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Abstract

Objective. To find clinical predictors of long-term cardiovascular survival in patients with ischemic
kidney disease (IKD) caused by atherosclerotic renal arteries lesions. Design and methods. In 1999—
2012, 185 patients (118 males; aged 35—79 years) with the diagnosed significant atherosclerotic lesions
of renal arteries (stenosis > 50 %) were included in an open, single-center observation prospective study.
Among them 123 subjects underwent renal revascularization (RR): open surgery in 61 cases, percutaneous
angioplasty of renal arteries and stent implantation — in 62 patients. The mean follow-up was 33 months
(95% confidence interval 29-37 months). The estimated outcomes included hypertension dynamics,
renal function and cardiovascular mortality. Kaplan-Meyer curves and Cox proportional hazards
regression model were used for survival analysis and associated factors assessment. Results. Cumulative
cardiovascular survival in IKD patients after renal revascularization was significantly higher. Regression
analysis showed that the independent predictors of long-term cardiovascular mortality included renal
revascularization, cerebrovascular disease and lower limbs ischemia. Relative risks of cardiovascular
death were 0,25 in case of renal revascularization; 4,0 and 3,7 in the presence of cerebrovascular disease
and lower limb ischemia, respectively. Independent predictors of long-term cardiovascular mortality after
RR were lack of hypertension improvement (OR 8,7); post-surgery estimated glomerular filtration rate
<45 ml/min/1,73 m? (OR 5,6); baseline proteinuria > 1 g/day (OR 8,7); and peripheral artery disease
with the lower limb ischemia (OR 46). Conclusions. Renal revascularization is associated with the
higher long-term cardiovascular survival. An improvement of cardiovascular prognosis in IKD patients
after surgery should be expected when antihypertensive and renoprotective efficacy of RR is achieved
and concomitant lower limb ischemia is cured.

Key words: ischemic kidney disease, renal revascularization, cardiovascular survival, risk factors
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Pe3srome

