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Abstract 
Background: Adequate assessment of fluid status is an imperative objective in the management of 

HD patients. An accurate assessment of dry weight is challenging. Objective: The aim was to assess 

applicability of clinical using integrated lung and IVCCI ultrasonography to assess dry weight and the 

adequacy of fluid removal in hemodialysis children. Patient and method: 60 patients classified into 

Group I who their dry weight adjusted by using integrated lung U/S and IVCCI. Group I (a) same 

group when dry weight adjusted by using clinical judgment. Result: Results revealed improvement in 

clinical scores (orthostatic giddiness and breathlessness scores), blood pressure measurements and 

BNP serum levels when dry weight adjusted by integrated lung–IVC USG than when was adjusted by 

clinical judgment. Conclusion: Adequacy of volume removal after a HD session can be assessed 

counting the number of residual B-lines on LUS and measuring IVCCI and integrated lung–IVCCI 

USG could be a valuable method for monitoring dry weight in pediatric dialysis patients 
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Introduction 
Dry weight is a crucial and often challenging 

component of hemodialysis (HD) to prevent 

volume overload or depletion. Both hypovo-

lemia and hypervolemia can have adverse 

effects on quality of life and can lead to long-

term cardiovascular complications.
(1) 

 

Volume overload is a very important prognostic 

factor, associated with impaired oxygenation
(2)

, 

end-organ damage
(3)

, prolonged hospital stay 
(4)

, 

morbidity
(3)

, and mortality
(5)

, perhaps being one 

of the most insidious and common risk factor 

for mortality
(6,7) 

 

Many methods exist to complete the clinical 

evaluation of the hydration status: cardio-

thoracic index based on chest X-ray evaluation, 

Inferior Vena Cava (IVC) diameter evaluated 

by ultrasound, biomarkers like Brain Natriuretic 

Peptide, Bioimpedance Spectroscopy (BIS), 

plasmatic volume variation monitoring 
(8)

and 

recently lung ultrasound
(9)

. Measurement of 

IVC diameter by echocardiography is a rapid, 

non-invasive and relatively easy-to-use method 

to estimate the central venous pressure (CVP). 
(10) 

 

Patient and method:  
This was a single center, open label intervene-

tional study among CKD patients on 

maintenance HD; from single dialysis unit of a 

tertiary care teaching hospital (Minia university 

hospital) in the period from 1
st
 September 2021 

to 30
th
 October 2022. 

 

All patients provided informed written consent. 

Patients aged between 6 and 18 years who were 

on thrice weekly maintenance HD for at least 6 

months were enrolled for the study.  

Patients with any one or more of the following 

were excluded: 
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 Moderate or severe left ventricular dysfunction. 

 Right heart failure. 

 Chronic respiratory disease. 

 Hemoglobin less than 7 g/dL. 

 Cardiac arrhythmia. 

 Non ambulant 

 

All hemodialysed patients were subjected to 

the following:  
A) Personal history 

B) Special history on the renal disease 

C) History of cardiac symptoms 

D) History of dialysis settings 

E) Clinical parameters including weight, height 

and body mass index, Patient’s clinical fluid 

status was assessed using physical signs 

including skin turgor, mucous membrane 

appearance, jugular venous pressure and edema. 

Blood pressure was measured consistent with 

international guidance.  

 Clinical criteria for underhydration 

including systemic hypotension (blood 

pressure < 5th percentile), symptoms 

of muscle cramps or dizziness, signs of 

cool peripheries, tachycardia, sunken 

eyes and reduced skin turgor or dry 

mucous membranes.  

 Clinical criteria for fluid overload 

included interdialytic weight gain, 

edema, increased jugular venous 

pressure, crackles on chest auscul-

tation, low oxygen saturations, 

presence of a third or fourth heart 

sound and hypertension (blood 

pressure > 95
th
 percentile).  

