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ABSTRACT  
Background. Hypovolemic intradialytic complications, including cramps, fatigue, and hypotension, are 
common in hemodialysis patients. Bioimpedance spectroscopy is the gold standard for fluid assessment, 
but it is not available in all dialysis centers. Ultrasound techniques can help clinicians, but they are 
operator-dependent and time-consuming. Ultrafiltration control (UF-control), a newer technology, allows 
for continuous monitoring of real-time blood volume changes (RBV%) and it adjusts ultrafiltration rates 
optimizing plasma refilling. This study aims to evaluate UF-control’s effectiveness in reducing 
hypovolemia-related events and post-dialysis weight adjustments in chronic dialysis patients. 
Methods. We enrolled 21 chronic hemodialysis patients, each undergoing 3 treatments with standard 
constant UF and 3 treatments with UF-control modalities. Hypovolemia-related events were recorded 
both individually and as a composite outcome. An individualized “critical RBV%” was determined for each 
patient, with UF-control programmed to avoid dropping below this threshold. Data were analyzed using 
the Wilcoxon signed-rank test and generalized linear mixed models (GLMM), adjusted for interdialytic 
weight gain (IDWG) and the difference between prescribed and effective ultrafiltration. 
Results. Hypovolemia-related symptoms were reduced from 32% in the constant UF setting to 7% in UF-
control setting (p = 0.007). Similarly, intradialytic hypotension decreased from 18% to 4% (p = 0.022). 
GLMM analysis confirmed UF-control’s significant effect (adj-OR: 0.12, 95% CI: 0.06–0.26, p = 0.004). UF-
control also enabled dynamic adjustments to post-HD weight in most patients, with no signs of fluid 
overload observed. 
Conclusions. UF-control seems to actually reduce hypovolemic events in dialysis patients and provides a 
valuable tool for personalized fluid management. This technology can optimize patient tolerance and 
facilitate precise, session-by-session, dry weight adjustments. 
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Introduction 

Intradialytic cramps, fatigue, and hypotension are common clinical manifestations in patients 
experiencing hypovolemia. These symptoms may manifest in the context of absolute or effective 
hypovolemia, the latter occurring when plasma refilling is slower than the ultrafiltration rate. 
Accurate assessment and management of volume status is crucial for the safety and quality of 
dialysis treatments [1]. 
Bioimpedance spectroscopy represents the gold standard for assessing fluid status in dialysis 
patients, but it is not available in all dialysis centers. Some ultrasound-based techniques, such as the 
detection of B-lines, lung comet-tail artefacts, or the more recently introduced Venous Excess 
Ultrasound Score (VExUS score), can help clinicians. However, they are operator-dependent and 
entail a considerable expenditure of clinical time and professional resources, limiting their practical 
use in daily clinical workflows. Furthermore, these tools are likewise not available across all dialysis 
centers [2]. 
Recent advances in dialysis technology introduced Ultrafiltration control (UF-control), which 
operates by continuously monitoring the real-time change in blood volume, computing the relative 
blood volume percentage (RBV%), and instantaneously regulating the ultrafiltration (UF) rates based 
on this feedback [3]. By adjusting ultrafiltration in response to hemoconcentration changes, UF-
control aims to optimize plasma refilling and reduce hypovolemia-related symptoms. 
The objective of our study was to evaluate the clinical effectiveness of UF-control in reducing 
hypovolemia-related events in a sample of chronic dialysis patients in a real-world clinical setting, 
where Bioimpedance spectroscopy is not available. In addition, we aimed to assess how UF-control 
may facilitate adjustments to a patient’s post-HD weight and to analyze the discrepancies between 
prescribed and actual fluid removal. 

