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ABSTRACT

Introduction: Volume status assessment is critical in hemodialysis (HD) patients because
fluid overload is closely related to cardiovascular complications and mortality. Inferior vena
cava (IVC) diameter and collapsibility measured by ultrasound provide simple noninvasive
estimates of intravascular volume, but comparative data versus healthy individuals are
limited.

Objectives: This study therefore compares IVC indices between HD patients and healthy
controls to evaluate their usefulness as markers of volume status in clinical practice.
Materials and Methods: This case-control study included 53 maintenance HD patients
and 48 age- and sex-matched healthy controls recruited at Qazvin Velayat hospital between
December 2024 and September 2025. Demographic and anthropometric data were recorded,
and all participants underwent multi-frequency bioimpedance analysis and standardized
ultrasonographic assessment of IVC diameters (maximum and minimum) and collapsibility
index (categorical < 50% versus > 50%). Statistical comparisons between HD and control
groups, as well as regression analyses of the association between HD status and IVC indices,
were performed using SPSS version 27.

Results: Among the evaluated markers of volume status, HD status was associated with
larger IVC diameters and reduced collapsibility compared with healthy individuals. In linear
regression models, HD was associated with an increase 0f4.02 mm in maximum IVC diameter
(95% confidence interval [CI]: 2.76-5.27) and 4.29 mm in minimum diameter (95% CI: 2.86-
5.71). In addition, in logistic regression analysis, HD patients had higher odds of having a
collapsibility index below 50%, with an odds ratio of 3.07 (95% CI: 1.24-7.62), indicating a
substantially greater likelihood of reduced vena cava collapsibility in this group.

Conclusion: These results indicate that HD patients have a pattern of larger IVC diameters
and reduced collapsibility compared with healthy individuals, supporting IVC ultrasound
indices as practical noninvasive markers of volume overload in this population.

Implication for health policy/practice/research/medical education:

The results demonstrated that hemodialysis status emerged as a predictor of altered inferior vena cava (IVC) geometry and
dynamics compared with healthy individuals, being significantly associated with larger maximum and minimum IVC diameters
as well as a lower collapsibility index, which together reflect a relatively higher intravascular volume state and diminished
respiratory variation in venous return among patients receiving hemodialysis.
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Introduction

Hemodialysis (HD) is the predominant form of renal
replacement therapy (RRT) for patients with end-stage
kidney disease (ESKD), a condition associated with
substantial morbidity, reduced quality of life, and heavy
utilization of healthcare resources (1,2). The global
prevalence of treated ESKD has risen steadily over the
past two decades, driven by increasing rates of diabetes
mellitus, hypertension, and an ageing population, with
HD accounting for the majority of RRT modalities in most
countries (3). Cardiovascular disease (CVD) represents
the leading cause of death in HD patients, with CVD-
related mortality estimated to be approximately 20 times
higher than in the general population, partly attributable
to chronic volume overload, uremic cardiomyopathy,
and persistent hypertension (4-6). Accurate management
of volume status, particularly the determination of the
patient’s dry weight, remains one of the most critical yet
challenging aspects of HD care, as both fluid overload
and volume depletion are independently associated with
increased all-cause and cardiovascular mortality (5-8).
Clinical assessment of dry weight based on blood pressure,
edema, and symptoms has well-recognized limitations
and is subject to considerable inter-observer variability,
underscoring the need for more objective, non-invasive
methods (8-10).

The inferior vena cava (IVC) is a highly compliant
vessel that carries approximately more than half of
systemic venous return to the right atrium, making its
diameter and respiratory variations sensitive surrogates of
central venous pressure (CVP) and intravascular volume
(10,11). Point-of-care ultrasonographic measurement of
IVC diameter, including the collapsibility index during
spontaneous respiration and the distensibility index
during mechanical ventilation, has been widely studied
as a non-invasive, bedside method for assessing volume
status in emergency and critical care settings (12).
Despite these promising findings, important limitations
exist, including intra- and inter-observer variability, the
influence of cardiac function, respiratory effort, and intra-
abdominal pressure on IVC measurements.

