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Left Ventricular Hypertrophy Patterns
and Cardiovascular Outcome in

Peritoneal Dialysis Patients

AABBSS  TTRRAACCTT  OObbjjeeccttiivvee::  Left ventricular hypertrophy (LVH) is highly predictive of cardiovascular
(CV) events in dialysis patients. The impact of different left ventricular (LV) geometric patterns on
cardiovascular outcome has not been well established. The aim of this prospective observational
study was to define the patterns of LVH and find out their impact on future cardiovascular events
in patients on continuous ambulatory peritoneal dialysis (CAPD). MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss: Patients
were followed up between 1999 and 2006 for cardiovascular events. Left ventricular mass and
geometric patterns were determined by echocardiography. Kaplan-Meier method and Cox re-
gression analysis were used to evaluate the impact of LV geometric patterns on CV event free sur-
vival. RReessuullttss:: Sixty-five CAPD patients were enrolled in  the study and were followed for 76 ± 15
months. There were a total of 16 (14 fatal, two non-fatal) CV events. Mean event-free survival time
for patients without LVH was 79 ± 3 months (95% CI of 73 to 86 months). The mean CV event-free
survival for the patients with concentric LV hypertrophy and eccentric hypertrophy was 75 ± 3
months (95% CI of 69 to 81 months), and 76 ± 3 months (95% CI of 69 to 82 months) respectively.
Patients with eccentric [hazard ratio (HR): 20.2] and concentric (HR:18.7) LV hypertrophy had
shorter time to CV event when compared to the patients without LV hypertrophy (p= 0.042). CCoonn--
cclluussiioonn:: Left ventricular hypertrophy is a marker of poor cardiovascular prognosis irrespective of
its pattern. Both eccentric and concentric LV hypertrophy are associated with shorter CV event-
free survival compared to normal geometry and concentric remodeling.

KKeeyy  WWoorrddss::  Peritoneal dialysis, continuous ambulatory; hypertrophy, left ventricular

ÖÖZZEETT  AAmmaaçç::  Sol ventrikül hipertrofisi (SVH) diyaliz hastalarında kardiyovasküler (KV) olaylar
açısından yüksek prediktif değerdedir. Farklı sol ventrikül (LV) geometrik paternlerinin
kardiyovasküler sonuçlara etkisi çok iyi bilinmemektedir. Bu prospektif gözlemsel çalışmada LVH
paternlerini tanımlamak ve sürekli ayaktan periton diyalizi (SAPD) hastalarında gelecekteki
kardiyovasküler olaylar üzerindeki etkilerini araştırmak amaçlandı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr: Hastalar
1999 ve 2006 yılları arasında kardiyovasküler olaylar açısından izlendi. Sol ventrikül kitlesi ve
geometrik paternleri ekokardiyografi ile tespit edildi. LV geometrik paternlerinin KV olaysız sağ
kalıma etkisini değerlendirmek için Kaplan-Meier yöntemi ve Cox regresyon analizi kullanıldı.
BBuullgguullaarr::  Altmış beş SAPD hastası çalışmaya alındı ve 76 ± 15 ay boyunca takip edildi. Toplam 16
(14 ölümcül, iki ölümcül olmayan) KV olay meydana geldi. LVH olmayan hastalar için ortalama
olaysız sağ kalım süresi 79 ± 3 ay (%95 güvenlik indeksi, 73-86 ay) idi. Konsantrik sol ventrikül
hipertrofisi ve ekzantrik hipertrofisi olan hastalar için ortalama KV olaysız sağ kalım 75 ± 3 ay (%95
güvenlik indeksi, 69-81 ay) ve 76 ± 3 ay (%95 güvenlik indeksi, 69-82 ay) idi. Eksantrik [risk oranı
(HR): 20.2] ve konsantrik (HR: 18.7) sol ventrikül hipertrofisi olan hastalar, sol ventrikül hipertrofisi
olmayan hastalarla karşılaştırıldığında KV olaylar daha kısa sürede ortaya çıktı (p= 0.042). SSoonnuuçç::
Sol ventrikül hipertrofisi, paterninden bağımsız olarak kötü kardiyovasküler prognoz göstergesidir.
Hem eksantrik hem konsantrik sol ventrikül hipertrofisi, normal geometri ve konsantrik remodeling
ile karşılaştırıldığında daha kısa KV olaysız sağkalım ile ilişkilidir.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Periton diyalizi, sürekli ayaktan; hipertrofi, sol ventriküler
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ar di o vas cu lar (CV) di se a se is the ma jor ca u -
se of de ath in di aly sis pa ti ents, and sur vi val
in pa ti ents on con ti nu o us am bu la tory pe ri -

to ne al di aly sis (CAPD) is si mi lar to that in he mo -
di aly sis (HD) pa ti ents.1,2 In a pre vi o us study by
Wang et al., car di ac and ce reb ro vas cu lar ca u ses ac-
co un ted for 65% of the mor ta lity in end-sta ge re nal
di se a se (ESRD) pa ti ents re ce i ving long-term pe ri -
to ne al di aly sis.3

