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in more than half of patients with CKD stage 3 
and nearly all patients (90%) with CKD stage 5.3 
The mechanisms underlying LVH are multifacto-
rial and include hypertension, extracellular vol-
ume overload, arterial stiffness, dyslipidemia, di-
abetes, inhibition of nitric oxide, endothelial dys-
function, inflammation, anemia, and activation 

IntroductIon Left ventricular hypertrophy 
(LVH) and cardiac fibrosis are major risk factors 
for premature cardiovascular morbidity and mor-
tality in chronic kidney disease (CKD).1,2 LVH 
leads to diastolic dysfunction, congestive heart 
failure, arrhythmias, and sudden death. It de-
velops early in the course of CKD and is found 
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AbstrAct

IntroductIon Left ventricular hypertrophy (LVH) is a risk factor for cardiovascular morbidity and mor-
tality in renal transplant recipients. The development of LVH is connected with excessive activation of 
the sympathetic nervous system. A bilateral nephrectomy is an example of complete renal denervation.
objectIves The aim of this study was to evaluate the effect of pretransplant bilateral native nephrectomy 
on left ventricular mass and function during a long-term follow-up of patients after kidney transplantation.
PAtIents And methods The study group consisted of 32 renal transplant recipients who had previously 
undergone pretransplant bilateral native nephrectomy. The control group involved 32 recipients with 
preserved native kidneys, matched for age, sex, creatinine levels, estimated glomerular filtration rate, 
immunosuppressive treatment, and the time of renal replacement therapy. All patients were evaluated 
by echocardiography, and 16 patients—by cardiac magnetic resonance (CMR). In addition, all patients 
had their arterial blood pressure (BP) and metabolic markers measured.
results In comparison with controls, the study group had lower systolic BP (P = 0.048) and received 
a lower number of antihypertensive agents (P = 0.001). Lipid and hemoglobin levels were similar in both 
groups. The study group had a lower left ventricular mass index (LVMI; P = 0.001) and left atrial volume 
index (LAVI; P = 0.004). The left ventricular mass evaluated by CMR was also lower in the study group 
(P <0.001). Mild left ventricular diastolic dysfunction (LVDD) was more frequent in the study group 
compared with the control group (P <0.001).
conclusIons In a long-term follow-up of patients after kidney transplantation, the bilateral native ne-
phrectomy before transplantation was associated with a lower LVMI and LAVI as well as a lower grade 
of LVDD. These patients had lower systolic BP and used fewer antihypertensive drugs.
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Patients underwent nephrectomy at a mean time 
of 114 months before the study.

The control group included 32 kidney recipi-
ents with preserved native kidneys (mean age, 
51.94 ±12.97 years). Controls were matched for 
age, sex, the cause of renal failure, estimated glo-
merular filtration rate (eGFR), immunosuppres-
sive treatment, and time after KTx. All patients 
received kidneys from deceased donors. Patients 
were treated with triple immunosuppressive ther-
apy consisting of calcineurin inhibitor, mycophe-
nolate mofetil or azathioprine, and prednisone, 
except for 6 patients in the study group and 5 in 
the control group, who were treated with mam-
malian target of rapamycin (mTOR) inhibitors. 
The levels of tacrolimus and cyclosporine were 
similar in both groups.

In all patients, arterial BP, pulse pressure, met-
abolic markers, and allograft function were eval-
uated during the first and third month and ev-
ery 3 months until the end of the follow-up (me-
dian time in the study group, 95 months [range, 
54.5–115.5]; and in the control group, 91 months 
[range, 57.5–132.5]; P >0.05). The average of the 
measurements of the examined parameters was 
used for calculations. We also compared these pa-
rameters between the 2 groups before KTx and af-
ter 3, 6, and 12 months as well as each year from 
2 to 10 years. After this period, it had not been 
compared because of an insufficient number of 
patients in the groups.

The eGFR was calculated by the Modification 
of Diet in Renal Disease formula. An echocar-
diographic examination and cardiac magnetic 
resonance (CMR) were performed after a mean 
time of 92.2 months after KTx in the study group 
and 98.4 months after KTx in the control group 
(P = 0.66).

echocardiography and cardiac magnetic reso-
nance All patients underwent echocardiography 
using the Vivid4 GE Medical System (GE Health-
care, Tirat Carmel, Israel), with a 2.5-MHz trans-
ducer ultrasound system. All echocardiography 
measurements were obtained according to the 
recommendations of the American Society of 
Echocardiography and European Association of 
Echocardiography.14,15

Left ventricular mass (LVM) was calculat-
ed from the end-diastolic septal wall thickness 
(SWTd), end-diastolic LV diameter (LVEDd), and 
end-diastolic posterior wall thickness (PWTd), us-
ing the following formula: 

LVM = 0.8{1.04[(LVEDd + SWTd +PWd)3 – 
(LVEDd)3)]} + 0.6.

The LVM was indexed for the body surface area 
(BSA). A cut-off value of 115 g/m2 or lower for men 
and of 95 g/m2 or lower for women was used for 
the upper limit of the normal LVM index (LVMI).