In HD patients, the IVC diameter and its collapsibility
index have been explored as tools for guiding ultrafiltration
and adjusting dry weight prescriptions, given their ability
to reflect acute changes in intravascular volume during
dialysis sessions (13,14). Comparison of IVC indices
in HD patients has demonstrated that pre-dialysis HD
patients typically exhibit significantly lower collapsibility
indices due to volume overload compared to post-dialysis
patients (14). Nevertheless, establishing standardized
reference values for IVC indices across different patient
populations and comparing these parameters between
HD patients and healthy individuals in a controlled design
remains an important unresolved question that warrants
further investigation.

Objectives

The primary objective of this study was to compare
IVC diameter and collapsibility indices between HD
patients and healthy individuals to evaluate their utility
as noninvasive markers of volume status in the HD
population. A secondary objective was to examine the
association between HD status and these IVC indices
using regression models.

Materials and Methods

Study design and participants

The study was designed as a case—control investigation
conducted at Qazvin Velayat hospital, an academic center
affiliated with Qazvin university of medical sciences, from
December 2024 to September 2025. Participants included
53 patients receiving maintenance HD and 48 age- and
sex-matched healthy individuals without known kidney
disease, who served as the control group.

Inclusion and exclusion criteria

For this case-control study, inclusion criteria for the HD
group were adults receiving maintenance HD at Qazvin
Velayat hospital for a stable period, with regular thrice-
weekly sessions for at least three months and the ability
to provide informed consent. Healthy controls were age-
and sex-matched adults without known kidney disease,
cardiovascular instability, or other conditions affecting
volume status, recruited from the hospital community,
with providing informed written consent. Exclusion
criteria for both groups included unwillingness to
continue participation at any stage of the study, incomplete
collection of demographic or clinical data, and failure to
obtain adequate IVC sonographic measurements.

Group classification

Group classification was based on HD status, with
participants allocated to either the HD group or the healthy
control group according to their clinical condition. The
HD group comprised patients receiving maintenance HD
(n = 53), whereas the control group included individuals
without known kidney disease or need for dialysis (n =
48), who served as a reference for comparison of IVC
indices and bioimpedance parameters.

Data collection

Data were collected prospectively using a structured
case—control protocol. For all participants, demographic
and anthropometric information, including age, sex, and
body mass index (BMI), was recorded at enrollment, and
body composition and hydration status were evaluated
using multifrequency bioimpedance analysis to estimate
total body water and the lean and fat compartments. In
HD patients, assessments were scheduled immediately
before the midweek dialysis session to reflect typical peak
interdialytic volume status. Transthoracic ultrasonography
was then used to assess IVC dimensions. With the subject
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in the supine position, the IVC was imaged in a subcostal
long-axis view just distal to its junction with the right
atrium, and the maximal diameter during quiet end-
expiration and minimal diameter during inspiration
were measured to calculate the collapsibility index as
the relative change in diameter between expiration and
inspiration. For part of the analysis, IVC collapsibility was
also treated as a categorical variable, distinguishing high
from low collapsibility according to published cut-offs
commonly used to approximate lower versus higher CVP
states.

Outcome measurement

Outcome measurement in this study focused on
ultrasonographic indices of the IVC, including maximum
and minimum diameters and the collapsibility index,
which were obtained using a standardized ultrasound
protocol in both HD patients and healthy controls and
subsequently compared between the two groups.

Statistical analysis

Statistical analyses were conducted using SPSS
software, version 27 (IBM Corp., Armonk, NY, USA).
The Kolmogorov-Smirnov test was applied to assess
the normality of continuous variables, and because
parametric and nonparametric methods produced
similar results, parametric tests were preferentially used
for their greater statistical efficiency. Between-group
comparisons of continuous variables were performed
with the independent t-test, while categorical variables
were analyzed using the chi-square test. To examine

Volume status in hemodialysis

the association between HD status and IVC diameters,
linear regression models were fitted, and the relationship
between HD status and collapsibility index categories was
evaluated using binary logistic regression.