Left ven tri cu lar hyper trophy (LVH) is com mon
in pa ti ents with re nal in suf fi ci ency even be fo re they
prog ress to di aly sis, and the pre va len ce of LVH cor-
re la tes with the deg re e of re nal func ti on im pa ir -
ment.4,5 Left ven tri cu lar hyper trophy is known to be
highly pre va lent in both CAPD and HD pa ti ents6,7

and the pre sen ce of LVH has be en con fir med as an
im por tant de ter mi nant of sur vi val in di aly sis pa ti -
ents, as in the ge ne ral po pu la ti on.8-10

He mody na mic and non-he mody na mic fac tors
are imp li ca ted in the ma in te nan ce and ag gra va ti -
on of LVH in ESRD. The ba lan ce bet we en the two
fun da men tal he mody na mic sti mu li (pres su re and
vo lu me over lo ad ) de ter mi nes the type of ge o -
met ric de ve lop ment of the left ven tric le.11 Fo ur
dif fe rent pat terns (nor mal,con cen tric re mo de ling,
ec cen tric hyper trophy, con cen tric hyper trophy) of
left ven tri cu lar (LV) ge o metry has be en des cri -
bed.12 Ec cen tic left ven tri cu lar hyper trophy
(eLVH) re fers to in cre a sed LV mass with LV di la -
ta ti on, whe re as con cen tric left ven tri cu lar hyper -
trophy (cLVH) de no tes in cre a sed LV mass with
nor mal LV ca vity vo lu me. LV di la ta ti on is com-
monly ob ser ved in sta tes of vo lu me over lo ad and
pres su re over lo ad and it le ads pri ma rily to in cre a -
se in LV mass.13 Di aly sis pa ti ents ha ve a number of
risk fac tors for both vo lu me and pres su re over lo -
ad. Alt ho ugh the pre va len ce of the con cen tric and
ec cen tric form of LVH was si mi lar in the two di-
aly tic mo da li ti es, CAPD pa ti ents we re fo und to
be mo re vo lu me ex pan ded and disp lay mo re se-
ve re LVH than HD pa ti ents, in a study do ne by
Eni a et al.14 In a po pu la ti on-ba sed samp le of sub-
jects wit ho ut CV di se a se it was shown that sub jects
with cLVH had the poorest prog no sis.15 The inf lu -
en ce of dif fe rent LV ge o met ric pat terns on prog-
no sis we re stu di ed in pa ti ents with hyper ten si on

and co ro nary ar tery di se a se, and pa ti ents with
cLVH ap pe a red to ha ve the poorest prog no sis.16,17

Ac cor ding to a lar ge body of evi den ce, LVH is ac-
cep ted as a strong pre dic tor of sur vi val and car di o -
vas cu lar events in di aly sis pa ti ents, but the im pact
of dif fe rent pat terns of LVH on CV prog no sis has
not be en well elu ci da ted. We ai med to in ves ti ga te
the pre va len ce of LVH, the dis tri bu ti on of LV ge -
o met ric pat terns and the ir im pact on car di o vas cu -
lar events in CAPD pa ti ents.