Henb uccenoBaHusi — MOMCK KIMHUYECKUX MPEIUKTOPOB OTAAJIEHHOW CEplIeYHO-COCYAUCTOMN
(CC) BbDKMBAEMOCTH Y NMALMEHTOB ¢ ueMuyeckoi 6osnesnpto nouek (MBIT), BeI3BaHHOM aTepockiepo-
TUYECKUMU OKKIIFO3MOHHBIMM MOpa)keHUsAMU noyeuHbIx aprepuii (I1A). Marepuanasl u MeToasbl. B ot-
KPBITOE OTHOIICHTPOBOE 00CEPBAIIIOHHOE ITPOCTIEKTUBHOE MCCIIEI0OBaHUE OBLITO BKIIFOUEHO 185 60OMBHBIX
(118 — my>xuunbI; Bo3pacT 35—79 ner), y koTopbix B niepuos ¢ 1999 no 2012 roapl ObUTH BBISIBICHBI
reMOIMHaMUYeCKU 3HaYuMble (cTeH03 > 50 %) arepockieporuyeckue nopaxenus [1A. Y 123 6oabHbIX
ObL1a BbIOJHEHA peBacKyisipuszanus noyek (PII), B Tom uucie B 61 ciiydyae BBIIOIHEHBI OTKPBITHIE
PIL, y 62 6onbHbIX — upeckoxkHasi anruoriactuka [TA co crentupoBanuem. B xoze npocnekTuBHOTO
HaOmoneHust (cpeaHuii cpok — 33 mecsna, 95-MpoIeHTHBIN T0BEpUTEIbHBIN UHTEpBan 29-37 Me-
CSIIIEB), PETMCTPHUPOBAJIMCH AMHAMHUKA apTeprainbHOi runeprersun (Al'), GyHKIUS MOYeK U CMepTh
or CC npuuuH. [l aHanu3a BBDKMBAEMOCTH M aCCOLMUPOBAHHBIX (DAKTOPOB MPUMEHSIN METOJ
Kamrana-Meliepa 1 perpecCHOHHYIO MOJIEIb IPONIOPLIMOHANIBHBIX pUCKOB. PedyabTarel. KymynsaTus-
Hast CC BphkuBaeMocTh B rpymnmne 0osnbHbIX WBII, monBepruyThIX OTKPBHITOM MM 3HIOBACKYJISPHOU
PTI, Gb1na BBIIIIE, YEM Y MAIIMEHTOB, HE TIOJBEPTIINXCS ONepaTUBHOMY JiedueHuto. [Ipu perpeccuonHoM
MOJIEIMPOBAHUU ycTaHOBIEHO, 4To PII, Hanuuue nepedpoBackynspHoit 6one3nu (LIBB) n nmemun
HkHUX KoHeuHoctel (MHK) sBnsrorest HezaBucumbiMu nipenukropamMu CC cMepTu B OTAAJIEHHOM
nepuone. CHmxenue orHocutenbHoro pucka (OP) CC cmeptu npu BoinonHenuu PII coctasuio 75 %;
OP Bo3pacrain B 4 u 3,7 paza npu Hasmuuu kinanueckux nposisiaeHuit [IBb u MHK cooTtBeTcTBEeHHO.
HesaBucumbiMu axtopamu, accoruupoBanHbiMu ¢ oTaaineHHon CC cMmepTtHOCThIO nociae PII, 6
orcyrcTBue auHamMuku Al B otnanenrom nepuoze (OP 8,7); pacyeTHast CKOPOCTh KITyOOUKOBOH (pHTh-
tpauu < 45 mu/mun/1,73 M? B mocneonepaunonsHom nepuoae (OP 5,6); ucxomHas cyTovHasi HoTepst
¢ mouoii > 1 r/cyt (OP 8,7); a Taxxke Hamuuue oONMTEPUPYIOMIETO aTepockiepo3a aprepuit ¢ MHK
(OP 46). 3akarouenne. BoimonHnenue peBackyisipusanuu novyek y mamueHToB ¢ MBI accommmpoBano
C CYIIECTBEHHBIM yiyultieHueM otaaneHHo CC BBDKMBAEMOCTH. YIyUIIEHHE OT/JAAJICHHOTO MPOTrHO3a
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y OIIEpUPOBAHHBIX OOJNIBHBIX MOYKHO 0XKUAATh MpH dpdexTruBHOCTH PII B OTHOIIEHHN KOPPEKIUH ap-
TepUAIbHOM IMIEPTEH3UU U TUCPYHKIUH [TOYEK, a Takxke npu ycrpanenun MHK.
KiroueBblie ciioBa: niemMuyeckas 001e3Hb I0YEK, PEeBACKYISIPU3ALIUS TIOUEK, CEPIICUHO-COCYUCTAs

BbIDKMBA€MOCTD, (I)aKTOpLI pUCKa

Jlnsa yumuposanus: Cemeros /1. B., Kapes A. B., Typobosa E.I1., Pabukos M. A., Baxumos K. M., Henawoe A. M., JJoopo-
Hpasos B. A. @axkmopwl, accoyuuposantvle ¢ OmMOALeHHOU CePOeUHO-COCYOUCTON BbIJNCUBACMOCTbIO DONLHBIX C AMEPOCKIe-
pomuieckotl uuemuueckol bonesuvio nouek. Apmepuanvnas eunepmensus. 2014,20(6):501-509.

Introduction

Ischemic renal disease (IRD), caused by
atherosclerotic lesions of renal artery (RA),
remains a relevant problem due to a high
cardiovascular risk and poor survival [1-7].
Novel diagnostics technologies and surgical
methods to treat renal ischemia should have led
to a substantial improvement in IRD management.
However, the results of recent prospective
comparative studies are disappointing, as they
did not show any significant differences in long-
term outcomes, including survival, in groups of
conventional therapy and renal revascularization
(RR) [6, 8, 9]. These “paradoxical” data point
to the need for further research and analysis of
prospective studies in order to assess post-RR
outcomes.

The main purpose of our study was to analyze the
predictors of long-term cardiovascular survival in
a representative group of IRD patients.