Results

The results indicated that the gender distribution was
comparable between HD patients and healthy individuals,
with similar proportions of men and women in both
groups, suggesting no meaningful sex-based imbalance
between cases and controls. Age and body mass index
were also closely matched, suggesting that the two
groups were similar in terms of general demographic and
anthropometric characteristics. Likewise, indices derived
from bioimpedance analysis, including total body water,
lean body mass, body fat mass, and impedance, showed
no notable differences between HD patients and healthy
controls, indicating that overall body composition and
electrical properties were largely comparable across the
study groups (Table 1).

Compared with healthy individuals, HD patients
more frequently exhibited a lower collapsibility index,
indicating a relative predominance of reduced respiratory
variability in IVC diameter in this group. In addition, both
the maximum and minimum diameters of the IVC were
larger in HD patients than in healthy controls, suggesting
a higher intravascular volume status among patients
undergoing HD (Table 2).

The regression analysis indicated that, compared
with healthy individuals, being on HD is independently
associated with larger maximum and minimum IVC

Table 1. Comparison of demographic characteristics and bioimpedance indices among HD patients and healthy individuals

Variable Healthy controls (n = 48) HD patients (n = 53) P value
Qualitative variables, N (%)

Male (n = 70) 34 (48.6) 36 (51.4)
Gender 0.752°

Female (n = 31) 14 (45.2) 17 (54.8)

Quantitative variables (Mean + SD)
Age (years) 63.17 = 11.91 64.04 +11.83 0.713™
BMI (kg/m?) 25.89 +5.95 26.44 + 3.61 0.574™
Total body water (L) 37.94£7.58 39.16 £ 6.99 0.403™
Lean body mass (kg) 54.84 + 8.32 53.68 £ 9.89 0.531™
Mass of body fat (kg) 15.63 £ 5.62 16.23 +7.42 0.653™
Impedance (Q) 359.45 +£49.70 368.96 + 79.58 0.479
HD: hemodialysis; SD: Standard deviation. *Chi-square, **Independent T-test.
Table 2. Comparison of IVC diameter and collapsibility indices among HD patients and healthy individuals
Variable Healthy controls (n = 48) HD patients (n = 53) P value
Qualitative variables, N (%)

o >50% (n = 70) 39 (55.7) 31 (44.3)

Collapsibility index 0.013°
<50% (n =31) 9 (29) 22 (71)
Quantitative variables (Mean + SD)

IVC Max diameter (mm) 15.19 £ 2.16 19.21 £ 3.87 <0.001™
IVC Min diameter (mm) 6.22 +1.57 10.54 + 4.73 <0.001"

HD: hemodialysis; IVC: Inferior vena cava; SD: Standard deviation. *Chi-square, **Independent T-test.
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Table 3. The association between being on HD with IVC diameter and collapsibility indices

HD compared to healthy individuals

IVC diameter indices

B 95% ClI P value’
IVC Max diameter (mm) 4.02 2.76 -5.27 <0.001
IVC Min diameter (mm) 4.29 2.86-5.71 <0.001
Collapsibility indices
OR 95% ClI P value™
Collapsibility >50% Ref (1)
Collapsibility <50% 3.07 1.24-7.62 0.015

IVC: Inferior vena cava; OR: Odds ratio; B: Unstandardized coefficients; Cl: Confidence interval. *Linear regression, **Binary logistic regression.

diameters. Furthermore, HD status is associated with a
higher likelihood of having a lower collapsibility index,
indicating that patients undergoing HD are more prone to
reduced IVC collapsibility than healthy controls (Table 3).