MA TE RI AL AND MET HODS

STUDY DE SIGN AND PA TI ENTS

This study was star ted in 1999 and car ri ed out in
the CAPD Unit of Marmara University Hospital, İs-
tanbul. Pa ti ents we re eli gib le for entry to the study
if (a) they we re on CAPD for at le ast six months and
(b) they had a tech ni cally sa tis fac tory ec ho car di og -
ram. Pa ti ents with can cer, se ve re val vu lar he art di s-
e a se, se ve re pul mo nary di se a se and his tory of
pre vi o us car di o vas cu lar events which are des cri bed
be low we re not inc lu ded. Af ter ba se li ne re gis tra ti -
on of cli ni cal da ta and ec ho car di og rap hic exa mi na -
ti on, each pa ti ent was mo ni to red for CV events
un til De cem ber 2006. Each pa ti ent was fol lo wed up
un til the first car di o vas cu lar event. Study pro to col
was ap pro ved by the lo cal et hics com mit te e and in-
for med writ ten con sents were ob ta i ned from all
par ti ci pants. Eighty-fo ur CAPD pa ti ents we re mo -
ni to red and 66 we re fo und to be eli gib le for rec ru -
it ment. Thir te en pa ti ents with pre vi o us myo car di al
in farc ti on (n= 4), co ro nary ar tery bypass sur gery (n=
1), his tory of con ges ti ve he art fa i lu re (n= 5), at ri al
fib ril la ti on (n= 3) we re exc lu ded. Fi ve pa ti ents we -
re not en rol led du e to tech ni cally po or ec ho car di -
og rap hic study. One pa ti ent was lost to fol low-up.
Sixty-fi ve CAPD pa ti ents cons ti tu ted the fi nal study
gro up. Fo ur pa ti ents who mo ved to anot her CAPD
cen ter thro ug ho ut the study period we re con tac ted
by te lep ho ne to get in for ma ti on abo ut the ir out co -
me. Ot her pa ti ents we re fol lo wed by the ir ro u ti ne
monthly vi sits and by me di cal re cords. Pe ri to ne al
di aly sis tre at ment was ma inly per for med by ma nu -
al exc han ges of Di a ne al® 1.36% so lu ti ons. If the pa-
ti ents we re vo lu me over lo a ded, Di a ne al® 2.27% and
3.86% so lu ti ons we re pres cri bed. 
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Car di o vas cu lar out co me events we re pres pe -
ci fi ed as; sud den car di ac de ath, fa tal and non fa tal
myo car di al in farc ti on, new-on set an gi na, arrhy -
thmi as re qu i ring hos pi ta li za ti on, se ve re he art fa i -
lu re re qu i ring hos pi ta li za ti on, fa tal and non fa tal
stro ke. Of fi ci al hos pi tal do cu ments and stan dart in-
ter na ti o nal cri te ri a we re used for the de fi ni ti on of
out co me events. Sud den car di ac de ath was de fi ned
as a wit nes sed de ath from car di ac ca u ses that oc cu -
red wit hin an ho ur af ter the on set of acu te symp-
toms. Myo car di al in farc ti on was di ag no sed on the
ba sis of typi cal ri se and fall of car di ac enz ymes (CK-
MB, tro po nin T) with eit her ECG chan ges in di ca -
ti ve of isc he mi a or isc he mic symptoms. New-on set
an gi na was de fi ned as typi cal chest pa in symptoms
with ob jec ti ve evi den ce of isc he mic ECG chan ges.
Stro ke was di ag no sed on the ba sis of ra pid on set of
lo ca li zing and per sis tent ne u ro lo gi cal de fi cit in the
ab sen ce of any ot her di se a se pro cess exp la i ning the
symptoms.

La bo ra tory me a su re ments we re do ne by stan-
dard pro ce du res. Pa rath yro id hor mo ne le vels we re
de ter mi ned using ra di o im mu ne as say (Sig ma-Al -
drich La bo ra to ri es, The Wo od lands, TX, USA). 

EC HO CAR DI OG RAP HIC STUDY

Two-di men si o nal gu i ded M-mo de ec ho car di og -
raphy was per for med by stan dard met hods using
an ul tra so und system (Ul tra mark 9; Ad van ced
Tech no logy La bo ra to ri es, Bot hell, WA, USA) with
a 2.25 MHz trans du cer. Exa mi na ti ons we re per for -
med with an empty sto mach. Left ven tri cu lar in-
ter nal di men si on (LVID), in ter ven tri cu lar sep tal
thick ness (IVST) and pos te ri or wall thick ness
(PWT) we re me a su red at end-di as to le ac cor ding to
the Ame ri can So ci ety of Ec ho car di og raphy re com -
men da ti ons.18 Left ven tri cu lar mass (LVM) was cal-
cu la ted using the for mu la des cri bed by De ve re ux
et al.19: 0.832 x [(LVID + IVST + PWT)3 – LVID3] +
0.6. Left ven tri cu lar mass was then nor ma li zed for
body sur fa ce are a (BSA) as left ven tri cu lar mass in -
dex (LVMI). Left ven tri cu lar mass in dex par ti ti on
va lu es of 131 g/m2 for men and 100 g/m2 for wo -
men we re used as the up per gen der-spe ci fic nor-
mal.20 Re la ti ve wall thick ness (RWT ) of the LV
was cal cu la ted at the end-di as to le as 2 x (PWT /

LVID). Left ven tri cu lar ge o met ric pat terns we re
de fi ned ac cor ding to the met hod of Ga na u et al.21 A
par ti ti on va lu e of 0.44 for RWT was used for both
men and wo men. Nor mal ge o metry was pre sent
when LVMI and RWT we re nor mal. Nor mal LVMI
and in cre a sed RWT we re clas si fi ed as con cen tric
re mo de ling. The se two for med the noLVH gro up.
In cre a sed LVMI with a nor mal RWT iden ti fi ed
eLVH (LVH with left ven tri cu lar di la ta ti on). In cre -
a ses in both LVMI and RWT we re clas si fi ed as
cLVH (LVH wit ho ut left ven tri cu lar di la ta ti on). All
ec ho car di og rap hic exa mi na ti ons we re per for med
by the sa me physi ci an.

