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Abstract

Introduction: Patients’ session-to-session variation has been shown to influence outcomes, making critical the
monitoring of dialysis dose in each session. The aim of this study was to detect the intra-patient variability of blood
single pool Kt/V as measured from pre-post dialysis blood urea and from the online tool Adimea®, which measures the
ultraviolet absorbance of spent dialyzate.

Methods: This open, one-armed, prospective non-interventional study, evaluates patients on bicarbonate hemodialysis
or/and on hemodiafiltration. Dialysis was performed with B. Braun Dialog+ machines equipped with Adimea®. In the
course of the prospective observation, online monitoring with Adimea® in each session was established without the
target warning function being activated. A sample size of 97 patients was estimated.

Results: A total of 120 patients were enrolled in six centers in China (mean age 51.5 = 2.2 years, 86.7% males, 24.2%
diabetics). All had an AV-fistula. The proportion of patients with blood Kt/V <1.20 at baseline was 48.3%. During
follow-up with Adimea®, the subgroup with Kt/V > 1.20 at baseline remains at the same adequacy level for more than
90% of the patients. Those with a Kt/V <1.20 at baseline, showed a significant increase of Kt/V to 60% of the patients
reaching the adequacy level >1.20. The coefficient of variation for spKt/V as evaluated by Adimea® was 9.6 == 3.4%, not
significantly different from the 9.6 == 8.6% as blood Kt/V taken at the same time.

Conclusion: Online monitoring of dialysis dose by Adimea® improves and maintains dialysis adequacy. Implementing
online monitoring by Adimea into daily practice moves the quality of dialysis patient care a significant step forward.
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Introduction

The assessment of dialysis dose is important since exten-
sive evidence has been accumulated on the dependency of
survival on the adequacy of treatment.! In individual
patients, patients’ session-to-session variation? has been
shown to influence quality of treatment, so making the mon-
itoring of dialysis dose in each session critical. Hemodialysis
patient treatment quality is often sub-optimal,® with 15% to
20% of all patients receiving an inadequate dialysis dose.*?
There are many reasons why the planned dialysis dose is
not delivered: the prescribed treatment time is not achieved
due to cardiovascular and hemodynamic instability or
patient refusal. Inadequate blood pump speed is delivered
in combination with sub-optimal needle placement,® as
well as progressive access malfunction.” Regarding the
dialysis time achieved per session, Martin Rodriguez
et al.® analyzed all sessions during 2015 in 85 patients.
They found that the median deviation between prescribed
time with actual delivered time was of 9.0l min (1.1-
28 min/session) and 15.5% of the patients showed a reduc-
tion higher than 10min in at least 20% of the sessions
during the year.

Most frequently, the lack of delivery of the prescribed
treatment time is associated with central venous catheters
as vascular access, older age and a higher Charlson comor-
bidity index.® In addition, patient factors such as frailty,
non-adherence as well as organizational factors such as
inflexibility of the care process may act as barriers. Online
monitoring of each session highlights early adjustments
needed for the quality of the delivered care.” Real-time
integration of information technology systems with hemo-
dialysis machines support optimizing the delivered dialy-
sis dose, thereby in all probability improving patient
morbidity and mortality.®

The aim of this study was to detect the intra-patient
variability of dialysis dose as estimated from pre-post dial-
ysis blood urea derived single pool Kt/V'? (blood Kt/V)
compared to ultraviolet absorbance as a continuous assess-
ment of spent dialyzate (Adimea® Kt/V).!! The secondary
aim was to examine the feasibility of using Adimea® Kt/V
to improve dialysis adequacy as stated by the routine blood
Kt/V,'>13 evaluating whether the proportion of patients
reaching the treatment goal increased during the course of
the study. Many years after the first publication of clinical
practice guidelines,'# the lack of prescribed versus deliv-
ered dialysis dose is still not a marginal problem. Online
monitoring tools are available but not fully introduced in
dialysis practice in all centers to support clinical staff in
establishing reliable processes.

