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Abstract

Purpose The outcomes of open surgical repair (OR) or
endovascular aneurysm repair (EVAR) for abdominal aor-
tic aneurysm (AAA) are favorable; however, pre-existing
chronic renal insufficiency (CRI) is considered to be a risk
factor that can affect the long-term outcome. We evaluated
our surgical strategy for AAA in patients with CRI by ana-
lyzing their pre- and postoperative renal function.

Methods We conducted a retrospective chart review
of CRI patients who underwent OR (n = 28) or EVAR
(n = 31) for infra-renal AAA in our institution between
2009 and 2013. Our operative strategy included pre- and
postoperative adequate hydration, postoperative diuret-
ics and low-dose dopamine for both groups, intravascular
ultrasonography and carbon dioxide angiography to reduce
the amount of contrast media needed in the EVAR group,
and occasional intraoperative mannitol for the OR group.
Results The preoperative estimated glomerular filtration
rate (eGFR) increased significantly in the postoperative
period and remained similar 6 months later in both groups,
without any difference in changes between the groups. In-
hospital postoperative complications included leg occlusion
in one EVAR patient. There were no complication-related
deaths in either group.

Conclusions Postoperative renal function was similar
after the two approaches, indicating that both procedures
could be performed safely using our strategy for patients
with CRIL.

P4 Katsuyuki Hoshina
traruba@gmail.com

Division of Vascular Surgery, Department of Surgery,

The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku,
Tokyo 113-8655, Japan

@ Springer

Keywords Abdominal aortic aneurysm - Renal
insufficiency - Open surgical repair - Endovascular
aneurysm repair

Introduction

Open surgical repair (OR) has been the first line treatment
for abdominal aortic aneurysm (AAA) for approximately
half a century, with low postoperative mortality and mor-
bidity rates as a result of improved perioperative care and
operative techniques [1]. However, pre-existing chronic
renal insufficiency (CRI) is known to increase the long-
term risks of mortality and renal deterioration postopera-
tively [2, 3]. Vascular surgeons have adopted various renal
protection methods, including perioperative hydration,
acetylcysteine, and mannitol; however, the effects of these
methods are controversial and the protection strategies dif-
fer among institutes [4—6].

Although the outcomes of AAA repair have improved
since the emergence of endovascular aneurysm repair
(EVAR), preoperative CRI is still a comorbid factor, poten-
tially caused by the use of contrast medium during the
EVAR procedure and repeated serial computed tomography
scans during the follow-up, which may have adverse effects
on renal function [7-9]. In Japan, EVAR was approved for
use in 2006, and gained popularity as a minimally invasive
treatment for AAA [10, 11]. Moreover, the outcomes asso-
ciated with EVAR have been excellent, largely because of
technical and device improvements through two decades
of EVAR experiences in other countries [12]. In Japan, we
have also adopted intravascular ultrasonography (IVUS)
and carbon dioxide (CO,) angiography for renal protection
since its inception [12—14].
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A recent large randomized study revealed that neither
OR nor EVAR was associated with deteriorating renal
function in the long term [15]. However, AAA repair in
patients with pre-existing CRI is strongly associated with
procedure-related adverse effects, with renal impairment
reported to occur in approximately 30 % of these patients
[8]. CRI patients have also been found to be at increased
risk of mortality [16], with moderate renal dysfunction
(estimated glomerular filtration rate (eGFR): 30-60 mL/
min/1.73 m?) associated with a 5.2-fold higher risk of dial-
ysis after OR than after EVAR [17].

We have recently established a perioperative strategy for
both OR and EVAR, focusing attention on renal protection.
We conducted this study to evaluate our strategy by ana-
lyzing and comparing AAA patients with pre-existing CRI
undergoing OR with those undergoing EVAR.

Methods

We collected data on 59 patients with CRI, who underwent
OR or EVAR for infrarenal AAA between January, 2009
and April, 2013, retrospectively, from our institution’s med-
ical records. The same group of vascular surgeons working
at the same institution treated all patients. Renal function
was assessed by the eGFR, calculated by the chronic kid-
ney disease epidemiology collaboration formula. Patients
with an eGFR <60 mL/min/1.73 m?, classified as > chronic
kidney disease (CKD) stage 3, according to the National
Kidney Foundation, were defined as having CRI and were
included in the analysis. Hemodialysis patients diagnosed
preoperatively were excluded from the analysis.