  

Methods 

We conducted a prospective observational study involving 21 chronic hemodialysis patients, for a 
total of 126 dialyses. Each patient underwent dialysis sessions of 4 hours using two modalities: 
initially with standard constant UF settings, in which the post-HD weight was detected through 
classical methods, and subsequently with the UF-control module activated. Each patient underwent 
3 treatments with constant UF setting and 3 treatments with UF-control. This study was approved 
by the government direction of our institution with protocol number I0049080 of April 28, 2025. All 
patients signed written informed consent. 
Intradialytic hypotension, muscle cramps, and post-dialysis fatigue were systematically recorded as 
hypovolemic signs. Intradialytic hypotension was defined as systolic blood pressure <90 mmHg or a 
difference of more than 30 mmHg from baseline, while muscle cramps and post-dialysis fatigue were 
reported subjectively by patients. These were clustered into a composite outcome representing 
hypovolemia-related events. 

UF-control works by decreasing ultrafiltration when hemoconcentration increases, which suggests 
inadequate refilling. Instead, low hemoconcentration reduction increases the UF when there is a 
sign of insufficient fluid removal. These adjustments are made automatically and instantaneously, 
optimizing the plasma refilling process and reducing hypovolemia-related manifestations. 
Furthermore, UF-control allows for small variations in dry weight that can be clinically imperceptible 
during individual treatments, enabling the dynamic modulation of a patient’s post-HD weight on a 
session-by-session basis. 
Before implementing UF-control, we determined an individualized “critical RBV%” for each patient 
over three dialysis sessions, used as a washout period. It is defined as the lowest RBV% reached 
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without the onset of hypovolemia-related symptoms. Once established, UF-control was 
programmed to avoid dropping below this critical RBV%, dynamically adjusting UF in real-time. 
Data were collected on each session, both before and after the implementation of UF-control, 
recording if the composite outcome occurred and calculating the percentage of sessions affected by 
hypovolemia for each patient. The number of dialyses with UF-control was 50% of the total dialysis 
included in the analysis, with a temporal line of one month to reduce time-dependent bias. The 
Fresenius 5008S or Nipro monitor was used for the dialysis treatment. The first works with a 
variation of 500 g up or down the estimated UF, while Nipro works with an ultrafiltration up to 1.5 
times the desired UF, as measured by various dialysis monitors. 

Demographic and clinical variables, including age, sex, comorbidities, and interdialytic weight gain 
(IDWG), were also recorded. Data distribution was evaluated through the Kolmogorov-Smirnov test 
and graphical evaluation. The Wilcoxon signed-rank test for paired samples was used to compare 
the proportion of sessions with hypovolemia-related events before and after UF-control. The 
generalized linear mixed model (GLMM) was employed to assess the effect of UF-control on the 
composite outcome, with the patient ID as a random effect. Each GLM model was adjusted for IDWG 
and the difference between prescribed and effective ultrafiltration. 

Overload was monthly detected through echographic VCI evaluation and pulmonary B-lines. 

  

Results 

A total of 21 patients were included in the analysis, with a median age of 73 [69-77] years. Thirteen 
were male (62%), and all had a history of hypertension pharmacologically treated, while heart failure 
was diagnosed in only one patient. In total, 126 dialysis sessions were analyzed (Table 1). 

Implementation of UF-control resulted in a median increase in effective UF volume of 100 g for the 
session (interquartile range: –100 to +400 g). In detail, effective UF increased in 39 sessions and 
decreased in 22 sessions, compared to the corresponding prescribed UF. 

Variable  

Age, year, median [IQR] 73 [69-77] 

Sex, male n (%) 13 (62%) 

BMI (kg/m2), median [IQR] 25 [22-28.5] 

Type 2 DM, n (%) 11 (52%) 

Hypertension, n (%) 21 (100%) 

Heart failure, n (%) 1 (5%) 

IDWG, median [IQR] 2400 [1700-3000] 

Table 1. Baseline features. DM: diabetes mellitus; IDWG: interdialytic weight gain. 

During the four-month follow-up after UF-control implementation, post-dialysis weight adjustments 
were made in nearly all patients. In 11 patients, post-HD weight was reduced (range: –600 g to –
2300 g), while in 6 patients it was increased (range: +600 g to +3000 g). In four patients, the weight 
remained unchanged. 