 

Dry weight estimation of the enrolled patients 

was first done clinically (trial and error method) 

by nephrologists of the study center who were 

not participating in this study. The ultrafil-

tration volume for the subsequent 12 sessions of 

HD was decided based on this dry weight. 

Symptoms related to volume depletion 

(orthostatic giddiness) in the 24 hours following 

HD and symptoms related to volume overload 

(breathlessness) in the 24 hours following HD 

and the day prior to the next HD were 

documented during these 12 sessions.  

 

Orthostatic giddiness and breathlessness were 

assessed and scored according to severity using 

a predesigned questionnaire. Modes for these 

three sets of scores for each patient were 

calculated. If two scores occurred at the same 

frequency, the higher score was taken as the 

mode. Symptoms during the 24 hours following 

HD were assessed through telephonic interview 

with the patient and symptoms on the pre-HD 

day were assessed when the patient came for 

the next session of HD. Peripheral BP was 

measured by auscultation both systolic and 

diastolic values are calculated and plotted to 

pediatric blood pressure percentiles. Inter-

dialytic weight gains during this period were 

recorded and mean interdialytic weight gain for 

each patient was calculated. After these 12 

sessions of HD, dry weight was redefined using 

integrated lung–IVC USG. USG was done by 

the principal investigator who received prior 

training. Integrated lung–IVC USG was done 

immediately before and 15 minutes after the 

HD session. New dry weight in this study was 

defined as the weight of the patient at which the 

total number of B-lines were <4 in the eight site 

LUS and IVCCI was between 50%–75% on the 

integrated lung–IVC USG done15 minutes post 

dialysis. Dry weights of enrolled patients were 

adjusted to attain the ultrasound based criteria 

for dry weight.  

 

After fixing the new dry weight, the scores for 

orthostatic giddiness and breathlessness were 

again documented for 12 sessions. The changes 

in dry weight, symptom scores were docu-

mented. Peripheral BP was measured by 

auscultation both systolic and diastolic values 

are calculated and plotted to pediatric blood 

pressure percentiles.  Interdialytic weight gains 

during this period were recorded and mean 

interdialytic weight gain for each patient was 

calculated. 

Groups of the study:  

Group I: who their dry weight adjusted by using 

integrated lung U/S and IVCCI.  

Group I (a): same group when dry weight 

adjusted by using clinical judgment. 

 

Results 
Results revealed improvement in clinical scores 

(orthostatic giddiness and breathlessness 

scores), blood pressure measurements and BNP 

serum levels when dry weight adjusted by 

integrated lung–IVC USG than when was 

adjusted by clinical judgment. Where there 

was significant improvement in breathlessness 

score (post) in group I than in group I (a) 

p<0.001, Where in group I there were 66.7% of 

patients have NYHA score I, 33.3% have 
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NYHA score II and 0% have NYHA score III 

and IV Versus 13.3% of patients have NYHA 

score I, 73.3% have NYHA score II, 13.3% of 

patients have NYHA score III and 0% have 

NYHA score IV in group I (a) Also there is 

significant improvement in breathlessness score 

(pre) in group I than in group I (a) p<0.001. 

Where in group I there were 10% of patients 

have NYHA score I, 46.7% have NYHA score 

II ,43.3% have NYHA score III and 0% have 

NYHA score IV Versus 0% of patients have 

NYHA score I, 10% have NYHA score II, 

46.7% of patients have NYHA score III and 

43.3% have NYHA score IV in group I(a) 

 

Table (1): Patients’ baseline characteristics: 

 

  
Descriptive statistics 

(N=60) 

Age (year) 
Range 

Mean ± SD 

(6-17) 

11.1±3.4 

Sex  
Male 

Female 

39(65%) 

21(35%) 

CKD etiology 

Chronic GN 

Obstructive uropathy 

FSGN 

Congenital anomalies 

28(46.7%) 

16(26.7%) 

10(16.7%) 

6(10%) 