As a result, lower levels of dialysis adequacy in terms
of weekly treatment time'® and of dialysis dose'>'® are
reported. The present study was conducted in the People’s
Republic of China facilities not having previously used
online monitoring tools, to raise attention in the routine
daily practice for dialysis adequacy.

Patients and methods

This is an open, one-armed, prospective non-interventional
study, evaluating patients on bicarbonate hemodialysis or
on hemodiafiltration.

Patients had to meet the following inclusion criteria for
enrollment: (1) treated on chronic hemodialysis for at least
6months on 3 sessions/week schedule, (2) arterio-venous
fistula as vascular access, (3) documented spKt/V calcu-
lated from pre-post-dialysis urea'” from 1.0 to 1.4 over the
last 3months or (4) average of spKt/V <<1.35 out of three
consecutive blood measurements, (5) age = 18years, and
(6) voluntary participation and written informed consent.
Patients with the following conditions were excluded: (1)
presence of severe hematologic disorders (e.g. multiple
myeloma), (2) life expectancy less than 6 months, (3) treat-
ment with single-needle dialysis, and (4) ongoing Kt/V
monitoring by Adimea® (B. Braun Avitum, Melsungen,
Germany). In the course of the prospective observation,
online monitoring with Adimea® in each session was estab-
lished without the target warning function of Adimea® being
activated. Therefore, in case the operative conditions were
not compatible with the adequacy target, the machine dis-
played the discrepancy, but did not generate an alarm. After
informed consent, baseline and retrospective data collec-
tion, patients were observed for a period of 6 months pro-
spectively; data from conventional hemodialysis or
hemodiafiltration were collected (Figure 1). Adimea® Kt/V,
blood Kt/V, blood values, prescription data, and treatment
adjustments made during the therapy as well as any adverse
events were recorded in an electronic clinical report form.
Patients were treated according to prescription by their phy-
sician and examined according to their individual status.

All data captured during the study were obtained from
routine clinical care assessments. Dialysis was performed
with B. Braun Dialog+ machines equipped with Adimea®.
The data collection was strictly anonymous.

Adimea® Kt/V

Adimea® system utilizes the principles of spectroscopy. A
light source transmits ultraviolet (UV) light through the
dialyzate. Some molecules contained in the dialyzate,
which are removed from the plasma during dialysis, absorb
the light. This absorption is measured by a sensor. It has
been proven,!® that the UV absorption measurements can
be used to determine the dialysis dose as there is a very
close linear correlation between the measured UV absorp-
tion signal and the urea in the dialyzate. Adimea® has been
validated for hemodialysis, hemodiafiltration, and single
needle dialysis.'!

Study approval and patient consent

Trial registration was not compulsory because of the
observational nature of the study. The protocol was
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Written Informed

Enroliment: Completion:

S premature end of follow-up

consent 120 Patients | o 114 Patients

Patient selection Retrospective examination I 6-month prospective study R
* Patient on chronic Blood Kt/V between 1,0 and Chart examination {up to At every session:

hemodialysis for at 1,4 or mean blood Kt/V of 6 months): « Blood flow

least 6 months <1,35 (spKt/V) in the course of Blood flow * Dialysate flow
« stable vascular access the last six months. Dialysate flow * Treatment time

+ Treatment time * Adimea Kt/V (without warning function)
Blood Kt/V Monthly:
*  Blood Kt/V

Inclusion criteria:

Patient on chronic hemodialysis for at least 6 months

Stable AV fistula, graft or central venous catheter access
Thrice dialysis therapy weekly

Age >/= 18 years and legally competent

Documented three, monthly blood spKt/V from 1.0 to 1.4 or

Average of spKt/V <1.35 out of three consecutive blood measurements  *

Exclusion criteria:

+ Severe hematologic disorders (i.e. multiple myeloma)
* Severe HPT (iPTH > 800 pg/mL)

* Severe inflammatory status (CRP > 30 mg/L)

+ Life expectancy </= 6 months

* Single-needle dialysis

Patient was monitored with Adimea

Figure I. Study flow-chart including selection criteria and study population.

submitted and approved by the Ethical Committee of each
participating hospital from April 2, 2013 to March 14,
2014.

