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COMMENT

Central hemodynamics and left ventricular hypertrophy in chronic
kidney disease
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It is well known that chronic kidney disease (CKD) is one of
the most important risk factors for cardiovascular events
worldwide [1, 2]. A major driver is increased aortic stiffness,
which is a strong independent predictor of cardiovascular
mortality in this population. Aortic stiffening is a potentially
modifiable biomarker of cardiovascular dysfunction, and it is
used in risk stratification of patients with CKD and end-stage
renal disease [3–6]. Pulse wave velocity (PWV) is an
indirect measure of stiffness and the accepted standard for
noninvasive assessment of aortic stiffness. The clinical sig-
nificance of PWV is thought to be related to not only
structural changes within the vascular wall but also adverse
hemodynamic effects [7]. These include an increase in sys-
tolic blood pressure and pulse pressure (PP) and, hence, an
increase in the dynamic left ventricular (LV) load. Mean-
while, a decreased glomerular filtration rate (GFR) may
cause latent volume retention in patients with earlier stages
of CKD. Furthermore, various factors that deteriorate vas-
cular function, such as the renin–angiotensin–aldosterone
system, homocysteine, oxidative stress, and inflammation,
are reportedly activated not only in patients with end-stage
renal disease but also in those with earlier stages of CKD
[2, 8].
Recent advances in technology have enabled the non-
invasive evaluation of central hemodynamics. The central
blood pressure represents the true load imposed on the
heart, kidney and brain. An elevation of the central blood
pressure has a direct adverse impact on the target organ
and, therefore, on the cardiovascular prognosis in patients
with hypertension [4, 9]. A decrease in the central blood
flow can cause organ dysfunction and failure. The central

pressure and flow dynamics are conventionally regarded as
unidirectional, from the heart to the periphery. However,
current evidence suggests that they should be recognized as
a bidirectional interplay between the central and peripheral
arteries. In particular, the pressure pulse wave is not only
transmitted forward to the periphery but also reflected
backward to the central aorta [10]. The flow pulse wave is
also composed of the forward and reverse components.
Aortic stiffening and arteriolar remodeling, due to hyper-
tension, not only augment the central pressure by increas-
ing the wave reflection but may also alter the central
bidirectional flow, inducing hemodynamic damage/dys-
function in susceptible organs. Therefore, central hemo-
dynamic monitoring has the potential to provide a
diagnostic and therapeutic basis for the prevention of sys-
temic target organ damage and to offer personalized ther-
apy suitable for arterial properties of each patient with
hypertension [10].

LV hypertrophy (LVH) is also common and is a strong
predictor of cardiovascular events in patients with CKD [11,
12]. LVH is also known to be preventable or even reversible
by controlling the blood pressure and volume in patients
with CKD [13]. Although it is well known that the arterial
stiffness gradient is inverted during the CKD progression,
central hemodynamic pressure profiles and their association
with LVH in CKD have not been fully examined.

In this issue of Hypertension Research, Takenaka et al.
[14] demonstrate a relationship between the pulse amplifi-
cation (PA) and LVH according to CKD stages in 2020
hypertensive patients who underwent echocardiography and
measurement of their serum creatinine levels as a sub-
analysis in the second version of the Antihypertensives and
Blood Pressure of Central Artery study in Japan (ABC-J II
study) [15]. Brachial systolic and diastolic blood pressures
were measured using oscillometric methods (HEM-9000AI;
Omron Healthcare, Kyoto, Japan) in a sitting position after
at least a 5-min rest, which was similar to the methods used
in the Systolic Blood Pressure Intervention Trial (SPRINT)
[16].
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First, they showed that the central PP was higher at CKD
stages 3a–5 than at stage 1, whereas the brachial PP was
higher at stage 3b and later than at stage 1, suggesting that
the central PP was more significantly elevated in earlier
stages of CKD than the brachial PP was. Second, they
performed multiple regression analysis for PA, which was
defined as a ratio of brachial PP/central PP. Interestingly,
compared with that at CKD stage 1, the adjusted PA at
CKD stages 3a and 3b was significantly lower. However,
the adjusted PA at CKD stage 1 was similar to that at CKD
stages 4 and 5. Similar trends were observed when PA was
adjusted for all variables, suggesting that the CKD pro-
gression inverted PA. Third, they assessed LV parameters
according to CKD stages and demonstrated that the LV
thickness and mass index were greater at CKD stage 3b and
later than at CKD stage 1, whereas only the LV end-
diastolic diameter was greater at CKD stage 5 that at CKD
stage 1. These results are consistent with the data of pre-
vious reports, indicating that GFR generally decreases with
age and the pressure and volume load, augmented by renal
dysfunction, and directly increases arterial stiffness, the LV
mass, and the left atrial size [3, 12]. Finally, they discussed
ventricular–vascular coupling and an impedance mismatch
in CKD. In early stages of CKD, the reflection wave
increases, mainly due to increases in peripheral arterial
stiffness. During CKD progression, the aorta stiffens more
progressively than peripheral arteries do, thereby reversing
the arterial stiffness gradient. In advanced CKD, preferential
increases in proximal aortic stiffness (afterload mismatch)
account for both an inverted PA and high brachial PP (low
arterial compliance).

The central PP seems particularly important for patients
with CKD. It has been reported that each 10 ml/min per
1.73 m2 decrement in the estimated GFR was associated
with an increase in the central PP of ~2.5 mmHg in a large
patient cohort with mild to moderate CKD [4]. Other
investigators have shown that the central PP was an inde-
pendent predictor of the progression to end-stage renal
disease in CKD patients [17]. Furthermore, some pro-
spective studies have investigated the predictive capability
of central pressure indices for cardiovascular prognosis in
patients with end-stage renal disease [18, 19]. Most of the
studies have confirmed that the central PP and augmentation
index predict future cardiovascular events more accurately
than, or independently of, the brachial pressure [10, 20].
Further studies are needed to better understand the syner-
gistic impact of central hemodynamics and LVH on cardi-
ovascular events in patients with CKD.

