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Abstract

Introduction: the biggest drawback of using iodinated contrasts in clinical practice is contrast nephropathy, which
increases morbidity and mortality and hospital costs. Remote ischemic preconditioning (RIPC) is a non-invasive
tissue protection technique that has proven to be able to reduce renal involvement after intravascular contrast
administration.

Objective: the main goal of this study was to assess the impact of RIPC on the incidence of contrast-induced
nephropathy in patients undergoing endovascular aortic repair (EVAR).

Material and methods: patients who underwent elective EVAR were included, and then sequentially assigned to
the control and preconditioning groups (groups C and p, respectively). Pre- and postoperative hematocrit (at 24,
72 hours, and 30 days) was analyzed.

Results: a total of 98.3 % of the patients included in the study were men out of a total sample of 120 patients. The
mean age was 73 years (range, 56-87). Diabetes and preoperative chronic kidney disease (understood as glomerular
filtration rates < 60 mL/min) were present in 29.16 % and 38.33 % of the patients, respectively. Half of the sample
received preconditioning in the preoperative period. A total of 24.17 % of the patients developed nephropathy

Keywords: despite fluid therapy with or without preconditioning. At the postoperative period (24 h-72 h), preconditioning
EVAR. Remote did not modify the incidence rate of nephropathy, serum creatinine and urea, or even the estimated glomerular
grcehci)?'(;tiomng filtration rate (eGFR). However, at the 30-day follow-up the preconditioned group showed a significant improvement
Contrast induced in serum creatinine and urea levels (1.46 = 0.3 vs 1.03 £ 0.5; p < 0.001; 61.06 + 27.5 mg/dL vs 43 .78 + 12.9 mg/dL;
nephropathy. p =0.003) and eGFR increase (56.37 + 23.4 mL/min/1.73 m?vs 72.85 + 17.7mL/min/1.73 m? p = 0.004).
Qggﬁﬁicugni?a”_m Conclusions: RIPC seems effective in alleviating the effects of iodinated contrast on the kidneys of patients under-
reperfusion injury. going EVAR in the short term follow up (30 days).
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Resumen

Introduccidn: el mayor inconveniente del uso de contrastes yodados en la practica clinica es la nefropatia por
contraste, gue aumenta la morbimortalidad y los costes hospitalarios. El preacondicionamiento isquémico remoto
(PCIR) es una técnica de proteccion tisular no invasiva que ha demostrado ser capaz de disminuir la afectacion
renal tras la administracién de contraste intravascular.

Objetivo: el objetivo principal del estudio es valorar el impacto del PCIR en la incidencia de la nefropatfa inducida
por contraste en pacientes intervenidos de reparacion adrtica endovascular (EVAR).

Material y métodos: se incluyeron pacientes intervenidos de EVAR electivo asignados de manera secuencial en
grupo control y de preacondicionamiento (C y p, respectivamente). Se analizaron pardmetros bioquimicos pre-y
posoperatorios (a las 24 y a las 72 horas y a los 30 dias).

Resultados: el 98,3 % de los pacientes incluidos en el estudio fueron varones, sobre una muestra total de
120 pacientes. La media de edad fue de 73 afios (rango: 56-87). La diabetes y la insuficiencia renal cronica preope-
ratoria (entendida como filtrado glomerular < 60 ml/min) estuvieron presentes en el 29,16 %y en el 38,33 % de
los pacientes, respectivamente. La mitad de la muestra recibié preacondicionamiento en el preoperatorio. Un
total de 24,17 % pacientes desarrollaron nefropatia a pesar de sueroterapia con o sin preacondicionamiento. En el
posoperatorio (24-72 h) el preacondicionamiento no modificé la incidencia de nefropatia, creatinina y urea sérica
o tasa de filtrado glomerular (eFG). Sin embargo, a los 30 dias el grupo preacondicionado mostré una mejoria
significativa de las cifras de creatinina y de ureas séricas (1,46 + 0,3 frente a 1,03 + 0,5; p < 0,001; 61,06 + 27,5 mg/
dl frente a 43,78 + 12,9 mg/dl; p = 0,003) y aumento de eFG (56,37 + 23,4 ml/min /1,73 m?frente a 72,85 + 17,7ml/
min/ 1,73 m? p = 0,004).