All participating patients signed a written informed
consent.

Sample size

A sample size of N=97 patients had 90% power to detect a
difference in within-patient standard deviation of 0.01
(assuming a within-patient standard deviation of 0.07 for
Adimea® Kt/V measurement and of 0.08 for blood Kt/V)
and taking a common standard deviation of the differences
0f 0.03, using a paired #-test with a 0.05 two-sided signifi-
cance level. To account for early discontinued patients with
less than three monthly blood and Adimea® Kt/V measure-
ments, a total of N=120 enrolled patients were planned.

This sample size was also considered sufficient to
detect a difference of 0.037 between the within-patient
mean values of the two procedures, using a paired -test
and assuming an overall standard deviation of 0.13, a
power of 80%.

Statistical analysis

Descriptive parameters are presented according to the type of
variable evaluated (mean, standard deviation, median, upper
and lower quartile for continuous data; counts, absolute and
relative frequencies for categorical and ordinal data).

Primary endpoint

The primary endpoint was the session to session variability
of Adimea® Kt/V and by blood Kt/V, assessed by the

within-patient standard deviation (SD) and the derived
coefficient of variability (SD/mean X 100) of the values
using all available time points.

The mean of the SDs were calculated and statistically
compared using a paired ¢-test.

In addition to the paired #-test, also 95% confidence
intervals (CI) for the mean SD Adimea® and blood Kt/V
were calculated.

The level of statistical significance is assumed to be
a.=0.05. Statistical analyses were conducted using IBM®
SPSS® statistics version 24.

Results

Table 1 reports the characteristics of the 120 patients
enrolled in six centers in China. The mean age was
51.5* 12.2years and 86.7% were males. The proportion
of diabetics was 24.2% and all of them were with an
AV-fistula for vascular access. Stratifying the patients by
their monthly baseline blood Kt/V lower or greater/equal
than 1.20, the proportion of patients with inadequate dialy-
sis dose <1.20 Kt/V was 48.3%. This group of patients
included a significant greater proportion of males (95% vs
79%), patients significantly taller (174 vs 169cm), and
with greater dry body weight (73 vs 62kg).

Table 2 reports the main features of the extracorporeal
dialysis treatment at baseline and during the 6-month
follow-up stratified by baseline blood Kt/V. At baseline,
95.8% of the patients were on 4-h treatment/session and
3.3% were on 4.5h treatment/session. The mean blood
flow was 261 = 28 mL/min. Dialyzer surface area ranged
between 1.20 (17.5%) and 1.80m? (24.2%). About 80.0%
of the patients were on high-flux dialysis, 4.2% on on-line
hemodiafiltration, with only marginal differences between
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Table I. Demographics, comorbidities and main baseline lab results of enrolled patients by baseline Kt/V.

