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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 ± 12.2 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.1 In individual 
patients, patients’ session-to-session variation2 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,3 with 15% to 
20% of all patients receiving an inadequate dialysis dose.4,5 
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,6 as 
well as progressive access malfunction.7 Regarding the 
dialysis time achieved per session, Martín Rodriguez 
et  al.8 analyzed all sessions during 2015 in 85 patients. 
They found that the median deviation between prescribed 
time with actual delivered time was of 9.01 min (1.1–
28 min/session) and 15.5% of the patients showed a reduc-
tion higher than 10 min 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.8 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.9 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.8

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/V10 (blood Kt/V) 
compared to ultraviolet absorbance as a continuous assess-
ment of spent dialyzate (Adimea® Kt/V).11 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,12,13 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,14 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 time15 and of dialysis dose15–18 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 
6 months on 3 sessions/week schedule, (2) arterio-venous 
fistula as vascular access, (3) documented spKt/V calcu-
lated from pre-post-dialysis urea10 from 1.0 to 1.4 over the 
last 3 months or (4) average of spKt/V < 1.35 out of three 
consecutive blood measurements, (5) age ⩾ 18 years, 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,19 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.11

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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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 
of 0.03, using a paired t-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 t-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 × 100) of the values 
using all available time points.

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

In addition to the paired t-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 
α = 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 ± 12.2 years 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 169 cm), and 
with greater dry body weight (73 vs 62 kg).

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 4.5 h treatment/session. The mean blood  
flow was 261 ± 28 mL/min. Dialyzer surface area ranged 
between 1.20 (17.5%) and 1.80 m2 (24.2%). About 80.0% 
of the patients were on high-flux dialysis, 4.2% on on-line 
hemodiafiltration, with only marginal differences between 

Figure 1.  Study flow-chart including selection criteria and study population.
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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 20 days 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. 

Table 1.  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 ± 12.2 51.5 ± 14.9 51.4 ± 13.7 NS
  Gender (%)
    Male 86.7 94.8 79.0 0.010
    Female 13.3 5.2 21.0
  Height (cm) 171.5 ± 7.3 174.3 ± 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 5.2 6.5 NS
  Myocardial infarction (%) 3.3 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 (%) 3.3 1.7 4.8 NS
Dialysis related patient variables
  Dry weight (kg) 67.6 ± 12.6 73.3 ± 13.8 62.2 ± 8.5 <0.001
  Vascular access (%)
    AV-fistula 100 100 100 NS
    Graft 0 0 0
    Catheter 0 0 0
Lab values
  Hemoglobin (g/L) 11.5 ± 1.3 11.4 ± 1.3 11.7 ± 1.2 NS
  Hematocrit (%) 34.7 ± 3.6 34.3 ± 3.6 35.1 ± 3.5 NS
  Intact PTH (pg/mL) 282.4 ± 172.8 270.8 ± 176.7 293.2 ± 169.8 NS
  C reactive protein (mg/L) 4.6 ± 4.7 4.8 ± 4.7 4.5 ± 4.7 NS

Table 2.  Main characteristics of the dialysis treatment at baseline and during follow-up by baseline blood Kt/V.

Variable Baseline 
blood 
Kt/V

Follow-up (days) p-Value

Baseline 0–20 21–45 46–80 81–105 106–140 141–180

Treatment time 
(min/session)

⩾1.20 240.0 ± 5.4 240.5 ± 3.8 240.5 ± 3.8 240.0 ± 5.5 240.0 ± 5.5 240.0 ± 5.5 240.0 ± 5.5 NS
<1.20 241.0 ± 5.5 241.5 ± 6.7 241.6 ± 6.7 241.6 ± 6.7 241.6 ± 6.8 241.6 ± 6.8 241.6 ± 6.9

Blood flow 
(mL/min)

⩾1.20 256.2 ± 25.9 254.7 ± 32.8 254.3 ± 32.8 253.2 ± 31.6 253.5 ± 32.5 255.2 ± 32.0 256.0 ± 32.1 NS
<1.20 265.8 ± 26.1 264.8 ± 22.8 266.6 ± 22.4 262.9 ± 22.2 263.7 ± 25.5 265.4 ± 25.7 266.9 ± 24.3

Dial flow  
(mL/min)

⩾1.20 517.3 ± 64.3 522.4 ± 73.5 522.3 ± 74.2 524.5 ± 74.4 523.7 ± 74.4 523.7 ± 74.4 523.3 ± 74.6 NS
<1.20 520.8 ± 65.2 525.0 ± 75.3 522.0 ± 75.4 521.9 ± 75.5 526.6 ± 84.7 537.3 ± 92.4 538.3 ± 93.1