Conclusiones: el PCIR parece efectivo en reducir los efectos del contraste yodado sobre el rifndn en pacientes
intervenidos de EVAR a corto plazo (30 difas).

INTRODUCTION

The main drawback associated with the use of
iodinated contrast agents in the routine clinical prac-
tice is contrast-induced nephropathy (CIN), which
increases morbidity, mortality, and hospital spending.
Worsening renal function has been reported in 18 %
to 23 % of the patients undergoing endovascular
aneurysm repair (EVAR) in the postoperative period
(1). CIN is defined as an acute deterioration of renal
function between day 2 and day 7 after the admin-
istration of iodinated contrast, which should be >
0.5 mg/dL; 44 umol/L in absolute terms or > 25 %
in relative terms (2-5). The pathophysiology of CIN
results from dysregulation between vasoconstriction
and vasodilation of the renal parenchyma medullary
vessels added to the direct cytotoxic effect of the
contrast agent (6,7).

In addition to the already known modifiable and
non-modifiable risk factors (8) associated with the
development of CIN, patients undergoing EVAR have
additional lesional mechanisms, such as microembo-
lisms of the renal artery during device deployment (9),
dissection of the renal artery ostium, ischemia-reper-
fusion syndrome (10), hypovolemia, and other cardio-
vascular risk factors (7,11).
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Itis recommended to assess the risk of developing
CIN, minimize contrast volume and nephrotoxic drugs
as much as possible, and follow a hydration protocol
of 1 mL/kg/h to 1.5 mL/kg/h of a normal saline solu-
tion at 0.9 % for, at least, 12 hours up to 24 hours after
contrast exposure (3,6,12,13). However, there are other
nephroprotection strategies available, such as remote
ischemic preconditioning (RIPC) (14,15).

RIPCis a non-invasive tissue protection technique
that has been shown to reduce renal damage following
the administration of contrast agents. [ts mechanism
of action is unknown (1), although some hypotheses
suggest the involvement of complex humoral, neural,
systemic, and molecular mechanisms (16) that resultin
anti-inflammatory effects and reduced extravascular
levels of free radicals and lactate (17).

The objective of this study is to quantify the actual
incidence of CIN and study the role of RIPC as a strat-
egy to reduce the incidence of CIN in patients treated
with elective EVAR.

MATERIAL AND METHODS

This was a prospective, randomized, clinical trial of
patients undergoing elective-only EVAR from January
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2017 through January 2019 at Hospital Clinico Universi-
tario de Valladolid, Spain. This study did not receive any
funding from the industry whatsoever and was conduct-
ed following the principles established by the Declara-
tion of Helsinki. The research protocol was approved by
the Clinical Research Ethics Committee of the Eastern
Area of Valladolid (PI-20-1745). This study is registered
on ClinicalTrials.gov with reference no. NCT05350683.
Participation in this study was voluntary, and all partic-
ipants gave their prior written informed consent.

Exclusion criteria were applied to patients with
peripheral arterial disease in the upper limbs, on dial-
ysis, with decompensated heart failure at the time
of the intervention, or who could not tolerate the
preconditioning protocol.

The study variables can be seen in table I. The
impact of RIPC was measured in absolute and relative
terms of creatinine variation within the first 48 hours
after contrast administration and based on the afore-
mentioned definition of CIN.

All patients received hydration therapy 12 hours
before contrast administration, at a rate of 1 mL/kg/h,
regardless of the risk of developing CIN (according to the
Mehran scale [18]). Nephrotoxic drugs were discontin-
ued 24 hours before surgery, and no other nephropro-
tection drug was used unless indicated by a specialist.