All patients provided informed consent, and all pro-
cedures were performed in accordance with the ethical
standards of the institutional ethics committee under the
Declaration of Helsinki 1975, as revised in 2000. Our peri-
operative strategy included pre- and postoperative adequate
hydration (100 ml/h/50 kg body weight for at least 24 h
before the operation), postoperative diuretics and low-dose
dopamine in both groups (when the urine output was less
than 200 ml/4 h), IVUS and CO, angiography to reduce

the amount of contrast media needed in the EVAR group,
and the occasional intraoperative use of mannitol in the OR
group. Moreover, patients were hospitalized for 1-2 weeks
preoperatively, so that we could assess their cardiac, res-
piratory, liver, and cerebrovascular function and check for
other systemic comorbidities (Table 1).

For patients with normal renal function, OR is gener-
ally the first surgical option, based on the patients’ age and
the absence of comorbid conditions. EVAR is offered to
patients with suitable anatomy, including a proximal land-
ing zone of at least 15 mm and proximal neck angulation
less than 60°, without shaggy aorta or extreme tortuosity.
The surgical indication for CRI patients is basically the
same as that for patients with normal renal function. OR
was performed in 28 patients (22 men, 6 women), and
EVAR was performed in 31 patients (23 men, 8 women).
OR was performed via a transperitoneal approach in all
except two patients in whom it was performed via a retrop-
eritoneal approach. All patients received intravenous hepa-
rin before aortic clamping. With EVAR, 23 Excluder (W. L.
Gore and Assoc., Flagstaff, AZ, USA) and 8 Zenith (Cook
Diagnostic, Bloomington, IN, USA) endografts were used.
IVUS was performed in 23 (74.1 %) patients, and a combi-
nation of IVUS and CO, angiography was performed in 3
(9.6 %) patients.

Table 2 summarizes the patient demographics and intra-
operative variable data of the OR and EVAR groups. The
analyzed postoperative variables included postoperative
length of stay, chronological renal function, and in-hospital
postoperative complications.

We identified preoperatively that AAA had induced dis-
seminated intravascular coagulation and blue toe syndrome in
one OR patient. The mean follow-up period was 25 months
(range, 4-53 months). Renal function was assessed preopera-
tively, on postoperative day (POD) 1, and during follow-up
examinations at 1 and 6 months, by checking for changes in
the eGFR. Comparisons of continuous variables between the
OR and EVAR groups were conducted using ¢ tests. We also
used ¢ tests to compare the groups over time. All analyses
were conducted using JMP Pro (version 11.2.1; SAS Insti-
tute, Cary, NC), and significance was set at P < 0.05.

Table 1 Perioperative management for abdominal aortic aneurysm in our institute

Timing OR EVAR Management

Preoperatively O O
o O
Intraoperatively O
O Occasional use of mannitol
Postoperatively O O
o O

Evaluation of cardiac, respiratory, liver, and cerebrovascular function and check for other systemic comorbidities
Adequate hydration (100 ml/h/50 kg body weight) for at least 24 h before surgery
Use of IVUS and CO, angiography to reduce the amount of contrast media needed

Use of diuretics and low-dose dopamine (when the urine output is less than 200 mL/4 h)
Adequate hydration (100 ml/h/50 kg body weight)

OR Open surgical repair, EVAR endovascular aneurysm repair, /VUS intravascular ultrasonography
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Table 2 Preoperative