STA TIS TI CAL ANALY SIS

Da ta analy ses we re per for med by using SPSS soft-
wa re, ver si on 15.0 (SPSS, Inc., Chi ca go, IL, USA).
For the com pa ri son of cli ni cal and ec ho car di og -
rap hic va ri ab les bet we en CAPD pa ti ents with and
wit ho ut car di o vas cu lar events, Mann Whit ney U
test or t-test was used for con ti nu o us da ta and Chi
squ a re or Fis her’s exact test we re used for ca te go ri -
cal da ta, whe re ap prop ri a te. Par ti ci pants we re gro -
u ped in to thre e ca te go ri es of LV ge o metry;
ec cen tric LV hyper trophy, con cen tric LV hyper -
trophy and the com bi na ti on of nor mal ge o metry
and con cen tric re mo de ling (noLVH gro up; re fe -
ren ce ca te gory). For uni va ri a te analy sis, event-fre -
e sur vi val was cal cu la ted and log rank test was
per for med. Sur vi val pro ba bi li ti es of dif fe rent gro -
ups we re cal cu la ted by Kap lan-Me i er met hod and
Cox reg res si on analy sis, which was per for med by
en ter met hod. Cox reg res si on mo del inc lu ded gen-
der, body mass in dex, systo lic and di as to lic blo od
pres su res, he mog lo bin, al bu min, LDL-cho les te rol,
LV mass in dex, smo king sta tus and the pre sen ce of
hyper ten si on, co ro nary ar tery di se a se, di a be tes
mel li tus, hyper li pi de mi a and pe rip he ral ar tery di s-
e a se in ad di ti on to LV ge o metry types. A p va lu e of
<0.05 was con si de red sig ni fi cant.

RE SULTS
Sixty fi ve CAPD pa ti ents (me an age 46 ye ars, 55%
men) we re fol lo wed for CV events. Ba se li ne cli ni -
cal and de mog rap hic cha rac te ris tics of the study
po pu la ti on are pre sen ted in Tab le 1. Hyper ten si ve
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nep hro pathy and glo me ru lo nep hri tis we re the
most fre qu ent pri mary re nal di se a ses. Se ven pa ti -
ents had pre vi o usly do cu men ted co ro nary ar tery
di se a se, five had di a be tes mel li tus and 55 had hy-
per ten si on. All of the pa ti ents we re in go od blo od
pres su re con trol thro ug ho ut the study. Fifty two
(80%) pa ti ents we re on eryt hro po e tin tre at ment,
me an he mog lo bin le vel was 10.6 g/dl (ran ge, 6.9 to
14.0). Ni ne te en pa ti ens (29%) we re anu ric. Pa ti ents
we re on CAPD tre at ment for 19±12 months (ran ge,
6 to 43) be fo re en te ring to the study.

Af ter a me an fol low-up period of 76 ± 15
months (ran ge, 15 to 84 months), two pa ti ents had
non fa tal CV events, 14 pa ti ents di ed be ca u se of CV
events and seven pa ti ents di ed of non-CV events.
Car di o vas cu lar mor ta lity was res pon sib le for 67% of
the   to tal mor ta lity. Fi ve of the seven CAPD pa ti ents
with pre vi o usly do cu men ted co ro nary ar tery di se a -
se had CV events. Car di o vas cu lar events and ot her
ca u ses of de ath in CAPD pa ti ents are lis ted in Tab le
2. Ten pa ti ents we re switc hed to he mo di aly sis and
four pa ti ents had re nal trans plan ta ti on du ring fol-
low-up. No CV event was ob ser ved in tho se pa ti ents. 

As lis ted in Tab le 3, CAPD pa ti ents with CV
events we re ol der and had hig her pre va lan ce of co -
ro nary ar tery di se a se com pa red with the pa ti ents
wit ho ut CV events. Forty fi ve pa ti ents had LVH
(69%), of the se 21(47%) had ec cen tric and 24 (53%)
had con cen tric type of hyper trophy. In the noLVH
gro up (n= 20), 13 (65%) had nor mal ge o metry and
seven (35%) had con cen tric re mo de ling. Car di o -
vas cu lar events ten ded to oc cur in a hig her pro por -
ti on of pa ti ents with (14/45,31%) than wit ho ut
(2/20,10%) left ven tri cu lar hyper trophy (p= 0.068).
Eighty eight per cent (14/16) of pa ti ents with CV
events had LVH. Pa ti ents with con cen tric re mo de -
ling (n= 7) did not ex pe ri en ce any CV event du ring
fol low-up. Two of the pa ti ents with nor mal ge o -
metry (n= 13, 15%), seven of the pa ti ents with con-
cen tric LV hyper tropy (n= 24, 29%) and seven of
the pa ti ents with ec cen tric LV hyper trophy (n= 21,
33%) re ac hed CV end-po ints du ring fol low-up.