In order to classify the pattern of the LV geom-
etry, the relative wall thickness (RWT) was calcu-
lated according to the following formula: RWT = 
(2PWTd)/LVEDd.

of the activity of the renin–angiotensin–aldoste-
rone and sympathetic nervous systems.2,4 The 
excessive activation of the sympathetic nervous 
system is observed from the early stage of CKD, 
during progression, to the end stage of renal dis-
ease (ESRD), as well as after kidney transplanta-
tion (KTx).5-9

After successful KTx, the risk of cardiovas-
cular disease is reduced as compared with pa-
tients maintained on dialysis, but remains 3- to 
5-fold higher than in the general population. It 
is a consequence of persistent ischemic cardio-
vascular disease and cardiac hypertrophy. Car-
diac hypertrophy is caused mainly by increased 
blood pressure (BP) triggered by hyperactivity 
of the sympathetic nervous system from native 
kidneys and the side effects of immunosuppres-
sive treatment.10

The overactivity of the sympathetic nervous 
system damages the cardiovascular system 
through numerous pathways such as the activa-
tion of the renin–angiotensin–aldosterone sys-
tem, arrythmogenic effect of noradrenaline, ac-
celeration of atherosclerosis via vasoconstriction, 
as well as proliferation and migration of smooth 
muscle cells and fibroblasts in coronary and pe-
ripheral vasculature.10

Excessive sympathetic nervous activity may be 
reduced by percutaneous, catheter-based endovas-
cular ablation of renal sympathetic nerves.11 Ef-
ficient and complete elimination of sympathetic 
nervous hyperactivity is also a consequence of bi-
lateral nephrectomy. Bilateral nephrectomy in pa-
tients on renal replacement therapy, beside nor-
malization of sympathetic activity, leads to the 
removal of circulating renal renin and to the de-
crease in systemic activity of the renin–angioten-
sin–aldosterone system.12 Some investigators ob-
served a decrease in BP after renal removal, but 
the effect on cardiac remodeling has not been 
studied in the adult population.13

The aim of this study was to evaluate the ef-
fect of pretransplant bilateral native nephrecto-
my on the morphology and function of the left 
ventricle (LV) in a long-term follow-up of pa-
tients after KTx.

PAtIents And methods Participants From 
1999 to 2011, 986 patients underwent KTx at 
our transplant center. Of these patients, 38 had 
their native kidney removed before KTx, dur-
ing the time of maintenance dialysis treatment. 
Six patients were excluded from the study be-
cause of valvular heart disease and retransplanta-
tion. The remaining 32 patients (mean age, 51.72 
±14.46 years) constituted the study group. Na-
tive bilateral nephrectomy was performed due 
to autosomal-dominant polycystic kidney dis-
ease in 16 patients, refractory hypertension in 2 
patients, vesicoureteral reflux in 5 patients, fo-
cal segmental glomerulosclerosis with large pro-
teinuria in 3 patients, urolithiasis in 2 patients, 
trauma in 2 patients, and cancer in 2 patients. 
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An increased LA pressure was defined as an av-
erage E/e ratio exceeding 8, but not exceeding 
13 in the case of a simultaneous presence of the 
LAV enlargement.

The presence of LV diastolic dysfunction 
(LVDD) was defined as a LAVI of up to 34 ml/m2 
and velocity of lateral e of less than 10 cm/s and 
septal e of less than 8 cm/s. The E/A ratio, DT, 
and the average E/e ratio were used to classify 
LVDD into 3 grades: 1) mild: with an E/A ratio of 
less than 0.8, DT above 200 ms, and an average 
E/e ratio of 8 or lower; 2) moderate: with an E/A 
ratio between 0.8 and 1.5, DT between 160 and 
200 ms, and an average E/e ratio of more than 8 
but less than 13; and 3) severe: with E/A exceed-
ing 2, DT below 160 ms E/e, and an average E/A 
ratio of 13 or higher.

Diastolic function was graded on a 4-point 
scale: 1, normal diastolic function of the LV; 2, 
mild LVDD; 3, moderate LVDD; and 4, severe 
LVDD.

CMR was performed only in 16 patients from 
both groups (9 patients in the study group, 7 pa-
tients in the control group) by using a 1.5 Tes-
la scanner (Signa HDxt, GE Healthcare). Both 
breath-held cardiac-gated dynamic (2- and 
4-chamber planes and short-axis slices) and static 
(“dark blood”) sequences were obtained.

The basic acquisition parameters were as fol-
lows: slice thickness, 8 mm; the gap, 2 mm; the 
field of view, 34 cm; and number of excitations, 1. 
All images were analyzed, and the measurements 
were taken using the Advantage Work station 

The normal pattern of the LV geometry was 
defined for the normal LVMI and RWT of 0.42 
or lower, and the concentric remodeling—for the 
normal LVMI and RWT of more than 0.42. The 
concentric LVH was classified for an increased 
LVMI and RWT of more than 0.42, and the eccen-
tric one—for RWT of 0.42 or lower. The LV ejec-
tion fraction (LVEF) was measured by the biplane 
Simpson’s method on the 4-chamber apical view.

The left atrial volume (LAV) was measured by 
the area-length method. The LAV was indexed to 
the BSA. The cut-off point was up to 34 ml/m2 for 
LAV enlargement.

The Doppler echocardiography was performed 
in a 4-chamber view and obtained peak of the ear-
ly (E), late (A) diastolic transmitral velocity, E/A 
ratio, deceleration time of mitral E wave (DT), 
and isovolumic relaxation time.

Tissue Doppler imaging was used for the mea-
surements of systolic and diastolic velocities of 
the mitral annulus such as peak mitral annular 
systolic velocity (s), peak early diastolic velocity 
(e), and peak late diastolic velocity (a) from the 
septal and lateral sides. All parameters were cal-
culated as the average of measurements taken 
in 3 consecutive cardiac cycles. The ratio of peak 
early transmitral velocity to the peak mitral an-
nular early diastolic velocity (E/e) was calculat-
ed separately for the lateral and septal annulus 
sides, and then for the average of both velocities.