Dialyzer 
surface (m2)

⩾1.20 1.51 ± 019 1.52 ± 0.20 1.51 ± 0.20 1.51 ± 0.20 1.52 ± 0.20 1.52 ± 0.20 1.52 ± 0.19 NS
<1.20 1.49 ± 0.21 1.49 ± 0.22 1.49 ± 0.22 1.48 ± 0.22 1.49 ± 0.22 1.49 ± 0.21 1.50 ± 0.22

High-flux 
dialyzers (%)

⩾1.20 87.1 87.1 88.5 88.5 88.3 88.3 88.3 <0.05
<1.20 77.6 79.3 79.3 82.8 82.5 82.1 81.8

On-line  
HDF (%)

⩾1.20 4.8 4.8 3.3 8.2 6.7 5.0 5.0 NS
<1.20 1.7 3.4 0.0 3.4 1.8 3.6 1.8
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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).20

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 McIntyre 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 

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.
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measurement of dialysis dose depends on the accuracy and 
timing of drawing the sample and laboratory errors.21 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.22 Other factors subject to practice variability 

(i.e. needle insertion6), needle size), patient related factors 
(i.e. hemodynamic condition, blood flow rate). 
Organizational factors in dialysis units (e.g. shift plan-
ning23) may affect delivered dialysis dose by indirectly 
affecting delivered treatment time. Another study,24 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,25 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.

Figure 3.  Development of Adimea® Kt/V during Adimea® monitoring follow-up by baseline blood Kt/V.

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 (-----).
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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.26–28 Each additional minute of effective treatment 
time is associated with a significant 3.6% higher probabil-
ity to achieve the level of dialysis adequacy.29 Rocco and 
Burkart30 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.31 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.7,32,33 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.34 On the base of the equivalence of urea clear-
ance to ionic dialysance, Kt/V has been calculated using 
the mean dialysance35 intermittently estimated every 
45 min, that is 6 times over 4-h treatment.36 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.36 
However, this approach may cause the risk of salt loading 
due to the spiking of dialyzate sodium up to 155 mEq/L as 
required for these measurements.37 Even if on average pre-
vious studies did not find any evidence of clinically rele-
vant salt loading during ionic dialysance measurements,38,39 
patients with lower predialysis sodium concentration had 
most net gain during the sessions.39 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.40 It can be applied not only 
in double but also in single needle hemodialysis as opposed 
to the ionic dialysance method.41

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.42 Older patients are 
at higher risk for receiving lower dialysis dose,43 but when 
adequately dialyzed they have a good quality of life.44 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,45 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 naïve 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.42,46 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.47

Acknowledgements

The authors wish to thank Mr. Phillip Orlik for editorial 
assistance

Declaration of conflicting interests

The author(s) declared the following potential conflicts of inter-
est with respect to the research, authorship, and/or publication of 
this article: CB, DM, and MJ are full time employee of B. Braun 
Avitum.

Funding

The author(s) received no financial support for the research, 
authorship, and/or publication of this article.

ORCID iD

Daniele Marcelli  https://orcid.org/0000-0002-7650-8578

Supplemental material

Supplemental material for this article is available online.

References

	 1.	 Held PJ, Port FK, Wolfe RA, et al. The dose of hemodialy-
sis and patient mortality. Kidney Int 1996; 50(2): 550–556.

	 2.	 Kloppenburg WD, Stegeman CA, Hooyschuur M, et  al. 
Assessing dialysis adequacy and dietary intake in the 
individual hemodialysis patient. Kidney Int 1999; 55(5): 
1961–1969.

	 3.	 Marcelli D, Usvyat LA, Kotanko P, et  al. Body composi-
tion and survival in dialysis patients: results from an inter-
national cohort study. Clin J Am Soc Nephrol 2015; 10(7): 
1192–1200.

	 4.	 Sehgal AR. Improving hemodialysis patient outcomes: a 
step-by-step approach. Semin Dial 2002; 15(1): 35–37.

	 5.	 Eknoyan G, Beck GJ, Cheung AK, et al. Effect of dialysis 
dose and membrane flux in maintenance hemodialysis. N 
Engl J Med 2002; 347(25): 2010–2019.

	 6.	 Parisotto MT, Pelliccia F, Grassmann A, et al. Elements of 
dialysis nursing practice associated with successful cannu-
lation: result of an international survey. J Vasc Access 2017; 
18(2): 114–119.

