Editorial

Is Fluid Overload as Measured by Bioimpedance
Spectroscopy Harmful in CKD—If So, Why?
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Bioimpedance spectroscopy (BIS) technology to assess
clinical ﬂuid status has been around for more than two
decades. In patients with CKD, BIS has not created
much of a splash until just recently (1,2). The most recent BIS splash is in this issue of CJASN (3). Here, Tsai
et al. (3) report that, in patients with CKD stages 4 and
5, a relative hydration status (DHS) $7% is associated
with a signiﬁcant increase in all-cause mortality and
cardiovascular (CV) events. Tsai et al. (3) postulate that
DHS$7% is causally related to these adverse events. This
work is well designed and executed (3). So, why are we
skeptical?
First, the interpretation of this work is limited, because the exposure of interest (DHS) was measured at
only a single point in time (at baseline) (3). In this respect, this work shares limitations with observational
studies (3). Observational studies are ideal for hypothesis generation but cannot determine whether the
exposure of interest (e.g., DHS$7%) is in the causal
pathway of the outcome of interest (e.g., CV morbidity
and all-cause mortality) or merely an epiphenomenon.
Only a randomized trial that alters the exposure of interest and then follows the participants over time can
be used to make such inferences.
In this work, 478 patients with CKD stages 4 and 5
were stratiﬁed according to whether DHS was abnormal ($7%) or normal (,7%) (3). Tsai et al. (3) found
during follow-up that the ﬂuid overload cohort
(DHS$7%) had signiﬁcantly increased numbers of
CV events and deaths compared with the no ﬂuid overload cohort (DHS,7%). Tsai et al. (3) concluded that
DHS$7% may be causally related to the increased CV
events and deaths. We are skeptical of this interpretation. The DHS$7% cohort at baseline already had a signiﬁcantly greater prevalence of hypertension, heart
disease, cerebral vascular disease, diabetes mellitus,
blood lipid abnormalities, proteinuria, and hyperuricemia and a signiﬁcantly lower eGFR than the cohort with
DHS,7% (3). Unlike DHS$7%, each of these risk factors has been associated with an increased risk of CV
events and mortality. Given that the DHS$7% cohort is
already facing a formidable array of risk factors, it is
difﬁcult to believe that DHS$7% added to that risk,
although that is conceivable as discussed later (3).
Note also that DHS$7% is a value for ﬂuid overload
that is just above the normal limit. Considering all of the
evidence, it seems more likely that the potent risk
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factors associated with DHS$7% cohort at baseline
caused the increase in CV events and deaths during
follow-up (3). Indeed, it is plausible that DHS$7% is
an epiphenomenon and not in any important way in
the causal pathway of the CV events and deaths noted
during follow-up.
Second, the interpretation that DHS$7% is risky
runs counter to the Law of Parsimony (3). This law
has several corollaries. One of them is that, if there
are multiple competing credible mechanisms that can
explain an outcome, the mechanisms most likely to be
explanatory are those involving the simplest possible
means to a given end. Certainly, greater hypertension,
heart disease, CKD, etc. (see above) qualify as simple
explanations for the CV events and deaths observed
during follow-up. By contrast, to explain how DHS$7%
might cause these outcomes, one needs to use explanations with a much higher level of complexity. Note
that DHS$7% is not associated with increased plasma
volume (presumably increased blood volume as well).
Rather, DHS$7% involves an isolated increase in interstitial ﬂuid volume and not very much at that. To account for risk, Tsai et al. (3) speculate that DHS$7%
might cause bowel edema, which would cause increased gut permeability, causing systemic exposure
to bacteria and their toxins. Tsai et al. (3) also suggest
that increased brain natriuretic peptides could inﬂuence the innate immune system by diminishing circulating monocytes, B cells, and NK cells, thereby
increasing the risk of infection. Not discussed is how
isolated interstitial ﬂuid overload would increase brain
natriuretic peptide.
Regardless of these theoretical concerns, it is conceivable that, in patients with CKD stages 4 and 5, relatively
mild isolated interstitial ﬂuid expansion is mechanistically related to CV events and mortality. Tsai et al. (3)
note that this hypothesis is testable in a prospective
randomized trial. Below, we provide a few suggestions
for such a trial.
Our suggestions rest on the following two assumptions. (1) The DHS$7% cohort has both expanded intravascular volume and expanded interstitial volume.
It seems unlikely that patients with CKD stages 4 and 5
with expanded interstitial volume (DHS$7%) would
not also have expanded intravascular volume. We suggest that the method used to estimate plasma volume
from BIS measurement is not sufﬁciently accurate to

