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Abstract

Cardiac abnormalities, including left ventricular hypertrophy and systolic dysfunction,

are frequently observed among patients with chronic kidney disease, including kidney

transplant recipients; they are closely linked to cardiovascular disease and mortality.

Although several studies have been performed for elucidating changes and mechanisms

of cardiac abnormalities after kidney transplantation, details remain unclear. This study

included 43 consecutive patients who underwent hemodialysis and received kidney

transplantation between 2008 and 2012 at our institution. All subjects underwent

echocardiography before and 1 year after kidney transplantation. One year after kidney

transplantation, left ventricular mass index, cardiac chamber sizes, blood pressure, and

the number of antihypertensive agents were reduced. Although the percentage of

patients with concentric hypertrophy did not change, the percentage of those with

eccentric hypertrophy significantly decreased after kidney transplantation. Volume

reduction due to the recovery of kidney function may be primarily attributed to the

improvement of cardiac abnormalities, including left ventricular hypertrophy.

Keywords: blood pressure, hemodialysis, hypertension, kidney transplantation, left

ventricular hypertrophy
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Introduction

It is well known that cardiovascular disease (CVD) events and mortality rate are

increasing in patients with chronic kidney disease (CKD) with decreasing kidney function

[1]. This applies to patients receiving kidney transplantation (KT), and the major cause

of death reported in these patients is CVD [2].

It has been reported that cardiac abnormalities are frequently observed in patients

with CKD, and left ventricular hypertrophy (LVH) is the most prevalent cardiac

abnormalities [3]. A study reported that approximately 80 % of patients with advanced

stage CKD had LVH before initiating hemodialysis [4]. Although LVH is an independent

risk factor for mortality, left ventricular systolic dysfunction and left ventricular

dilatation have been shown to be associated with death in patients with CKD [5].

Although kidney function is ameliorated after KT, the influence of improved kidney

function on the cardiovascular system has not been fully elucidated. Several studies

have examined the prevalence of CVD, change in cardiovascular abnormalities, including

systolic dysfunction, LVH, and blood pressure; however, only a few studies have

performed detailed evaluation of cardiac morphology and changes in blood pressure.
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Therefore, the aim of the present study was to investigate changes in detailed

echocardiographic parameters and blood pressure, and control of hypertension in

patients undergoing hemodialysis before and one year after KT.

Materials and methods

Study design

This was a retrospective study, wherein we compared clinical characteristics including

echocardiographic parameters, blood pressure, and use of antihypertensive agents

before and after KT in patients undergoing hemodialysis. The study was retrospectively

conducted in accordance with the Declaration of Helsinki Principles. All study protocols

were approved by the appropriate institutional review committee (no. 1388).

Study population

A total of 70 patients was received kidney transplantation at our institution between

2008 and 2012. Inclusion criteria were as follows; age > 20 years and undergoing

hemodialysis. Exclusion criteria included those undergoing preemptive KT or peritoneal

dialysis; those who did not receive echocardiography before and 1 year after KT; foreign

patients; and those with insufficient clinical data. After this exclusion, the remaining 43
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patients were registered in this study. The patients underwent detailed

echocardiography prior to and at 1 year after KT.

Blood pressure and antihypertensive drugs use evaluation

Prior to KT, all the study patients were hospitalized and blood pressure was measured

at rest by nurses twice or thrice a day. Average blood pressure measurements during

one week before KT were calculated. After KT, home blood pressure was measured. The

average home blood pressure measurements during one week were accepted as blood

pressure one year after KT. In addition, we also evaluated the type of prescribed

antihypertensive drugs and whether the type and/or doses of antihypertensive drugs

were reduced or not.