	 7.	 Coyne DW, Delmez J, Spence G, et al. Impaired delivery 
of hemodialysis prescriptions: an analysis of causes and 
an approach to evaluation. J Am Soc Nephrol 1997; 8(8): 
1315–1318.

	 8.	 Martín Rodríguez L, Janeiro D and Portoles JM. SP474 OF 
information technology for real-time treatment monitor-
ing within a hemodialysis unit: what is the actual delivered 
dose? Nephrol Dial Transplant 2017; 32(suppl_3): iii284–
iii284.

	 9.	 Di Benedetto A, Marcelli D, D’Andrea A, et al. Risk factors 
and underlying cardiovascular diseases in incident ESRD 
patients. J Nephrol 2005; 18(5): 592–598.

	10.	 Daugirdas JT. The post: pre dialysis plasma urea nitrogen 
ratio to estimate K.t/V and NPCR: validation. Int J Artif 
Organs 1989; 12(7): 420–427.

	11.	 Castellarnau A, Werner M, Günthner R, et  al. Real-time 
Kt/V determination by ultraviolet absorbance in spent 
dialysate: technique validation. Kidney Int 2010; 78(9): 
920–925.

	12.	 Ashby D, Borman N, Burton J, et  al. Renal Association 
clinical practice guideline on haemodialysis. BMC Nephrol 
2019; 20(1): 379.

	13.	 National Kidney Foundation. KDOQI clinical practice 
guideline for hemodialysis adequacy: 2015 update. Am J 
Kidney Dis 2015; 66(5): 884–930.

	14.	 National Kidney Foundation. NKF-DOQI clinical practice 
guidelines for hemodialysis adequacy. Am J Kidney Dis 
1997; 30(3): S15–S66.

	15.	 Al-Saedy AJH and Al-Kahichy HRA. The current status of 
hemodialysis in Baghdad. Saudi J Kidney Dis Transpl 2011; 
22(2): 362–367.

	16.	 Beladi Mousavi SS, Hosaininejad K and Zeraati A. Don’t 
forget the evaluation of dialysis adequacy in your hemo-
dialysis centers. Iran J Kidney Dis 2011; 5(Supplement 
2): 44.

	17.	 El-Sheikh M and El-Ghazaly G. Assessment of hemodialy-
sis adequacy in patients with chronic kidney disease in the 
hemodialysis unit at Tanta University Hospital in Egypt. 
Indian J Nephrol 2016; 26(6): 398–404.

	18.	 Pourfarziani V, Ghanbarpour F, Nemati E, et al. Laboratory 
variables and treatment adequacy in hemodialysis patients 
in Iran. Saudi J Kidney Dis Transpl 2008; 19(5): 842–846.

	19.	 Uhlin F, Fridolin I, Magnusson M, et al. Dialysis dose (Kt/V) 
and clearance variation sensitivity using measurement of 
ultraviolet-absorbance (on-line), blood urea, dialysate urea 
and ionic dialysance. Nephrol Dial Transplant 2006; 21(8): 
2225–2231.

	20.	 McIntyre CW, Lambie SH, Taal MW, et al. Assessment of 
haemodialysis adequacy by ionic dialysance: intra-patient 
variability of delivered treatment. Nephrol Dial Transplant 
2003; 18(3): 559–563.

	21.	 Luman M, Jerotskaja J, Lauri K, et  al. Dialysis dose and 
nutrition assessment by optical on-line dialysis adequacy 
monitor. Clin Nephrol 2009; 72(4): 303–311.

	22.	 Lambie SH, Taal MW, Fluck RJ, et  al. Analysis of fac-
tors associated with variability in haemodialysis adequacy. 
Nephrol Dial Transplant 2004; 19(2): 406–412.

	23.	 Marcelli D, Richards N and Amato C. The modern haemo-
dialysis factory: must quality improvement trump person-
alized care? Nephrol Dial Transplant 2008; 23(7): 2433; 
author reply 2433–2434.

	24.	 Arrigo G, Beltrame A and Colasanti G. Adequacy in hemo-
dialysis: new concepts derived from online urea monitoring. 
Kidney Int Suppl 2000; 76: S41–S46.

https://orcid.org/0000-0002-7650-8578


Zhang et al.	 359

	25.	 Garred LJ, Canaud B, Bosc JY, et  al. Urea rebound and 
delivered Kt/V determination with a continuous urea sen-
sor. Nephrol Dial Transplant 1997; 12(3): 535–542.

	26.	 Krespi R, Bone M, Ahmad R, et al. Haemodialysis patients’ 
beliefs about renal failure and its treatment. Patient Educ 
Couns 2004; 53(2): 189–196.

