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ABSTRACT 

Background: Fluid balance is important in hemodialysis patients. ‘‘Dry’’ weight is usually assessed 

clinically, and also biochemical markers is considered reliable. The use of chest ultrasound to assessment of 

volume status received growing attention in clinical research in hemodialysis patients. Ultrasonographic lung 

comets (counting B-lines artifact) evaluate extravascular lung water, while ultrasonography of inferior vena 

cava (IVC) estimates central venous pressure. So, ultrasound is considered as a useful tool to evaluate the 

volume status of hemodialysis patients. 

Objective: To assess the role of chest ultrasound and inferior vena cava diameter in assessment of volume 

status before and after a dialysis session in hemodialysis patients. 

Patients and Methods: This was across-sectional study carried out at Hemodialysis Unit, Al-Hussein 

University Hospital, over a period of one year from September 2019 to September 2020, and conducted on 

50 hemodialysis patients.  Demographic data and clinical information were recorded. Laboratory data 

including CBC, urea, creatinine, calcium, phosphate and albumin were evaluated. Radiological examination 

included ultrasound lung B-lines score and diameter of inferior vena cava (IVC) before and after dialysis 

session. 

Results: The mean lung B-lines score before dialysis was high and decreased significantly after dialysis. 

There was a significant improvement of pulmonary congestion manifested by reduction in number of B lines 

after hemodialysis. There was a significant positive correlation between the mean lung B-lines score and IVC 

diameter both before and after dialysis. There was no significant relation between clinical data of studied 

patients and degree of U/S finding after hemodialysis as regards age, sex, smoking, and associated disorders. 

Conclusions: Chest US is a well‐validated simple and low‐cost technique, and can be easily applied by 

nephrologists at the bedside to assess of volume status before and after a dialysis session and detect 

pulmonary congestion at a pre-clinical stage that is associated with a high death risk, and to justify dry 

weight in hemodialysis patients. 

Key words: volume status, inferior vena cava, lung B-lines score. 

 

 

 

 

 

 

mailto:tabib4islam@gmail.com


 

 

MABROUK M. EL-ATAR et al., 
1146 

INTRODUCTION 

     Chronic kidney disease (CKD) is a 

progressive loss in renal function over a 

period of months or years. All individuals 

with a glomerular filtration rate of less 

than 15/ml/min/1.73 m2 for 3 months are 

classified as having end-stage renal 

disease (ESRD) (Karthikeyan et al., 

2016). 

     The prevalence rates of CKD 

worldwide are high and have increased in 

the last few years to about 13–15%, with 

an increased prevalence of diabetes and 

hypertension (Hill et al., 2016). 

     End-stage renal disease (ESRD) is 

increasing worldwide. Worldwide, the 

prevalence of ESRD differs greatly. In the 

United States, the prevalence was 1811 

pmp (Ghonemy et al., 2016). In Europe, 

the prevalence has increased from 760 

pmp in 2004 to 889 pmp in 2008 (Stel et 

al., 2011). 

     In Egypt, there are no recent data about 

the prevalence of ESRD; however, the last 

statistics was performed in 2004, with a 

prevalence of 483 pmp. (El-Arbagy et al., 

2016) In the El-Minia governorate, one of 

the Upper Egypt governorates, the 

prevalence was 308 pmp (El Minshawy, 

2011). 

     In patients with ESRD on intermittent 

hemodialysis, it is vital to maintain fluid 

status within an optimal range to avoid 

circulatory complications. Dialysis solutes 

removal adequacy is determined by 

measuring the patient’s dry weight 

(Canaud et al., 2019). Dry weight is 

determined by clinical examination and 

usually reflects the lowest post-dialysis 

weight that can be tolerated by the patient 

without developing hypotension, 

intradialytic symptoms, or excess fluid. 

Clinical examination of dry weight does 

not include nutritional status change or 

fat-free body mass, so it is difficult to 

determine whether the patient is hyper- or 

hypo-volumic and may cause an increase 

in morbidity and mortality [Sebastian et 

al., 2016]. However, if a patient’s dry 

weight has not been achieved, the patient 

will experience the complications of 

inadequate dialysis. Physical examination 

is used as the main modality for 

hemodialysis patients because the 

availability of other diagnostic tools is 

limited. Yet, a diagnostic test including 

physical examination and chest ultrasound 

and inferior vena cava diameter to assess 

volume status and detect lung congestion 

in hemodialysis patients is needed 

(Bucharles et al., 2019). 