Discussion

The results demonstrated that maintenance HD patients
exhibit significantly larger IVC diameters and markedly
reduced collapsibility compared with healthy controls.
The HD status was associated with a 4.02 mm increase
in maximum IVC diameter and a 4.29 mm increase in
minimum IVC diameter. Furthermore, results revealed
that HD patients carried an approximately 3-fold greater
odds of exhibiting a collapsibility index below 50%, a
threshold widely recognized as indicative of elevated
right atrial pressure and reduced venous compliance.
These findings collectively support the clinical utility
of ultrasonographic IVC assessment as a practical,
non-invasive marker of volume overload in the HD
population. The observation of enlarged IVC diameters
in HD patients is consistent with the well-established
pathophysiology of fluid accumulation in ESKD; patients
with ESKD undergoing maintenance HD are unable to
maintain sodium and water homeostasis independently,
leading to progressive extracellular volume expansion
between dialysis sessions (7). Since the IVC is a highly
compliant, valveless retroperitoneal vessel responsible
for a substantial proportion of systemic venous return,
changes in circulating volume are directly reflected in IVC
caliber; thus, an enlarged IVC diameter therefore serves
as a surrogate for elevated CVP and intravascular volume
overload (8). The current findings align with those of
Brennan et al, who reported that a dilated IVC (diameter
> 2.1 cm) was identified in approximately 50% of HD
outpatients and was associated with higher left ventricular
mass index and lower left ventricular ejection fraction,
reflecting the cumulative cardiac consequences of chronic
volume excess (15). Similarly, the early foundational work
by Cheriex et al established that IVC echography is a
simple and reliable tool for estimating dry weight in HD
patients, with IVC diameter and collapsibility providing

clinically meaningful information about intravascular
volume (16).

Previous investigations have further documented
that a dilated IVC at pre-dialysis measurement is a
common and clinically significant finding, rather than an
incidental observation. In a previous study, Katzarski et
al demonstrated in a critical evaluation of 35 HD patients
that IVC diameter was larger in hypertensive compared
with normotensive patients and decreased in parallel with
blood volume during ultrafiltration, confirming that IVC
dimensions respond dynamically to intravascular fluid
changes in this population (17). Meanwhile, Mandelbaum
and Ritz examined 86 healthy controls and reported wide
normal variation in IVC diameters, establishing that
an IVC diameter above the 95th percentile of normal
correlated with an elevated CVP (> 12 c¢cmH,O) in
overhydrated HD patients, underscoring the diagnostic
relevance of defining reference values through healthy
comparators, a methodological strength shared by the
present study (10). The use of a well-matched healthy
control group in the current investigation is particularly
important, as it provides a direct empirical reference for
the magnitude of IVC enlargement attributable to the
HD-associated volume burden, rather than relying on
assumed population norms.

Beyond absolute IVC diameter, the collapsibility index,
defined as the proportional reduction in IVC diameter
during inspiration, is a key dynamic parameter reflecting
right atrial pressure and preload status (18). A collapsibility
index below 50% is broadly consistent with elevated right
atrial pressureand reduced venous compliance,asendorsed
by current American Society of Echocardiography
and European Association of Cardiovascular Imaging
guidelines, which associate an IVC diameter > 2.1 cm
combined with < 50% inspiratory collapse with a right
atrial pressure of 10-20 mm Hg (8,19). The present
study found that HD patients were approximately
three times more likely to exhibit a collapsibility index
below 50%, strongly supporting the presence of chronic
intravascular volume expansion in this group relative to
healthy individuals. This finding is consistent with prior
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literature specifically examining IVC collapsibility in HD
cohorts. Al-Saray et al, in a study of Iragi maintenance
HD patients, reported that 93% of subjects had IVC
collapsibility below 50%, with the IVC-collapsibility index
identified as the most prevalent sign of excess volume,
more sensitive than isolated IVC diameter measurement
or clinical examination alone; although this study lacked a
healthy comparison group, its findings converge with the
current data in identifying reduced collapsibility as a near-
universal feature of volume overload in this population
(20). Similarly, Kaptein et al have reported that reduced
IVC collapsibility independently guides fluid removal in
critically ill patients on continuous ultrafiltration, with
collapsibility below 20% serving as an optimal cutoff for
predicting net ultrafiltration achievement during HD
(21). The higher OR of 3.07 observed in the present study
suggests that, even when using the broader threshold of
below 50%, HD patients are significantly distinguishable
from healthy individuals.