An average E/e ratio of 8 or lower was consid-
ered as an indicator of normal left atrial (LA) pres-
sure, and of 13 or higher—as high LA pressure. 

tAble 1 Demographic and clinical characteristics of the study groups

Parameter Study group Control group P value

female sex 20 (62.5) 19 (59) 0.8

age, y 51.72 ±14.46 51.94 ±12.97 0.9

BSA, m2 1.77 ±0.23 1.78 ±0.24 0.8

BMI, kg/m2 25.18 ±4.9 25.06 ±3.8 0.9

time after binephrectomy, y 9.5 ±6.1 0 0

time of dialysis, mo 52.81 ±44.69 33.44 ±44.76 0.003

time of kidney replacement therapy, mo 145.00 ±69.99 128.53 ±72.29 0.4

creatinine, μmol/l 143.2 ±61 143.2 ±48.6 0.9

eGFR, ml/s 0.76 ±0.22 0.74 ±0.24 0.8

Hg, μmol/l 8.28 ±1.178 7.96 ±1.17 0.3

total cholesterol, mmol/l 5.3 ±1.04 5.34 ±1.27 0.9

triglycerides, mg/l 1.72 ±0.74 1.62 ±0.75 0.6

DM 2 (6.25) 2 (6.25) 1.000

SBP, g/l 16.74 ±2.19 17.74 ±1.73 0.048

DBP, kPa 10.30 ±1.42 10.72 ±1.15 0.2

PP, kPa 6.43 ±1.44 7.01 ±1.42 0.1

HR, bpm 64 ±12 62 ±15 0.6

number of antihypertensive agents 1.38 ±1.10 2.47 ±1.50 0.001

mTOR treatment 6 (18.75) 5 (15.63) 0.7

Data are presented as mean ± standard deviation or number (percentage) of patients.

Abbreviations: BMI, body mass index; BSA, body surface area; DM, diabetes mellitus; DBP, diastolic blood pressure; 
eGFR, estimated glomerular filtration rate; Hg, hemoglobin; HR, heart rate; mTOR, mammalian target of rapamycin 
inhibitors; PP, pulse pressure; SBP, systolic blood pressure
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FIGure 1 Serum 
creatinine levels in the 
study and control groups 
at investigated time 
points (data are 
presented as mean ± 
standard deviation)

FIGure 2 Systolic 
blood pressure (SBP) in 
the study and control 
groups at investigated 
time points (data are 
presented as mean ± 
standard deviation)
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FIGure 2). Diastolic BP and pulse pressure were sim-
ilar in both groups at all time points.

Nephrectomized patients received a mean of 
1.4 antihypertensive drugs: mainly calcium chan-
nel blockers (90%) and β-blockers (40%). Patients 
from the control group received a mean of 2.4 an-
tihypertensive drugs: β-blockers (90%), calcium 
channel blockers (90%), angiotensin-converting 
enzyme inhibitors (28%), and α2-blockers (32%). 
At the time of cardiac evaluation, most patients 
had CKD stage 3.

echocardiographic and cardiac magnetic resonance 
parameters of the left ventricle  LV and LA param-
eters derived from 2-dimensional and M-mode 
echocardiography are shown in tAble 2. The mean 
LVMI was lower in the study group than in the 
control group by 20.7 g/m2 (P = 0.004). The LAVI 
of less than 34 ml/m2 was observed in 6 patients: 
4 in the study group (12.5%) and 2 in the control 
group (6.25%).

In the study group, 1 patient had a normal LV 
pattern, and 3 patients had concentric remodel-
ing. In the control group, 2 patients had concen-
tric remodeling. In nephrectomized patients, ec-
centric and concentric LVH occurred with a simi-
lar frequency (40% vs 47%). In the control group, 
concentric LVH was significantly more frequent 
and was found in 84% of the patients, but eccen-
tric LVH—only in 9% of the patients.

left ventricular diastolic function A lateral, septal, 
and average E/e ratio exceeding 8 was significantly 
more common in patients with preserved native 
kidneys. These patients also showed LAV enlarge-
ment, which indicated an increase of LA pressure.

In both groups, there were no patients who had 
an average E/e ratio of higher than 13. The Dop-
pler echocardiography parameters of the LV in-
flow and tissue Doppler imaging parameters are 
presented in tAble 3.

Six patients (4 nephrectomized and 2 from 
the control group) had normal LVM, LAV, and LV 

version 4.4 (GE Healthcare) supplied with a semi-
automated cardiac analysis software.

LV measurements including wall thickness 
and internal dimensions were obtained using 
the short-axis view basally to the tips of the pap-
illary muscles. The intraventricular septal thick-
ness was defined as the distance between the right 
and left endocardial surfaces at the end of dias-
tole. LV volumes and mass were calculated using 
the method of summation of slices at the end-
-systolic and end-diastolic phases of the study.

statistical analysis Continuous variables were 
presented as means and standard deviations and 
compared with the t test or the Mann–Whitney 
test, according to their distribution. Discrete vari-
ables were presented as numbers and percentag-
es and compared with the χ2 test.

Additionally, we used a multivariate linear re-
gression model to assess the associations of the 
independent variables such as sex, age, bilateral 
nephrectomy, time of kidney replacement ther-
apy, treatment with mTOR inhibitors, and eGFR 
with the LVMI as a dependent variable.

P values of less than 0.05 were considered sta-
tistically significant.

results clinical and demographic characteristics  
The clinical and demographic data of the study 
groups are shown in tAble 1. During the study, car-
diovascular events such as myocardial infarction 
or percutaneous coronary intervention were ob-
served in 3 patients from the study group and 5 
patients from the control group (P = 0.04).

We did not observe any differences in meta-
bolic parameters between the groups at the ex-
amined time points. The serum creatinine level 
significantly decreased after KTx in both groups 
(P <0.001) but did not differ between the study 
and control groups at the investigated time 
points (nonsignificant; FIGure 1). At all compared 
time points, systolic BP was lower in the study 
group compared with the control group (P <0.05; 

tAble 2 Echocardiographic parameters of the left ventricle and left atrium in the study groups

Parameter Study group Control group P value

LVEDd, mm 49.51 ±5.89 50.25 ±6.04 0.6

SWTd, mm 13.09 ±1.58 14.40 ±1.91 0.004

PWTd, mm 10.79 ±1.09 11.67 ±1.08 0.002

LAV, ml 64.28 ±13.20 76.00 ±20.74 0.009

LAVI, ml/m2 36.11 ±4.28 42.46 ±9.57 0.001

LVM, g 231.97 ±59.54 271.22 ±80.20 0.03

LVMI, g/m2 129.78 ±22.80 150.48 ±32.19 0.004

EF, % 61.66 ±2.15 62.25 ±2.11 0.3

RWT 0.44 ±0.06 0.47 ±0.05 0.04

RWT >0.42 51 90 <0.001

Data are presented as mean ± standard deviation or percentage of patients.