o . . Variables Total (n =59) OR (n=28) EVAR (n=31) P value
comorbidities and intraoperative
outcomes in patients undergoing  pge 7814£70  758+70 80.1+64 0.01
215’32\::; ifaﬁ}z;"yﬁm repair Male sex 45 (76 %) 278%) 23 (74 %) 0.69
(EVAR) Aneurysmal diameter (anteroposterior) 50.7 £9.7 50.3 £ 8.9 51.1£10.5 0.75
(mm)
Renal function
CKD Stage 3 49 (83 %) 22 (78.6 %) 27 (87 %)
Stage 4 9(15.3 %) 5(17.8 %) 4(12.9 %)
Stage 5 1 (1.7 %) 1 (3.5 %) 0 (0 %)
eGFR (mL/min/1.73 m?) 431+ 124 435+ 144 427+104 0.81
Comorbidities
Hypertension 48 (81 %) 24 (85 %) 24 (77 %) 0.51
Ischemic heart disease 20 (34 %) 10 (32 %) 10 (35 %) 0.79
Cerebrovascular disease 12 (20 %) 2 (7 %) 10 (32 %) 0.10
Diabetes mellitus 10 (17 %) 2 (7 %) 8 (26 %) 0.07
Dyslipidemia 26 (44 %) 11 (39 %) 15 (48 %) 0.60
Respiratory failure 20 (33 %) 10 (35 %) 10 (32 %) 0.79
Smoking (ex- or current) 44 (74 %) 21 (75 %) 23 (74 %) 0.94
Shaggy aorta 3(5.1 %) 3 (10.7 %) 0(0 %) 0.19
Intraoperative variables
Operation time (min) 211 +75.1 246 + 50 180 + 80 <0.0001
Intraoperative transfusion (mL/kg) 39.0 £ 19.6 540+ 17.1 253 +8.7 <0.0001
Intraoperative blood loss (mL) 734 + 728 1384 £ 538 147 £ 123 <0.0001
Intraoperative blood transfusion (mL) 384 + 595 770 £ 676 36 £ 95 <0.0001
In-hospital duration after the operation 11.8 £5.1 154 +4.7 8.6+29 <0.0001
(days)
CKD Chronic kidney disease, eGFR estimated glomerular filtration rate
Results The eGFR increased significantly from the preoperative

The EVAR patients were significantly older than the OR
patients (80.1 + 6.4 vs. 75.8 & 7.0 years, respectively;
P < 0.01). The EVAR patients had shorter operative times
(180 £ 80 vs. 246 £ 50 min; P < 0.0001), were less likely
to require an intraoperative transfusion (25.3 £ 8.7 vs.
54.0 = 17.1 mL/kg; P < 0.0001) or intraoperative blood
transfusion (36 & 95 vs. 770 & 676 mL; P < 0.0001), were
less likely to bleed (147 &+ 123 mL vs. 1384 £ 538 mL,;
P < 0.0001), and had a shorter hospital stay (8.6 £+ 2.9
vs. 15.4 £ 4.7 days; P < 0.0001). In the EVAR group, the
mean volume of contrast administered intraoperatively was
62.4 + 38.4 mL (range 3-162 mL). There were no signifi-
cant differences in other comorbidities (Table 2).

The CKD stages were classified as 3, 4, and 5 in 49
(83 %), 9 (15.3 %), and 1 patients (1.7 %), respectively. CKD
stage 3 was diagnosed in 22 patients (78.6 %) from the OR
group and 27 patients (87 %) from the EVAR group, while
CKD stage 4 was diagnosed in 5 patients (17.8 %) from the
OR group and 4 patients (12.9 %) from the EVAR group.
CKD stage 5 was only present in the OR group (Table 2).
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value of 43.1 & 12.4 mL/min/1.73 m” to 47.2 & 13.7 mL/
min/1.73 m? (P < 0.0001) on PODI and 46.1 &+ 12.9 mL/
min/1.73 m? (P = 0.002) at the 1-month follow-up,
but returned to baseline by 6 months postoperatively
(42.0 £+ 12.7 mL/min/1.73 m%, P = 0.29; Fig. 1). In the
OR group, the eGFR increased significantly from the
preoperative value of 43.5 + 14.4 mL/min/1.73 m? to
473 4+ 16.0 mL/min/1.73 m? (P = 0.01) on PODI, but
returned to the baseline values by the 6-month follow-
up (42.9 + 13.4 mL/min/1.73 m?, P = 0.77; Fig. 2). In
the EVAR group, the eGFR increased significantly from
the preoperative value of 42.7 £+ 10.4 mL/min/1.73 m?,
to 47.1 £+ 11.6 mL/min/1.73 m* (P = 0.001) on POD 1
and to 47.2 + 11.5 mL/min/1.73 m? (P = 0.001) at the
1-month follow up, but returned to baseline by 6 months
postoperatively (41.4 £ 12.3 mL/min/1.73 m%, P = 0.21;
Fig. 2). There were no significant differences in the eGFR
levels between the OR and EVAR patients preoperatively
(P = 0.81), or on POD 1 (P = 0.93), or at the 1-month
follow-up (P = 0.49), or the 6-month follow-up (P = 0.67,
Fig. 2).
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Fig.1 Comparison of the mean estimated glomerular filtration rate
(eGFR) in all patients, measured preoperatively, on postoperative day
1, and then 1 month and 6 months postoperatively. *Paired ¢ test com-
pared with preoperative values. P < 0.05
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Fig. 2 Comparison of the mean eGFR between patients undergoing
open repair (OR) and those undergoing endovascular aneurysm repair
(EVAR), measured preoperatively, on postoperative day 1, and then
1 month and 6 months postoperatively. *Paired ¢ test compared with
preoperative values. P < 0.05