In the 12 hours prior to surgery, the lead investi-
gator performed RIPC according to a standardized
protocol by alternating 4 cycles of 5 min of cuff infla-
tion on the non-dominant upper limb until SBP +

Table I. Sample description

Control (n.=60) RIPC (n,=60) p

Men 58 (48.3 %) 60 (50 %) 0497
Age 7291457 73.85+69 0.305
Diabetes 19 (15.8 %) 16 (13.3 %) 0.559
Hypertension 44 (36.7 %) 38 (31.7 %) 0.339
Without heart failure 52 (44.3 %) 53 (44.2 %)
NYHA FCI 3(2.5%) 5(4.1 %)

0.057
NYHA FC I 5(4.1 %) 0
Right heart failure 201.7 %)
Mean eGFR 64.67 +£19.9 6534 +22.0 0.212
eGFR > 60 40 (33.3 %) 34 (28.3 %)
eGFR 5910 30 15 (12.5 %) 22 (183 %) 0.342
eGFR < 29 5(4.1 %) 4(3.3%)
Low risk — 7.5 % CIN (Mehran) 38 (31.7 %) 37 (30.8 %)
Moderate risk — 14 % CIN (Mehran) 20 (16.6 %) 19 (15.8 %) 0.636
High risk — 26.1 % CIN (Mehran) 201.7 %) 4 (3.3 %)
Without preoperative drugs 47 (39.2 %) 57 (47.5 %)
Metformin 7 (5.8 %) 3(2.5%)
Glibenclamid 1(1.2%) 0 0.073
N-acetylcysteine + sodium bicarbonate 4 (3.3 %) 0
> 1 drug 1(1.2%) 0
CIN: contrast-induced nephropathy; eGFR: estimated glomerular filtration rate; NYHA: New York Heart Association.
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20 mmHg followed by 5 min of deflation. Patients
were consecutively recruited on a 1:1 ratio.

The objective of this study is to quantify the actual
incidence of CIN in patients undergoing elective EVAR
and evaluate the role of RIPC as nephroprotection
strategy in these patients.

The sample size was calculated using the GRANMO
5.2 calculator based on a mean difference in post-
operative creatinine values of 0.7 mg/dL between
the control and preconditioned groups (C and p,
respectively) in a population similar to that of this
study (17), with an 80 % statistical power and a bilat-
eral type 1 error of 5 %. A preliminary calculation prior
to recruitment resulted in 37 patients in each study
arm. When 18 patients were recruited, the calculation
was repeated, resulting in 65 patients in each study
arm. A 10 % loss to follow-up was estimated.

Continuous variables were tested for normal dis-
tribution using the Shapiro-Wilk test. Normally distrib-
uted variables are expressed as mean and standard
deviation and compared using independent t-tests
and ANOVA for continuous variables with repeated
measures. Non-normally distributed variables were

analyzed using the Mann-Whitney U test. The cate-
gorical variables are expressed as frequency and per-
centage and compared using Pearson’s chi-squared
and Fisher’s exact tests.

p values < 0.05 were considered statistically signifi-
cant. All analyses were performed using SPSS, version
27.0; IBM Corporation, Somers, NY, United States.

RESULTS

Atotal of 120 patients were included (see flowchart
in figure 1) with aortic aneurysmal disease treated
with elective EVAR: 58 men and 2 women in group
C, 60 men in group p; mean age of 72.91 + 5.7 years
(range, 60-83) in group C, and 73.85 + 6.9 (range,
56-87) in group p.