Echocardiographic measurements

Echocardiography was performed at baseline and at 1 year after KT. Prior to KT,

echocardiography was performed on the interdialysis day. Two-dimensional guided M-

mode echocardiography was performed to measure left ventricular wall mass. Left

ventricular end-diastolic and end-systolic diameter (LVDd/LVDs) as well as the diastolic

thickness of interventricular septum (IVST) and left ventricular posterior wall (LVPWT)
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were assessed on M-mode images in the parasternal longitudinal-axis view. M-mode

analysis was performed according to the guidelines of the American Society of

Echocardiography. The left ventricular mass index (LVMI) and relative wall thickness

were calculated using these LVDd, LVDs, IVST, and LVPWT [6].

Statistical analysis

Data were analyzed using the IBM SPSS statistics version 23.0 (SPSS Inc., IL, USA).

Values are presented as the mean + standard deviation (SD). Paired t-tests and Wilcoxon

Signed-rank test were used to analyze significant differences in clinical characteristics

before and after KT. Pearson’s correlation coefficient was used to analyze relationships

between variables. A p value of less than 0.05 was considered statistically significant.

Results

Table 1 shows the clinical characteristics of the study patients before KT. Thirty-one

patients were male (72.1%). The average age was 47 = 12 years. Although the major

cause of ESRD was chronic glomerulonephritis (62.8%), the details were not clearly

established. Six patients (14.0%) developed ESRD due to diabetic nephropathy. The

details of other causes of ESRD are shown in Table 2. The average dialysis vintage was
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67 + 90 months. Thirty-five patients (81.4%) received KT from living donors and eight

patients from cadaver donors. Before KT, blood pressure, mineral bone disorder, anemia,

and diabetes mellitus were well controlled for most of them. All the patients who were

registered in the present study had atrial-venous fistula (AVF), and they had not received

a surgery to occlude AVF or experienced spontaneous occlusion of AVF one year after

kidney transplantation.

As shown in Table 3, after KT, systolic blood pressure was significantly reduced, and

diastolic blood pressure also tended to be lower. Furthermore, the type of prescribed

antihypertensive drugs also decreased. Among the 43 study participants, 29 patients

67.4%) took antihypertensive drugs before KT. Renin angiotensin system inhibitor was
( ) yp g g y

used for 23 patients (53.5%), calcium channel blocker for 14 patients (32.6%), beta-

blocker for seven patients (16.3%), and alpha-one blocker for two patients (4.7%). After

KT, the type and/or doses of antihypertensive drugs were significantly decreased in

those taking antihypertensive drugs. Fourteen patients before and 20 after KT received

no treatment for hypertension. Twenty out of 29 patients took fewer kinds and/or doses

of antihypertensive drugs or no drugs after KT. However, three patients who had not

taken antihypertensive drugs before KT had to start taking these drugs.
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After KT, although IVST and LVPWT did not significantly change, LVDd, LVDs, and LVMI

reduced significantly (Table 4). Systolic and diastolic functions were also improved. Left

atrial diameter tended to decrease. Before KT, 24 patients (55.8%) had LVH; however,

the number of those with LVH significantly reduced after KT (from 24 to 18 patients, p <

0.05). Regarding the detailed left ventricular geometry, the number of those with

eccentric hypertrophy significantly decreased and the number of those with concentric

remodeling significantly increased after KT although the number of those with normal

geometry and concentric hypertrophy did not differ (Table 5).

Discussion

We demonstrated the following: (1) at 1 year post-KT, LVDd, LVDs, and LVMI were

significantly reduced, and left atrial diameter tended to be reduced; (2) cardiac systolic

and diastolic functions significantly improved after kidney transplantation; (3) as for left

ventricular morphology, the percentage of patients with eccentric hypertrophy

decreased significantly and the percentage of those with concentric remodeling

increased significantly as a result of KT; (4) systolic and diastolic blood pressure and the

number of prescribed antihypertensive drugs were significantly reduced after KT.
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Many patients with CKD have LVH, and several studies have reported that LVH was

improved after KT [7-12]. Reportedly, the presence of LVH was independently associated

with an increased risk for graft dysfunction and future CVD in patients receiving KT [13,

14]. Therefore, the improvement of LVH after KT is very crucial for recipients of KT.