Me an CV event-fre e sur vi val ti me for the
CAPD pa ti ents with nor mal ge o metry and con cen -
tric re mo de ling (noLVH gro up) was 79 ± 3 months

(95% CI of 73 to 86 months). The pro ba bi lity of CV
event-fre e sur vi val for noLVH gro up was %90. The
cor res pon ding me an CV event-fre e sur vi val ti me
for the pa ti ents with con cen tric LV hyper trophy

Age, years 46 ± 15*

Men / women, n 36 (55%) / 29 (45%)

Duration of CAPD, months 19±12

Primary renal disease 

Diabetic nephropathy 7 (11%)

Glomerulonephritis 16 (25%)

Hypertensive nephropathy 19 (29%)

Genetic 7 (10%)

Tubulointerstitial 4 (6%)

Other 7 (11%)

Unknown 5 (8%)

Diabetes 5 (8%)

Hypertension 55 (85%)

Hyperlipidemia 38 (58%)

Coronary artery disease 7 (11%)

Smoking 30 (45%)

Peripheral artery disease 3 (4%)

TABLE 1: Clinical and demographic characteristics of
the  study population (n= 65).

*Data expressed as mean ± SD.
CAPD: Continuous ambulatory peritoneal dialysis.

Outcome n

Nonfatal cardiovascular events

Arryhthmia 1

Myocardial infarction 1

Subtotal 2

Fatal cardiovascular events

Sudden cardiac death 6

Myocardial infarction 1

Heart failure 1

Stroke 6

Subtotal 14

Other causes of death 

Sepsis 6

Gastrointestinal bleeding 1

Subtotal 7

TABLE 2: Cardiovascular events and other causes of
death in  study patients (n= 65).
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was 75 ± 3 months (95% CI of 69 to 81 months) and
it was 76 ± 3 months (95% CI of 69 to 82 months)
for the pa ti ents with ec cen tric LV hyper trophy.
The pro ba bi lity of CV event-fre e sur vi val for the
pa ti ents with LV hyper trophy was %71. Prog nos-
tic fac tors for di se a se fre e sur vi val by uni va ri a te
analy sis are shown in Tab le 4. Af ter ad jus ting for
con fo un ders in the Cox reg res si on mo del, as il-
lus tra ted in Fi gu re 1a, CAPD pa ti ents with LV
hyper trophy had shor ter ti me to CV event com-
pa red to the pa ti ents wit ho ut LV hyper trophy
(Ha zard ra ti o (HR)= 19.4, 95% CI for HR= 1.3-

295, p= 0.033). Pa ti ents with ec cen tric (HR of
20.2) and con cen tric LV hyper trophy (HR of
18.7) had sig ni fi cantly shor ter ti me to CV events
com pa red to the pa ti ents with nor mal ge o metry
and con cen tric re mo de ling (p= 0.042 for both)
(Tab le 5 and Fi gu re 1b). In ad di ti on, CAPD pa ti -
ents with di a be tes mel li tus, hyper ten si on and his-
tory of co ro nary ar tery di se a se had shor ter ti me
to CV events re gard less of the ge o metry type
(Tab le 5). 

DIS CUS SI ON
Left ven tri cu lar hyper trophy is a com mon fin ding
and strong pre dic tor of car di o vas cu lar mor ta lity
and mor bi dity in di aly sis pa ti ents. Both he mody -
na mic and non-he mody na mic fac tors are res pon -
sib le for the de ve lop ment of LVH. Left ven tri cu lar
hyper trophy may re sult from vo lu me and pres su re
over lo ad.22 Hyper ten si on is highly pre va lent in di -
aly sis pa ti ents and ove rac ti vity of the sympat he tic
system is a con sis tent fe a tu re.23,24 Hyper vo le mi a
and hyper cir cu la tory sta te to get her with ane mi a
may ac co unt for in cre a sed LV mass even in nor-
mo ten si ve di aly sis pa ti ents. Ane mi a, ar te ri o ve no -
us fis tu la, hyper pa rath yro i dism,in cre a sed ar te ri al
stiff ness to get her with high pe rip he ral re sis tan ce
are ac cep ted as po tenti al fac tors inf lu en cing de ve -
lop ment of car di ac hyper trophy.24-27 Mo re o ver,
the im por tan ce of pre ser ving re si du al re nal func-
ti on (RRF) on LVH and car di o vas cu lar out co me
was emp ha si zed by Wang et. al.,1 LVH was be li e -
ved to ha ve an in ver se re la ti on hip with RRF. Inf -
lam ma ti on has al so be en clo sely lin ked with
ar te ri al stif fe ning, LVH and LV di la ta ti on, and sys-
to lic dysfunc ti on in CAPD pa ti ents.3

