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I n t r o d u c t i o n  
Thorough evaluation of fluid status is essential in the 

care of hemodialysis (HD) patients. Managing fluid 

overload is a pivotal step in optimizing patient 

outcomes, as it helps prevent chronic volume 

overload, hypertension, and cardiomyopathy while 

minimizing related symptoms.1,2 In pediatric cases, 

the determination of dry weight is particularly 

challenging due to the dynamic influences of 

growth, development, and fluctuations in appetite.3 

The presence of significant volume overload 

emerges as a crucial prognostic factor associated 

with compromised oxygenation, harm to vital 

organs, prolonged hospital stays, heightened 

morbidity, and increased mortality.4 It can be 

Objective: To assess dry weight and effectiveness of fluid removal in patients with end-stage renal disease by 
ultrasonography 
Methodology: A cross-sectional study was carried out in the Pediatric Hemodialysis unit at The Children's Hospital 
Lahore, over 6 months from July to December 2022. The study included 30 children aged 5-16 years undergoing 
maintenance hemodialysis and exhibiting signs of overload. Ultrasound was performed for B-lines and IVC diameter 
before and after dialysis. Dialysis prescriptions were modified and patients were monitored through sequential scans. 
Data was analyzed using SPSS version 20. 
Results: A total of 30 patients were enrolled with 53.3% being males. The average pre-dialysis weight was 25.39 kg, 
systolic blood pressure was 150.67 mmHg and diastolic blood pressure was 92.6 mmHg. Pre-dialysis pleural and 
pericardial effusions were observed in 86.7%   patients, while B-lines were present in 63.3%. Majority of children 
(83%) were on twice-weekly dialysis and remaining were prescribed thrice weekly dialysis. A significant reduction in 
weight, blood pressure, pleural and pericardial effusion, B-lines, and IVC diameter was found after dialysis. Dialysis 
prescription was adjusted following the first session, with 80% subjects receiving thrice-weekly sessions, 16.7% daily, 
and 3.3% twice-weekly dialysis.  
Conclusion: Monitoring the appropriate fluid removal and adjustments to the dialysis prescription in hemodialysis 
patients can be accomplished using ultrasonography. 
Keywords:  B-lines, Dialysis frequency, Dry weight, IVC, Ultrasound  
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considered one of the most subtle and widespread 

risk factors contributing to mortality. Dry weight 

refers to the lowest post-dialysis weight that can be 

tolerated with minimal signs and symptoms of 

hypotension.5Achieving and maintaining dry weight 

is a primary treatment objective for individuals with 

end-stage renal disease (ESRD). Several approaches 

are available for clinical assessment of hydration 

status in ESRD patients on hemodialysis and 

ultrasonography is one of the non-invasive 

modalities for such evaluation.6 Body weight reflects 

the overall body volume, and short-term weight 

changes are primarily linked to fluctuations in fluid 

volume. B-lines demonstrate a strong correlation 

with extra-vascular lung water, a crucial component 

of fluid volume. These are described as hyperechoic 

vertical linear artifacts originating from the pleural 

line and moving along with lung sliding.7 Recently 

there has been an increasing interest in the use of 

lung ultrasonography to assess dry weight in 

children undergoing maintenance hemodialysis. 

It is essential to distinguish increase in dry weight 

from volume overload, and lung ultrasonography in 

pediatric dialysis patients proves to be a valuable 

tool for this purpose. This method is safe and 

enables the detection of extra-vascular lung water 

and the assessment of volume status in dialysis 

patients by quantifying the B-lines score. Numerous 

studies have identified an   association between B-

line scores and weight gain during the dialysis 

phase.8 The reduction in the number of B-lines 

before and after a hemodialysis session is directly 

associated with inter- dialytic weight changes. 

Measurement of inferior vena cava (IVC) diameter 

provides an estimate of intravascular volume. 