Internal Medicine/
Nephrology, The Ohio
State University
Medical Center,
Columbus, Ohio
Correspondence:
Dr. Lee A. Hebert,
Ohio State University,
Wexner Medical
Center, Division of
Nephrology, 395 W.
12th Ave., Ground
Floor, Columbus, OH
43210. Email: lee.
herbert@osumc.edu

Copyright © 2015 by the American Society of Nephrology

1

2

Clinical Journal of the American Society of Nephrology

detect this ﬁnding. However, it is possible that some of these
patients have elevated cardiac ﬁlling pressures maintained
by high venous tone and increased effective intravascular
volume but not actual volume expansion. Either way, these
patients would beneﬁt from vascular volume reduction. (2)
In some patients with DHS$7%, capillary leak could account for isolated expansion of the interstitial ﬂuid. This
is a crucial issue. It would certainly do harm to reduce interstitial ﬂuid volume if the underlying problem is capillary
leak. To address this issue, we recommend that a pilot study
of volume reduction in representative patients with
DHS$7% should be done ﬁrst.
Assuming that the pilot study shows evidence that capillary leak is not the mechanism of DHS$7%, we suggest that
the patients with DHS$7% be randomly assigned to either
usual care or measures that intensify the reduction of intravascular (and interstitial) volume. These measures would
include salt restriction and avoidance of high ﬂuid intake.
The appropriate degree of salt restriction is not clear. However, we are concerned by the multiple lines of evidence that
severe salt restriction (e.g., 80 mM NaCl [about 2 g Na]) could
actually be harmful (4–6). Also, recent studies of salt restriction in CKD do not provide compelling evidence that severe
salt restriction is beneﬁcial (7–11) but do indicate that patients
with CKD can be salt sensitive. For example, diets containing
60–80 mM Na (1400–1800 mg Na and 3500–4000 mg NaCl)
can result in large reductions in systolic BP (7).
Low-salt diet instructions should emphasize that dietary
salt tastes best on the surface of food. Therefore, to make a
salt-restricted diet more appealing (and likely improve
compliance), the food should be prepared without addition
of salt (e.g., a 2.0–g Na diet). Salt can then be added to the
food as it is being eaten. To provide the patients with a daily
allotment of surface salt, we suggest adding to a salt shaker
one third of a teaspoon of salt (about 1.5 g sodium chloride
and about 25 mM Na). This greatly enhances the ﬂavor of
food for those who require some salt to make their food
appealing (12,13).
Diuretic therapy can also achieve volume control. Indeed,
in those with strong renal avidity for sodium, diuretic is the
only effective therapy. Nevertheless, as a ﬁrst approach to
volume control, salt restriction is preferred over diuretic
therapy because of the multiple lines of evidence that diuretic therapy increases CV and renal risk (14–16).
The patient should be advised to drink ﬂuid if thirsty and
to not drink ﬂuid if not thirsty. This recommendation may
seem controversial in light of recent reports that high ﬂuid
intake may protect kidney function (17,18). However, there is
clear evidence from the Modiﬁcation of Diet in Renal Disease Study that those with the highest urine volumes during
follow-up had the fastest GFR declines during follow-up.
The high urine volumes were almost certainly the result of
the patients pushing ﬂuids (19), perhaps because of the mistaken notion that drinking lots of ﬂuid washes poisons from
the body. This, of course, is not true. Waste product excretion is determined largely by GFR magnitude and not urine
volume magnitude. Also, the beneﬁcial effect of high ﬂuid
intake in patients with polycystic kidney disease has recently been challenged by a prospective randomized trial
of increased ﬂuid intake versus normal ﬂuid intake. The
study found harm and not beneﬁt of high ﬂuid intake (20,21).

We hope that Tsai et al. (3) or other investigators will carry
out a randomized trial of ﬂuid control in patients with
stages 4 and 5 CKD. If Tsai et al. (3) ﬁnd beneﬁt, it would
be another BIS splash.
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