However, some studies have reported that cardiac morphology, including LVH, did not

change after KT [15-18]. A detailed study using cardiac magnetic resonance

demonstrated that there were no significant changes in LVMI, EF, LVDd, LVDs after KT

[15]. However, this study included some patients receiving preemptive KT and those

undergoing hemodialysis during a relatively short period and differed from our study in

several aspects. In contrast, our study included only patients undergoing hemodialysis

and their dialysis vintage were longer in comparison with those in the previously

mentioned study. There were also eight patients undergoing hemodialysis for more than

10 years in our study (18.6%). Most patients receiving preemptive KT had well-

controlled body fluid volume and blood pressure, and, therefore, LVH did not appear to

be improved after KT in the study.

Only a few studies have evaluated detailed echocardiographic parameters, and most

of the studies which examined cardiac changes reported that LVDd and LVDs deceased

and EF and FS were improved after KT [7, 9, 12]. However, few studies showed a
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decrease in IVST and PWT after KT. There are also few studies which evaluated change

in LA chamber size, and none of these studies reported significant change of in LA

chamber size. The results of our study demonstrated that LVDd and LVDs significantly

decreased and LA chamber size also tended to decrease at 1 year after KT. In the

evaluation of LVM and LVMI using echocardiography, LVDd, LVDs, IVST, and PWT greatly

affect these parameters [6]. The results of changes in left ventricular geometry in the

present study showed that the percentage of concentric hypertrophy did not change

and the percentage of eccentric hypertrophy significantly decreased after KT. Taken

together, decrease in LVDd and LVDs, that is, normalization of body fluid volume seems

to greatly contribute to the improvement of LVH. However, unfortunately, as patients

new to hemodialysis and non-dialyzed patients with advanced stage CKD were not

included in this study, we could not perform the comparison analysis. To resolve this

issue, further studies using a larger sample size are required.

Hypertension is an important risk factor for the development of LVH and is closely

linked with body fluid volume [19, 20]. Although there are several studies on changes in

blood pressure after KT, the presence of hypertension and changes in blood pressure

were evaluated by various methods [12, 21-26]. Some studies reported that blood

pressure decreased after KT [21-24], but others reported that blood pressure rather
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increased after KT [12, 25, 26]. As numerous factors such as volume status, cardiac

function, use of antihypertensive agents, calcineurin inhibitors, and neurohumoral

factors influence on changes in blood pressure [27, 28], it is difficult to elucidate the

detailed pathophysiological mechanisms of changes in blood pressure after KT.

Corresponding with the result of previous studies [29, 30], our study also showed that

blood pressure and the number of antihypertensive agents decreased after KT. It is well

known that cardiac output and peripheral resistance chiefly contribute to change in

blood pressure. In the present study, we could not evaluate accurate body fluid volume;

however, considering from the results of changes in echocardiographic parameters,

decrease in body fluid volume is supposed to be one of the important factors for blood

pressure. Besides, changes in the renin-angiotensin-aldosterone system, uremic toxins,

oxidative stress, and sympathetic nerve activation are also related to change in blood

pressure after recovery of kidney function. Improvement of endothelial dysfunction has

also been suggested as one of the mechanisms of decrease in blood pressure after KT

(Figure 1).

Conclusions
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Our study showed that LVH, cardiac chamber dilatation and blood pressure were

ameliorated at 1 year after KT. It is suggested that amelioration of body fluid status and

uremic condition after KT primarily attributes to the improvement of cardiac

abnormalities, including LVH.

Conflict of Interest Statement: All authors declared no conflict of interest.

This study was presented at the 15t Congress of Asian Society of Transplantation, 2017.

Therapeutic Apheresis and Dialysis

Page 36 of 50



Page 37 of 50 Therapeutic Apheresis and Dialysis

Fujii H. et al. page 13

References

oNOYTULT D WN =

1. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu CY. Chronic kidney disease and the

risks of death, cardiovascular events, and hospitalization. N Engl J Med.