Hemodialysis access 
AV fistula 

CVC 

53(88.3%) 

7(11.7%) 

Dialysis vintage (months) 
Range 

Mean ± SD 

(18-48) 

25.8±7.4 

Mean interdialytic weight gain (IDWG) Range 

Mean ± SD 

(0.4-2.2) 

1.4±0.5 

HB gm./dl 
Range 

Mean ± SD 

(8-12) 

9.8±1 

Pre-dialysis mean SBP 

Normal 

Pre HTN 

Stage I HTN 

Stage II HTN 

6(10%) 

20(33.3%) 

34(56.7%) 

0(0%) 

Pre-dialysis mean DBP 

Normal 

Pre HTN 

Stage I HTN 

Stage II HTN 

13(21.7%) 

22(36.7%) 

25(41.7%) 

0(0%) 

 

Table (1) showing patient's demographic characteristics (Age, Sex, CKD etiology, Hemodialysis 

vascular access, Dialysis vintage in months, IDWG, HB and Blood pressure)  60 patients  on 

maintenance hemodialysis 39 male 21 female. 

 

Table (2): B lines and IVCCI data pre and post dialysis in group I: 

 

 
Pre HD Post HD 

P value 
N=30 N=30 

B lines numbers 
Range 

Mean ± SD 

(7-19) 

12.1±2.8 

(2-8) 

4.7±1.6 
<0.001* 

IVCCI 
Range 

Mean ± SD 

(0.1-0.3) 

0.2±0.1 

(0.4-0.7) 

0.5±0.1 
<0.001* 

 

Table (2) showing number of B lines and IVCCI pre and 30min. after the 12
th
 session HD based on 

dry weight estimated by clinical judgment where there was significant decrease in B line after dialysis 

(p<0.001) and significant increase in IVCCI after dialysis(p<0.001).  
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Table (3): orthostatic giddiness scores in the 24 h following HD between group I and group I (a): 

 

  
Group I(a) 

N=30 

Group I 

N=30 
P value 

orthostatic 

giddiness 

0 

I 

II 

III 

IIII 

17(56.7%) 

0(0%) 

10(33.3%) 

3(10%) 

0(0%) 

27(90%) 

1(3.3%) 

2(6.7%) 

0(0%) 

0(0%) 

0.002* 

Table (3) Shows that there is significant improvement in orthostatic giddiness scores in group I than 

in group I (a) p=0.002. 

 

Table (4): Mean Blood pressure percentile values and mean interdialytic weight gain between 

group I and group I (a): 

 

  
Group I(a) 

N=30 

Group I 

N=30 
P value 

Pre-dialysis mean SBP 

Normal 

Pre HTN 

Stage I HTN 

Stage II HTN 

6(20%) 

8(26.7%) 

16(53.3%) 

0(0%) 

16(53.3%) 

14(46.7%) 

0(0%) 

0(0%) 

<0.001* 

Pre-dialysis mean DBP 

Normal 

Pre HTN 

Stage I HTN 

Stage II HTN 

7(23.3%) 

11(36.7%) 

12(40%) 

0(0%) 

25(83.3%) 

5(16.7%) 

0(0%) 

0(0%) 

<0.001* 

Mean interdialytic 

 weight gain 

Range 

Mean ± SD 

(0.5-2) 

1.2±0.4 

(1.1-2.9) 

1.9±0.4 
<0.001* 

Table (4) Shows that there is significant increase in mean IDWG in group I than in group I (a) 

p<0.001. Also shows reduction in blood pressure both systolic and diastolic in group I than in group I 

(a) p<0.001. 

 

Figure (1): NYHA clinical score for breathlessness in the 24 h following HD (post) and the day 

prior to next HD (pre) between group I and group I (a): 

 

 
Figure (1) 
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Group I who their dry weight adjusted by using integrated lung U/S and IVCCI. Group I (a) same 

group when dry weight adjusted by using clinical judgment. 