The percentage of dialysis sessions manifesting hypovolemia-related symptoms declined from 32% 
during standard UF sessions to 7% with UF-control (p = 0.007) (Figure 1). Similarly, the incidence of 
intradialytic hypotension decreased from 18% to 4% (p = 0.022). 
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Figure 1. Comparison between Constant-UF and UF-control. 

GLMM analysis confirmed a statistically significant effect of UF-control in reducing the risk of 
hypovolemia-related events (OR: 0.13, 95% CI: 0.07–0.24, p = 0.004). This association remained 
significant after adjusting for IDWG and the difference between prescribed and effective UF 
(adjusted OR: 0.12, 95% CI: 0.06–0.26, p = 0.004). Neither IDWG nor the difference between 
prescribed and effective UF had a statistically significant effect on outcomes (p = 0.53 and p = 0.58, 
respectively). 

No signs of fluid overload were observed during the four-month follow-up, except one peritibial 
monolateral edema without echographic signs of hypervolemia. Indeed, Inferior Vena Cava 
collapsibility was higher than 30% and no B-lines were detected. 

  

Discussion 

Our study supports the clinical utility of UF-control modules in hemodialysis machines.  UF-control 
seems to reduce hypovolemia-related symptoms, including fatigue, cramping, and intradialytic 
hypotension, by adapting the ultrafiltration rate based on real-time changes in blood volume. 
Furthermore, UF-control provides a novel and automated indicator to fine-tune a patient’s post-HD 
weight, detecting subtle imbalances that may otherwise go unnoticed session-by-session. 

This is particularly valuable considering that even minor discrepancies in dry weight estimation can 
accumulate over time, leading to chronic fluid imbalance or progressive cardiovascular strain. As 
fluid tolerance varies day-by-day, session-level optimization may prevent long-term complications 
[4]. 

Maintaining euvolemia is one of the greatest clinical challenges, both in elderly and comorbid 
patients, i.e. diabetes, heart failure, and autonomic dysfunction. Indeed, these conditions can 
exacerbate the difficulties in volume homeostasis and may increase the risk of intradialytic 
symptoms. In this setting, UF-control provides a practical tool for real-time and individualized fluid 
management based on intravascular dynamics and allows clinicians to identify early trends of fluid 
mismanagement [5]. 

The observed discrepancies between prescribed and actual fluid removal highlight the challenge of 

https://doi.org/10.1111/hdi.13094
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 Giornale Italiano di Nefrologia 

G Ital Nefrol 2026 - ISSN 1724-5990 - © 2026 Società Italiana di Nefrologia - Anno 43 Volume 1 – DOI: 10.69097/43-01-2026-04 
Ogni riproduzione del presente documento, anche parziale, è vietata senza la preventiva autorizzazione della Società Italiana di Nefrologia ai sensi della L. n.633/1941 

  

accurately predicting fluid needs based on static clinical assessments. UF-control seems to minimize 
this gap, ensuring more precise volume management [6]. In this line, our analysis showed that UF-
control is able to modulate the effective UF, either increasing or decreasing it. This demonstrates 
the UF-control’s ability to personalize fluid removal to each session’s intravascular response. 

This is of particular importance, given that small fluctuations in fluid status are often undetectable 
by conventional clinical assessment but may significantly impact patient well-being [7]. These micro-
adjustments are frequently influenced by external factors such as dietary salt intake, interdialytic 
weight gain, and vascular refill rates, which are not captured through conventional assessments. 
Therefore, automated volume-guided systems may act as a bridge between clinical observation and 
physiological variability [8]. 
In this light, UF-control supports a more personalized dialysis, reducing long-term cardiovascular 
events. 