Two patients from the OR group (7.1 %), required
hemodialysis after surgery, which was permanent for one
(eGFR: preoperative, 12.2 mL/min/1.73 m? postopera-
tive, 11.7 mL/min/1.73 m?) and temporary for the other
(eGFR: preoperative, 17.1 mL/min/1.73 m?; postoperative,
12.7 mL/min/1.73 m?). The physicians had recommended

permanent dialysis from the beginning for the former
patient, whereas the latter patient required temporary dialy-
sis for anuria and prolonged fluid retention. However, both
patients recovered well postoperatively. The only in-hospi-
tal postoperative complication was a leg occlusion in one
EVAR patient (3.2 %). This patient required re-intervention
with thrombectomy accompanied by a stent graft in the
affected leg. There were no complication-related deaths.

Discussion

Our perioperative strategy prevented a deterioration in the
renal function of patients with pre-existing CRI, postopera-
tively and for up to 6 months, with similar results in the OR
and EVAR groups. In both groups, transient postoperative
increases in the eGFR were observed, which subsequently
returned to the baseline levels. This temporary increase
was also observed in our previous study, which focused
on patients with juxtarenal AAA [5]. We assumed that this
unique phenomenon may be due to an increase in renal
arterial flow. Thus, perioperative sufficient hydration and
low-dose dopamine should be reasonable strategies for this
purpose.

The permanent or temporary postoperative dialysis rates
of CRI patients have been reported to range from 8-28 %
after OR and from 9-29 % after EVAR [3, §]. In the pre-
sent study, very few patients required dialysis (7.1 %),
which might be attributable to our operative strategy and
recent improvements in the devices used. We speculate that
the one case of leg occlusion might have been related to
procedural or device-related failure.

Acute renal failure caused directly by the operative pro-
cedure in OR contributes to consequent renal deterioration.
Previously, we found that once OR patients overcome the
initial postoperative invasive period, few suffer adverse
renal effects [5]. Mills et al. compared OR and EVAR by
CKD stages, and observed an initial and transient decrease
in the eGFR in the OR group but not in the EVAR group;
however, the renal deterioration during the long-term fol-
low-up was more severe in the EVAR group [18]. Their
results indicate that the renal function of EVAR patients
is impaired by a factor not derived from the operative pro-
cedure itself, such as nephropathy caused by the repetitive
use of contrast media during follow-up examinations.

To reduce the adverse effect of contrast media, we used
IVUS and CO, angiography during EVAR. We previously
revealed that using IVUS reduced the need for contrast
media and was associated with good outcomes; hence, we
have been using this routinely since 2011 [13]. In the pre-
sent series of CRI patients, 74 % of those who underwent
EVAR were supported by the IVUS method. CO, angi-
ography is also considered valuable for patients with CRI
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or those with contrast allergy [14]. EVAR accompanied
by CO, reportedly preserves the eGFR without affecting
the technical success rate, with a similar 1-year endoleak
rate to iodinated-contrast EVAR [19]. We do not use CO,
routinely because of the possible risk of air embolism, so
CO, use for EVAR was only 9.6 % in the present study.
Furthermore, although various drugs have been reported
to be useful for renal protection, including acetylcysteine
and bicarbonate infusion, which have been associated with
decreased incidences of contrast nephropathy [4, 20], we
did not use these agents as their effects are still controver-
sial. A previous meta-analysis revealed that low-dose dopa-
mine can improve renal physiology transiently, but it is not
of clinical benefit to patients with, or at risk of, acute renal
failure [21]. Conversely, Sirivella reported that the infusion
of a solution of mannitol, furosemide, and dopamine pro-
moted diuresis in patients with postoperative acute renal
failure and reduced the need for dialysis [22]. Based on
these previous studies, we consider that the postoperative
use of diuretics and low-dose dopamine for both groups
and the occasional intraoperative use of mannitol for the
OR group may still be reasonable strategies.