Design and methods

In an open, prospective, single-center,
observational study, we included 185 patients who
had known hemodynamically significant (= 50 %
stenosis by angiography) atherosclerotic lesions of
the RA, diagnosed between 1999 and 2012. Among
them, there were 118 men and 67 women aged
from 35 to 79 years (mean age — 60 + 9 years).
Unilateral RA lesions were detected in 114 (62 %)
subjects, bilateral — in 71 (38%). All of them
were hypertensive, and drug-resistant hypertension
(HTN) was diagnosed in 63 % cases. 112 patients
(61%) demonstrated renal dysfunction (RD) with
an estimated glomerular filtration rate (eGFR)
< 60 ml/min/1.73 m?* Stage III chronic kidney
disease was diagnosed in 80 (72 %), IV — in 27
(24%) and V — 5 patients (4 %) [10, 11].

All IRD patients were divided into 2 groups.
Group 1 included patients undergoing RR
(n = 123). An isolated intervention (open or

endovascular RR) in the absence of indications
for vascular reconstructions of other vessels was
performed in 103 cases; 20 patients underwent
combined interventions on RA, kidneys and/or
abdominal aorta, its branches and iliac arteries
due to aneurysms and occlusions. Group 2
(control) included 62 patients with IRD who
had not undergone RR: 19 subjects had only
relative indications for RR [moderate HTN
controlled by one or two antihypertensive drugs in
the absence of severe RD], they underwent
reconstruction of lower extremity arteries
(LA) due to the progressive manifestations of
chronic ischemia (ILA). In 43 cases, IRD surgery
was not performed due to patient’s denial from RR
or combined surgery on the LA.

Among 123 patients who underwent RR
(groups 1 and 2), including 76 open RR (74 bypass
RA surgery, 1 transaortic endarterectomy of RA,
and 1 PA implantation) and 7 nephrectomies (in
combination with revascularization contralateral
kidney) in 61 subjects, and 80 percutaneous
angioplasties with PA stenting in 62 patients.

The decision to perform an operation was based
on the analysis of the expected effects regarding
BP, kidney function, general, cardiovascular and
potential intervention-associated risks and was taken
ex consilio by angiosurgeons and nephrologists after
clinical examination and direct angiography were
performed. All patients, regardless of the surgery,
received detailed recommendations about lifestyle
correction, diet and drug therapy in accordance
with applicable principles of cardioprotection and
renoprotection [10, 12, 13]. The treatment included
angiotensin converting enzyme inhibitors or
AT 1-receptor blockers, angiotensin, statins, and
optionally (or to replace the therapy) calcium
channel blockers, beta-blockers, saluretics.

At baseline (in operated patients immediately
prior to the RR) the following demographic and
clinical parameters were registered: gender, age,
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Table 1
CLINICAL PARAMETERS IN PATIENTS WITH ATHEROSCLEROTIC
LESIONS OF RENAL ARTERIES AND ISCHEMIC RENAL DISEASE AT BASELINE
. Group 1 Group 2 P
Parameter A(llll I;a:lfg)ts (with RR) (without RR) (Group 1 vs.
(n=123) (n=62) Group 2)
Male, % 64 62 71 0.210
Age, years 60+9 60=+9 63 £8 0.03
BMI, kg/m? 26+ 4 26+ 4 24+ 4 0.009
Bilateral RA lesion, % 37 47 18 <0.001
HTN duration months 122 (46; 222) 128 (45; 249) 120 (59; 213) 0.197
Smoking, % 69 67 72 0.457
Diabetes mellitus, % 9 8 10 0.701
Antihypertensive drugs, n 29+14 33+1.2 21+14 <0.001
SBP, mm Hg 161 +25 166 £ 25 148 £19 <0.001
DBP, mm Hg 92+ 13 95+ 12 84 +£10 <0.001
Mean BP mm Hg 117+ 16 119+ 15 106 + 12 <0.001
CHD, % 40 38 45 0.323
AMI, % 18 18 16 0.703
Myocardial revascularization, % 9 10 5 0.203
CVD, % 26 26 26 0.976
Aortic aneurysm, % 13 15 10 0.299
LLI, % 55 42 82 <0.001
Cr, mmol /1 0.12 (0.1, 0.16) | 0.13 (0.1;0.16) | 0.10(0.08; 0.15) 0.742
eGFR ml/ min/ 1.73 m? 50+£23 47 £19 55+£20 0.02