The collapsibility index is influenced not only by volume
status but also by cardiac function, intrathoracic pressure,
respiratory effort, and intra-abdominal pressure (8).
Nevertheless, in a controlled setting with spontaneously
breathing  participants = undergoing  standardised
ultrasonographic assessment, as employed in the current
study, the IVC-collapsibility index retains meaningful
discriminatory power. Brennan et al reported that, among
outpatient HD patients assessed with hand-carried
ultrasound, IVC collapsibility correlated with dry weight
targets and practice variation in volume management,
further establishing its relevance in routine dialysis care
(15).

The clinical importance of accurate volume status
assessment in HD patients cannot be overstated. Fluid
overload is a major driver of hypertension, left ventricular
hypertrophy, heart failure, pulmonary congestion, and
both cardiovascular and all-cause mortality in this
population (7,22). Large observational studies have
confirmed that chronic fluid overload, as measured by
bioimpedance spectroscopy, is independently associated
with nearly double the risk of death; Wu et al, in a cohort of
241 maintenance HD patients, demonstrated that a dilated
IVC (= 1.5 cm) was associated with significantly higher
rates of all-cause mortality, cardiovascular mortality,
and major adverse cardiovascular events (MACE), with
adjusted hazard ratios of 2.88 and 3.42 for mortality and
MACE, respectively (23). These findings contextualize the
clinical importance of the IVC enlargement documented
in the present study and highlight the potential prognostic
value of routinely monitoring IVC indices in dialysis
patients.

While bioimpedance spectroscopy and lung ultrasound
have been increasingly validated as volume monitoring
tools in the HD setting, IVC ultrasonography offers the
advantage of providing direct structural and dynamic
information about venous filling that complements these

Volume status in hemodialysis

methods. In the context of point-of-care ultrasound, IVC
assessment can be performed rapidly at the bedside with
minimal training, providing real-time information to guide
clinical decision-making regarding ultrafiltration targets
(24). Patel et al, in a comprehensive review of modern fluid
management tools in dialysis, emphasized that combining
echocardiographic IVC assessment with other methods
such as lung ultrasound and bioimpedance analysis allows
for a more individualized and comprehensive approach to
volume management than any single modality alone (25).

A notable strength of the present study is the use of
a healthy age- and sex-matched control group, which
provides a direct empirical comparison rarely reported in
previousIVCstudiesin HD (14,23,26). Much of the existing
literature has examined pre-to-post dialysis changes in
IVC parameters within HD cohorts without a healthy
comparator (14) or has assessed associations with clinical
outcomes without defining normative reference values
(23,26). By including 48 healthy individuals as controls
undergoing identical ultrasonographic assessment, the
present study quantifies the absolute magnitude of IVC
enlargement and collapsibility impairment attributable to
HD-associated volume excess in a rigorously controlled
framework. This design strengthens the inferential
validity of the regression-based estimates and supports
the robustness of the associations identified.

In summary, the findings of this case-control study
demonstrate that maintenance HD patients exhibit
significantly larger IVC diameters and substantially
reduced collapsibility compared with healthy controls,
reflecting the chronic intravascular volume burden
characteristic of ESKD. Linear regression models identified
HD status as a predictor of both maximum and minimum
IVC diameter enlargement, while logistic regression
confirmed a threefold-elevated odds of IVC collapsibility
below 50%, a threshold indicative of elevated right atrial
pressure, in the HD group. These results are consistent
with the existing body of literature documenting the
prevalence and clinical significance of IVC dilation and
reduced collapsibility in this population. The data support
the incorporation of bedside IVC ultrasound assessment
as a practical, non-invasive adjunct to clinical evaluation
and established volume monitoring methods in the routine
management of HD patients. Future prospective studies
with longitudinal IVC measurements, larger sample
sizes, and multi-centre designs are warranted to further
validate these findings and to establish standardised IVC-
based thresholds for guiding dry weight adjustment and
ultrafiltration prescriptions in this high-risk population.