All Bas. blood Kt/V <'1.20 Bas. blood Kt/V>1.20 p-Value
Patients (no.) 120 58 62
Demographics
Age (years) 51.5%122 51.5£14.9 514%137 NS
Gender (%)
Male 86.7 94.8 79.0 0.010
Female 133 52 21.0
Height (cm) 171573 1743 £5.7 168.9 7.7 <0.001
Comorbidities
Diabetes (%) 24.2 25.9 22,6 NS
Heart failure (%) 7.5 8.6 6.5 NS
Arrhythmia (%) 0.0 0.0 0.0 NS
Periphery artery disease (%) 5.8 52 6.5 NS
Myocardial infarction (%) 33 1.7 4.8 NS
Cardiac valvular disease (%) 0.0 0.0 0.0 NS
Hypotension prone (%) 1.7 1.7 1.6 NS
Other (%) 33 1.7 4.8 NS
Dialysis related patient variables
Dry weight (kg) 67.6+12.6 733+138 622+85 <0.001
Vascular access (%)
AV-fistula 100 100 100 NS
Graft 0 0 0
Catheter 0 0 0
Lab values
Hemoglobin (g/L) I5x1.3 14+13 11712 NS
Hematocrit (%) 347+3.6 343+£3.6 35.1 35 NS
Intact PTH (pg/mL) 28241728 2708 176.7 29321698 NS
C reactive protein (mg/L) 4.6*47 4847 45*47 NS
Table 2. Main characteristics of the dialysis treatment at baseline and during follow-up by baseline blood Kt/V.
Variable Baseline Follow-up (days) p-Value
E:/ed Baseline 0-20 21-45 46-80 81-105 106140 141-180
Treatment time =120 2400*+54 2405*38 2405+38 2400*55 2400*55 240.0*x55 240.0*55 NS
(min/session) <120 241.0+55 241.5+67 241.6+67 241.6*x67 241668 241.6=68 241.6=69
Blood flow =120 256.2+259 2547+32.8 2543*+328 253.2*31.6 253.5+32.5 2552+32.0 256.0=32.1 NS
(mL/min) <120 265.8*26.1 2648+22.8 266.6 224 262.9+22.2 263.7+255 2654+257 266.9*243
Dial flow =120 5173643 5224735 5223742 5245744 5237744 5237744 5233746 NS
(mL/min) <120 520.8*65.2 525.0*+75.3 522.0*+754 5219755 526.6+84.7 537.3+92.4 5383 *+93.1
Dialyzer =1.20 [.51=019 152020 151020 151020 152020 1.52+0.20 1.52*+0.19 NS
surface (m?) <1.20 149021 149+022 149+022 148022 149022 149+021 150*=0.22
High-flux =120 87.1 87.1 88.5 88.5 88.3 88.3 88.3 <0.05
dialyzers (%) <120 77.6 79.3 79.3 82.8 825 82.1 81.8
On-line =120 48 4.8 33 8.2 6.7 5.0 5.0 NS
HDF (%) <1.20 1.7 34 0.0 34 1.8 3.6 1.8

the two groups stratified by level of dialysis dose
(Table 2). Blood Kt/V was 1.21 = 0.14, with 62/120 having
a blood Kt/V =1.20 and 58/120 below the target. Figure 2
shows the development of blood Kt/V during follow-up.
The group =1.20 at baseline increased on average and
remained =1.20 adequacy level for more than 90% of the

patients. The other group, with all patients with a blood
Kt/V <1.20 at baseline, showed a significant increase of
blood Kt/V in the first 20days of follow-up with dialysis
sessions monitored by Adimea®. As a result, the proportion
of patients in the adequacy level =1.20 increased from 0%
to about 60% and was maintained for the full follow-up.
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Figure 2. Development of blood Kt/V from baseline (without Adimea® monitoring) and during Adimea

® monitoring follow-up

by baseline blood Kt/V: (a) mean and standard deviation of blood Kt/V and (b) proportion of patients reaching the blood Kt/V

target of 1.20.

Means and standard deviations of Adimea® Kt/V during
follow-up in patients with baseline blood Kt/V=1.20 and
those with blood Kt/V < 1.20 are shown in Figure 3.

Figure 4 shows the Bland and Altman graph of those
sessions evaluated by Adimea® Kt/V as well as blood Kt/V
(see also supplemental material). According to the primary
aim of the study, the coefficient of variation (CV) for
Adimea® Kt/V was measured and compared to the blood
Kt/V. The results of Adimea Kt/V were 9.6 = 3.4%, not
significantly different from the 9.6 = 8.6% of blood Kt/V.
The distribution of the CV of Adimea® Kt/V was very sim-
ilar to that of blood Kt/V, with most of the patients below
10% of CV (data not shown).