     The present work aimed to assess the 

role of chest ultrasound and inferior vena 

cava diameter in assessment of volume 

status before and after a dialysis session in 

hemodialysis patients. 

PATIENTS AND METHODS 

     This cross-sectional study included 50 

hemodialysis patients at Nephrology Unit, 

Al Hussein University Hospital, from 

September 2019 to September 2020. 

Written informed consent was obtained 

from every patient for all procedures that 

performed. All procedures followed Al-

Azhar University Ethical Committee 

Regulation. All patients received 3 

hemodialysis sessions weekly, aged 

between 18 and 60 years, duration of 

hemodialysis more than 6 months, using 

arteriovenous fistula. We excluded 

patients with morbid obesity, with an 

acute chest event (infectious episode or a 

hospitalization) within the 3 months 
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preceding the study regardless of the 

cause, with chronic lung diseases e.g. 

pulmonary fibrosis, with low ejection 

fraction <40% by echocardiography, with 

confirmed malignancy. 

All patients in this study were subjected 

to the following: 

1. Personal history including; name, age, 

sex, occupation, residence. 

2. Present history including; cause of 

ESRD, onset, and duration of 

hemodialysis. 

3. Past history of any chronic illness e.g., 

DM, HTN or other depleting diseases. 

4. Routine laboratory investigations 

(CBC, Urea, Creatinine, Albumin, 

Calcium, and Phosphrous) had been 

done once before dialysis. 

5. Ultrasound examination: Measurement 

of lung B-lines and inferior vena cava 

diameter before and after a dialysis 

session. 

Statistical analysis of data were 

tabulated and analyzed using the computer 

program Microsoft Office 2019 (excel) 

and Statistical Package for the Social 

Sciences (SPSS version 23.0) (IBM Corp., 

Chicago, Illinois, USA). Clinical and 

laboratory data were recorded on a report 

form. Descriptive data and descriptive 

statistics were calculated for the data in 

the form of mean and standard deviation 

(Mean ± SD). Differences between 

quantitative independent group by t test. 

P-values less than 0.05 were considered 

significant. 

RESULTS 

 

     As regard description of demographic 

data, the age of the studied patients ranged 

from 20-65 years with mean of 49.2 ± 

10.97 years. The majority of patients 33 

(66%) were males. With reference to 

smoking habit, most of patients 28 (56%) 

were non-smokers. As regard associated 

disorders, 33 (66%) of patients were 

hypertensive and 24 (48%) of patients 

were diabetic (Table 1). 

Table (1): Demographic data of studied patients 

Age (years):  

(Range) Mean ± SD (2-65) 49.2 ± 10.97 

Sex: n (%) 

Male 33 (66) 

Female 17 (34) 

Smoking: n (%) 

Smoker 16 (32) 

Non-smoker 28 (56) 

Ex-smoker 6 (12) 

Hypertension: n (%) 

Hypertensive 33 (66) 

Non-hypertensive 17 (34) 

Diabetes mellitus: n (%) 

Diabetic 24 (48) 

Non- Diabetic 26 (52) 
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     As regard clinical presentation of 

hemodialysis, duration of hemodialysis 

ranged from 1-8 years with mean of 3.76 

± 2.13 years. DM was the most common 

cause of ESRD 23 (46%), followed by 

HTN 17 (34%), then chronic 

glomerulonephritis 10 (20%) (Table 2). 

 

Table (2): Clinical presentation of hemodialysis of studied patients 

Duration on hemodialysis (years):  

(Range) Mean ± SD (1-8) 3.76 ± 2.13 

Causes of ESRD: n (%) 

Diabetes mellitus 23 (46) 

Hypertension 17 (34) 

Chronic glomerulonephritis  10 (20) 

 

     There was no significant correlation between laboratory data and degree of U/S finding 

after hemodialysis (Table 3). 