2004,;351:1296-305.

2. U.S. Renal Data System, USRDS 2015 Annual Data Report. Atlas of Chronic Kidney

Disease and End-Stage Renal Disease in the United States, National Institutes of

Health, National Institute of Diabetes and Digestive and Kidney Diseases.

3. Foley RN, Parfrey PS, Harnett JD, Kent GM, Martin CJ, Murray DC, Barre PE. Clinical

and echocardiographic disease in patients starting end-stage renal disease therapy.

Kidney Int. 1995;47:186-192.

4. London GM, Pannier B, Guerin AP, Blacher J, Marchais SJ, Darne B, Metivier F, Adda

H, Safar ME. 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.

5. Kitamura K, Fujii H, Kono K, Nakai K, Goto S, Nishii T, Kono A, Nishi S. Relationship

between Cardiac Calcification and Left Ventricular Hypertrophy in Patients with

Chronic Kidney Disease at Hemodialysis Initiation. Heart and Vessels. 2017;32:1109-

1116.

Therapeutic Apheresis and Dialysis


https://www.ncbi.nlm.nih.gov/pubmed/?term=Chertow%20GM%5BAuthor%5D&cauthor=true&cauthor_uid=15385656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15385656
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCulloch%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=15385656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hsu%20CY%5BAuthor%5D&cauthor=true&cauthor_uid=15385656

oNOYTULT D WN =

10.

11.

Therapeutic Apheresis and Dialysis

Fujii H. et al. page 14

Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ, Campo E, Sachs I, Reichek N.

Echocardiographic assessment of left ventricular hypertrophy: comparison to

necropsy findings. Am J Cardiol. 1986;57: 450-458.

Ikdheimo M, Linnaluoto M, Huttunen K, Takkunen J. Effects of renal transplantation

on left ventricular size and function. Br Heart J. 1982;47:155-160.

Vaidya OU, House JA, Coggins TR, Patil H, Vaidya A, Awad A, Main ML. Effect of renal

transplantation for chronic renal disease on left ventricular mass. Am J Cardiol.

2012;110:254-257.

Hewing B, Dehn AM, Staeck O, Knebel F, Spethmann S, Stangl K, Baumann G, Dreger

H, Budde K, Halleck F. Improved Left Ventricular Structure and Function After

Successful Kidney Transplantation. Kidney Blood Press Res. 2016;41:701-709.

Omrani H, Rai A, Daraei Z, Sadeghi M. Study of Echocardiographic Changes After

Kidney Transplantation in End-stage Renal Disease Patients. Med Arch.

2017,71:408-411.

Ferreira SR, Moisés VA, Tavares A, Pacheco-Silva A. Cardiovascular effects of

successful renal transplantation: a 1-year sequential study of left ventricular

morphology and function, and 24-hour blood pressure profile. Transplantation.

2002;74:1580-1587.

Therapeutic Apheresis and Dialysis

Page 38 of 50


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ik%C3%A4heimo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7037023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Linnaluoto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=7037023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huttunen%20K%5BAuthor%5D&cauthor=true&cauthor_uid=7037023
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takkunen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=7037023
https://www.ncbi.nlm.nih.gov/pubmed/?term=br+heart+j+1982%3B47%3A155
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaidya%20OU%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=House%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Coggins%20TR%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patil%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vaidya%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Awad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=Main%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=22483386
https://www.ncbi.nlm.nih.gov/pubmed/?term=am+j+cardiol+2012%3B110%3A254
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hewing%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dehn%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staeck%20O%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knebel%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spethmann%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stangl%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baumann%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dreger%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dreger%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Budde%20K%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Halleck%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27721315
https://www.ncbi.nlm.nih.gov/pubmed/?term=kidney+blood+press+res+2016%3B41%3A701
https://www.ncbi.nlm.nih.gov/pubmed/?term=Omrani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29416201
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rai%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29416201
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daraei%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=29416201
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sadeghi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29416201
https://www.ncbi.nlm.nih.gov/pubmed/?term=med+arch+2017%3B71%3A408
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mois%C3%A9s%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavares%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacheco-Silva%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=transplantation+2002%3B74%3A1580

Page 39 of 50

oNOYTULT D WN =

12.