The ba lan ce bet we en the two fun da men tal
he mody na mic sti mu li (pres su re and vo lu me) de-
ter mi nes the pre do mi nant type of ge o met ric
de ve lop ment of the left ven tric le.11,28 In sta tes of
pres su re over lo ad, the re sul tant in cre a se in wall
ten si on is off set by an in cre a se in LV wall thick-
ness with nor mal ca vity vo lu me (con cen tric hy-
per trophy), whe re as LV di la ti on is com monly
ob ser ved in sta tes of vo lu me over lo ad and many
pa ti ents with LV di la ti on ha ve in cre a sed LV mass
(ec cen tric hyper trophy).13,29

Variables No CV event CV event p  value
(n=49) (n=16)

Age, years 44 ± 14 53 ± 17 0.04

Men, n (%) 25 (51) 11 (69) 0.22

BMI, kg/m2 24 ± 4 24 ± 4 0.33 

Cigarette smoking, n (%) 22 (45) 7 (44) 0.94

Diabetes, n (%) 2 (4) 3 (19) 0.09

Coronary artery disease, n (%) 2 (4) 5 (31) <0.01

Hyperlipidemia, n (%) 29 (59) 9 (56) 0.84

Hypertension, n (%) 43 (88) 15 (94) 0.45

Systolic blood pressure, mm Hg 151 ± 28 158 ± 15 0.28

Diastolic blood pressure, mm Hg 95 ± 17 99 ± 15 0.45

LDL-cholesterol, mg/dl 128 ± 38 123 ± 44 0.54

HDL-cholesterol, mg/dl 41 ± 12 43 ± 13 0.89

Triglycerides, mg/dl 149 ± 59 179 ± 91 0.25

Hemoglobin, g/dl 11 ± 2 11 ± 2 0.94

Albumin, g/dl 3.9 ± 0.4 3.6 ± 0.7 0.11

Parathormone, pg/ml 326 ± 382 165 ± 164 0.27

Calcium, mg/dl 9.3 ± 0.8 9.2 ± 1.0 0.91

Phosphorus, mg/dl 5.3 ± 1.3 5.0 ± 1.2 0.45

Urine volume, ml/day 395 ± 459 619 ± 641 0.23

Echocardiographic data

LVEDD, cm 5.0 ± 0.7 5.2 ± 0.7 0.26

IVST, cm 1.2 ± 0.2 1.3 ± 0.2 0.25

PWT, cm 1.1 ± 0.2 1.2 ± 0.1 0.47 

RWT, cm 0.48 ± 0.11 0.48 ± 0.12 0.84

LVMI, g/m2 133 ± 39 146 ± 26 0.11

TABLE 3: Comparisons of clinical and 
echocardiographic variables in CAPD patients with and

without subsequent cardiovascular (CV) events.

Data expressed as mean ± SD.
CAPD: Continuous ambulatory peritoneal dialysis, BMI: Body mass index, LDL-C: Low
density  lipoprotein cholesterol, HDL-C: High  density  lipoprotein  cholesterol, , LVEDD:
Left ventricular end-distolic diameter, IVST: Interventricular septal thickness, PWT: Pos-
terior wall thickness,  RWT: Relative wall thickness, LVMI: Left ventricular mass index.
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Number of Number of Mean DFS 95% confidence Log rank p value
patients events (months) interval

Gender

Female 29 5 80±2 76-84 1.75 0.186

Male 36 11 74±3 68-80

Age

<45 36 4 82±1 80-84 8.27 0.004

>45 29 12 70±4 63-78

BMI(kg/m2)

<25 42 9 79±2 76-82 0.88 0.645

25-30 17 5 70±6 58-83  

>30 6 2 77±2 69-86

SBP(mmHg)

≤140 17 1 80±4 72-88 3.43 0.064

>140 48 14 75±2 71-80

DBP(mmHg)