Abbreviations: EF, ejection fraction; LAV, left atrial volume; LAVI, left atrial volume index; LVEDd, left ventricular end-
diastolic diameter; LVM, left ventricular mass; LVMI, left ventricular mass index; PWTd, end-diastolic posterior wall 
thickness; RWT, relative wall thickness; SWTd, end-diastolic septal wall thickness
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dIscussIon Our study showed that renal trans-
plant recipients who underwent a pretransplant 
native bilateral nephrectomy had better control 
of systolic BP and lower LVM than patients with 
preserved kidneys. Moreover, these patients had 
lower LVDD and a lower frequency of concentric 
LVH. The beneficial effect of the procedure on 
the cardiovascular system was observed in the 
long-term follow-up of patients after native kid-
ney removal and KTx. We compared cardiac pa-
rameters of patients with those of a well-matched 
control group. The results of CMR were obtained 
from a small group of patients, but we decided 
to present them because they showed a signifi-
cant difference.

Our earlier study on a smaller group of renal 
transplant patients (n = 11) also suggested that bi-
lateral native nephrectomy before KTx improved 
BP control and reduced the LVM.16 The present 
study, using various echocardiographic and CMR 
parameters, confirmed the initial finding and 
provided some insight into the relationship be-
tween bilateral nephrectomy and LV morpholo-
gy and function.

The prevalence of LVH was lower in nephrecto-
mized patients than in patients with native kid-
neys, although nephrectomized patients had lon-
ger time of dialysis before KTx. It is well known 
that dialysis leads to LVH. The longer time of di-
alysis in the study group was connected with 2 
procedures of nephrectomy, which were not per-
formed at one time. Some investigators reported 
that KTx leads to regression of LVH,17-19 while oth-
ers—that LVH persists or can develop de novo.20-

23 The difference in the outcome was associated 
with renal allograft function, anemia, resistant 

diastolic function and were younger than 40 years 
old. There were no patients with severe LVDD in 
any of the groups. The differences between the 
groups were related to the incidence of mild and 
moderate LVDD. The percentage of patients with 
LVH and mild LVDD was higher in the study group 
than in the control group (56.25% and 12.50%, 
respectively; P <0.001), whereas the percentage 
of patients with moderate LVDD was higher in 
the control group than in the study group (81.3% 
and 31.3%, respectively, P <0.001).

cardiac magnetic resonance parameters of the left 
ventricle The parameters obtained by CMR are 
shown in tAble 4. End-diastolic LVM was lower by 
a mean of 45 g and end-systolic LVM was lower 
by a mean of 63 g (30%) in nephrectomized pa-
tients compared with controls (P = 0.001 and P = 
0.004, respectively). The difference in LVM be-
tween the groups was higher than that estimat-
ed by echocardiography.

multivariate regression analysis A multivariate re-
gression analysis was performed to identify clin-
ical factors related to a higher LVMI. The studied 
variables were age, sex, history of bilateral ne-
phrectomy, duration of kidney replacement ther-
apy, history of treatment with mTOR inhibitors, 
and eGFR. The analysis revealed that a lower LVMI 
was independently associated with a history of 
bilateral nephrectomy (P = 0.003), but a higher 
LVMI was associated with male sex (P = 0.004) 
and older age (P = 0.01) (tAble 5). The remaining 
parameters, namely, eGFR, duration of renal re-
placement therapy, and treatment with mTOR 
inhibitors, were not associated with the LVMI.

tAble 3 Doppler echocardiographic parameters of left ventricular inflow and tissue Doppler imaging parameters in 
the study groups

Parameter Study group Control group P value

mitral valve E, cm/s 71.06 ±16.48 76.56 ±15.18 0.2

mitral valve A, cm/s 82.72 ±16.43 75.75 ±13.56 0.07

mitral valve E/A ratio 0.88 ±0.24 1.05 ±0.31 0.02

deceleration time of mitral E, ms 222.13 ±49.18 184.75 ±22.59 <0.001

IVRT, ms 93.23 ±16.66 101.03 ±9.14 0.02

e lat, cm/s 10.07 ±3.22 8.84 ±2.42 0.08

a lat, cm/s 10.10 ±2.01 9.76 ±2.41 0.5

s lat, cm/s 10.55 ±12.9 8.50 ±2.20 0.4

E/e lat 7.31 ±1.61 8.94 ±2.23 <0.001

e sep, cm/s 8.19 ±2.71 7.35 ±2.25 0.2

a sep, cm/s 9.84 ±1.84 9.40 ±2.17 0.4

s sep, cm/s 7.69 ±1.75 7.55 ±1.67 0.730

E/e sep 9.03 ±2.15 10.8 ±2.23 0.003

E/e avr 8.07 ±1.82 9.71 ±1.76 0.001

E/e avr >8 10 (31) 27 (84) <0.001

Data are presented as mean ± standard deviation or number (percentage) of patients.