13.

14.

15.

16.

Therapeutic Apheresis and Dialysis

Fujii H. et al. page 15

Ramoglu MG, Ugar T, Yilmaz S, Oz¢akar ZB, Kurt-Stikiir ED, Tutar E, Yalginkaya F,

Atalay S. Hypertension and improved left ventricular mass index in children after

renal transplantation. Pediatr Transplant. 2017;21:e13066.

Arnol M, Knap B, Oblak M, Buturovi¢-Ponikvar J, Bren AF, Kandus A. Subclinical left

ventricular echocardiographic abnormalities 1 year after kidney transplantation are

associated with graft function and future cardiovascular events. Transplant Proceed.

2010;42:4064-4068.

Hernandez D, Gonzdlez A, Rufino M, Laynez |, de la Rosa A, Porrini E, Lacalzada J,

Barragdn A, Lorenzo V, Torres A. Time-dependent changes in cardiac growth after

kidney transplantation: the impact of pre-dialysis ventricular mass. Nephrol Dial

Transplant. 2007;22:2678-2685.

Patel RK, Mark PB, Johnston N, McGregor E, Dargie HJ, Jardine AG. Renal

transplantation is not associated with regression of left ventricular hypertrophy: a

magnetic resonance study. Clin J Am Soc Nephrol. 2008;3:1807-1811.

Slubowska K, Lichodziejewska B, Pruszczyk P, Szmidt J, Durlik M. Left ventricular

hypertrophy in renal transplant recipients in the first year after transplantation.

Transplant Proc. 2014;46:2719-2723.

Therapeutic Apheresis and Dialysis


https://www.ncbi.nlm.nih.gov/pubmed/28984026
https://www.ncbi.nlm.nih.gov/pubmed/28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knap%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21168628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oblak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21168628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buturovi%C4%87-Ponikvar%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21168628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bren%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=21168628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kandus%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21168628
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hern%C3%A1ndez%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gonz%C3%A1lez%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rufino%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laynez%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20la%20Rosa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Porrini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacalzada%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barrag%C3%A1n%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lorenzo%20V%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torres%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17510095
https://www.ncbi.nlm.nih.gov/pubmed/?term=nephrol+dial+trasnplant+2007%3B22%3A2678
https://www.ncbi.nlm.nih.gov/pubmed/?term=nephrol+dial+trasnplant+2007%3B22%3A2678
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mark%20PB%5BAuthor%5D&cauthor=true&cauthor_uid=18650407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnston%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18650407
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGregor%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18650407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dargie%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=18650407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jardine%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=18650407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slubowska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25380902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lichodziejewska%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25380902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pruszczyk%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25380902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Szmidt%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25380902
https://www.ncbi.nlm.nih.gov/pubmed/?term=Durlik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25380902
https://www.ncbi.nlm.nih.gov/pubmed/?term=transplantation+proceedings+2014%3B46%3A2719

oNOYTULT D WN =

17.

18.

19.

20.

21.

22.

Therapeutic Apheresis and Dialysis Page 40 of 50

Fujii H. et al. page 16

De Lima JJ, Vieira ML, Viviani LF, Medeiros CJ, lanhez LE, Kopel L, de Andrade JL,

Krieger EM, Lage SG. Long-term impact of renal transplantation on carotid artery

properties and on ventricular hypertrophy in end-stage renal failure patients.

Nephrol Dial Transplant. 2002;17:645-651.

McGregor E, Stewart G, Rodger RS, Jardine AG. Early echocardiographic changes and

survival following renal transplantation. Nephrol Dial Transplant. 2000;15:93-98.

Cowley AW Jr, Barber WJ, Lombard JH, Osborn JL, Liard JF. Relationship between

body fluid volumes and arterial pressure. Fed Proc. 1986;45:2864-2870.