Note: * — operated patients, immediately prior to the operation; RR — renal revascularization; BMI — body mass
index; RA — renal artery; HTN — hypertension; SBP — systolic blood pressure; DBP — diastolic blood pressure; CHD —
coronary heart disease; AMI — acute myocardial infarction; CVD — cerebrovascular disease (presence of stroke or transient
ischemic attacks); LLI — lower limb ischemia; Cr — serum creatinine; eGFR — estimated glomerular filtration rate.

body mass index; hypertension duration; systolic
blood pressure (SBP); diastolic blood pressure
(DBP); mean blood pressure (BP); need for
antihypertensive therapy; presence of diabetes
mellitus, verified coronary heart disease (CHD),
acute myocardial infarction, previous myocardial
revascularization; cerebrovascular disease (CVD),
including past stroke or transient ischemic attacks;
lower limb ischemia (LLI); serum creatinine (Cr),
GFR EPI formula [14]. Descriptive statistics is
presented in Table 1.

Mean follow-up period was 33 months, 95 %
confidence interval (CI) 29-37 months (3 to
132 months). During follow-up, the dynamics in
HTN, renal function, and mortality due to
cardiovascular causes were registered.

Statistical analysis

For comparative analysis of independent
samples Student’s t-test, y* test or Mann-Whitney
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test were used depending on data distribution.
Long-term cumulative survival was assessed by
Kaplan-Meier analysis, and logrank was calculated.
A Cox regression model with stepwise selection
of the independent variables was used to verify
the independent predictors of post-RR mortality.
Cardiovascular fatal cases were considered as
complete cases; survivors and deaths from other
causes were estimated as censored cases. Data are
presented as mean and standard deviation, unless
otherwise indicated. The differences were considered
statistically significant at p < 0.05. Analysis was
performed using the statistical software application
package “SPSS 14.0” (Chicago, IL, USA).

Results

As expected, cardiovascular survival in the
joint group of patients with IRD undergoing
endovascular or open RR (group 1) was higher
than in non-operated patients (group 2) (Fig. 1). It
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Figure 1. Cumulative cardiovascular survival in patients with coronary
artery disease after renal revascularization and in non-operated subjects
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Note: solid line — renal revascularization; dotted line — without operation; circles — total cases; crosses — censored

cases.
Table 2

INDEPENDENT FACTORS ASSOCIATED WITH CARDIOVASCULAR SURVIVAL
IN THE JOINT GROUP WITH ISCHEMIC RENAL DISEASE
(n = 185) (STEP COX REGRESSION ANALYSIS)*

95 % CI, for Exp (B
Parameter B+ SE VV.al('i p OR ° p®)
statistics Lower Upper
RR 1.40£0.36 14.88 <0.001 0.25 0.12 0.50
LLI 1.32 +0.44 9.23 0.002 3.76 1.60 8.83
CVD 1.41+0.33 17.96 <0.001 4.09 2.13 7.84

Note: * — the independent variables not included in the regression model: gender, age, smoking, baseline mean BP,
baseline estimated glomerular filtration rate, presence of diabetes mellitus, unilateral/bilateral involvement of the renal
arteries, the presence of an aortic aneurysm, ischemic heart disease, surgery revascularization of the lower limbs arteries;
OR — odds ratio, (Exp (B); CI — confidence interval; RR — renal revascularization; LLI — lower limb ischemia; CVD —

cerebrovascular disease.

should be noted that operated patients compared to
non-operated ones showed higher SBP and DBP,
higher mean number of antihypertensive drugs,
lower eGFR, other parameters were comparable in
both groups (Table 1). Patients who underwent
endovascular and open RR, were matching by
baseline clinical parameters and survival rates (data
are not displayed).

Regression analysis showed that RR, along
with CVD and LLI, is an independent predictor
of long-term cardiovascular death (Table 2).
However, such factors as gender, age, smoking,
diabetes mellitus, bilateral RA lesions, mean BP,
aortic aneurysm, initial eGFR, surgery LLI were
proven to be insignificant in the multivariate model.
The relative risk reduction (RR) of cardiovascular

death after RR was 75 %; odds ratio (OR) was 4 and
3.7-fold in case of clinical manifestations of CVD
and LLI, respectively (Table 2).