Abbreviations: a, peak mitral annular late diastolic velocity; avr, average of lateral and septal side; e, peak mitral 
annular early diastolic velocity; E/e ratio, peak transmitral early diastolic velocity to peak annular mitral early velocity 
ratio; IVRT, isovolumic relaxation time; lat, lateral side; s, peak mitral annular systolic velocity; sep, septal side
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and sympathetic tone.15 The LAV is more useful 
for the evaluation of chronically increased LV fill-
ing pressure and for detecting diastolic heart fail-
ure than the E/e ratio is.34,35 In the general popu-
lation, LA enlargement is considered an indica-
tor of diastolic burden and a predictor of atrial 
fibrillation, stroke, congestive heart failure, and 
cardiovascular death.36,37 Patel et al38 showed that 
LA dilation before KTx was significantly associ-
ated with reduced posttransplant survival, while 
elevated LAV was associated with death indepen-
dently from LVH.38

In the present study, patients after bilateral ne-
phrectomy had a significantly lower LA volume 
and significantly fewer patients had moderate 
LVDD compared with patients with native kid-
neys. Therefore, we postulated that bilateral ne-
phrectomy ameliorated LVDD in our patients, and 
the improvement has been maintained through-
out the follow-up. LV systolic function in our 
study was similar (LVEF >60%) in nephrecto-
mized patients before KTx and in patients with 
native kidneys.

Bilateral nephrectomy in patients with ESRD 
included on the waiting list for KTx is an uncom-
mon procedure and is performed mainly in pa-
tients with malignancies, with complications of 
autosomal-dominant polycystic kidney disease, 
and in specific cases as a prerequisite for KTx. 
This surgical procedure is associated with a sig-
nificant burden for the patient. In addition, in pa-
tients with residual renal function, nephrectomy 
removes the beneficial effect of residual diuresis.

Numerous investigators have shown that bi-
lateral nephrectomy reduces muscle sympathet-
ic nerve activity and the total body noradrenaline 
spillover; therefore, it is a suitable model to test 

hypertension, sympathetic activity, and the side 
effects of immunosuppressive treatment.

The regression of LVH had a favorable and in-
dependent effect on cardiovascular survival in a 
population of patients with hypertension and in 
patients with ESRD. London et al24 found that a 
decrease in LVM by 10% translated into a decrease 
in mortality risk from cardiovascular causes by 
28% over a 5-year follow-up of patients treated 
with hemodialysis.24 They calculated that a 1-g de-
crease in LVM translated to a decrease in the risk 
for cardiovascular mortality by 1%.

High mortality from cardiovascular diseases in 
renal transplant patients compared with the gen-
eral population was associated with LVH.25,26 Our 
multivariate regression analysis showed that bi-
lateral nephrectomy was an independent predic-
tor of a lower LVMI; however, LVH was associated 
with male sex and older age. The time of replace-
ment therapy, eGFR, and treatment with mTOR 
inhibitors did not affect the LVMI.

Patients with concentric LVH have a relative-
ly high incidence of adverse cardiovascular and 
noncardiovascular events compared with patients 
with eccentric LVH.27,28

LVH and the presence of intermyocardial fi-
brosis, specific for patients with CKD, impair di-
astolic LV function. Previous studies have shown 
a correlation between increasing LV mass with 
increasing LVDD and filling pressure.29 The av-
erage E/e ratio, an indicator of LA pressure, was 
increased in patients with native kidneys than in 
those without. Numerous studies have shown a 
correlation of the E/e ratio with adverse events 
after acute myocardial infarction, hypertensive 
cardiomyopathy, and ESRD.30-33 The velocity of 
e is dependent on changes of preload, afterload, 

tAble 4 Cardiac magnetic resonance parameters of the left ventricle in the study groups

Parameter Study group Control group P value

SWTd, mm 11.5 ±2.2 15.4 ±2.1 0.005

EF, % 63.3 ±7.9 62.8 ±17.6 0.9

end-diastolic LVM, g 109.3 ±30.3 150.2 ±34.0 0.03

end-systolic LVM, g 125.1 ±37 183.0 ±41.3 0.01

LVEDd, mm 50.4 ±7.3 55.8 ±7.7 0.2

LVESd, mm 32.5 ±6.6 35.2 ±9.7 0.5

Abbreviations: LVESd, left ventricular end-systolic diameter; others, see tAble 2

tAble 5 Multivariate regression analysis of independent factors for left ventricular mass index in renal transplant 
recipients

Parameter β coefficient Standard error of β P value

age 0.64 0.24 0.01

male sex 19.81 6.68 0.004

bilateral nephrectomy – 20.03 6.38 0.003

duration of renal replacement therapy 0.01 0.05 0.976

treatment with mTOR inhibitors 2.51 8.44 0.767

eGFR 0.02 0.24 0.928

Abbreviations: see tAble 1
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the procedure should be performed in selected 
patients during the early period of dialysis treat-
ment. Furthermore, early implementation of the 
procedure might improve patients’ survival after 
transplantation. It was shown that high BP after 
dialysis sessions was associated with higher mor-
tality in kidney transplant recipients.45

RD has attracted considerable interest in re-
cent years, which has weakened after the publi-
cation of the results from the Symplicity HTN-3 
trial,46 a blinded, randomized controlled trial, 
with a sham-operation group, including 535 pa-
tients with refractory hypertension. The study 
failed to reach the primary efficacy endpoint, de-
fined as a reduction of systolic BP to 5 mmHg or 
higher after RD.46 An incomplete ablation of the 
renal sympathetic nervous system might be one 
of the culprits of no response to the procedure.