Ultrasonography offers a swift, non-invasive, and 

relatively user-friendly approach to measure the 

IVC. In adults, an IVC diameter of more than 2 cm 

and IVC collapsibility index less than 50% is 

consistent with volume overload.9However, there is 

a limited number of pediatric studies evaluating the 

application of this technique in children undergoing 

hemodialysis. Due to scarce information in existing  

literature, we intend to investigate the potential 

utility of lung and inferior vena cava ultrasound in 

determining the optimal dry weight for children 

undergoing maintenance hemodialysis and hence 

adjusting the dialysis prescription.  
 

M e t h o d o l o g y  
This cross-sectional study was carried out at the 

Pediatric Hemodialysis unit of The Children's 

Hospital Lahore. The sample size comprised of 30 

cases, selected through non-probability convenient 

sampling. The study included children aged 5-16 

years undergoing maintenance hemodialysis and 

exhibiting signs of volume overload and 

hypertension. Exclusions were made for subjects 

with acute/chronic lung diseases, heart conditions, 

and active severe infections as B-lines may represent 

the underlying pathology rather than fluid overload. 

Informed consent and demographic details were 

obtained, and weekly dialysis prescription was 

recorded. To minimize inter-observer variation, a 

single radiologist conducted ultrasound scans 

immediately before and after each dialysis session. 

Pre- and post-dialysis measurements of blood 

pressure, weight, and assessment of pleural and 

pericardial effusion, B-line score, and IVC diameter 

were made in all the patients. B-lines were defined 

as hyper-echoic lines seen perpendicular to the 

probe surface and originating at the pleural line. The 

total number of B-lines per field were recorded. 

Calculations of fluid removed in mL/kg were made 

using pre-dialysis weights and dialysis prescription 

was adjusted according to the results. Subjects 

experiencing volume overload were regularly 

monitored during dialysis sessions using serial 

ultrasound imaging to assess IVC diameter and the 

disappearance of B-lines. Treatment sessions were 

halted in advance in case of intolerable symptoms 

like hypotension or headache. The data was 

analyzed using SPSS version 20. Age, blood pressure, 

dry weight and IVC diameter were presented in the 

form of mean ± standard deviation (SD) while other 
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variables like gender, B-Lines, pleural, and 

pericardial effusion were presented as frequencies 

and percentages. Tests of normality (Kolmogorov-

Smirnov, Shapiro-Wilk) and paired sample test were 

applied for analysis and p-value of <0.05 was 

considered to be statistically significant. 

 

R e s u l t s  
A comprehensive overview of the demographic 

characteristics and baseline clinical markers of the 

study population are shown in Table 1. The majority 

of individuals belonged to the 11-15 years age 

group, and the gender distribution was relatively 

even among males and females. The underlying 

etiology of chronic kidney disease is presented in 

Figure 1.  

 

 
Figure 1. Etiology of Chronic Kidney Disease 

The average weight of the patients, pre-dialysis 

systolic (SBP) and diastolic (DBP) blood pressure 

measurements and the mean inferior vena cava 

diameter were recorded. Regarding hemodialysis 

prescription, most of the children underwent twice 

weekly dialysis, while the rest received three 

sessions per week. A significant proportion of 

subjects exhibited pre-dialysis pleural and 

pericardial effusions as well as B-lines on ultrasound. 

The comparison of clinical characteristics measured 

before and after dialysis sessions is shown in Table 

II. The mean pre-dialysis weight was followed by a 

significant decrease after the first and subsequent 

treatment sessions. The blood pressure 

measurements showed a notable reduction in mean 

SBP and DBP.  