Table I illustrates the descriptive analysis of the
variables included based on the study groups.
The surgical characteristics are shown in table Il
and the postoperative ones in table lll. The only dif-
ferences seen between both groups were a higher
incidence of NYHA FC Ilin group C (5 [4.1 %] vs O; p=

p
Collection of demographic data,
comorbidity, and type of scheduled | «¢—
intervention

Collection of intraoperative data J <F—

Blood and urine test 24 hours
after the intervention <

N\ ( N7 N\

Blood and urine test 48-72 hours
after the intervention <

At30days (n=111)

( Patient with aortic aneurysm scheduled for intervention using endovascular techniques )
( Informed consent ) ( Meets inclusion criteria )
v v v
7 patients declined to participate Inclusion in the study 4 patients were already on hemodialysis
in the study and did not sign and randomization 2 patients had peripheral arterial disease
the necessary consent in the upper limbs

During the admission (n = 120)

Losses
(n=9)

1 patient had a hypertensive crisis with cardiac
decompensation within the 24 hours prior
to the intervention

3 patients reported not tolerating ischemia
in the upper limb during preconditioning

5 patients did not show up for the scheduled analysis
2 patients due to a change in the reference health
care area

1 death due to causes unrelated to the intervention (stroke)

1 acute myocardial infarction within the 2 weeks
following the intervention with admission
to the critical care unit and multiple organ failure

Blood and urine test 30 days after the intervention J

Figure 1.
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0.057), and the use of metformin (7 [5.8 %] vs 3 [2.5 %);
p =0.073) (Table I). Baseline renal function in terms
of serum creatinine and serum urea levels, and the
estimated glomerular filtration rate were similar in
both groups (Table IV).

The variables describing the study primary end-
point are summarized in table V. There were no sta-
tistically significant differences between group p and
group Cinterms of relative (5.22 % + 25.3 vs 14.19 %
+ 25.5; p = 0.084) or absolute variation (0.06 mg/dL
+0.5vs0.18 mg/dL +0.3; p=0.151) in serum creat-
inine levels and, therefore, in the incidence of CIN
(11 patients [9.2 %] vs 18 patients [15 %]; p = 0.137),
considering the previously described definition of CIN.

Intraoperative variables, including the volume
of contrast administered to the patients (106.28 +

36.4vs 115.35 +30.8; p = 0.885), did not differ signifi-
cantly between the groups (Table Il). Postoperative
values are summarized in table ll.

However, significant differences were found
in serum creatinine and serum urea levels (1.46 +
0.3vs1.03+05;p<0.001;61.06 +£27.5vs43.78 +
12.9; p = 0.003), estimated glomerular filtration
rate (56.37 + 23.4 vs 72.85 + 17.7; p = 0.004), and
hematocrit (34.99 + 5.1 vs 38.90 + 5.2; p = 0.030)
at 30 days in favor of the preconditioned group,
with no statistical variation between the groups
during the immediate postoperative period (24 h
to 48 h) (Table IV).

In a subgroup analysis, only high-risk patients
(Mehran marker > 11) who developed CIN during
the immediate postoperative were compared.

Table Il. Surgical characteristics

Control (n_=60) RIPC (n,= 60) p

Intraoperative contrast, mL 106.28 + 36.4 115.35+30.8 0.885
Without nephroprotection 47 (39.2 %) 45 (37.5 %)
N-acetylcysteine 11 (9.2 %) 15 (12.5 %) 0.183
N-acetylcysteine + sodium bicarbonate 2(1.7 %) 0
Without drugs 41 (34.2 %) 48 (40 %)
Vasoactive drugs 9(7.5 %) 3(12.5%) 0.167
Propofol 7 (5.8 %) 8 (6.7 %)
Serum therapy, mL 1408.00 + 599.4 1262.50 +332.7 0.128
EVAR 50 (41.7 %) 48 (40 %)
FEVAR 3(2.5%) 4 (3.3 %)

0.961
[liac branch 5(4.1 %) 6 (5 %)
Thoracic 201.7 %) 201.7 %)
Endurant, Medtronic 37 (30.8 %) 34 (28.3 %)
Anaconda, Vacutek 6 (5 %) 5(4.1 %)
Jotec, Cryolife R 15 (12.5 %) 18 (15 %) 0.843
Valiant, Medtronic 2(1.7 %) 201.7 %)
Nellix, Endologix 1(1.2%)
Locoregional anesthesia 50 (41.7 %) 54 (45 %)
General anesthesia 10 (12 %) 6 (5 %) 080
EVAR: endovascular aneurysm repair; FEVAR: fenestrated endovascular aneurysm repair.
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Table Ill. Postoperative values