Our findings on the human model of complete 
elimination of sympathetic overactivity support 
performing RD in patients with ESRD to pre-
vent harmful effects of sympathetic hyperactiv-
ity on the cardiovascular system in kidney trans-
plant recipients. It is particularly worth consid-
ering while interventions used to reduce LVH in 
patients with normal renal function are less suc-
cessful in patients with ESRD.

conclusions Renal transplant recipients who 
had undergone bilateral nephrectomy before KTx 
have lower LVM and lower grade of LVDD in a 
long-term follow-up after transplantation. The 
incidence of concentric LVH was also lower in 
these patients than in those with preserved na-
tive kidneys. Patients after bilateral nephrecto-
my had lower systolic BP and used fewer antihy-
pertensive agents. These results might support 
performing native RD during maintenance dial-
ysis and before KTx in order to improve cardiac 
structure and function.

contribution statement MO, MB, and MK con-
ceived the idea for the study. MO and MB con-
tributed to the design of the research. All authors 
were involved in data collection. MO and DZ an-
alyzed the data. All authors edited and approved 
the final version of the manuscript.

reFerences

1 Hernández D. Left ventricular hypertrophy after renal transplantation: 
new approach to a deadly disorder. Nephrol Dial Transplant. 2004; 19: 
1682-1626.

2 Glassock RJ, Pecoits-Filho R, Barberato SH. Left ventricular mass in 
chronic kidney disease and ESRD. Clin J Am Soc Nephrol. 2009; 4: S79-S91.

3 Paoletti E, Bellino D, Cassottana P, et al. Left ventricular hypertrophy in 
nondiabetic predialysis CKD. Am J Kidney Dis. 2005; 46: 320-327.

4 Patel RK, Oliver S, Mark PB, et al. Determinants of left ventricular mass 
and hypertrophy in hemodialysis patients assessed by cardiac magnetic res-
onance imaging. Clin J Am Soc Nephrol. 2009; 4: 1477-1483.

5 Hausberg M, Kosch M, Harmelink P, et al. Sympathetic nerve activity in 
end-stage renal disease. Circulation. 2002; 106: 1974-1979.

6 Hering D, Mahfoud F, Walton AS, et al. Renal denervation in moderate to 
severe CKD. J Am Soc Nephrol. 2012; 23: 1250-1257.

7 Zoccali C, Mallamaci F, Parlongo S, et al. Plasma norepinephrine predicts 
survival and incident cardiovascular events in patients with end stage renal 
disease. Circulation. 2002; 105: 1354-1359.

the effects of complete sympathetic renal dener-
vation (RD) on the cardiovascular system in pa-
tients after KTx.5,9

Zoccali et al7 demonstrated an association be-
tween noradrenaline spillover and LVM in pa-
tients with ESRD, independent of other risk fac-
tors. Similarly, Penne et al39 showed a correla-
tion between the index of sympathetic overac-
tivity and cardiovascular events independent of 
GFR and BP in patients with CKD.

Numerous clinical studies have shown that 
the reduction of renal sympathetic activity by 
RD in addition to BP lowering significantly re-
duced LVM and improved LV diastolic function 
in patients with resistant hypertension.40-41 An 
estimate based on the data from the Symplici-
ty HTN-2 trial indicates that RD reduces cardio-
vascular mortality by 30% and all-cause mortal-
ity by 15%, compared with standard therapy pre-
dicted for 10 years.42 Patients with CKD were ex-
cluded from those studies despite evidenced hy-
peractivity of the sympathetic nervous system 
among such patients.

Hering et al6 performed a bilateral RD in 15 
patients with resistant hypertension and CKD 
stages 3–4. The results of their study showed that 
RD was safe (did not deteriorate renal function) 
and improved BP control. Additionally, they ob-
served an increase in hemoglobin concentrations 
and reduction in proteinuria and peripheral arte-
rial stiffness index.

Our results of bilateral nephrectomy as a com-
plete elimination of sympathetic activity encour-
aged us to perform RD in kidney transplant recip-
ients with resistant hypertension. We performed 
a bilateral native renal nerve ablation using a ra-
diofrequency catheter in a 58-year-old patient, 
8 years after KTx, with refractory hypertension 
and cardiac hypertrophy.43 The procedure caused 
a decrease in systolic and diastolic BP (measured 
with 24-hour ambulatory BP monitoring and av-
erage office BP) and reduced the LVMI by 24 g/
m2 as assessed by CMR. Kidney allograft func-
tion was stable during a 1-year follow-up. It might 
confirm the contribution of sympathetic activi-
ty from native kidneys to hypertension in renal 
transplant patients and also suggest that the de-
nervation performed after KTx may be efficient 
in a selected group of recipients; however, the is-
sue requires further studies.

RD in renal transplant patients may not be 
technically feasible owing to narrow renal arter-
ies (<4 mm) and reduced renal blood flow in the 
native kidneys, which undergo progressive at-
rophy during dialysis treatment and posttrans-
plant period. Schlaich et al44 attempted to per-
form denervation in 12 patients with ESRD and 
uncontrolled BP but the procedure could not be 
performed in 3 cases due to atrophic renal arter-
ies, while in another 2 patients, the ablation was 
aborted because of a rapidly rising temperature 
due to reduced renal blood flow.44

Longer duration of renal replacement thera-
py makes RD less technically feasible; therefore, 



POLSKIE ARCHIWUM MEDYCYNY WEWNĘTRZNEJ 2016; 126 (1-2)66

ventricular ejection fraction and mitral flow velocity pattern. Eur J Echocar-
diogr. 2009; 10: 278-281.

35 Park, JH, Marwick TH. Use and limitations of E/e’ to assess left ventric-
ular filling pressure by echocardiography. J Cardiovasc Ultrasound. 2011;19: 
169-173.

36 Tsang TS, Barnes ME, Gersh BJ, et al. Left atrial volume as a morpho-
physiologic expression of left ventricular diastolic dysfunction and relation to 
cardiovascular risk burden. Am J Cardiol. 2002; 90: 1284-1289.

37 Abhayaratna WP, Seward JB, Appleton CP, et al. Left atrial size: physi-
ologic determinants and clinical applications. J Am Coll Cardiol. 2006; l 47: 
2357-2363.

38 Patel RK, Jardine AG, Mark PB, et al. Association of left atrial volume 
with mortality among ESRD patients with left ventricular hypertrophy re-
ferred for kidney transplantation. Am J Kidney Dis. 2010; 55: 1088-1096.