Guyton AC. The relationship of cardiac output and arterial pressure control.

Circulation. 1981;64:1079-1088.

Stabouli S, Printza N, Dotis J, Gkogka C, Kollios K, Kotsis V, Papachristou F. Long-

Term Changes in Blood Pressure After Pediatric Kidney Transplantation. Am J

Hypertens. 2016;29:860-865.

Lee MH, Ko KM, Ahn SW, Bae MN, Choi BS, Park CW, Kim YS, Yang CW, Chung BH.

The impact of kidney transplantation on 24-hour ambulatory blood pressure in end-

stage renal disease patients. J Am Soc Hypertens. 2015;9:427-434.

Therapeutic Apheresis and Dialysis


https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Lima%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vieira%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Viviani%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Medeiros%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ianhez%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kopel%20L%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Andrade%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krieger%20EM%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lage%20SG%5BAuthor%5D&cauthor=true&cauthor_uid=11917059
https://www.ncbi.nlm.nih.gov/pubmed/?term=nehrol+dial+transplantation+2002%3B17%3A645
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGregor%20E%5BAuthor%5D&cauthor=true&cauthor_uid=10607774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stewart%20G%5BAuthor%5D&cauthor=true&cauthor_uid=10607774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodger%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=10607774
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jardine%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=10607774
https://www.ncbi.nlm.nih.gov/pubmed/?term=nehrol+dial+transplantation+2000%3B15%3A93
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cowley%20AW%20Jr%5BAuthor%5D&cauthor=true&cauthor_uid=3536582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barber%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=3536582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lombard%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=3536582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Osborn%20JL%5BAuthor%5D&cauthor=true&cauthor_uid=3536582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liard%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=3536582
https://www.ncbi.nlm.nih.gov/pubmed/3536582
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guyton%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=6794930
https://www.ncbi.nlm.nih.gov/pubmed/6794930
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stabouli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Printza%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dotis%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gkogka%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kollios%20K%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kotsis%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Papachristou%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26657420
https://www.ncbi.nlm.nih.gov/pubmed/26657420
https://www.ncbi.nlm.nih.gov/pubmed/26657420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ko%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahn%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bae%20MN%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20BS%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=26051924
https://www.ncbi.nlm.nih.gov/pubmed/26051924

Page 41 of 50

oNOYTULT D WN =

23.

24,

25.

26.

27.

Therapeutic Apheresis and Dialysis

Fujii H. et al. page 17

Gatzka CD, Schobel HP, Klingbeil AU, Neumayer HH, Schmieder RE. Normalization

of circadian blood pressure profiles after renal transplantation. Transplantation.

1995;59:1270-1274.

Ferreira SR, Moisés VA, Tavares A, Pacheco-Silva A. Cardiovascular effects of

successful renal transplantation: a 1-year sequential study of left ventricular

morphology and function, and 24-hour blood pressure profile. Transplantation.

2002;74(11):1580-1587.

Ramoglu MG, Ugar T, Yilmaz S, Ozgakar ZB, Kurt-Stikiir ED, Tutar E, Yalginkaya F,

Atalay S. Hypertension and improved left ventricular mass index in children after

renal transplantation. Pediatr Transplant. 2017;21:e13066.

Sinha MD, Gilg JA, Kerecuk L, Reid CJ. Progression to hypertension in non-

hypertensive children following renal transplantation. Nephrol Dial Transplant.

2012;27:2990-2996.

Chan W, Bosch JA, Jones D, McTernan PG, Inston N, Moore S, Kaur O, Phillips AC,

Borrows R. Hypervolemia and blood pressure in prevalent kidney transplant

recipients. Transplantation. 2014;98:320-327.