Control (n.=60) RIPC (n,, .= 60) p
Serum therapy < 24 h after postoperative
Without drugs 10 (12 %) 9(7.5%)
Diuretics 31(25.8 %) 42 (35 %) 0.555
Diuretics + inotropic drugs 3(2.5%) 5(4.1 %)
Serum therapy, mL 2970.89 + 862.2 293987 +547.7 0.813
Diuretic therapy, mL/ 24 h 295442 +788.8 248766 = 1104.1 0.079
Serum therapy > 24 h after postoperative
No 40 (33.3 %) 39 (32.5 %)
Yes 20 (16.7 %) 21(17.5 %)
1 day 10 (12 %) 8 (6.7 %)
2 days 4 (3.3 %) 3(2.5%)
0.220
3 days 3(2.5%) 0
4 days 2(1.7 %) 4(3.3%)
5 days 1(1.2%) 5(4.1 %)
6 days 0 1(1.2%)
Mean duration of serum therapy (days) 067+12 101+£18 0.223

Table IV. Continuous variables both pre- and postoperative

Control (n.=60) RIPC (n,=60) p

Preop. eGFR 64.67 £ 199 65.34+£220 0.856
eGFRat 24 h 67.68 £24.2 66.20 +25.0 0.743

eGFRat48to72h 60.59 + 269 5959+ 244 0.839
eGFR at 30 days 5637 £234 7285+17.7 0.004
Preoperatorive serum creatinine levels 127 +£0.7 120+ 04 0.484
Serum creatinine levels at 24 h 1.24+0.7 1.24+06 0.999
Serum creatinine levels at 48 to 72 h 1.36+08 1.38+£06 0.840
Serum creatinine levels at 30 days 146+03 1.03+05 <0.001
Preoperatorive serum urea levels 51.02+24 51.71+£199 0.896
Serum urea levels at 24 h 4197 +£273 3632 £26.1 0.379
Serum urea levels at 48 to 72 h 4645 £ 29.1 51.09 +26.1 0.381

Serum urea levels at 30 days 61.06 +27.5 43784129 0.003
Preoperatorive hematocrit 40.80 + 6.1 4069+ 6.5 0.841

(Continues on next page)
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Table IV (cont.) Continuous variables both pre- and postoperative

Control (n.=60) RIPC (n,=60) p
Hematocrit at 24 h 3325+45 31.87+£49 0.112
Hematocritat48to 72 h 3351+£6.0 3146+£59 0.078
Hematocrit at 30 days 3499+ 5.1 3890+52 0.030
Preoperative urinary albumin-creatinine ratio 1.72+33 086+ 19 0.132
Urinary albumin-creatinine ratio at 24 h 078+ 1.1 0.64 +1.25 0.576
Urinary albumin / creatinine ratio at 48 to 72 h 029+04 187+75 0.185
Urinary albumin-creatinine ratio at 30 days 0.70+09 1.68+24 0.157
eGFR: estimated glomerular filtration rate.
Table V. Primary endpoints

Control (n_.= 60) RIPC (n,=60) p
CIN 11(9.2%) 18 (15 %) 0.137
Absolute variation (mg/dL) 0.06+0.5 0.18+03 0.151
Relative variation (%) 5224253 1419+ 255 0.084

Four patients with CIN were obtained, all of whom
were randomized to the preconditioned group. None
of the 2 high-risk patients randomized to the control
group experienced CIN (p = 0.014).

Another subgroup was created based on the type
of stent-graft fixation used. In a first analysis, stent-
grafts were arranged according to the name of the
commercial brand used, and no significant differenc-
es were seen between the study arms (p = 0.843).
However, stent-grafts of supra-renal fixation were

much more common in both groups (104 vs 12;
p = 0.034). Thoracic stent-grafts were excluded from
this subanalysis. Regarding renal function, this new
analysis showed no significant differences between
the study arms regarding the serum creatinine levels
or eGFR at 48 hours. On the other hand, there was a
significant reduction in the serum creatinine levels
and an improved eGFR in preconditioned patients
with supra-renal fixation compared to those from the
control arm at 30 days (Table V).