Potential limit of UF-control includes the determination of the individualized “critical RBV%”. Indeed, 
incorrect critical RBV could cause fluid overload. Furthermore, a deep staff training is needed to 
correctly interact with the monitor’s advice about the continuous changes in the intradialytic 
concentration. 
Furthermore, intradialytic hypotension is strongly related to Cardiovascular events [9]. In detail, 
dialysis patients are characterised by high vascular stiffness with reduced ability of adapting to 
difference in arterial pressure. For this, intradialytic hypotension seems to be associated with 
impaired coronary perfusion [10, 11]. 
Although few small observational studies evaluated the efficacy of the UF-control on the 
hypovolemic manifestation [12], our analysis highlighted this effect, adjusting for the intrasubject 
variability with a model for repeated measures, UF targets and IDWG, enhancing internal validity. 
Furthermore, no other study enrolled patients without frequent hypotension. A key strength of our 
study, distinguishing it from previous observational data, is the inclusion of patients across a 
spectrum of intradialytic hypotension risk, including those at low risk. This strategy was employed 
to minimize selection bias and ensure that the observed effects of the UF-control module were not 
solely exaggerated by an enrollment limited to highly unstable individuals. Enrolling all patients, the 
external validity is increased due to the general hemodialysis population has been included in the 
analysis. A limitation of our study is the small and non-randomised sample. Indeed, as a pivotal 
study, we enrolled patients who perform dialysis in a single center. Furthermore, only Caucasian 
patients were included, and this reduced the generalizability of our results. 

  

Conclusion 

Our findings suggest that the implementation of UF-control in dialysis practice appears to improve 
patient tolerance and suggest that it could reduce the intradialytic complications. It can be useful 
mostly in the absence of advanced monitoring tools like bioimpedance or ultrasound. Future 
perspectives should be based on patient-reported outcomes (PROs), such as post-HD symptoms and 
the quality of recovery. Furthermore, larger and longitudinal studies, including bioimpedance as a 
comparator, with diversified populations will be performed to confirm the UF-control efficacy in a 
longer follow-up and advanced artificial intelligence can be implemented for better weight control. 

  

Data availability statement 

The datasets generated during and/or analysed during the current study are available from the 
corresponding author on reasonable request.  

https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1111/hdi.12826


 Giornale Italiano di Nefrologia 

G Ital Nefrol 2026 - ISSN 1724-5990 - © 2026 Società Italiana di Nefrologia - Anno 43 Volume 1 – DOI: 10.69097/43-01-2026-04 
Ogni riproduzione del presente documento, anche parziale, è vietata senza la preventiva autorizzazione della Società Italiana di Nefrologia ai sensi della L. n.633/1941 

  

BIBLIOGRAFIA 

1. Hara T, Kasahara Y, Nakagawa T. Pre-dialysis 
diastolic blood pressure and intradialytic 
hypotension in patients undergoing maintenance 
haemodialysis. J Nephrol. 2022 Jun;35(5):1419-
1426. https://doi.org/10.1007/s40620-022-
01292-2. 

2. van der Sande FM, van de Wal-Visscher ER, 
Stuard S, Moissl U, Kooman JP. Using 
Bioimpedance Spectroscopy to Assess Volume 
Status in Dialysis Patients. Blood Purif. 
2020;49(1-2):178-184. 
https://doi.org/10.1159/000504079. 

3. Zschätzsch S, Stauss-Grabo M, Gauly A, Braun 
J. Integrating Monitoring of Volume Status and 
Blood Volume-Controlled Ultrafiltration into 
Extracorporeal Kidney Replacement Therapy. 
Int J Nephrol Renovasc Dis. 2021 Aug 
30;14:349-358. 
https://doi.org/10.2147/IJNRD.S319911. 

4. Miyasato Y, Hanna RM, Miyagi T, Narasaki Y, 
Kimura H, Morinaga J, Mukoyama M, Kalantar-
Zadeh K. Associations of interdialytic weight 
gain in the long intervals with mortality and 
residual kidney function decline. Hemodial Int. 
2023 Jul;27(3):326-338. 
https://doi.org/10.1111/hdi.13094. 

5. Gabrielli D, Krystal B, Katzarski K, Youssef M, 
Hachache T, Lopot F, Lasseur C, Gunne T, 
Draganov B, Wojke R, Gauly A. Improved 
intradialytic stability during haemodialysis with 
blood volume-controlled ultrafiltration. J Nephrol. 
2009 Mar-Apr;22(2):232-40. PMID: 19384841. 