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Meguid EN A, Bello AK. Chronic kidney disease: the global
challenge. Lancet. 2005;365:331–40.

2. Romagnani P, Remuzzi G, Glassock R, Levin A, Jager KJ, Tonelli
M, Massy Z, Wanner C, Anders HJ. Chronic kidney disease. Nat
Rev Dis Prim. 2017;3:17088.

3. Nakagawa N, Takahashi F, Chinda J, Kobayashi M, Hayashi Y,
Abe M, Saijo Y, Kikuchi K, Hasebe N. A newly estimated glo-
merular filtration rate is independently associated with arterial
stiffness in Japanese patients. Hypertens Res. 2008;31:193–201.

4. Townsend RR, Chirinos JA, Parsa A, Weir MA, Sozio SM, Lash
JP, Chen J, Steigerwalt SP, Go AS, Hsu CY, Rafey M, Wright JT
Jr., Duckworth MJ, Gadegbeku CA, Joffe MP. Central pulse
pressure in chronic kidney disease: a chronic renal insufficiency
cohort ancillary study. Hypertension. 2010;56:518–24.

5. Laszlo A, Reusz G, Nemcsik J. Ambulatory arterial stiffness in
chronic kidney disease: a methodological review. Hypertens Res.
2016;39:192–8.

6. Hickson SS, Nichols WW, Yasmin, McDonnell BJ, Cockcroft JR,
Wilkinson IB, McEniery CM. Influence of the central-to-
peripheral arterial stiffness gradient on the timing and amplitude
of wave reflections. Hypertens Res. 2016;39:723–9.

7. Safar ME, London GM, Plante GE. Arterial stiffness and kidney
function. Hypertension. 2004;43:163–8.

8. London GM, Marchais SJ, Guerin AP, Metivier F, Adda H,
Pannier B. Inflammation, arteriosclerosis, and cardiovascular
therapy in hemodialysis patients. Kidney Int Suppl. 2003:63:
S88–S93.

9. Han W, Han X, Sun N, Chen Y, Jiang S, Li M. Relationships
between urinary electrolytes excretion and central hemodynamics,
and arterial stiffness in hypertensive patients. Hypertens Res.
2017;40:746–51.

10. Hashimoto J. Central hemodynamics and target organ damage in
hypertension. Tohoku J Exp Med. 2014;233:1–8.

11. Salvetti M, Muiesan ML, Paini A, Monteduro C, Bonzi B, Gal-
bassini G, Belotti E, Movilli E, Cancarini G, Agabiti-Rosei E.
Myocardial ultrasound tissue characterization in patients with
chronic renal failure. J Am Soc Nephrol. 2007;18:1953–58.

12. Maruyama K, Nakagawa N, Saito E, Matsuki M, Takehara N,
Akasaka K, Sato N, Hasebe N. Malnutrition, renal dysfunction
and left ventricular hypertrophy synergistically increase the long-
term incidence of cardiovascular events. Hypertens Res.
2016;39:633–9.

13. McMahon LP, Roger SD, Levin A. Development, prevention, and
potential reversal of left ventricular hypertrophy in chronic kidney
disease. J Am Soc Nephrol. 2004;15:1640–7.

14. Takenaka T, Suzuki H, Eguchi K, Miyashita H and Shimada K for
the ABC-J II study group. Elevated pulse amplification in
hypertensive patients with advanced kidney disease. Hypertens
Res. 2018;41:299–307.

15. Kanno Y, Takenaka T, Watanabe Y, Inoue T, Takane H, Ohno Y,
Hayashi M, Suzuki H. Paradoxical distribution of augmentation
index level in chronic kidney diseases. Nephrol Rev. 2012;4:
e19.

16. Wright JT Jr, Williamson JD, Whelton PK, Snyder JK, Sink KM,
Rocco MV, Reboussin DM, Rahman M, Oparil S, Lewis CE,
Kimmel PL, Johnson KC, Goff DC Jr., Fine LJ, Cutler JA,
Cushman WC, Cheung AK, Ambrosius WT. A randomized trial
of intensive versus standard blood-pressure control. N Engl J
Med. 2015;373:2103–16.

17. Briet M, Collin C, Karras A, Laurent S, Bozec E, Jacquot C,
Stengel B, Houillier P, Froissart M, Boutouyrie P. Arterial
remodeling associates with CKD progression. J Am Soc Nephrol.
2011;22:967–74.

Central hemodynamics and left ventricular hypertrophy in chronic kidney disease 573



18. Safar ME, Blacher J, Pannier B, Guerin AP, Marchais SJ,
Guyonvarc’h PM, London GM. Central pulse pressure and mor-
tality in end-stage renal disease. Hypertension. 2002;39:735–8.

19. Covic A, Mardare N, Gusbeth-Tatomir P, Prisada O, Sascau R,
Goldsmith DJ. Arterial wave reflections and mortality in

haemodialysis patients--only relevant in elderly, cardiovascularly
compromised? Nephrol Dial Transplant. 2006;21:2859–66.

20. Hashimoto J, Ito S. Central pulse pressure and aortic stiffness
determine renal hemodynamics: pathophysiological implication for
microalbuminuria in hypertension. Hypertension. 2011;58:839–46.

574 N. Nakagawa, N. Hasebe


	Central hemodynamics and left ventricular hypertrophy in chronic kidney disease
	Outline placeholder
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