Shows that there is significant improvement in breathlessness score (post) in group I than in group I 

(a) p<0.001, Where in group I there were 66.7% of patients have NYHA score I, 33.3% have NYHA 

score II and 0% have NYHA score III and IV Versus 13.3% of patients have NYHA score I, 73.3% 

have NYHA score II, 13.3% of patients have NYHA score III and 0% have NYHA score IV in group 

I (a) 

Also there is significant improvement in breathlessness score (pre) in group I than in group I (a) 

p<0.001. Where in group I there were 10% of patients have NYHA score I, 46.7% have NYHA score 

II ,43.3% have NYHA score III and 0% have NYHA score IV Versus 0% of patients have NYHA 

score I, 10% have NYHA score II, 46.7% of patients have NYHA score III and 43.3% have NYHA 

score IV in group I(a) 

 

 

Discussion 
In this study we aim to evaluate for the use of 

integrated lung–IVC USG as a method for dry 

weight assessment. 

 

In our study we have demonstrated that the 

adequacy of volume removal during an HD 

session can be assessed by counting the number 

of residual B-lines on lung USG and measuring 

IVCCI, where there was significant reduction in 

number of B lines post dialysis in group I from 

12.1±2.8 to 4.7±1.6 with p value <0.001, and 

this was in concordance with previous studies 

such as Arun Thomas et al.,
(11)

  who stated that 

adequacy of volume removal after a HD session 

can be assessed by counting the number of 

residual B-lines on LUS and in his study the 

number of B-lines before and 30 min after 

hemodialysis based on clinically defined dry 

weight was reduced from 12.7 ± 9.7 to 4.8 ± 

6.6. 

And Torino C et al.,
(12)

 who stated that counting 

B-lines on lung USG is superior to chest 

auscultation for detecting pulmonary edema 

 

Also, Allinovi M et al.,
(13)

 was compatible with 

our study and stated that Lung ultrasound is a 

practical and sensitive method of quantifying 

subclinical fluid overload in infants and 

children on dialysis and nearly same results are 

published in the Egyptian Journal of Hospital 

Medicine in October (2021) by Youssef D, et 

al.,
(14)  

 

 

Regarding IVCCI measurement: 

Central venous pressure (CVP) has a positive 

correlation with IVC size and negative 

correlation with IVC collapsibility index. 
(15)

 

 

IVCCI can be a better indicator than IVC 

diameter, as it is a dynamic parameter which 

takes the variation of diameter over the 

respiratory cycle into account. 
(16)

. In our study 

we found that there was significant increase in 

IVCCI post dialysis in group I from 0.2±0.1 pre 

dialysis to 0.5±0.1 with p value <0.001, these 

results similar to Arun Thomas et al., 
(11) 

 who 

reported an increase in IVCCI from 0.23 ± 0.09 

to 0.53±0.16 with P value < 0.001. 

 

Also Abd-Rabo DAH et al., 
(17)

 reported in his 

study significant decrease in IVC diameter post 

dialysis versus pre dialysis. Haciomeroglu P et 

al., 
(18)

 found an improvement in IVC 

collapsibility index following ultrafiltration in 

16 children who were on peritoneal dialysis 

(PD) and nine on HD. And Youssef D, et al., 
(14)

 

concludes that IVC measurement is reliable to 

assess intravascular fluid overload in children 

on HD .Unlike Torterüe et al., 
(19)

 reported that 

pre dialysis assessment of IVC diameter is not 

enough to evaluate volume status but can 

predict high blood pressure which is volume-

dependent in children on regular HD, and other 

techniques are needed. 

 

Conclusion: 

Adequacy of volume removal after a HD 

session can be assessed counting the number of 

residual B-lines on LUS and measuring IVCCI 

and integrated lung–IVCCI USG could be a 

valuable method for monitoring dry weight in 

pediatric dialysis patients. 
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