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EDITORIAL COMMENT
Breaking Under Pressure
Cardiorenal Syndrome and Elevated Central Venous
Pressures in Children With Heart Disease
Alejandro A. Floh, MD, MSC,a,b Dylan Cassidy Ginter, MDa
T he term “cardiorenal syndrome” (CRS) delin-
eates the intricate relationship between poor
cardiac performance and kidney dysfunc-

tion, which can be associated with a wide range of
congenital and acquired heart diseases including
orthotopic heart transplantation.1 CRS is caused pri-
marily by compromised renal perfusion, derange-
ments in the neurohormonal axis, and venous
congestion, but it is also associated with systemic
inflammation and the use of nephrotoxic agents.2 Un-
derstanding the specific pathophysiological drivers is
an important step in efforts to prevent or mitigate
CRS, which is strongly associated with increased
morbidity and mortality.3 Poor right ventricular
compliance and venous congestion are emerging as
strong contributors to CRS and may present a modifi-
able risk factor for future interventions.4 Central
venous pressure (CVP) is used as a clinically relevant
surrogate for venous congestion, which is often
considered an independent variable or in the context
of a composite renal perfusion pressure.5 While
higher CVP has been associated with adult cardiac pa-
tients with chronic renal dysfunction6 and acute kid-
ney injury in children,7 its role in the progression of
CRS in children with chronic cardiac disease has not
been explored.

In this issue of JACC: Advances, Olsen et al8

investigate the important relationship between CVP
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and kidney function in pediatric patients with car-
diovascular disease undergoing routine cardiac cath-
eterization In order to reduce potential confounding,
they focused on a narrow subgroup composed
exclusively of those with biventricular physiology
without any intracardiac shunts. After controlling for
cardiac index, arterial-venous oxygen difference, and
left and right ventricular function, an elevated CVP
was found to be an independent risk factor for a lower
estimated glomerular filtration rate (eGFR) and
worsening renal function over time. This inverse
relationship was demonstrated for CVP above
6 mm Hg in a linear fashion and remained consistent
across numerous statistical approaches. In contrast to
the traditional conceptual framework of organ injury,
no relationship was found between eGFR or wors-
ening kidney function, and adequate systemic cardiac
output (surrogate for oxygen delivery). Similarly,
medication use was not associated with either
outcome.

The mechanism by which CVP contributes to kid-
ney injury was not elucidated in this study but may
be due to the importance of hydrostatic pressures and
fluid dynamics. Elevated CVP without a concomitant
rise in systemic blood pressure will result in lower
kidney perfusion pressure. A link between lower
perfusion pressure and acute kidney injury has been
previously established.9 In numerous pathological
states of vasodilation (eg, sepsis), kidney dysfunction
progresses despite adequate or heightened cardiac
output and is attributed to reduced perfusion pres-
sure or exposure to nephrotoxic agents.10 However,
despite no association between systolic blood pres-
sure and eGFR being found, this theory could not be
explored as neither perfusion pressure nor mean
arterial blood pressure were considered in the
analysis.
https://doi.org/10.1016/j.jacadv.2024.100992
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Fractional polynomial modeling revealed a com-
plex correlation between CVP and kidney function,
with a weak (positive) correlation found when CVP
was lower than 6 mm Hg. The finding may represent
acute kidney dysfunction due to fasting and dehy-
dration in a susceptible population. The etiology of
this inflection point, however, is not clearly under-
stood and merits further investigation.

Transplant patients accounted for nearly half of
the participants and had a lower eGFR than the
remaining group. The importance of CVP to kidney
injury suffered by transplant patients may differ from
that of other pediatric cardiac diseases. These pa-
tients are exposed to a multitude of risk factors not
experienced by other subgroups, including previous
cardiopulmonary bypass,11 pre-existing kidney in-
juries from the pretransplant state,12 and nephrotoxic
medications required for graft preservation.13 Sub-
group analysis demonstrated a similar response with
comparable trajectory and inflection points, and
transplant status dropped from significance when
placed in the multivariable model with CVP. This
suggests that the CVP-CRS relationship did not differ
in transplant recipients; however, consideration for
the potential of sampling and selection bias is
required.

There are significant challenges to using spot CVP
measurements to investigate the role of venous
congestion and kidney dysfunction. First, a single
CVP measurement may fail to capture the true venous
physiology as it is highly load-dependent, which
may be significantly altered during catheterization
(patients are fasted and on positive pressure venti-
lation).14 Second, catheterizations are invasive, and
repeat investigations are unwarranted; as such,
noninvasive measurements would be required to
appreciate the impact of prolonged exposures and
provide ongoing surveillance. Renal Doppler have
recently been employed to measure vascular resistive
indices, which have correlated well with worsening
kidney function in postoperative cardiovascular sur-
gical patients.15 Novel use of bioimpedance vector
analysis may also show promise in assessing venous
congestion at the bedside.16 Use of these or similar
technologies can be easily implemented at the
bedside and should be adopted in future study de-
signs if they can be shown to correlate well with CVP
measurements.

In summary, Olsen et al8 have raised awareness
about the potential deleterious impact of venous
congestion and elevated CVP on acute and chronic
renal function in pediatric cardiac patients. For chil-
dren who fall within the restricted study inclusion,
particularly following heart transplantation, routine
catheterization may identify a high-risk subgroup
that may benefit from closer surveillance and devel-
oping renal protective management strategies. These
findings challenge the prevailing paradigm that renal
function is determined primarily by cardiac output
and will require validation through larger studies that
include those with ventricular dysfunction and ac-
count for other sources of nephrotoxicity.
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