Multivariate analysis identified the following
independent predictors of long-term cardiovascular
mortality: the lack of HTN dynamics at long-term-
follow-up (OR 8.7), eGFR < 45 mL/min in the
postoperative period (OR 5.6), daily proteinuria at
baseline > 1 g/day (OR 8.7), and the presence of
atherosclerotic lesions with LLI (OR 46) (Table 3).
Figure 2 displays cumulative survival in patients
with different values of these indicators.

Discussion
Atherosclerotic IRD is one of the most serious
forms of cardiovascular disease associated with a
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Table 3

INDEPENDENT FACTORS ASSOCIATED WITH REMOTE CARDIOVASCULAR MORTALITY
IN OPERATED PATIENTS WITH ATHEROSCLEROTIC ISCHEMIC RENAL DISEASE
(n =123) (STEP-BY-STEP MULTIVARIATE COX REGRESSION ANALYSIS)*

95 % CI, for Exp
Wald

Parameter B +SE . . P OR (B)
statistics
Lower Upper
No BP changes at long-term
follow-up (compared with the 2.16+0.84 6.610 0.01 8.60 1.672 45.289

group with reduced BP)

Postoperative GFR <45 ml/min

(compared to GFR > 45 ml/min) 1.72 +0.83 4.237 0.04 | 5.602 1.086 28.900

Initial daily proteinuria > 1 g/day

+
(compared to proteinuria < 1 g/day) 2.16 £0.82 6.879 0.009 | 8.71 1.729 44.077

LLI (compared to the absence of

LLI) 3.83+1.38 7.687 0.006 | 46.388 | 3.079 78.878

Note: * — the independent variables that are not included in the regression model: smoking, diabetes mellitus, the
volume of intraoperative bleeding, male gender, age, estimated of glomerular filtration rate at follow-up, the presence of
cerebrovascular disease and ischemic heart disease; OR — odds ratio, Exp (B); CI — confidence interval; BP — blood
pressure; eGFR — estimated glomerular filtration rate; LLI — lower limb ischemia.

Figure 2. Cumulative survival in patients with ischemic kidney disease
(Kaplan Meier curves) after surgery
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Note: A) the dynamics of arterial hypertension (HTN) at long-term follow-up: solid line — no HTN change, dotted
line— HTN improved; B) postoperative level of estimated glomerular filtration rate (¢GFR): solid line— eGFR <45 mL/min,
dotted line — GFR>45 mL/min); C) the baseline level of daily proteinuria: solid line — 0-0,14 g/day, the dotted line —
0,15-0,99 g/day; dotted line — > 1,0 g/day; D) the presence of atherosclerotic lesions of lower limb arteries before surgery
(dotted line — there are atherosclerotic lesions of the arteries of the lower extremities; solid line — no lesions of the arteries
of the lower extremities).
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poor prognosis [1, 3]. HTN and renal dysfunction,
which are the main clinical manifestations of IRD,
are powerful factors for cardiovascular disease
and atherosclerosis progression, as a result of
hemodynamic and metabolic disorders [2—4, 7, 10,
13, 15]. They determine high mortality rate in IRD.
In case of unilateral RA stenosis > 60 %, 4-year
survival was 59 % if conservative treatment was
administered and no surgery was performed, and
with bilateral lesions of similar degree it was
47% [16]. In the present study, patients receiving
conservative treatment had 4-year survival below
60 % with a further reduction at follow-up.

RR was accompanied by a significant
improvement in cardiovascular survival in a
remote postoperative period compared to patients
who got conservative therapy. Our results
seem consequent, although they contradict the
negative results of prospective randomized studies
assessing RR effectiveness and impact on the
long-term prognosis [5, 8, 9]. Endovascular RR
was the only operative approach assessed in these
comparative studies [8, 9]. At the same time, half
of the patients in this group underwent bypass RA
surgery, which may provide a better long-term
outcome compared to endovascular treatment [17].
However, the assumption of greater efficiency of
open operations regarding long-term outcomes
compared to endovascular interventions was not
confirmed [18]. Therefore, we analyzed survival in
the joint group of patients (endovascular + bypass
surgery).

Patients’ selection for RR is a crucial factor for
the interpretation of the results on the effectiveness
of RR compared to conservative treatment. In the
mentioned studies randomization was based on
the decision of the treating physician leading to
the exclusion of patients requiring RR [5, 9, 19].
In our study, we a multidisciplinary approach
(vascular surgeons, cardiologists and nephrologists
participated in the discussion) was applied. We can
assume that a careful selection of patients who
potentially will benefit most benefit from the RR is
the way to improve long-term outcomes [19, 20]. In
our opinion, such an approach should be applied in
the management of IRD patients.