Table VI. Subgroup analysys with the stent-graft fixation

Control (n_.=60) RIPC (n,=60) p

Suprarenal fixation + CIN 7 (5.8 %) 17 (14.2 %) 0.030
Infrarenal fixation + CIN 5(4.1 %) 1(0.8 %) 0.296
Suprarenal fixation

Serum creatinine levels at 48 to 72 h 1.39+0.8 14406 0.941
eGFRat48to 72 h 62.30 £ 245 5940 + 24.7 0.569
Serum creatinine levels at 30 days 143406 1.00+03 0.003
eGFR at 30 days 5763+234 7488 +17.7 0.005

(Continues on next page)
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Table VI (cont.) Subgroup analysys with the stent-graft fixation

Control (nC= 60) RIPC (nP= 60) P
Infrarenal fixation
Serum creatinine levels at 48 to 72 h 120405 126405 0.774
eGFRat48to 72 h 68.59 £ 249 61.21+£235 0.610
Serum creatinine levels at 30 days 185408 126403 0.180
eGFR at 30 days 388+ 186 60.6 £13.1 0.156
CIN: contrast-induced nephropathy; eGFR: estimated glomerular filtration rate.

DISCUSSION

The aim of this study was to assess the impact of
RIPC on the incidence of CIN in patients undergoing
elective EVAR. In this case, the incidence of CIN varied
from group C to group p, although this difference was
not clinically significant.

Possibly, the higher incidence rates of nephrop-
athy reported in group p may be due to the pres-
ence of more patients being categorized as high-risk
according to the Mehran scale (18). Since both study
arms were initially comparable (Table 1), the analysis
of the incidence of nephropathy by risk subgroups
only revealed the presence of 6 patients with Mehran
scores > 11. Itis possible that such a small number
resulted in suboptimal randomization.

The actual incidence of CIN in patients undergo-
ing elective EVAR surgery is unknown to this date
because there is not such a thing as a widely accepted
definition consistently used in the scientific medical
literature available (1). Therefore, the documented inci-
dence rate of CIN varies from 8.5 % to 28 %, depending
on the series studied (1,11,19).

A search on PubMed using the terms “endovas-
cular aneurysm repair” (MeSH terms) and “ischemic
preconditioning” (MeSH terms) resulted in an article
published by Walsh et al. in 2009 (14) that specifically
included the target population of our study. A recent
meta-analysis conducted by Stather et al. (15) was also
found, which included all aortic surgeries performed,
not only patients treated with EVAR.

The preconditioning protocol in this study used
the non-dominant upper limb because the risk of
peripheral arterial disease is lower compared to the

| Angiologia 2023:75(6):362-370 |

lower limbs, and involved 4 cycles of 5 min of isch-
emia applied within the 12 hours prior to surgery. A
study protocol published by Healy in 2015 (20) also
used the upper limb, even though the skeletal mus-
cle mass of the lower limb is greater than that of the
arm. The upper limb has been more widely used for
preconditioning due to its potential resistance to RIPC
in diabetic and elderly patients (20-22).

Traditionally, the only proven nephroprotection
strategy is fluid therapy (23), which is considered
mandatory for patients with estimated glomerular
filtration rates < 60 mL/min/1.73 m? (24,25). In this
study, fluid therapy was used in both groups to avoid
biases resulting from its well-known nephroprotec-
tive effect. A review published in 2016 by Koch (26)
shows that all studies used hyperhydration protocols
before and after contrast infusion using 0.9 % sodium
chloride aqueous solutions at infusion rates of 1 mL/
kg/h to 4 mL/kg/h with different durations.

