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Fig. 1. Suggested flow diagram for reporting of long-term major adverse
events after coronary angiography with iodinated contrast in the CARE
trial.

revascularization. Perhaps a future report from the CARE
trial can inform the reader about these 38 subjects,
particularly those who suffered CI-AKI with respect to
their courses of treatment and care in the year of follow-up
after the trial. By filling in the circles and boxes in Figure
1, the authors could allow inferences on translation of
CK-AKI into long-term adverse events and the issue of
cause and effect.
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Haemodiafiltration (HDF) is considered the best dialysis
therapy currently available in terms of optimal removal of
both small and middle molecules. This is obtained by com-
bining diffusive and convective clearance. The efficacy of
diffusive transport is usually quantified and monitored by
the assessment of small molecule clearance. For this pur-
pose, urea clearance expressed as Kt/Vurea has been widely
accepted and used as a parameter for dialysis adequacy. In
contrast, it is currently unclear how the efficacy of convec-
tive transport should be quantified and monitored.

Pre-dialysis β2-microglobulin (β2M, 11.8 kD) levels
have been accepted as a marker for middle molecules [1].
In two large studies, β2M levels have been associated with
mortality risk, at least within the range as usually found in
haemodialysis patients [2,3]. However, the clinical use of
β2M levels to monitor the effects of increased convective
clearance by HDF is severely limited by its strong depen-
dence on residual kidney function [4]. To overcome this
limitation, the β2M reduction ratio or Kt/Vβ2M could be
assessed to measure clearance during HDF, similar to urea.
However, in the Hemodialysis (HEMO) study, β2M clear-
ance did not relate to clinical outcome [2].

Alternatively, convective transport could be quantified
by monitoring convective volumes. It has been shown that
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Table 1. Factors determining convective volume in post-dilution HDF

Determining factors Effect on convective volume

Patient related
Haematocrit ↑ ↓
Total protein ↑ ↓
Serum albumina ↑ ↑
Vascular access ↑↓

Treatment related
Blood flow rate ↑ ↑
Session length ↑ ↑
Filtration fractionb ↑ ↑
Intradialytic weight loss ↑↓
Dialyser characteristics ↑↓

a The association between albumin and convective volume is the result
of opposite factors. High albumin levels may facilitate large convective
volumes by enhancing plasma refill rates, thus diminishing blood volume
changes during treatment. Alternatively, high albumin levels may compro-
mise convective volumes by increasing the thickness of the protein layer
on the dialyser membrane, thereby decreasing the membrane permeability.
bMaximal tolerable filtration fraction is dependent on transmembrane
pressure.

the convective volume is related to the β2M reduction ratio
during a single HDF session [5,6]. Importantly, the Dialysis
Outcomes and Practice Patterns Study (DOPPS) showed
that in order to benefit from HDF in terms of survival, the
infusion volume should be at least 15 L per session (i.e.
effective convective volume of 17 L per session, assuming
an average net ultrafiltration of 2 L per session) [7]. These
data suggest a dose and effect relationship between the
convective volume and clinical outcome. Current European
Guidelines recommend to apply convective volumes as high
as possible, with consideration of safety [8]. In practice,
these large amounts of infusion fluids should be produced
online. Furthermore, post-dilution HDF (infusion occurs
post-filter) results in a more effective removal of uraemic
toxins than pre-dilution HDF (infusion occurs pre-filter)
and is therefore recommended [9,10].

Recently, we have shown that achieved convective vol-
umes were highly variable among patients and centres in
a large cohort of HDF patients in a multi-centre setting
[11]. The factors determining the convective volume in
post-dilution HDF are summarized in Table 1. Modifiable
treatment-related factors include obvious ones as treatment
time and dialyser blood flow rate. In addition, dialyser char-
acteristics such as surface area, fibre inner diameter, fibre
length, pore size and membrane material might be of rel-
evance. As of yet, the role of these characteristics has not
been systematically evaluated. In general, it seems wise
to choose for a high-flux dialyser with a relatively large
surface area. Variations in intradialytic weight loss may in-
fluence the convective volume in either direction. A large
weight loss per se contributes to the convective volume.
Moreover, in fluid-overloaded patients, the blood may be
diluted at the beginning of treatment, facilitating high fil-
tration rates. Conversely, haemoconcentration by decreased
blood volumes at the end of the session may diminish the
convective volume.