Therapeutic Apheresis and Dialysis


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatzka%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=7762060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schobel%20HP%5BAuthor%5D&cauthor=true&cauthor_uid=7762060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klingbeil%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=7762060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neumayer%20HH%5BAuthor%5D&cauthor=true&cauthor_uid=7762060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schmieder%20RE%5BAuthor%5D&cauthor=true&cauthor_uid=7762060
https://www.ncbi.nlm.nih.gov/pubmed/7762060
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferreira%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mois%C3%A9s%20VA%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tavares%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacheco-Silva%20A%5BAuthor%5D&cauthor=true&cauthor_uid=12490792
https://www.ncbi.nlm.nih.gov/pubmed/12490792
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ramo%C4%9Flu%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=U%C3%A7ar%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Y%C4%B1lmaz%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=%C3%96z%C3%A7akar%20ZB%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurt-%C5%9E%C3%BCk%C3%BCr%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tutar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yal%C3%A7%C4%B1nkaya%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Atalay%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28984026
https://www.ncbi.nlm.nih.gov/pubmed/28984026
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinha%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=22287656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilg%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=22287656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerecuk%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22287656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=22287656
https://www.ncbi.nlm.nih.gov/pubmed/22287656
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20W%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bosch%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jones%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=McTernan%20PG%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Inston%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moore%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaur%20O%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Phillips%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/?term=Borrows%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24770615
https://www.ncbi.nlm.nih.gov/pubmed/24770615

oNOYTULT D WN =

28.

29.

30.

Therapeutic Apheresis and Dialysis

Fujii H. et al. page 18

Weir MR, Burgess ED, Cooper JE, Fenves AZ, Goldsmith D, McKay D, Mehrotra A,

Mitsnefes MM, Sica DA, Taler SJ. Assessment and management of hypertension in

transplant patients. J Am Soc Nephrol. 2015;26:1248-1260.

Divac N, Naumovic¢ R, Risti¢ A, Milinkovi¢ M, Brkovi¢ V, Jovici¢ Pavlovi¢ S, GliSi¢ A,

Stojanovi¢ R, Prostran M. Patterns of antihypertensive medication use in kidney

transplant recipients. Herz. 2017;42:67-74.

Kislikova M, Seras M, Monfa E, Rodrigo E, Fernandez-Fresnedo G, Ruiz JC, Arias M.

Number of antihypertensive drugs at 1 year after kidney transplantation. Transplant

Proc. 2015;47:76-77.

Therapeutic Apheresis and Dialysis

Page 42 of 50


https://www.ncbi.nlm.nih.gov/pubmed/25653099
https://www.ncbi.nlm.nih.gov/pubmed/25653099
https://www.ncbi.nlm.nih.gov/pubmed/?term=Divac%20N%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naumovi%C4%87%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Risti%C4%87%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Milinkovi%C4%87%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brkovi%C4%87%20V%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jovi%C4%8Di%C4%87%20Pavlovi%C4%87%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gli%C5%A1i%C4%87%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stojanovi%C4%87%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prostran%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27295364
https://www.ncbi.nlm.nih.gov/pubmed/27295364
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kislikova%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seras%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Monfa%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rodrigo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez-Fresnedo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruiz%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arias%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25645775
https://www.ncbi.nlm.nih.gov/pubmed/25645775
https://www.ncbi.nlm.nih.gov/pubmed/25645775

Page 43 of 50 Therapeutic Apheresis and Dialysis

Fujii H. et al. page 19

Figure legend
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Figure 1. Putative pathophysiology of change in cardiac abnormalities and blood

pressure
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Table 1. Patients characteristics before kidney transplantation

N =43
Sex (male/female) 31/12
Age (y.0.) 47 +12
SBP (mmHg) 130.1 +14.6
DBP (mmHg) 74.0+9.2
HD vintage (months) 67 £90
Living KT (%) 35(81.4)
DM (%) 6 (14.0)
Hb (mg/dL) 109+1.5
Alb (g/dL) 3.8+0.5
Ca (mg/dL) 9.3+0.9
P (mg/dL) 57%1.5
iPTH (pg/mL) 181.0 + 154.3

SBP, systolic blood pressure; DBP, diastolic blood pressure; HD, hemodialysis; KT, kidney

transplantation; DM, diabetes mellitus; Hb, hemoglobin; Alb, albumin; Ca, calcium; P,

phosphate; iPTH, intact parathyroid hormone.