Discussion

This study evaluated the reliability of monitoring the dial-
ysis dose by Adimea® Kt/V in each session and the

intra-patient variability of dialysis dose in comparison to
the reference method of blood Kt/V, confirming that online
monitoring by Adimea® according to Bland and Altman
graph (Figure 4) is a reliable method in monitoring dialysis
dose and essentially contributes to improvement and main-
taining of dialysis adequacy (Figure 2).%°

The main aim of this study was to compare the variabil-
ity of blood KT/V and online Kt/V dialysis dose by
Adimea®. The result is a non-significant difference
between the standard deviations of Adimea® and blood
Kt/V. In addition, the coefficients of variation were of
9.6 £3.4% and 9.6 = 8.6% by the online and the blood
based method, respectively (p=NS). The range is compa-
rable to evaluation by Mclntyre et al. in 26 patients with
ionic dialysance (13%) and pre-post dialysis urea blood
Kt/V (11%) with no statistical difference.

What are the components of intra-patient variability in
Kt/V? Dealing with blood Kt/V, the accuracy of the
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Figure 4. Bland and Altman graphs showing distribution of difference between Adimea® and blood Kt/V in respect of their mean.

Lines represent mean (- - -) and 95% confidence interval (-----).

measurement of dialysis dose depends on the accuracy and
timing of drawing the sample and laboratory errors.?! By
using Adimea® throughout the full course of the dialysis
session it was expected to decrease intra-patient variabil-
ity, but the results of this study did not confirm the hypoth-
esis. A partial answer to this apparent contradiction is
probably the frequency of sampling. The intra-patient vari-
ability when dialysis dose is monitored at every session
can be higher mainly because of the variability in deliv-
ered treatment time and blood flow, as pointed out by
Lambie et al.?? Other factors subject to practice variability

(i.e. needle insertion®), needle size), patient related factors
(i.e. hemodynamic condition, blood flow rate).
Organizational factors in dialysis units (e.g. shift plan-
ning?®) may affect delivered dialysis dose by indirectly
affecting delivered treatment time. Another study,”* fol-
lowing-up dialysis adequacy of 11 patients on hemodiafil-
tration with online urea monitoring by an experimental
(but reliable) system based on a urease cartridge,”® found
high intra-patient variability, and reported in six stable
patients a coefficient of variability of 9.5% and 5.2% for
urea generation rate and Kt/V, respectively.
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At baseline, in our study a high proportion of patients
(48.3%) did not reach the minimum level of dialysis ade-
quacy (according to blood Kt/V = 1.20). The high propor-
tion of patients with blood Kt/V<1.20 is likely due to
study selection criteria (spKt/V in the range 1.00—1.40 or
an average <1.35). Patients not reaching the level of ade-
quacy were more likely to be males, were significantly
taller and with greater body weight. However, despite their
higher therapy needs in term of treatment time, blood flow
and/or dialyzer surface, all dialysis parameters were quite
similar to those of the other group adequately treated since
baseline. During follow-up 60% of the patients originally
with a blood Kt/V <1.20 (58 out of 120) reached the target
level of adequacy. Table 2 shows that the prescription of
treatment time, blood flow etc. remained stable with mini-
mal modifications and therefore, other causes might have
increased delivered dialysis dose. A variable level of com-
pliance to the prescription of the physician due to several
reasons.?*2® Each additional minute of effective treatment
time is associated with a significant 3.6% higher probabil-
ity to achieve the level of dialysis adequacy.?” Rocco and
Burkart®® described that a loss of 30 min of treatment time
translates into an effective delivered Kt/V of 0.88 instead
of the originally planned 1.05 according to former guide-
lines. A monitoring system such as Adimea® is of practical
benefit because it allows to uncover those sessions not
going to reach the Kt/V target value whilst the session is
still running. In fact, the prediction of delivering an inad-
equate dialysis dose during dialysis enables a modification
of the critical treatment parameters, including prolonging
the session those few minutes required to fulfill the quality
requirements. By showing the prediction graph on the
machine screen to the patient, forecasted dialysis dose and
implications on the actual operative conditions can be
explained to the patient. Accounting for changes in treat-
ment parameters, for example after increasing blood flow,
in a few minutes the new target route will be promptly dis-
played.?! Therefore, at the beginning of the session, if the
initial lower blood flow has not been increased, the system
will alarm showing the negative forecast of the final Kt/V.
The same situation occurs if the blood flow is decreased
during the treatment and not upregulated again, or in case
of disturbances due to needle placement or arm position,
or the dialyzer is losing performance because of fibers
clotting. Even if in this study the alarm option of Adimea®
was not activated, the efficacy of the system can be dem-
onstrated by the sustained achievement of dialysis dose
during the follow-up. It is interesting to note that Adimea®
Kt/V of the sessions selected for blood Kt/V evaluation
were not statistically different in respect of those other ses-
sions in the same weekdays (data not shown). Doubts on
the representativeness of once a month Kt/V have been
raised by several publications.”*>33 Without on-line moni-
toring, the testing day is the session nurses and patients
know that they are under scrutiny and not surprisingly, this
session is very likely to have a high focus. Two main