 

Table I:  Demographic Information and Base Line 
Characteristics 

Variables  n (%) or mean ± 
SD 

Age (years) 

  Plea5-10 9(30%) 

11-15 21(70%) 

 Gender  

Male 16(53.3%) 

Female 14(46.7%) 

Clinical Markers 

Weight   25.39±3.79 

Pre dialysis SBP 150.67±16.06 

Pre dialysis DBP 92.6±9.9 

Pre dialysis IVC diameter  11.68±1.49 

Hemodialysis frequency / week (HDF) 

Twice 24(80%) 

Thrice 6(20) 

Pre dialysis pleural effusion (PE) 

No 4(13.3%) 

Yes 26 (86.7) 

Pre dialysis pericardial effusion (PCE) 

No 4(13.3%) 

Yes 26(86.7%) 

Pre dialysis B lines  

No 11(36.7%) 

Yes 19(63.3%) 

 

 
Figure 2 Prescription of Hemodialysis Frequency 

The mean pre-dialysis IVC diameter significantly 

decreased after the first dialysis session while 

fluctuations were recorded in subsequent sessions. 

The ultrasonographic evidence of pleural / 

pericardial effusions and B lines also diminished 

following repeated treatment sessions. The 

prescription of hemodialysis frequency (HDF) was 
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changed according to the measurements in IVC 

diameter, pleural / pericardial effusions and B lines.  

 

Table 2 - Comparison of Clinical Characteristics Before and 
After Dialysis Sessions 

Variab
le  

Before 
Dialysis 
Mean ± 
SD 
  

Dialysis-
01 
Mean ± 
SD 
  

Dialysis-
02 
Mean ± 
SD 
  

Dialysis-
03 
Mean ± 
SD 
  

Weigh
t (kg) 

25.39±3.7
9a 

23.96±3.7
3be 

25.11±3.6
7c 

23.83±3.6
1de 

Blood pressure (mmHg) 
 

SBP 150.67±1
6.06b 

135.37±1
1.47a 

143.73±1
6.65b 

143.73±1
6.65b 

DBP 92.6±9.9b 83.33±16.
21a 

88.47±9.9
7ab 

86.67±9.9
4ab 

IVC 
diame
ter 
(mm)  

11.68±1.4
9b 

8.26±1.23
a 

11.39±1.3
5b 

9.0±1.73ca 

HDF 

Daily 0(0%)a 5(16.7%)a  3(10%)b 

Twice 24(80%)a 1(3.3%)a  9(30%)b 

Thrice 6(20%)a 24(80.%)a  18(60%)b 

Pleural Effusion  

No 4(13.3%)a 4(13.3%)a 10(33.3%)
b 

16(53.3%)
c 

Yes 26 
(86.7%)a 

26(86.7%)
a 

20(66.7%)
b 

14(46.7%)
c 

Pericardial Effusion  

No 4(13.3%)a 11(36.7%)
a 

22(73.3%)
b 

29(96.7%)
c 

Yes 26(86.7%)
a 

19(63.3%)

a 
8(26.7%)b 1(3.3%)c 

B lines   

No 11(36.7%)
a 

11(36.7%)
a 

20(66.7%)
b 

27(90%)c 

Yes 19(63.3%)
a 

19(63.3%)
a 

10(33.3%)
b 

3(10.0%)c 

SBP: systolic blood pressure; DBP: diastolic blood pressure; 
IVC: inferior vena cava; HDF: Hemodialysis frequency 
 

 

Previously, about 80% of patients underwent twice 

weekly dialysis and 20% were advised three sessions 

per week. The dialysis prescription was adjusted to 

daily sessions in 16.7% children, 3.3% received 

treatment twice a week, and 80% underwent dialysis 

thrice a week (Figure 2). These findings illustrate the 

dynamic changes in clinical characteristics 

throughout the dialysis sessions, highlighting the 

impact of the treatment on various health 

parameters.   

 

Table 3 Patients with Persistent Fluid Overload 

Despite Third Dialysis Treatment (n = 6) 

Variables  a (n=3) b (n=3) p-value 

IVC 9±1.73 7.9±0.46 .250 

WT 25.43±2.23 24.4±1.84 .250 

SBP 126.67±5.77 123.33±5.77 .250 

DBP 83.33±5.77 83.33±5.77 1.00 

Pleural effusion (PE) 

No 2(66.7%) 3(100%)  

Yes 1(33.3%)   

Pericardial effusion (PCE) 3(100%)  

No 3(100%)   

Yes    

B lines   

No 3(100%) 3(100%)  

Frequency HDF 

Daily 3(100%) 3(100%)  

 

Table III displays the characteristics of the remaining 

6 patients with persistent fluid overload despite 

repeated three dialysis sessions. They were 

compared as two groups 'a' and 'b'. The key findings 

and corresponding p-values are outlined regarding 

weight, IVC diameter, and blood pressure 

measurements along with radiological presence of 

pleural / pericardial effusion and B lines. Although 

the p-values were not suggestive of statistical 

significance, the HDF in both the groups was 

prescribed as daily hemodialysis.  