Conclusion

These findings indicate that HD status is strongly
associated with a characteristic pattern of IVC
enlargement and reduced collapsibility, consistent with
a higher intravascular volume load compared with
healthy individuals. This suggests that IVC diameter
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and collapsibility indices can serve as useful noninvasive
markers for distinguishing the volume status of HD
patients from that of healthy controls and may complement
bioimpedance measures in the clinical assessment of fluid
status in this population.

Limitations of the study

First, IVC ultrasonography is subject to inter-observer
and intra-observer variability, influenced by operator
experience, patient body habitus, intestinal gas, and the
precise anatomical site of measurement. Second, the IVC-
collapsibility index may be confounded by concurrent
cardiac dysfunction, including right ventricular failure,
tricuspid regurgitation, or diastolic dysfunction, which
are prevalent comorbidities in HD patients and may
independently reduce IVC collapsibility regardless of
volume status. Third, the study did not assess longitudinal
changes in IVC parameters before and after HD sessions,
which would have provided additional evidence for the
responsiveness of these indices to acute volume change.
Finally, although both groups were age- and sex-matched,
other potential confounders such as comorbidities,
medications, residual renal function, and precise fluid
intake were not fully controlled, which may have
influenced hydration-related measurements.

Acknowledgments

The authors gratefully acknowledge the staff of the HD unit and
the ultrasound department at Qazvin Velayat Hospital for their
invaluable support in patient recruitment and data collection
throughout the study period. Appreciation is also extended to
Qazvin University of Medical Sciences for providing institutional
support and facilitating the conduct of this research.

Authors’ contribution

Conceptualization: Sepideh Hajian and Mohammad Taghipour.
Data curation: Sepideh Hajian and Pourya Fathollahzadeh.
Formal analysis: Majid Hajikarimi and Arian Ghannadi Karimi.
Investigation: Arian Ghannadi Karimi Mohammad Taghipour and
Sadaf Rahgodaz.

Methodology: Majid Hajikarimi and Sadaf Rahgodaz.

Project management: Mohammad Taghipour.

Resources: All authors.

Supervision: All authors.

Validation: Niki Sadat Mosallaei and Arian Ghannadi Karimi.
Writing—original draft: All authors.

Writing-review and editing: All authors.

Conflicts of interest
The authors declare no conflict of interest.

Data availability statement

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

Declaration of generative artificial intelligence (Al) and Al-assisted
technologies in the writing process

While preparing this work, the authors utilized Al (Perplexity
and Grammarly) to refine grammar points and language style.
Subsequently, they thoroughly reviewed and edited the content as
necessary, assuming full responsibility for the publication’s content.

Ethical issues

The study was conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained from all
participants or their legally authorized representatives. The study
was carried out at Velayat Hospital in Qazvin and was approved
by the Ethics Committee of Qazvin University of Medical Sciences,
Iran (ethical code: IRRQUMS.REC.1403.335; https:/ethics.research.
ac.ir/form/yqqodusnrcmkdhng.pdf), registered on November 27,
2024. Besides, the authors have ultimately observed ethical issues
(including plagiarism, data fabrication, and double publication).

Funding/Support
This study was supported by the Qazvin University of Medical
Sciences, Qazvin, Iran (Grant #403000247).

References

1. Walker RC, Howard K, Morton RL. Home hemodialysis: a
comprehensive review of patient-centered and economic
considerations. Clinicoecon Outcomes Res. 2017;9:149-61.
doi:  10.2147/ceor.569340.