	27.	 Leggat Je Jr. Adherence with dialysis: a focus on mortality 
risk. Semin Dial 2005; 18(2): 137–141.

	28.	 Loghman-Adham M. Medication noncompliance in patients 
with chronic disease: issues in dialysis and renal transplan-
tation. Am J Manag Care 2003; 9(2): 155–171.

	29.	 Gauly A, Parisotto MT, Skinder A, et al. Vascular access 
cannulation in hemodialysis patients - a survey of current 
practice and its relation to dialysis dose. J Vasc Access 
2011; 12(4): 358–364.

	30.	 Rocco MV and Burkart JM. Prevalence of missed treat-
ments and early sign-offs in hemodialysis patients. J Am Soc 
Nephrol 1993; 4(5): 1178–1183.

	31.	 Daugirdas JT and Tattersall JE. Automated monitoring of 
hemodialysis adequacy by dialysis machines: potential ben-
efits to patients and cost savings. Kidney Int 2010; 78(9): 
833–835.

	32.	 Sehgal AR, Snow RJ, Singer ME, et al. Barriers to adequate 
delivery of hemodialysis. Am J Kidney Dis 1998; 31(4): 
593–601.

	33.	 Brimble KS, Onge JS, Treleaven DJ, et  al. Comparison 
of volume of blood processed on haemodialysis adequacy 
measurement sessions vs regular non-adequacy sessions. 
Nephrol Dial Transplant 2002; 17(8): 1470–1474.

	34.	 Mohamed A and Davenport A. Comparison of methods to 
estimate haemodialysis urea clearance. Int J Artif Organs 
2018; 41(7): 371–377.

	35.	 Ross EA, Paugh-Miller JL and Nappo RW. Interventions to 
improve hemodialysis adequacy: protocols based on real-
time monitoring of dialysate solute clearance. Clin Kidney J 
2018; 11(3): 394–399.

	36.	 Lambie S and Warwick G. Intelligent hemodialysis: toys or 
tools? Hemodial Int 2007; 11(s2): S34–S38.

	37.	 Aslam S, Saggi SJ, Salifu M, et al. Online measurement of 
hemodialysis adequacy using effective ionic dialysance of 
sodium-a review of its principles, applications, benefits, and 
risks. Hemodial Int 2018; 22(4): 425–434.

	38.	 Lindsay RM, Huang SH, Sternby J, et al. The measure-
ment of hemodialysis access blood flow by a conduc-
tivity step method. Clin J Am Soc Nephrol 2010; 5(9): 
1602–1606.

	39.	 Moret K, Grootendorst DC, Beerenhout C, et al. Conductivity 
pulses needed for Diascan® measurements: does it cause 
sodium burden? NDT Plus 2009; 2(4): 334–335.

	40.	 Vartia A. Continuing education: online monitoring of hae-
modialysis dose. J Ren Care Epub ahead of print 25 January 
2018. DOI: 10.1111/jorc.12234

	41.	 Bieser W, Welsch M, Jakob M, et al. Effectiveness of a new 
single-needle single-pump dialysis system with simultane-
ous monitoring of dialysis dose. Artif Organs 2018; 42(8): 
814–823.

	42.	 Tattersall J, Farrington K, Gentile G, et al. Is Kt/V useful in 
elderly dialysis patients? Pro and con arguments. Nephrol 
Dial Transplant 2018; 33(5): 742–750.

	43.	 Canaud B, Tong L, Tentori F, et al. Clinical practices and 
outcomes in elderly hemodialysis patients: results from the 
dialysis outcomes and practice patterns study (DOPPS). 
Clin J Am Soc Nephrol 2011; 6(7): 1651–1662.

	44.	 Garcia-Mendoza M, Valdés C, Ortega T, et al. Differences 
in health-related quality of life between elderly and 
younger patients on hemodialysis. J Nephrol 2006; 19(6): 
808–818.

	45.	 Locatelli F, Buoncristiani U, Canaud B, et al. Haemodialysis 
with on-line monitoring equipment: tools or toys? Nephrol 
Dial Transplant 2005; 20(1): 22–33.

	46.	 Praga M, Merello JI, Palomares I, et  al. Type of vascu-
lar access and survival among very elderly hemodialysis 
patients. Nephron Clin Pract 2013; 124(1-2): 47–53.

	47.	 Azar AT. Biofeedback systems and adaptive control hemo-
dialysis treatment. Saudi J Kidney Dis Transpl 2008; 19(6): 
895–903.