The definition of CRI is still controversial. Recent stud-
ies have tended to adopt eGFR as a more sensitive prognos-
tic indicator than serum creatinine values [16, 18, 23, 24].
Walsh et al. reported that the eGFR data indicated CRI in a
greater percentage of patients with aortic aneurysms than
the serum creatinine data (33 vs. 11 %, respectively) [25].
In this study, we based our definition of CRI as CKD stages
3 and 4 on the findings of a previous report that compared
OR and EVAR and analyzed long-term renal function using
CKD stages [18].

In the present study, we excluded patients undergoing
suprarenal clamping from the OR group as the outcome of
OR accompanied by suprarenal clamping compared favora-
bly to that of usual OR in our previous study [5]. However,
some authors have reported harmful effects of the suprare-
nal clamp, which can cause renal artery complications, the
release of cytokines, and ischemia—reperfusion [26], with
an even further increased risk of renal dysfunction with
prolonged renal ischemia (223 min) [27]. Thus, we decided
that EVAR patients, all of whom were treated at the infra-
renal site, should be compared with OR patients without
suprarenal clamping to avoid selection bias.

According to a systematic review, the changes in renal
function after OR and EVAR are still conflicting, and the
results of our study do not appear to corroborate these
reviewed studies. The outcomes relating to postopera-
tive renal function during the 6 months of follow-up were
similar between OR and EVAR in this study, indicating that
both these procedures when performed under our strate-
gies are safe for maintaining renal function. McCullough
reported that reasonable goals for patients with CKD
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include diagnostic cardiac catheterization contrast doses of
<30 mL and <100 mL for percutaneous coronary interven-
tion, computed tomography, and other intravascular studies
[28]. The intraoperative contrast dose given to the EVAR
patients in the present study (62.4 £ 38.4 mL) was within
this range and seemed to be adequate, so this should be
helpful for improving our operative strategy further. A pre-
vious study reported that the contrast dose given to AAA
patients with normal renal function who underwent EVAR
was 148 £ 20 mL [29]. Hence, the contrast dose given to
the EVAR patients in the present study was half of that
given to the patients with normal renal function. We always
try to give as low a dose of contrast as reasonably practica-
ble during EVAR to patients with CRI. Advances in digital
image processing have done much to keep contrast doses
lower than before. Recent studies show that the routine use
of image fusion during EVAR significantly reduces contrast
volume during complex EVAR [30].

This study has some limitations. First, the sample size
was small. A larger study sample would have allowed sub-
analysis based on the degree of renal dysfunction severity
and analysis of postoperative events, including the risk of
dialysis. Second, the follow-up was not long enough as at
least 2 years is recommended to confirm declines in renal
function [24]. Third, patients with diffuse massive ather-
oma lining along the aortic wall on CT, known as “shaggy
aorta” [31] underwent OR due to the risk of peripheral or
visceral embolization which can be induced by EVAR.
Although there were only three (10.7 %) patients with mas-
sive atheroma in the OR group, we should not ignore this
selection bias.

In conclusion, eGFR remained unchanged after OR and
EVAR, even 6 months postoperatively, and only one patient
required permanent hemodialysis during the follow-up
period. The outcomes relating to postoperative renal func-
tion were similar after OR and EVAR, indicating that both
these procedures can be performed safely using our surgi-
cal indications and with our own strategy, to preserve renal
function in patients with CRI. Further studies are warranted
to confirm our findings.
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