In this study, the renal function biomarkers used
were serum and urinary creatinine, the estimated
glomerular filtration rate, and the urinary albumin-cre-
atinine ratio. Recently, numerous renal function bio-
markers have been described, and attempts have
been made to add them to the routine clinical prac-
tice (27). Despite its drawbacks (8), serum creatinine
remains a universally used biomarker for renal func-
tion (28).

After a 30-day follow-up, the preconditioned group
showed significantly lower serum creatinine and urea
levels, along with an increased eGFR. Most scientific
medical literature on RIPC stresses its potential as an
immediate measure of renal protection against kid-
ney damage, which is why the quantification of renal
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biomarkers is often stopped at 48-72 hours (29). Other
studies extend follow-up, counting major adverse
cardiovascular events up to 12 months (20,21), but
they do not focus on renal impairment. Interestingly,
the review published by Koch (26) reports a significant
reduction of morbidity and mortality rates at 6 weeks,
including death, rehospitalization, and the need for
dialysis. The prolonged effect of RIPC may be justified
by epigenetic (30) and chromosomal conformational
changes (31), as well as molecular (27,30) and his-
tological processes in the kidney that trigger tissue
protection/repair mechanisms aimed at reducing the
inflammatory reaction due to ischemia-reperfusion.

CIN, along with atheroembolic disease has a worse
prognosis (11,32). The renal function impairment seen
at the 30-day follow-up in group C from this study
could be the result of CIN and microembolisms. In
group p, a significantly positive evolution of creatinine,
urea, and renal function (33) was observed.

The suprarenal fixation of the stent-graft (34),
repeated contrast administration at the follow-up
(35,36), or even surgical time (19) can lead to the
occurrence of microembolisms and long-term wors-
ening of renal function after EVAR. In this study, a sub-
group analysis based on stent-graft fixation proved
that RIPC may be particularly useful in cases of supra-
renal fixation, where renal function is mainly impaired
in the long term.

In this study, a drop in hematocrit of 7.55 % +
1.6 % in the control group and 18.82 % + 1.6 % in
the preconditioning group was reported within the
first 24 hours after surgery. Postoperative anemia after
EVAR is often due to the catheters and introducer
sheaths exchanged during surgery (37). In our study,
the recovery of hematocrit in the preconditioning
group was greater at the 30-day mark.

Experimental studies have demonstrated that even
with reduced hematocrit levels, erythropoietin levels
in a kidney damaged by ischemia-reperfusion injuries
remain low due to a lower sensitivity to circulating
oxygen (38). The positive evolution of hematocrit

levels in patients undergoing RIPC could be justified
by the protective effect of preconditioning against
ischemia-reperfusion injury, which may have mitigat-
ed the drop of erythropoietin synthesis, thus favoring
the recovery of erythropoietin levels, and therefore,
hematocrit in the long term. This finding is the basis
of a hypothesis not yet described in the medical lit-
erature that could be the subject of future studies.

This study has several limitations. Firstly, precon-
ditioning was performed within 12 hours prior to the
administration of contrast. Experimental studies show
that ischemic preconditioning induces molecular
changes that have a protective effect on tissues, not
only in the short but also in the long term (39). The
results of serum creatinine levels in the postoperative
period could have been different if preconditioning
would had been performed > 12 hours prior to the
administration of contrast. Secondly, the control and
preconditioning populations did not show significant
differences regarding the type of anesthesia used.
However, certain anesthetics can dampen the effect
of preconditioning. Unfortunately, studies on this topic
do not specifically address CIN in patients undergoing
EVAR, so the results may not necessarily be extrapo-
lated (40-42). Finally, this study cannot demonstrate
whether there are racial or gender differences because
the predominant population included male Caucasian
participants.

CONCLUSIONS

In this study, RIPC did not demonstrate a signifi-
cant effect on the incidence of CIN during the early
postoperative period in patients undergoing EVAR.
However, the disease progression of the RIPC group
was favorable in parameters such as serum creatinine,
urea, eGFR, and hematocrit 30 days after surgery, even
in cases with suprarenal fixation. This situates RIPC
as a simple and widely available nephroprotection
strategy for patients treated with EVAR.
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