
However, we would also argue that glomerular density should
not be simply viewed as a surrogate for nephron number. Cer-
tainly, this is true to some extent, as nephron number is estimated
from glomerular density (calculated with stereology applied to
kidney biopsy section) multiplied by cortical volume. However,
we would restate this relationship in a different manner. Cortical
volume can be estimated from average nephron size in the cortex
(cortex per glomerulus or the reciprocal of glomerular density)
multiplied by nephron number.2 The interpretation of cortex per
glomerulus as ameasure of averagenephron size is supportedby its
correlation with glomerular volume (rs50.83, P,0.001) and with
mean cross-sectional tubular area (rs50.66, P,0.001) in our
study.3Aconcernwith interpreting cortex per glomerulus as neph-
ron size may be that some of the volume occupied by the
cortex is not functioning nephrons but rather, interstitial
fibrosis/tubular atrophy (IF/TA). However, even after ex-
cluding regions of IF/TA, the correlation of nonfibrotic cor-
tex per glomerulus with glomerular volume (rs50.84,
P,0.001) and cross-sectional tubular area (rs50.66, P,0.001)
were not meaningfully different nor was the prediction of CKD
progression.3

We argue that cortex per glomerulus, glomerular volume, and
tubular cross-sectional area are all measures of nephron size, but
there are also important differences and limitations with each.
Glomerular volume does not capture the volume occupied by
tubules, and only about 4% of the cortical volume is due to
volume from glomeruli.2 Some clinical factors, such as aging,
appear to be associated with an increase in the size of tubules
but not the size of glomeruli.4 The cross-sectional tubular area
does not account for the different orientations, differing seg-
ments, and/or differing lengths of the tubules. Cortex per glo-
merulus may better account for the three-dimensional volume
occupied by tubules in the cortex, but it does not exclude the
volume occupied by vessels and IF/TA. None of these measures
account for the volume occupied by nephron in the medulla.
However, studying all three of these measures together may pro-
vide a more complete picture of nephron size than any alone.

Clinical characteristics can associate differently with nephron
size and nephron number. In a relatively heathy population,
obesity associateswith larger nephrons but notwith nephronnum-
ber; lower GFR is not associated with nephron size but associates
with lower nephronnumber, and family historyof ESKDassociates
with both larger and fewer nephrons.2 Both nephron number and
nephron size are important to study for the predictionof outcomes.
Indeed, we recently found that both low nephron number for age
and larger glomerular volume in donors predicted a GFR,45 ml/
min per 1.73 m2 a decade after kidney donation.5
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Remdesivir in COVID-19
Patients with Impaired Renal
Function

In their perspective, Adamsick et al.1 argue that, on the basis of
its known pharmacokinetics, a 5-day course of remdesivir in
patients with an eGFR of ,30 ml/min per 1.73 m2 should be
considered safe. Therefore, in their opinion, patients with co-
ronavirus disease 2019 (COVID-19) who have impaired renal
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function should be offered remdesivir treatment, because this
is a potentially life-saving treatment for such a vulnerable
population.

We agree with the authors that accumulation of the carrier
sulfobutylether-b-cyclodextrin is likely to be of no concern
because there is clinical experience with other agents, such as
voriconazole. However, with respect to remdesivir and its me-
tabolite GS-441524, to our knowledge, there are no human
data to claim its safety in people with impaired renal function
because they were excluded from the clinical trials.2 It should
be emphasized that, in repeat-dose toxicity studies in rats and
monkeys, the kidney (i.e., tubular epithelium) was identified
as the primary target organ of remdesivir toxicity.3 Further-
more, although remdesivir exhibits low renal excretion as an
intact drug (,10% of the administered dose), 49% was re-
covered as GS-441524, and a total of 74% of a radiolabeled
dose was recovered in urine.3,4 Not surprisingly, a recent phar-
macokinetic study showed higher GS-441524 levels in a pa-
tient with renal dysfunction.5 Apparently, because GS-441524
will be removed by hemodialysis, toxicity of remdesivir or its
metabolite will not be an issue in patients who are already on
hemodialysis.6 In contrast, in patients with COVID-19 and
CKD, it cannot be excluded that remdesivir treatment might
lead to an urgent need for RRT, and that remdesivir in this
patient population might even have a negative risk-benefit
ratio. The recent signal on potential renal side effects of re-
mdesivir also holds concern about its use in patients
with CKD.7

Therefore, we would like to discourage remdesivir as rou-
tine treatment in patients with COVID-19 and CKD (eGFR of
,30 ml/min per 1.73 m3). Its use should be reserved to the
context of clinical trials to improve our knowledge on safety
and efficacy.
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Authors’ Reply

In their letter, Gevers and colleagues1 highlight concerns that
remdesivir and its metabolite, GS-441524, may carry a risk of
toxicity to the renal tubular epithelium, and that risks may be
more considerable for patients with predialysis CKD.We agree
that the potential risks of remdesivir and the concern for
nephrotoxicity are likely greater in patients with predialysis
CKDwho have an eGFRof,30ml/min per 1.73m2 compared
with patients receiving dialysis.

There have been two important updates in the literature
regarding coronavirus disease 2019 since we originally wrote
our perspective. First, the Solidarity Trial—an unblinded, ran-
domized trial that assigned 2750 patients to remdesivir—
found that remdesivir did not reduce mortality, initiation

*The original coauthors are Meagan L. Adamsick, Ronak G. Gandhi, Monique
R. Bidell, Ramy H. Elshaboury, Roby P. Bhattacharyya, Arthur Y. Kim, Sagar
Nigwekar, Eugene P. Rhee, and Meghan E. Sise.

Published online ahead of print. Publication date available at www.jasn.org.

Correspondence: Dr. Meghan E. Sise, Nephrology Division, Massachusetts
General Hospital, 165 Cambridge Street, Suite 302, Boston, MA 02114. Email:
msise@partners.org

Copyright © 2021 by the American Society of Nephrology

JASN 32: 517–520, 2021 Letters to the Editor 519

www.jasn.org LETTERS TO THE EDITOR

https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-gilead_en.pdf
https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-gilead_en.pdf
https://www.ema.europa.eu/en/documents/other/summary-compassionate-use-remdesivir-gilead_en.pdf
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-28-september-1-october-2020
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-28-september-1-october-2020
https://www.ema.europa.eu/en/news/meeting-highlights-pharmacovigilance-risk-assessment-committee-prac-28-september-1-october-2020
https://orcid.org/0000-0003-0734-0844
https://doi.org/10.1681/ASN.2020101535
http://www.jasn.org
mailto:msise@partners.org