2. Huang M, Lv A, Wang J, Xu N, Ma G, Zhai Z, et al. Exercise
Training and Outcomes in Hemodialysis Patients: Systematic
Review and Meta-Analysis. Am J Nephrol. 2019;50:240-54.
doi: 10.1159/000502447.

3. Thurlow JS, Joshi M, Yan G, Norris KC, Agodoa LY, Yuan CM,
et al. Global Epidemiology of End-Stage Kidney Disease and
Disparities in Kidney Replacement Therapy. Am | Nephrol.
2021;52:98-107. doi: 10.1159/000514550.

4. Zhang Z, Wang Y. Management of Cardiovascular Diseases
in Chronic Hemodialysis Patients. Rev Cardiovasc Med.
2023;24:185. doi:  10.31083/j.rcm2407185.

5. Cozzolino M, Mangano M, Stucchi A, Ciceri P, Conte F,
Galassi A. Cardiovascular disease in dialysis patients. Nephrol
Dial Transplant. 2018;33:iii28-iii34. doi: 10.1093/ndt/gfy174.

6. Wojtaszek E, Oldakowska-Jedynak U, Kwiatkowska M,
Glogowski T, Malyszko J. Uremic Toxins, Oxidative Stress,
Atherosclerosis in Chronic Kidney Disease, and Kidney
Transplantation. Oxid Med Cell Longev. 2021;2021:6651367.
doi:  10.1155/2021/6651367.

7. Loutradis C, Sarafidis PA, Ferro CJ, Zoccali C. Volume overload
in hemodialysis: diagnosis, cardiovascular consequences, and
management. Nephrol Dial Transplant. 2021;36:2182-93.
doi: 10.1093/ndt/gfaa182.

8. Di Nicolo P, Tavazzi G, Nannoni L, Corradi F. Inferior vena
cava ultrasonography for volume status evaluation: an
intriguing promise never fulfilled. J Clin Med. 2023;12:2217.
doi:  10.3390/jcm12062217.

9. AndoY, Yanagiba S, AsanoY. The inferior vena cava diameter as
a marker of dry weight in chronic hemodialyzed patients. Artif
Organs. 1995;19:1237-42. doi: 10.1111/j.1525-1594.1995.
th02292 .x.

10. Mandelbaum A, Ritz E. Vena cava diameter measurement for
estimation of dry weight in haemodialysis patients. Nephrol
Dial Transplant. 1996;11 Suppl 2:24-7. doi: 10.1093/ndt/11.
supp2.24.

11. Dodhy AA. Inferior Vena Cava Collapsibility Index and
Central Venous Pressure for Fluid Assessment in the Critically
Il Patient. J Coll Physicians Surg Pak. 2021;31:1273-7. doi:
10.29271/jcpsp.2021.11.1273.

12. Millington §J, Koenig S. Ultrasound Assessment of the Inferior
Vena Cava for Fluid Responsiveness: Making the Case for
Skepticism. J Intensive Care Med. 2021;36:1223-7. doi:
10.1177/08850666211024176.

13. Torterie X, Dehoux L, Macher MA, Niel O, Kwon T,
Deschénes G, et al. Fluid status evaluation by inferior vena
cava diameter and bioimpedance spectroscopy in pediatric
chronic hemodialysis. BMC Nephrol. 2017;18:373. doi:

6 Journal of Renal Injury Prevention, Volume 15, Issue 4, December 2026

https://journalrip.com


https://journalrip.com
https://www.perplexity.ai/
https://grammarly.com/
https://ethics.research.ac.ir/form/yqqodusnrcmkdhnq.pdf
https://ethics.research.ac.ir/form/yqqodusnrcmkdhnq.pdf

10.1186/512882-017-0793-1.

Fadel Fl, Salah DM, Mawla MAA, Galal E, Sayed S. Assessment
of volume status of pediatric hemodialysis patients. Pediatr
Nephrol.  2024;39:3057-66. doi:  10.1007/s00467-024-
06409-2.

