that degrades the natriuretic peptides.26 We previously
reported a synergism in experimental HF with the acute coad-
ministration of omapatrilat that inhibits both angiotensin con-
verting enzyme and NEP in augmenting renal function.27 Such
studies provide a rationale for coadministration of Entresto and
Cenderitide and warrant exploratory studies. To optimize such a
small molecule and peptide cotherapy would require a chronic
delivery strategy for Cenderitide. We would advance the strategy
of subcutaneous delivery (s.q.) as is used for insulin. Such a deliv-
ery strategy is supported by our success with chronic delivery of
BNP in patients with HF.28,29 Finally, based on what we have
learned in studies of Cenderitide in normal humans, in which
cGMP was activated with natriuresis and in cultured human car-
diac fibroblasts in which Cenderitide suppressed collagen gene
expression greater than either BNP or CNP, one could make an
informed assessment that a definitive trial in humans with HF to
show renal enhancing and antifibrotic actions would be of 3-
month duration, with s.q. Cenderitide at two doses, and be ran-
domized, blinded, and placebo-controlled.17,19

Our study has limitations. It was a small, early-phase study and
larger studies with more HF patients will be required to confirm
the current findings. This would include a dose-ranging design to
find optimal dosing strategies. Our study also was of short dura-
tion of Cenderitide as we assessed safety of 4 h of continuous
intravenous infusion of 20 ng/kg/min that was a dose similar to
the first-in-human study in normal volunteers, so longer-duration
infusion studies are needed. Further studies also should more
carefully assess interaction with diuretics.
In conclusion, this short-term Cenderitide study performed for

the first time in human HF establishes that treatment with the

novel designer NP Cenderitide that cotargets both pGC-A and
pGC-B activates the cGMP pathway without changes in BP and
HR in stable chronic HF patients. Importantly, Cenderitide was
well tolerated, with a safety profile without adverse effects. We

Table 3 Key exclusion criteria
1. History of allergy or other adverse reactions to exogenous natri-

uretic peptides (Cenderitide (CD-NP) or its components, nesiri-
tide, other natriuretic peptides, or related compounds).

2. Women who are pregnant, or breastfeeding.

3. Nesiritide within 7 days prior to entry into the study.

4. Any investigational drug or device within 30 days prior to entry
into the study.

5. Clinically unstable patients (e.g., systolic blood pressure <90
mmHg, ongoing requirement for vasopressors or mechanical cir-
culatory support, or mechanical ventilation).

6. Recent hospitalization for decompensated HF or recent defibril-
lation for cardiac resuscitation within 30 days prior to
randomization.

7. History of organ transplantation, on a waiting list for organ
transplantation, or ongoing requirement for long-term vasoac-
tive support.

8. Patients with guarded prognosis who are unlikely to derive
meaningful benefit from Cenderitide.

9. Use of sulfonamides, nonsteroidal antiinflammatory drugs, pro-
benecid, or other drugs that are known to alter renal function
within 5 half-lives prior to the first dose of Cenderitide or
placebo.

10. Presence of cardiac lesions or comorbidities that may contrain-
dicate the use of natriuretic peptides, such as clinically signifi-
cant cardiac valvular stenosis, hypertrophic cardiomyopathy,
restrictive cardiomyopathy, constrictive pericarditis, primary pul-
monary hypertension, or uncorrected congenital heart disease
that contraindicates the use of vasodilators.

11. History of blood pressure >190/115 mmHg or unexplained syn-
cope within the past 3 months.

12. Symptomatic carotid artery disease, known critical carotid ste-
nosis, or stroke within the past 3 months.

13. Clinically significant renal artery stenosis.

14. Baseline hemoglobin <10.0 g/dl.

15. Serum sodium <130 mEq/L, potassium <3.6 mEq/L, or mag-
nesium <1.7 mEq/L.

16. Elevated aspartate aminotransferase (AST) or alanine amino-
transferase (ALT) at least 5 times the upper limit of normal or
bilirubin at least 3 times the upper limit of normal.

17. Creatinine clearance (CrCl) <50 ml/min/1.73m2, as calculated
by Cockcroft-Gault formula and adjusted for body surface area
within the past year or at screening, or requirement for dialysis.

18. History of alcohol abuse within the past 6 months.

19. Consumption of a phosphodiesterase-5 inhibitor (sildenafil, var-
denafil, or tadalafil) within 72 h of receiving Cenderitide or
placebo.

20. Inability to communicate effectively with study personnel.

21. Body mass index (BMI) >38 kg/m2.

VOLUME 104 NUMBER 3 | September 2018 | www.cpt-journal.com550

ARTICLE



also observed a signal of possible GFR-enhancing properties in
subjects with mild renal insufficiency. Overall, the results of this
study encourage further investigations of Cenderitide in stable
chronic HF as a potential innovative strategy to enhance cardi-
orenal function and preserve cardiorenal structure.