Values are presented as the median and interquartile or mean + SD.
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Table 2. Etiologies of end stage kidney disease

oNOYTULT D WN =

13 CGN 27
IgAN 9
18 FSGS 1

20 Unknown 17

24 DMN 6

29 Others 10
31 Hypoplastic kidney 3
33 Nephrosclerosis 1
35 ADPKD 1
Lupus nephritis 1
RCC 1

42 Unknown 3

48 CGN, chronic glomerulonephritis; IgAN, IgA nephropathy; FSGS, focal segmental
51 glomerulosclerosis; DMN, diabetic nephropathy; ADPKD, autosomal dominant

54 polycystic kidney disease; RCC, renal cell carcinoma.
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Table 3. Changes in blood pressure and antihypertensive treatment

Pre-KT Post KT 1 year P
SBP (mmHg) 130.1 = 14.6 123.6 = 14.0 <0.05
DBP (mmHg) 740 £ 9.2 715 £ 9.0 n.s.
Types of antihypertensive
1.07 £ 1.01 0.65 = 0.84 <0.05
drug
Those with antihypertensive
29 (67.4) 23 (53.5) <0.05
treatment (%)
Decreased antihypertensive
- 20 (69.0) -

treatment (%)

KT, kidney transplantation; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Values are presented as the median and interquartile or mean + SD.
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Table 4. Echocardiographic parameters before and after kidney transplantation
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Pre-KT

Post KT 1 year

p
LA (mm) 38.7+8.6 37.0+7.6 0.05
LVDd (mm) 47.7+6.6 453+5.6 <0.05
LVDs (mm) 30.6 £6.2 27.4+4.4 <0.05
IVST (mm) 11.1+2.1 11.0+1.7 n.s.
LVPWT (mm) 11.4+2.7 10.8 + 1.8 n.s.
FS (%) 36.3+6.2 39.7+5.5 <0.05
LVM (g) 247.7 +105.7 215.1+75.9 <0.05
LVMI (g/m?) 150.1 + 61.0 126.3+39.7 <0.05
RWT 0.48 +0.12 0.48 + 0.08 n.s.
E/A ratio 0.93 +0.32 1.04 +0.43 <0.05
DcT (msec) 237.9+516 241.7 +68.1 n.s.
TRPG (mmHg) 20.0+7.3 22.0+6.7 n.s.
IVCD (mm) 10.9 3.0 10.8+3.6 n.s.

LA: left atrial dimension; LVDd: left ventricular diastolic diameter; LVDs: left ventricular

systolic diameter; IVST: intraventricular septum thickness; LVPWT: left ventricular

posterior wall thickness; FS: fractional shortening; LVM, left ventricular mass; LVMI: left
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ventricular mass index; RWT: relative wall thickness; DcT: deceleration time; TRPG:

tricuspid regurgitation pressure gradient; IVCD: inferior vena cava diameter.

Values are presented as the median and interquartile or mean + SD.

Therapeutic Apheresis and Dialysis

Page 48 of 50



Page 49 of 50 Therapeutic Apheresis and Dialysis

Fujii H. et al. page 25

Table 5. Left ventricular geometry before and after kidney transplantation
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Pre-KT Post KT 1 year P

16 Normal (%) 11 (25.6) 12 (27.9) n.s.

19 LVH (%) 24 (55.8) 18 (41.8) <0.05

23 Concentric remodeling (%) 8(18.6) 13 (30.2) <0.05

Eccentric hypertrophy (%) 10 (23.3) 5(11.6) <0.05

30 Concentric hypertrophy (%) 14 (32.5) 13 (30.2) n.s.

37 KT, kidney transplantation; LVH, left ventricular hypertrophy.
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