Brennan JM, Ronan A, Goonewardena S, Blair JE, Hammes
M, Shah D, et al. Handcarried ultrasound measurement of
the inferior vena cava for assessment of intravascular volume
status in the outpatient hemodialysis clinic. Clin ] Am Soc
Nephrol. 2006;1:749-53. doi: 10.2215/cjn.00310106.
Cheriex EC, Leunissen KM, Janssen JH, Mooy JM, van Hooff JP.
Echography of the inferior vena cava is a simple and reliable
tool for estimation of ‘dry weight’ in haemodialysis patients.
Nephrol Dial Transplant. 1989;4:563-8.

Katzarski KS, Nisell J, Randmaa I, Danielsson A, Freyschuss U,
Bergstrom J. A critical evaluation of ultrasound measurement
of inferior vena cava diameter in assessing dry weight in
normotensive and hypertensive hemodialysis patients.
Am ] Kidney Dis. 1997;30:459-65. doi: 10.1016/s0272-
6386(97)90302-4.

Kaptein MJ, Kaptein EM. Inferior Vena Cava Collapsibility
Index: Clinical Validation and Application for Assessment
of Relative Intravascular Volume. Adv Chronic Kidney Dis.
2021;28:218-26. doi:  10.1053/j.ackd.2021.02.003.
Lang RM, Badano LP, Mor-AviV, Afilalo J, Armstrong A, Ernande
L, et al. Recommendations for cardiac chamber quantification
by echocardiography in adults: an update from the American
Society of Echocardiography and the European Association of
Cardiovascular Imaging. ] Am Soc Echocardiogr. 2015;28:1-
39.e14. doi: 10.1016/j.ech0.2014.10.003.

20.

21.

22.

23.

24.

25.

26.

Volume status in hemodialysis

Al-Saray MZ, Ali A. Lung Ultrasound and Caval Indices to
Assess Volume Status in Maintenance Hemodialysis Patients.
Pocus j. 2023;8:52-9. doi: 10.24908/pocus.v8i1.15802.
Kaptein MJ, Kaptein JS, Oo Z, Kaptein EM. Relationship of
inferior vena cava collapsibility to ultrafiltration volume
achieved in critically ill hemodialysis patients. Int ] Nephrol
Renovasc Dis. 2018;11:195-209. doi: 10.2147/ijnrd.
S165744.

Canaud B, Chazot C, Koomans J, Collins A. Fluid and
hemodynamic management in hemodialysis patients:
challenges and opportunities. ] Bras Nefrol. 2019;41:550-9.
doi: 10.1590/2175-8239-jbn-2019-0135.

Wau CK, Yar N, Kao ZK, Chuang MT, Chang TH. High inferior
vena cava diameter with high left ventricular end systolic
diameter as a risk factor for major adverse cardiovascular
events, cardiovascular and overall mortality among chronic
hemodialysis patients. J Clin Med. 2022;11:5485. doi:
10.3390/jcm11185485.

Zheng D, LiuY, LiY, Jin ], He Q, Shen X. Lung Ultrasound and
Bioelectrical Impedance Analysis for Fluid Status Assessing
Patients Undergoing Maintenance Hemodialysis. Int J Clin
Pract. 2024;2024:1232211. doi: 10.1155/2024/1232211.
Patel S, Ashokkumar S, Green A. Modern tools for optimizing
fluid management in dialysis patients: a comprehensive
review. BMC Nephrol. 2024;25:464. doi: 10.1186/s12882-
024-03856-9.

Kusaba T, Yamaguchi K, Oda H. Echography of the inferior vena
cava for estimating fluid removal from patients undergoing
hemodialysis. Nihon Jinzo Gakkai Shi. 1996;38:119-23.

Copyright © 2026 The Author(s); Published by Nickan Research Institute. This is an open-access article distributed under the terms of the Creative

Commons Attribution License (https:/creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://journalrip.com

Journal of Renal Injury Prevention, Volume 15, Issue 4, December 2026 7


https://journalrip.com
https://creativecommons.org/licenses/by/4.0/

