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Overcoming the limitations of glomerular filtration rate estimation
by using a novel rapid bedside measurement?
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Introduction

Kidney function cannot be measured directly. Glomerular
filtration rate (GFR) is the most widely used surrogate
marker for drug dosing and monitoring progression of
chronic kidney disease (CKD) (1,2). The gold standard
is inulin clearance (2,3). Inulin is a natural storage
carbohydrate present in more than 36,000 species of
plants, including wheat, onion, bananas, garlic, asparagus,
Jerusalem artichoke and chicory, where it serves as an
energy reserve. It is commercially available through
Fresenius, it is neutral in charge, and does not undergo any
non-renal elimination (4). However, inulin availability is
limited and exogenous biomarker clearance study, either
cold, or radiolabeled, have replaced inulin clearance studies.
All of the newer methods have their own problems (3),
but iohexol clearance is probably the best approach (5).
Unfortunately, these methods are impractical for each clinic
visit, and therefore endogenous markers are used to estimate
GFR. For centuries, the only endogenous biomarker
was serum creatinine (3). More recently, cystatin C has
been established as an excellent alternative (6). The best
estimation of GFR is achieved when serum creatinine and
cystatin C are combined (3). For children, the new bedside
Schwartz formula (developed in a USA cohort of children
with CKD and subsequently referred to simply as the new
or modified Schwartz formula) (7) is recommended; whereas
in adults, the CKD Epidemiology Collaboration (CKD-
EPI) formula based on cystatin C and serum creatinine
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(developed from large studies from different parts of the
world and differing measured GFR methods) is endorsed
through international guidelines (8). Unfortunately, while
these approaches work well on a population level, there are
clearly special populations in whom this approach does not
work at all; for instance, serum creatinine is not measuring
renal function in the newborn up to 72 hours after birth as
it reflects maternal function (9). It is possible to define all
the possible special populations and to choose appropriate
approaches (10), however, in some populations such as
oncology survivors, no eGFR approaches are reliable and
direct measurement of GFR is indicated (11-13). Despite
of the usefulness of eGFR estimation, all eGFR approaches
have significant limitations and the search for more accurate
tools continues. In that context, we are delighted to learn
about a novel two-marker dextran-based injectate method
that can be used to simultaneously measure plasma volume
and GFR. It is a visible fluorescent injectate that can be used
to measure GFR at the bedside. The paper was published as
a rapid communication in Journal of the American Society of
Nephrology (JASN) (14).

The study by Rizk et al.

In the study by Rizk er al., the authors combine a large
150-kD rhodamine derivative and small 5-kD fluorescein
carboxymethylated dextrans which shows a linear correlation
with measured iohexol GFR in 32 adults (14). The authors
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Structure: e

Figure 1 Structure of FITC-carboxymethyl-dextran (tdbcons.
com/images/FITC-CM-dextran.pdf).

call it visible fluorescent injectate (VFI). It is essentially a
2-photon in vive fluorescence method (2 different molecular
weight carboxymethyl dextran molecules (5 and 150 kD)
with different fluorescent dye molecules attached) for
optical measurement of GFR. The chemical structure will
be similar to what is depicted in Figure 1.

Like Inulin, 5-kD fluorescein carboxymethylated
dextrans are carbohydrate polymers that are commercially
available. Through their National Institute of Health (NIH)
well-funded research, the authors identified the best possible
vehicle. The tolerability was tested in dogs first. There is
not a lot of information available about this approach, but
it is assumed that the small molecular weight compound is
freely filtered in the glomerulus, similar to small molecular
weight proteins and its volume of distribution is similar
to the extracellular volume, and thus a GFR marker. The
large compound will likely stay in the plasma compartment
and reflect the circulating plasma volume. Like inulin,
the dextrans are neutral in charge, however, the carboxyl
groups will likely cause an overall negative charge of the
molecule (15).

The compound has been found to be biocompatible
and is currently explored as a starting material in several
pharmaceutical and diagnostic applications (tdbcons.
com/images/FITC-CM-dextran.pdf). The toxicity of the
fluorescein carboxymethylated dextrans is also anticipated
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Figure 2 Bland & Altman analysis of the FAST VFI clearance
and the iohexol clearance. VFI, visible fluorescent injectate; GFR,

glomerular filtration rate.

to be low. In the small study of Rizk et al., VFI was well
tolerated. The authors found a strong correlation between
the iohexol clearance and the VFI clearance (R°=0.9961).
The mGFRs of the 32 patients were equally distributed
across all stages of GFR. However, using gold standard
Bland & Altman analysis, there was a mean bias of
+4.733% with a 95% limit of agreement from -7.8% to
+10.8%, which would be acceptable, but also a tendency to
overestimate at lower GFR (Figure 2). We generated the
Bland & Altman plot from the data that were available in
Rizk’s manuscript.

Nonetheless, the results are indeed intriguing and
may greatly enhance the utility of measuring rather than
estimating GFR. The authors also showed an excellent
reproducibility or within-subject variability of <5%.
Moving from a two-point measurement to a three-point
measurement and using non-linear two-compartmental
models such as WinNonLin or NonMem may further
improve the accuracy and reproducibility.

Future directions

So, are we going back to measured GFR as the older
physicians used to employ in the 70s and 80s? The
tolerability and safety as well as the accuracy need to be
tested prospectively in large clinical trials. There are allergic
reactions to inulin reported (16), and it is possible that the
same may apply for VFI. The bias towards overestimation in
the lower GFR range may be due to a lack of equilibration
from the intravascular space to the extracellular volume, the
likely volume of distribution. Reliable single shot exogenous
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GFR measurements require to wait at least 90-120 minutes
to start sampling to allow for the necessary equilibration (3).
The whole approach to have a FAST'* GFR measurement
may not be feasible in the nephrotic state, advanced CKD
with volume overload, or other conditions where the
equilibration takes much longer. A Bayesian approach for
the measurement using a lot more variables may be more
feasible to obtain the FAST GFR measurement. The
impact of the negative charge of the compounds requires
further evaluation. Lots of work remains to be done, but
a reintroduction of measured GFR at the bedside seems
possible.
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