<90 20 4 75±5 66-84 1.05 0.592

90-100 22 4 80±2 77-84

>100 23 7 75±3 69-81

Hypertension

No 7 1 79±4 71-88 0.41 0.520

Yes 58 15 76±2 72-80

LVH

No 20 2 79±3 73-86 2.96 0.085

Yes 45 14 75±2 71-80

LVH type

cLVH 24 7 75±3 69-81 3.02 0.220

eLVH 21 7 76±3 69-82

normal 20 2 79±3 73-86

Diabetes

No 60 13 79±2 76-82 7.05 0.008

Yes 5 3 54±12 30-77

Hyperlipidemia

No 27 7 76±3 69-82 0.06 0.799

Yes 38 9 77±2 73-82

CAD

No 58 11 79±2 76-82 13.10 0.0001

Yes 7 5 58±9 40-76

Smoking

no 36 9 78±2 73-83 0.0005 0.982

yes 29 7 75±3 69-82

Hb(g/dl)

<10 26 6 78±3 72-84 0.80 0.669

10-12 28 8 74±3 67-80

<12 11 2 81±2 78-84

TABLE 4: Prognostic factors for disease free survival by univariate analysis.

DFS: Disease free survival, BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, LVH: Left ventricular hypertrophy, CAD: Coronary artery disease,
Hb: Hemoglobin.
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In a pre vi o us study, we exa mi ned the fac tors
which con tri bu ted to the de ve lop ment of left
ven tri cu lar hyper trophy and ge o met ric re mo de -
ling in CAPD pa ti ents.30 Systo lic blo od pres su re
was sig ni fi cantly hig her in the cLVH gro up com-
pared the nor mal ge o metry gro up. Da ily to tal ul-
tra fil tra ti on vo lu me was hig her in the eLVH
gro up than in the cLVH gro up. The eLVH gro up
had sig ni fi cantly lo wer he mog lo bin le vels, and
hig her di aly sa te-to-plas ma cre a ti ni ne ra ti o than
the nor mal ge o metry gro up. Hyper vo le mi a, iden-
ti fi ed by ec ho car di og rap hic me a su re ment of in fe -

ri or ve na ca va in dex and col lap si bi lity in dex, and
ane mi a we re fo und to con tri bu te in de pen dently to
LV ge o metry.30

Prog res si ve car di ac en lar ge ment, par ti cu larly
left ven tri cu lar di la ti on with com pen sa tory hyper -
trophy, con ti nu es af ter star ting di aly sis the rapy.22

Most of the ad di ti o nal car di ac en lar ge ment oc curs
in the first ye ar of di aly sis the rapy and in ter ven ti -
on be yond one ye ar may be re la ti vely inef fec ti ve.22

Thus, scre e ning every pa ti ent for LVH at the be-
gin ning of di aly sis with ec ho car di og raphy may be
re le vant for risk as sess ment.

Hazard Ratio 95% CI for HR
Variables (HR) Lower Upper p value

Diabetes mellitus 27.9 3.2 241 0.003

Hypertension 58.0 1.3 259 0.036

Eccentric LV hypertrophy* 20.2 1.1 368 0.042

Concentric LV hypertrophy* 18.7 1.1 316 0.042

Coronary artery disease 12.8 1.1 155 0.044

TABLE 5: Significant variables in Cox regression

*The reference category for the group including eccentric and concentric LV hypertrophy is normal geometry and concentric remodeling. 
Cox regression model included age, gender, body mass index, systolic and diastolic blood pressures, hemoglobin, LDL-cholesterol, LV mass index, smoking status and the presence
of hypertension, coronary artery disease, diabetes mellitus, hyperlipidemia and peripheral artery disease in addition to LV geometry types. 
LV: Left ventricular.

a) b)
FIGURE 1: Cardiovascular event free survival curves for continuous ambulatory peritoneal dialysis patients with respect to LV hypertrophy (a) and  
LV hypertrophy patterns (b).
*Compared with the reference category (normal geometry and concentric remodeling).
LVH: left ventricular hypertrophy, cLVH: concentric lef ventricular hypertrophy, eLVH: eccentric left ventricular hypertrophy.
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Eni a et al., re por ted that the pre va len ce of the
con cen tric and ec cen tric form of LVH was si mi lar
in CAPD pa ti ents.14 In a study by Fo ley et al., ba -
se li ne ec ho car di og rap hic clas si fi ca ti on, ba sed on
LV mass and ca vity vo lu me, was the stron gest
pre dic tor of la te mor ta lity.13 In the po pu la ti on ba -
sed Fra ming ham Study, know led ge of LV ge o -
metry pro vi ded litt le prog nos tic in fo ma ti on
be yond that ava i lab le from LV mass and tra di ti o -
nal risk fac tors.15 In ot her stu di es, non-di aly sis
pa ti ents with cLVH we re shown to ha ve the
poorest CV prog no sis.16,17 The im pact of dif fe rent
pat terns of hyper trophy on car di o vas cu lar out co -
me of di aly sis pa ti ents has not be en ade qu a tely
stu di ed. Zoc ca li et al., sta ted that the ge o met ric
pat tern of LVH was a sig ni fi cant cor re la te of sys-
to lic dysfunc ti on and this al te ra ti on evol ved fas ter
in di aly sis pa ti ents with ec cen tric LVH than in
tho se with con cen tric LVH or nor mal LV mass.31