options are commercially available to estimate online dial-
ysis dose.3* On the base of the equivalence of urea clear-
ance to ionic dialysance, Kt/V has been calculated using
the mean dialysance® intermittently estimated every
45min, that is 6 times over 4-h treatment.*® The ionic dial-
ysance approach relies on the assumption that plasma con-
ductivity remains stable during the measurement period,
and actual alterations in plasma conductivity could have a
significant impact on the accuracy of the measurement.>
However, this approach may cause the risk of salt loading
due to the spiking of dialyzate sodium up to 155mEq/L as
required for these measurements.’” Even if on average pre-
vious studies did not find any evidence of clinically rele-
vant salt loading during ionic dialysance measurements,’%3
patients with lower predialysis sodium concentration had
most net gain during the sessions.’® The intermittent
approach of this method could miss problems occurring
between the dialysance tests, such as alarms causing blood
pump stop and/or dialysis fluid bypass. With a continuous
method as the UV absorbance spent dialyzate monitoring,
the immediate recognition of low clearances can trigger
prompt interventions correcting or mitigating possible
issues arising during treatment.* It can be applied not only
in double but also in single needle hemodialysis as opposed
to the ionic dialysance method.*!

This study has strengths and limitations. The main limita-
tion as a consequence of its observational nature is that the
sequence of sessions monitored or not by Adimea® dialysis
dose were not randomized. Thus, the benefit is judged on the
base of the improvement from baseline. Because of the inclu-
sion criteria of the last three spKt/V evaluations in the range
1.00-1.40 and exclusion of patients with catheters, the study
likely selected patients with lower baseline Kt/V variability,
thereby decreasing the probability to detect differences in
variability between blood Kt/V and Adimea® Kt/V. The
enrolled patients, being relatively young and mainly males
with AV-Fistula for vascular access, might not fully repre-
sent the current population on dialysis in other countries.
Considering improved quality of treatment by monitoring
dialysis dose in this young population, in elderly frail
patients even higher benefit is expected.*? Older patients are
at higher risk for receiving lower dialysis dose,* but when
adequately dialyzed they have a good quality of life.** Given
that their variability of dialysis dose is expected to be greater,
the real-time transparency on delivered dialysis dose should
support nurses to govern those modifiable factors such as
treatment time or blood flow during the therapy.

In summary, this study confirms that simple to use inte-
grated clinical tools,* that are able to monitor continu-
ously delivered dose of dialysis have an absolute clinical
utility, even in a young population with AV fistula. The
60% of this population not reaching Kt/V target at baseline
were able to consistently achieve Kt/V adequacy during
the study in monitoring naive centers. Thus, a major com-
ponent of the success is an improved understanding of the
staff and the patients, empowering both groups for correct
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shared decision making. In frail patients, with vascular
instability and frequent episodes of intradialytic hypoten-
sion as well as a high proportion of catheters used for vas-
cular access, monitoring is expected to produce even
higher benefit.*>¢ The dialysis machine using the Adimea
tool alarms for potential missing dose targets and follows
changes with new target prognosis. An automatic control
continuously adjusting factors as blood flow, dialyzate
flow and treatment time (within single patient prescribed
limits) to ensure the achievement of target dose might be
integrated.*’
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