Long-term follow-up is an advantage of our
study. However, the limitations include the lack
of randomization for RR implementation RR and,
as a result, differences in the severity of IRD and

cardiovascular disease in two groups. However,
it should be noted that the highest cumulative
survival rates was shown in patients undergoing
RR, although they had more severe pre-operation
manifestations of IRD — HTN and RD and
comparable rates of comorbid cardiovascular
disease. Moreover, to overcome these limitations a
multivariate regression analysis was performed. It
demonstrated that RR is associated with a reduced
risk of cardiovascular death, regardless of other
significant clinical factors.

We also identified independent factors associated
with the risk of cardiovascular mortality in long-
term postoperative period and we confirmed
our assumption that improvement in survival is
provided by the positive effect of RR regarding
HTN and renal dysfunction. HTN is a standard
and easily recognizable indication for RR [3].
However, not only antihypertensive, but also
renoprotective effect of RR due to the delay
of renal scarring progression and stabilization
of renal function. Thus, RD, assessed daily by
proteinuria and eGFR, was one of the predictors
of adverse cardiovascular outcomes after RR. Both
parameters are well-known predictors of total
and cardiovascular mortality, as stated in national
and international guidelines [10]. On average
renal function before and after revascularization
does not differ significantly [21]. At the same
time, we have observed alternate changes in
GFR in the postoperative period. Some patients
develop an evident increase or decrease in GFR,
in others it remains unchanged [20, 22]. The total
rate of RR outcomes qualified as an “improved” or
“stabilized” kidney function is 6070 % [23-25],
however, the number of patients reaching end-stage
renal failure, remains high [26, 27].

Asevere reduction in GFR <45 mL/min/1.73 m?
in the postoperative period Can be observed in
three following situations: 1) a reduction of the
baseline high eGFR to < 45 ml/min/1.73 m?
after revascularization; 2) a very low baseline
eGFR with moderate positive dynamics; 3) a low
baseline eGFR without positive changes after
revascularization. The first scenario may be due
to the development of acute kidney injury due
to various causes with an incomplete recovery.
The last two scenarios are due to late diagnosis
and the preoperative development of fibroplastic
severe changes in the kidney. These changes are
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likely to occur in patients with systemic HTN,
are irreversible and can involve both ischemic
and contralateral kidneys (in case of unilateral
stenosis).

Daily proteinuria exceeding 1 g/day usually
has a glomerular etiology. In case of IRD,
proteinuria indicates the severity of the global
and segmental glomerular sclerosis that is a
characteristic morphological feature of chronic
renal hypoperfusion [20]. Obviously, it can be
considered an additional unfavourable factor of
low RR efficiency for the long-term prognosis.

The lack of antihypertensive effect of RR is
unsurprisingly associated with poorer survival.
We assume that in these cases preoperative
persistently elevated BP is associated with
fibroplastic changes in ischemic and/or
contralateral kidney, and to a less extent with
the current organ ischemia. In this regard,
the investigation of the role of kidney ischemia
for HTN development and organ dysfunction is
critical in order to determine the indications for
revascularization and to increase its efficiency
[20, 27].

In our group, as well as in IRD patients in general,
clinical manifestations of extrarenal atherosclerosis
were clinically significant. LLI was one of the
most frequent, its presence was independently
associated with the increased risk of cardiovascular
mortality. We have previously shown that a
simultaneous or sequential intervention on RA
and the lower extremities is associated with a
significant improvement in remote cardiovascular
survival in IRD patients [28]. The elimination of
this risk factor is an evident approach to improve
survival in IRD patients.

Conclusions

Revascularization in IRD patients is associated
with a substantial improvement in long-term
cardiovascular survival. The main predictors
of long-term survival after surgery include
antihypertensive and renoprotective efficiency of
the procedure and LLI elimination. Implementation
of approaches to foresee and achieve maximal
antihypertensive and renoprotective effects after
RR, as well as a timely correction of LLI could lead
to a significant improvement in survival in IRD
patients.
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