Ec cen tric LVH is cha rac te ri zed by LV di la ti on and
by a re duc ti on in myo car di al con trac ti lity.11 Com-
pro mi sed systo lic func ti on is anot her pre dic tor of
CV comp li ca ti ons and the re is fas ter prog res si on
of systo lic dysfunc ti on in di aly sis pa ti ents with
eLVH.32

In this study, the pre va len ce of LVH was 69%,
of the se 47% had ec cen tric and 53% had con cen tric
type of LV hyper trophy. In a to tal of 16 pa ti ents
with CV events, seven had eLVH, seven had cLVH
and only two had no LVH. To as sess the im pact of
hyper trophy pat terns on CV out co me, we used Ka-
p lan-Me i er met hod; me an CV event fre e sur vi val
ti me in the pa ti ents with con cen tric LV hyper -
trophy was 75 ± 3 months (95% CI of 69 to 81
months) and it was 76 ± 3 months (95% CI of 69 to
82 months) for the pa ti ents with ec cen tric LV hy-
per trophy. Pa ti ents with LVH had poorer out co me
compared to pa ti ents wit ho ut, and the re was no
dif fe ren ce bet we en the two hyper trophy types.
CAPD pa ti ents with ec cen tric and con cen tric LV
hyper trophy had a shor ter ti me for a CV event
com pa red to the pa ti ents wit ho ut LV hyper trophy
. In a study by Ohas hi et al., it was shown that di-
a be tic nep hro pathy and se ve re LVH we re the two
ma in pre dic tors of CV events.32 In our study, hy-
per ten si on, di a be tes mel li tus and pre vi o usly do cu -

men ted co ro nary ar tery di se a se we re in de pen dent
va ri ab les which we re fo und to be sig ni fi cantly in
af fec ting event fre e sur vi val by mul ti va ri a te analy-
sis. Con ti nu o us am bu la tory pe ri to ne al di aly sis pa-
ti ents with abo ve men ti o ned di se a ses had shor ter
ti me to CV events re gard less of the LV ge o metry
type.

This study was do ne in one cen ter and scre e -
ning co ve red all of the re gis te red CAPD pa ti ents.
Des pi te the fact that num ber of pa ti ents inc lu ded
we re rat her small for sur vi val analy sis, we be li e ve
that our fin dings may pro vi de ad di ti ve in for ma ti on
re gar ding the ro le of LV ge o met ric types as a mar -
ker of CV prog no sis in CAPD pa ti ents. Sta tis ti cal
sig ni fi can ce was low du e to small num ber of pa ti -
ents and events, and we be li e ve that a mul ti cen ter
tri al with hig her num ber of sub jects wo uld yi eld
mo re sig ni fi cant re sults.

CONC LU SI ONS
LVH is highly pre va lent in CAPD pa ti ents and the
pre va len ces of eLVH and cLVH are si mi lar. Left
ven tri cu lar hyper trophy is an im por tant prog nos tic
mar ker for poorer CV out co me ir res pec ti ve of its
pat tern. Both ec cen tric and con cen tric LV hyper -
trophy are as so ci a ted with shor ter CV event fre e
sur vi val com pa red to nor mal ge o metry and con-
cen tric re mo de ling. The pre sen ce of co ro nary ar-
tery di se a se, hyper ten si on and di a be tes mel li tus
are ot her in de pen dent risk factors that iden tify
pa ti ents at hig her risk for CV events. Ec ho car di -
og raphy is a use ful to ol in scre e ning CAPD pa ti -
ents for LV mass and ge o metry. Each pa ti ent
star ting di aly sis the rapy sho uld be in ves ti ga ted for
LVH and pa ti ents wit ho ut LVH at ba se li ne sho -
uld be scre e ned re gu larly. De fi ning the type of
LVH may not be ne ces sary. All fac tors that con tri -
bu te to LVH must be ta ken in to ac co unt, ut most
ca re sho uld be ta ken of go od blo od pres su e con-
trol, cor rec ti on of hyper vo le mi a and ane mi a, con-
trol of hyper pa rath yro i dism and pre ser va ti on of
RRF . Car di o vas cu lar di se a se is the ma jor ca u se of
de ath in pe ri to ne al di aly sis pa ti ents and tho se
with do cu men ted LVH ne ed strict me di cal as sis -
tan ce and the rapy.
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