The relationship between convective volume and dial-
yser blood flow rate is often referred to as the filtration
fraction (i.e. the ratio of convective flow to blood flow).
Theoretically, the ratio of convective flow to plasma flow
should be used instead to account for individual differences
in haematocrit level, but this is not very practical for clin-
ical use. The relationship between treatment time, blood
flow rate and filtration fraction on the one hand and on the
other hand the convective volume that can be achieved in
post-dilution HDF are illustrated in Table 2. It is apparent
from this table that the convective volume can be increased
with 7.1 L per session (i.e. ∼50%) by increasing the fil-
tration fraction from 20 to 30% in a patient treated for 4
h with a blood flow rate of 300 mL/min. Blood flow rates
ranging from 300 to 400 mL/min as indicated in Table 2
assume the presence of an adequate vascular access. In our
experience, filtration fractions between 25% and 30% are
generally feasible when haematocrit levels are kept within
the range as advised by current guidelines. When using

Table 2. Convective volumes in post-dilution HDF in relation to treatment time, blood flow rate and filtration fraction

Treatment time = 3 h 00 min

FF (%) 20 21 22 23 24 25 26 27 28 29 30 31 32 33

QB = 300 mL/min 10.8 11.3 11.9 12.4 13.0 13.5 14.0 14.6 15.1 15.7 16.2 16.7 17.3 17.8
QB = 350 mL/min 12.6 13.2 13.9 14.5 15.1 15.8 16.4 17.0 17.6 18.3 18.9 19.5 20.2 20.8
QB = 400 mL/min 14.4 15.1 15.8 16.6 17.3 18.0 18.7 19.4 20.2 20.9 21.6 22.3 23.0 23.8

Treatment time = 3 h 30 min
QB = 300 mL/min 12.6 13.2 13.9 14.5 15.1 15.8 16.4 17.0 17.6 18.3 18.9 19.5 20.2 20.8
QB = 350 mL/min 14.7 15.4 16.2 16.9 17.6 18.4 19.1 19.9 20.6 21.3 22.1 22.8 23.5 24.3
QB = 400 mL/min 16.8 17.6 18.5 19.3 20.2 21.0 21.8 22.7 23.5 24.4 25.2 26.0 26.9 27.7

Treatment time = 4 h 00 min
QB = 300 mL/min 14.5 15.1 15.8 16.6 17.3 18.0 18.7 19.4 20.2 20.9 21.6 22.3 23.0 23.8
QB = 350 mL/min 16.8 17.6 18.5 19.3 20.2 21.0 21.8 22.7 23.5 24.4 25.2 26.0 26.9 27.7
QB = 400 mL/min 19.2 20.2 21.1 22.1 23.0 24.0 25.0 25.9 26.9 27.8 28.8 29.8 30.7 31.7

Percentages represent filtration fractions (i.e. convective flow rate divided by blood flow).
Convective volumes >17 L per treatment are indicated in grey.
Values represent convective volumes in litres per treatment.
QB = dialyser blood flow, FF = filtration fraction.
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relatively large high-flux dialysers, transmembrane pres-
sures (TMP) are usually acceptable.

Based on the above-mentioned considerations and our
clinical experience, we suggest the following steps when
initiating HDF treatment in the post-dilution mode: (i) as-
certain the presence of a vascular access allowing blood
flows of at least 300 mL/min, (ii) choose a relatively large
dialyser, (iii) set treatment time at 4 h or more, (iv) keep
haematocrit levels within the currently recommended range
and (v) start with a filtration fraction of 25% and adjust up-
wards as long as TMP levels are within safe limits. With
this strategy, convective volumes of at least 20 L per session
will be achieved in most cases.

At present, several uncertainties remain. Firstly, it is
questionable whether β2M is a reliable marker of middle
molecules, since levels may be influenced by factors
other than kidney and dialyser clearance, for instance by
inflammation and residual kidney function. Moreover, it
remains to be investigated whether the lowering of β2M
by HDF leads to improved survival. Secondly, the role
of β2M in monitoring middle molecule clearance and
therefore convective transport is unclear. In the HEMO
study, only pre-dialysis β2M levels were predictive for
mortality in the total cohort, but β2M clearance was
not [2]. Thirdly, modelling suggests that β2M levels
may only slightly decrease when convective volumes are
increased in the range as used for post-dilution HDF,
which has been explained by the resistance to β2M transfer
between body compartments [12]. This may indicate that
favourable effects on pre-dialysis β2M levels by increasing
the convective volume from, for instance, 15–25 L per
treatment may be limited. It is therefore very much possible
that increasing frequency of treatment sessions is much
more effective than improving individual sessions per se.

In conclusion, results from DOPPS provide the only data
relating convective transport to a meaningful clinical end-
point. This study suggested a survival benefit when infusion
fluids were between 15 and 25 L per session (i.e. convective
volumes approximately between 17 and 27 L per session).
As explained above, the assessment of β2M as surrogate
for convective transport has important drawbacks. Given
the increasing interest in online HDF, we considered it ap-
propriate to present a practical set of recommendations that
might be helpful for the dialysis staff who wish to optimize
treatment with online HDF. With these recommendations,
effective convective volumes of 20 L or more will often

be achieved. In order to confirm and detail the observa-
tional data provided by DOPPS, properly designed clinical
studies relating various levels of convective volume to clin-
ical endpoints seem to be the only appropriate method to
define the minimal and/or optimal convective dose.
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