39 Penne EL, Neumann J, Klein IH, et al. Sympathetic hyperactivity and 
clinical outcome in chronic kidney disease patients during standard treat-
ment. J Nephrol. 2009; 22: 208-215.

40 Brandt MC, Mahfoud F, Reda S, et al. Renal sympathetic denervation 
reduces left ventricular hypertrophy and improves cardiac function in pa-
tients with resistant hypertension. J Am Coll Cardiol. 2012; 59: 901-909.

41 Tsioufis C, Papademetriou V, Dimitriadis K, et al. Effects of multielec-
trode renal denervation on cardiac and neurohumoral adaptations in re-
sistant hypertension with cardiac hypertrophy: an EnligHTN I substudy. 
J Hypertens. 2015; 33: 346-353.

42 Esler MD, Krum H, Sobotka PA, et al. Renal sympathetic denervation in 
patient with treatment-resistant hypertension (The Symlicity HTN-2 -Trial): 
a randomised control trial. Lancet. 2010; 376: 1903-1909.

43 Protasiewicz M, Początek K, Banasik M, et al. Successful renal artery 
denervation in a renal transplant recipient with refractory hypertension. Am 
J Hypertens. 2014; 27: 982-984.

44 Schlaich MP, Bart B, Hering D, et al. Feasibility of catheter-based re-
nal nerve ablation and effects on sympathetic nerve activity and blood pres-
sure in patients with end-stage renal disease. Int J Cardiol. 2013; 168: 
2214-2220.

45 Molnar MZ, Foster CE, Sim JJ, et al. Association of pre-transplant 
blood pressure with post-transplant outcomes. Clin Transplant. 2014; 28: 
166-176.

46 Bhatt, DL, Kandzari DE, O’Neill WW, et al. For the SYMPLICITY HTN- 3 
Investigators. A controlled trial of renal denervation for resistant hyperten-
sion. N Engl J Med. 2014; 370: 1393-1401.

8 Schlaich MP, Socratous F, Hennebry S, et al. Sympathetic activation in 
chronic renal failure. J Am Soc Nephrol. 2009; 20: 933-939.

9 Blankestijn PJ, Ritz E. Renal denervation: potential impact on hyperten-
sion in kidney disease? Nephrol Dial Transplant. 2011; 26:2732-2734.

10 Park J. Cardiovascular risk in chronic kidney disease: role of the sym-
pathetic nervous system. Cardiol Res Pract. 2012; 2012: 319432.

11 Brandt MC, Mahfoud F, Böhm M, Hoppe UC. Renal sympathetic dener-
vation. A novel interventional treatment option for therapy-resistant arterial 
hypertension. Herz. 2011; 36: 8-11.

12 Gawish AE, Donia F, Fathi T, et al. It takes time after bilateral nephrec-
tomy for better control of resistant hypertension in renal transplant patients. 
Transplant Proc. 2010; 42: 1682-1684.

13 Ferrario CM, Varagic J, Habibi J, et al. Differential regulation of angio-
tensin-(1-12) in plasma and cardiac tissue in response to bilateral nephrec-
tomy. Am J Physiol Heart Circ Physiol. 2009; 296: 1184-1189.

14 Lang RM, Bierig M, Devereux RB, et al. Recommendations for cham-
ber quantification: a report from the American Society of Echocardiogra-
phy’s Guidelines and Standards Committee and the Chamber Quantification 
Writing Group, developed in conjunction with the European Association of 
Echocardiography, a branch of the European. J Am Soc Echocardiogr. 2005; 
18: 1440-14463.

15 Nagueh SF, Appleton CP, Gillebert TC, et al. Recommendations for the 
evaluation of left ventricular diastolic function by echocardiography. Eur 
J Echocardiogr. 2009; 10:165-193.

16 Boratyńska M, Zoń AM, Obremska M, et al. Effect of reduced sympa-
thetic hyperactivity on cardiovascular risk factors in kidney transplantation 
patients. Transplant Proc. 2013; 45: 1571-1574.

17 Vaidya OU, House JA, Coggins TR, et al. Effect of renal transplanta-
tion for chronic renal disease on left ventricular mass. Am J Cardiol. 2012; 
110: 254-257.

18 Salerno MP, Rossi E, Favi E, et al. The reduction of left ventricular hy-
pertrophy after renal transplantation is not influenced by the immunosup-
pressive regimen. Transplant Proc. 2013; 45: 2660-2662.

19 Poulikakos D, Ross L, Recio-Mayora A, et al. Left ventricular hyper-
trophy and endothelial dysfunction in chronic kidney disease. Eur Heart 
J Cardiovasc Imaging. 2014; 15: 56-61.

20 Patel RK, Mark PB, Johnston N, et al. Renal transplantation is not asso-
ciated with regression of left ventricular hypertrophy: a magnetic resonance 
study. Clin J Am Soc Nephrol. 2008; 3: 1807-1811.

21 Sheashaa HA, Abbas TM, Hassan NA, et al. Association and prog-
nostic impact of persistent left ventricular hypertrophy after live-donor kid-
ney transplantation: a prospective study. Clin Exp Nephrol. 2010;14: 68-74.

22 Osorio JM, Pérez Marfil A, Ferreyra C, et al. Evolution of left ventricu-
lar mass in renal transplant recipients: the influence of glucose homeostasis 
and oxidative stress. Transplant Proc. 2012; 44: 2063-2066.

23 du Cailar G, Oudot C, Fesler P, et al. Left ventricular mass changes after 
renal transplantation: influence of dietary sodium and change in serum uric 
acid. Transplantation. 2014; 98: 202-207.

24 London GM, Pannier B, Guerin AP, et al. Alterations of left ventricular 
hypertrophy in and survival of patients receiving hemodialysis: follow-up of 
an interventional study. J Am Soc Nephrol. 2001; 12: 2759-2767.