 

D i s c u s s i o n  
B-lines exhibit a robust correlation with 

extravascular lung water which is a significant 

component of fluid volume.11 Several studies have 
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identified a connection between B-line scores and 

weight fluctuations during the dialysis 

period.12,13The effectiveness of lung ultrasound in 

detecting changes in weight has been validated in 

pediatric studies.8 Numerous studies have explored 

B-line images.1,10,15,19 A study conducted in Egypt 

reports statistically significant decrease in the 

number of B-lines following dialysis treatment (p-

value < 0.001) 20 which is consistent with findings in 

our study. To prevent biased measurements, we 

excluded patients with heart failure and active lung 

infection. Similarly, research by Torino et al 6 

emphasized the importance of presence of B-lines 

seen on ultrasound in assessing fluid overload, 

highlighting its superiority over chest auscultation. 

Additionally, Allinovi and coworkers concluded that 

lung ultrasound is a more precise method for 

detecting subclinical fluid overload.8 We employed 

lung ultrasound and inferior vena cava (IVC) 

diameter measurements to adjust hemodialysis 

frequency as part of our treatment modification 

strategy. Pre- and post-dialysis sonographic 

measurements of IVC in our patients revealed a 

considerable decrease in diameter comparable to 

the findings with a study conducted in Egyptian 

pediatric population, which also reported a marked 

reduction in the IVC diameter after dialysis 

treatment (p-value < 0.001).20 Moreover, Torterüe 

et al14 observed a notable difference in IVC diameter 

measurements between pre- and post-dialysis 

sessions while evaluating fluid status in individuals 

on maintenance hemodialysis. As IVC diameter 

provides insight into intravascular filling grade and 

may be less influenced by volume changes during 

dialysis, it does have limitations, including 

inadequate visualization.9 Achieving and sustaining 

the appropriate dry weight proves to be quite 

challenging due to the absence of a clinical gold 

standard, but it is essential for ensuring dialysis 

adequacy in children, thereby preventing hypo- and 

hypertension during or after dialysis.15 In our study, 

a notable decrease in body weight of children was 

observed - 25.39 to 23.23 kg pre- and post-dialysis, 

respectively. These findings are similar to the results 

reported by Saadoon et al 2 which showed a 

significant decrease in body weight from 32.27 kg 

before dialysis to 30.58 kg after dialysis along with a 

significant decrease in systolic and diastolic BP 

measurements.  Another new modality to assess the 

volume status in dialysis patients is bioimpedance 

approach. Ahmad et al found the use of 

bioimpedance spectroscopy (BIS) to be more 

sensitive than using the clinical parameters and IVC 

diameter.20 Contrary to this, another study 

concluded that IVC diameter measurement can 

represent intravascular volume measurement and it 

has significant advantage over BIS.18 

 

C o n c l u s i o n  
Lung ultrasound presents a noninvasive, radiation-

free and cost-effective method for evaluating fluid 

volume changes in pediatric dialysis patients, 

particularly through the measurement of inferior 

vena cava diameter and B-lines. This modern 

modality performed at the patients’ bedside enables 

adjustments to dialysis prescriptions based on the 

acquired information. Moreover, sequential lung 

scans can aid in revising dialysis frequencies to attain 

the desired dry weight. 

Limitations: The sample size was small and the 

radiologist was not blinded to the pre- and post-

dialysis ultrasound scans which could have 

introduced a repeated-measures bias. 
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