6. Pirkle JL Jr, Comeau ME, Langefeld CD, 
Russell GB, Balderston SS, Freedman BI, 
Burkart JM. Effects of weight-based ultrafiltration 
rate limits on intradialytic hypotension in 
hemodialysis. Hemodial Int. 2018 Apr;22(2):270-
278. https://doi.org/10.1111/hdi.12578. 

7. Thomson BK, Dixon SN, Huang SH, Leitch RE, 
Suri RS, Chan CT, Lindsay RM. Modifiable 
variables affecting interdialytic weight gain 

include dialysis time, frequency, and dialysate 
sodium. Hemodial Int. 2013 Oct;17(4):576-85. 
https://doi.org/10.1111/hdi.12056. 

8. Santoro A, Mancini E, Paolini F, Spongano M, 
Zucchelli P. Automatic control of blood volume 
trends during hemodialysis. ASAIO J. 1994 Jul-
Sep;40(3):M419-22. 
https://doi.org/10.1097/00002480-199407000-
00033. 

9. Stefánsson BV, Brunelli SM, Cabrera C, 
Rosenbaum D, Anum E, Ramakrishnan K, 
Jensen DE, Stålhammar NO. Intradialytic 
hypotension and risk of cardiovascular disease. 
Clin J Am Soc Nephrol. 2014 Dec 5;9(12):2124-
32. https://doi.org/10.2215/CJN.02680314. Epub 
2014 Nov 6. PMID: 25376764; PMCID: 
PMC4255399. 

10. Blankestijn PJ, Davenport A. Changes in 
Cardiac Output and Perfusion during 
Hemodialysis and Hemodiafiltration Treatments 
Determined by Cardiac Magnetic Resonance 
Imaging. J Am Soc Nephrol. 2017 
Apr;28(4):1013-1015. 
https://doi.org/10.1681/ASN.2016111257. Epub 
2017 Feb 9. PMID: 28183725; PMCID: 
PMC5373466. 

11. Buchanan C, Mohammed A, Cox E, Köhler K, 
Canaud B, Taal MW, Selby NM, Francis S, 
McIntyre CW. Intradialytic Cardiac Magnetic 
Resonance Imaging to Assess Cardiovascular 
Responses in a Short-Term Trial of 
Hemodiafiltration and Hemodialysis. J Am Soc 
Nephrol. 2017 Apr;28(4):1269-1277. 
https://doi.org/10.1681/ASN.2016060686. Epub 
2016 Nov 10. PMID: 28122851; PMCID: 
PMC5373461. 

12. Kron S, Schneditz D, Leimbach T, Kron J. 
Feedback control of absolute blood volume: A 
new technical approach in hemodialysis. 
Hemodial Int. 2020 Jul;24(3):344-350. 
https://doi.org/10.1111/hdi.12826. 

 

 
 

 

 

 

 

 

https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1007/s40620-022-01292-2
https://doi.org/10.1159/000504079
https://doi.org/10.1159/000504079
https://doi.org/10.1159/000504079
https://doi.org/10.1159/000504079
https://doi.org/10.1159/000504079
https://doi.org/10.1159/000504079
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.2147/IJNRD.S319911
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://doi.org/10.1111/hdi.13094
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://pubmed.ncbi.nlm.nih.gov/19384841/
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12578
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1111/hdi.12056
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.1097/00002480-199407000-00033
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.2215/CJN.02680314
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016111257
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1681/ASN.2016060686
https://doi.org/10.1111/hdi.12826
https://doi.org/10.1111/hdi.12826
https://doi.org/10.1111/hdi.12826
https://doi.org/10.1111/hdi.12826
https://doi.org/10.1111/hdi.12826

	Efficacy of Automatic Dynamic Ultrafiltration Compared to Constant Ultrafiltration Methods on Hypovolemic Intradialytic Symptoms: A Single-center Experience
	bibliografia