25 Chen SC, Chang JM, Liu WC, et al. The ratio of observed to predicted 
left ventricular mass is independently associated with increased cardiovas-
cular events in patients with chronic kidney disease. Hypertens Res. 2012; 
35: 832-838.

26 Arnol M, Starc V, Knap B, et al. Left ventricular mass is associated with 
ventricular repolarization heterogeneity one year after renal transplantation. 
Am J Transplant. 2008; 8: 446-451.

27 Gaasch WH, Zile MR. Left Ventricular Structural Remodeling in Helth 
and Disease With Special Emphasis on Volumne, Mass and Geometry. J Am 
Coll Cardiol. 2011; 58: 1733-1740.

28 Devereux RB. Left ventricular geometry, pathophysiology and progno-
sis. J Am Coll Cardiol. 1995; 25: 885-887.

29 Dokainish H, Sengupta R, Pillai M, et al. Assessment of left ven-
tricular systolic function using echocardiography in patients with pre-
served ejection fraction and elevated diastolic pressures. Am J Cardiol. 
2008;101:1766-1771.

30 Hillis GS, Moller JE, Pellikka PA, et al. Noninvasive estimation of left 
ventricular filling pressure by E/e’ is a powerful predictor of survival after 
acute myocardial infarction. J Am Coll Cardiol. 2014; 43: 360-367.

31 Wang M, Yip GW, Wang AY, et al. Tissue Doppler imaging provides in-
cremental prognostic value in patients with systemic hypertension and left 
ventricular hypertrophy. J Hypertens. 2005; 23: 183-191.

32 Okura H, Takada Y, Kubo T, et al. Tissue Doppler-derived index of left 
ventricular filling pressure, E/E’, predicts survival of patients with non-valvu-
lar atrial fibrillation. Heart. 2006; 92: 1248-1252.

33 Sharma R, Pellerin D, Gaze DC, et al. Mitral peak Doppler E wave to 
peak mitral annulus velocity ratio is an accurate estimate of left ventricular 
filling pressure and predicts mortality in end-stage renal disease. J Am Soc 
Echocardiogr. 2006; 19: 266-273.

34 Yoshida C, Nakao S, Goda A, et al. Value of assessment of left atri-
al volume and diameter in patients with heart failure but with normal left 



67ARTYKUŁ ORYGINALNY Korzystny efekt natywnej bibinefrektomii jako kompletnej denerwacji…

Adres do korespondencji:
dr n. med. Marta Obremska, 
Klinika Kardiochirurgii, Uniwersytecki 
Szpital Kliniczny we Wrocławiu, 
ul Borowska 213, 50-001 Wrocław, 
tel.: 71 736 41 00, 
e‑mail: mobremska@gmail.com
Praca wpłynęła: 01.11.2015.
Przyjęta do druku: 17.01.2016.
Nie zgłoszono sprzeczności 
interesów.
Pol Arch Med Wewn. 2016; 
126 (1‑2): 58‑67
Copyright by Medycyna Praktyczna, 
Kraków 2016

SŁOwA KLUczOwe

biorcy nerek, 
dysfunkcja 
rozkurczowa, 
obustronna 
nefrektomia, przerost 
lewej komory

STReSzczeNIe

wpROwAdzeNIe Przerost mięśnia lewej komory serca jest czynnikiem ryzyka zgonu oraz chorób sercowo‑ 
‑naczyniowych u pacjentów po przebytym przeszczepie nerki. Rozwój przerostu lewej komory związany 
jest z nadmierną aktywacją układu współczulnego. Obustronna natywna nefrektomia jest przykładem 
całkowitej denerwacji nerek.
ceLe Celem pracy była ocena efektu przedtransplanacyjnej obustronnej natywnej nefrektomii na masę 
i funkcję lewej komory w długoterminowej obserwacji pacjentów po przeszczepie nerki.
pAcjeNcI I meTOdY Grupa badana składała się z 32 biorców nerki po przebytej przedtransplantacyjnej 
obustronnej natywnej nefrektomii. Grupa kontrolna składała się z 32 biorców nerki z zachowanymi 
własnymi nerkami, dobranych pod względem wieku, płci, stężenia kreatyniny, poziomu współczynnika 
przesączania kłębuszkowego, terapii immunosupresyjnej i czasu leczenia nerkozastępczego. Wszystkim 
pacjentom wykonano badanie echokardiograficzne, a 16 z nich miało wykonany rezonans magnetyczny 
serca. U wszystkich pacjentów mierzono także ciśnienie tętnicze i parametry metaboliczne.
wYNIKI W porównaniu z grupą kontrolną grupa badana miała niższe wartości skurczowego ciśnienia 
tętniczego (p = 0,048) i była leczona mniejszą ilością leków hipotensyjnych (p = 0,001). Stężenia lipi‑
dów i hemoglobiny były podobne w obu grupach. Wskaźnik masy lewej komory oraz objętości lewego 
przedsionka był niższy w grupie badanej (odpowiednio p = 0,001 i p = 0,004). Masa lewej komory 
oceniana w rezonansie magnetycznym serca była również niższa w grupie badanej (p <0,001). Łagodna 
dysfunkcja rozkurczowa lewej komory częściej występowała w grupie badanej (p <0,001).
wNIOSKI W obserwacji długoterminowej pacjentów po przeszczepie nerki obustronna nefrektomia 
własnych nerek wykonana przed przeszczepem wiązała się z występowaniem niższego wskaźnika masy 
lewej komory, niższego wskaźnika objętości lewego przedsionka oraz niższym stopniem dysfunkcji rozkur‑
czowej lewej komory. Pacjenci ci mieli niższe wartości skurczowego ciśnienia tętniczego oraz stosowali 
mniejszą liczbę leków hipotensyjnych.
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