METHODS
Study design
This human study was designed as a randomized, double-blind, placebo-
controlled trial to be conducted in subjects with stable chronic HF and
reduced ejection fraction (EF) which was performed at the Clinical
Research Unit (CRU) of the Mayo Clinic Center for Translational Sci-
ence Activities (CTSA), Mayo Clinic, Rochester, MN. The study was
supported by the National Heart, Lung, and Blood Institute (NHLBI).
All subjects provided written, informed consent before enrollment.
Study documentation was reviewed and approved by the Ethics Com-
mittee of the Mayo Clinic. The study was conducted in accordance with
the ethical principles of the Declaration of Helsinki and its amendments,
the US Food and Drug Administration Principles of Good Clinical
Practice, and International Conference on Harmonization Guidelines,
where applicable. The study was registered at ClinicalTrials.gov (ID:
NCT00620308).
Eighteen subjects were randomized in a 2:1 ratio to Cenderitide vs.

placebo to confirm the safety and the pharmacodynamics of Cenderitide
in stable HF. Experimental periods included 1-h baseline and 4-h intra-
venous infusion of Cenderitide at 20 ng/kg/min based on previous stud-
ies in experimental animals and the first-in-human study in normal
volunteers.5,19

Patients
Main inclusion criteria were as follows: 1) male, postmenopausal female,
or surgically sterilized female; 2) age 21 years or older and able to
give written informed consent; 3) NYHA functional class I–III; and
4) LVEF �40% documented within the last 2 years. The key exclusion
criteria are listed in Table 3.

Screening
Screening was done prior to commencement of the study by medical his-
tory, physical examination, and screening laboratory tests including echo-
cardiogram for LVEF. Eighteen HF patients who were assessed
according to the inclusion/exclusion criteria were stabilized for �1 week
on a no-add-salt diet (120 mEq5 sodium per day) and admitted to the
CRU of the Mayo Clinic CTSA on the day prior to the study.
Eligible patients were maintained on stable doses of HF medications,

such as diuretics, angiotensin converting enzyme (ACE) inhibitors,
angiotensin receptors blockers (ARBs), beta-blockers, aldosterone antag-
onists, or digoxin, for 1 week prior to the day of the study. Diuretics
were on hold following the last dose on the day prior to the acute study
until completion of the study. An ultrasound scan of the bladder was
performed to assess complete emptying of the bladder. If a significant
amount of residual urine was present, informed consent for the use of a
urinary catheter during the study was obtained from the subject.

Randomization to double-blind treatment
Random treatment assignments were made by the use of a randomiza-
tion code that was sent directly from the study statistician to the Mayo
Research Pharmacy. The study pharmacist, who was not involved in data
analysis, assisted in the preparation of Cenderitide and placebo (dextrose
5% in water, D5W). HF patients were randomized to placebo (D5W)
or Cenderitide (20 ng/kg/min) for 4-h intravenous infusion. The dosing
regimen was derived following consideration of in vivo experimental data
from the first-in-human normal volunteer study.19

Monitoring of safety, tolerability, and cardiovascular function
The study consisted of 5 h and included a 1-h baseline and a 4-h period
of study drug or placebo infusion. Blood and urine sampling and nonin-
vasive hemodynamic parameters were collected during each period.
Automated blood pressure measurements were obtained once every
15min. Heart rate was monitored continuously by ECG. Following
infusion of the study drug, the subjects were observed for 24 h in the
CRU. Subjects were assessed clinically for any adverse reactions. If there
were no concerns, the subjects were dismissed from the CRU.

Assessment of neurohumoral function
Plasma and urinary cGMP and plasma CNP to determine Cenderitide
immunoreactivity were performed with previously reported meth-
ods.5,29,30 Angiotensin II and aldosterone were measured as previously
reported.31,32

Assessment of renal hemodynamics and function
Prior to receiving Cenderitide, all patients received infusion of iothala-
mate for 2 h for measurement of GFR.33 The first hour was an equilibra-
tion period and the second hour was the baseline for comparison. This
was followed by a 4-h collection period of urine and blood sampling dur-
ing placebo or Cenderitide infusion. In post-hoc analysis, patients in the
Cenderitide group were divided into two groups using the median base-
line GFR (65ml/min/1.73m2) as the cutoff value: 1) Cenderitide with
low-baseline GFR group (n5 6), and 2) Cenderitide with high-baseline
GFR group (n5 6) to also assess GFR responses.

Data analysis
Statistical analysis was performed using JMP software v. 13 (SAS Insti-
tute, Cary, NC). Continuous variables were expressed as median and
interquartile range and were compared using an unpaired t-test for equal
variance data and Welch’s test for nonequal variance data. The Wil-
coxon rank-sum test was performed for nonnominal distributed data.
Categorical variables were compared using chi-square test or Fisher’s
exact test. Two-way analysis of variance (ANOVA) was used to compare
the means of these parameters between groups, followed by the Bonfer-
roni posttest, where applicable. The stratification of patients based on
GFR was an ad-hoc analysis. P< 0.05 was considered statistically
significant.
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