 

Table (3): Relation between Laboratory data and degree of U/S finding after 

hemodialysis 

Pulmonary 

congestion 

 

Parameters 

Normal Mild Moderate Severe 
p-value 

(Range) Mean ± SD 

Hemoglobin 

(g/dl) 

(5.1-12.5) 

8.63 ± 2.35 

(5.9-14.5) 9.8 

± 2.2 

(5.8-12) 9.7 ± 

1.6 

(10-12) 9.8 ± 

2.2 
0.205 

Albumin 

(g/l) 

(2.8-4.3) 

3.51 ± 0.5 

(2.9-4.2) 3.62 

± 0.4 

(2.9-4.2) 3.64 

± 0.3 

(3-4.2) 3.6 ± 

0.5 
0.901 

Urea 

(mg/dl) 

(55-113) 

88.3 ± 19.7 

(57-122) 92.6 

± 17.2 

(59-122) 95.3 

± 20.6 

(66-115) 

100.3 ± 22.9 
0.725 

Creatinine 

(mg/dl) 

(3.5-8.4) 5.6 

± 1.78 

(2.5-8.9) 5.8 

± 1.89 

(2.9-8.3) 5.8 

± 1.58 

(3.4-8.4) 6.7 

± 2.3 
0.788 

Calcium 

(mg/dl) 

(7.5-11) 

9.18 ± 1.2 

(7.3-12.8) 

9.47 ± 1.6 

(5.6-12.3) 8.8 

± 1.3 

(8.6-9.1) 8.77 

± 0.2 
0.533 

Phosphate 

(mg/dl) 

(2.4-7.2) 

5.04 ± 2.06 

(1.7-10.7) 

5.07 ± 2.2 

(1.7-8.1) 4.55 

± 1.47 

(2.3-6) 4.45 ± 

1.6 
0.817 

 

     Regarding the effect of hemodialysis 

on volume status of patients, there was 

significant improvement of pulmonary 

congestion manifested by reduction in 

number of B lines after hemodialysis. 

Moreover, there was significant reduction 

in IVC diameter after hemodialysis 

(Table 4). 

 

Table (4): Changes in pulmonary congestion and IVC diameter before and after 

hemodialysis. 

Pulmonary 

congestion 

Parameters 

Before hemodialysis After hemodialysis 
p-value 

(Range) Mean ± SD 

Number of B lines (2-45) 22.42 ± 11.47 (0-35) 13.0 ± 8.9 0.001 

IVC diameter (cm) (0.7-3.6) 1.95 ± 0.85 (0.6-2.6) 1.3± 0.54 0.001 
Wilcoxon signed-rank test was used. 
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     Regarding the effect of hemodialysis in 

patient’s weight, there was significant 

improvement of pulmonary congestion 

manifested by reduction in number of B 

lines and IVC diameter in patients which 

matched their dry weight after 

hemodialysis. There was no significant 

change in patient’s weight after 

hemodialysis; however, there was mild 

reduction in patient’s weight after 

hemodialysis (Table 5). 

 

Table (5): Relation between pulmonary congestion and IVC diameter with patient’s 

weight after hemodialysis - Changes in patient’s weight before and after 

hemodialysis 

Patient’s 

weight 

Parameters 

Dry weight Extra weight 

p-value 
(Range) Mean ± SD 

Number of B lines (0-22) 10.32 ± 6.62 (1-35) 17.47 ± 10.49 0.005 

IVC diameter (mm) (0.7-2) 1.18 ± 0.42 (0.6-2.6) 1.5 ± 0.67 0.048 

 Before hemodialysis After hemodialysis  

Patients weight (kg) (56-103) 83.78 ± 11.99 (55-101) 81.54± 11.56 0.348 
Paired t test was used. 

 

DISCUSSION 

     This study was carried out at 

Hemodialysis Unit of Al-Hussein 

University Hospital over a period of one 

year from September 2019 to September 

2020, and conducted on 50 Hemodialysis 

Patients. 

     As regard description of demographic 

data, the age of cases group ranged from 

20-65 years. The majority of patients 

(66%) were males, 56% were non-

smokers, 66% were hypertensive and 48% 

were diabetic. Three main underlying 

cause of ESRD were found to be diabetes 

(46%), followed by hypertension (34%) 

and chronic glomerulonephritis (20%). 

This quietly matches the result of a study 

conducted by Barsoum (2013). 

     The present study showed significant 

high number of B-lines in patient’s pre 

dialysis and reduction in B-lines post 

dialysis with a significant change. These 

data were consistent with Trezzi and his 

Colleagues (2013) who observed a 

statistically significant reduction in the 

total number of B-lines visualized in 28 

lung zones after dialysis. Donadio et al. 

(2015) observed that the number of post-

HD B-lines significantly reduced than the 

number of B-lines pre-HD. 

     The IVC diameter before dialysis in 

our study ranged between 0.7-3.6, while 

the IVC diameter after dialysis for whole 

patients ranged between 0.6-2.6 with a 

significant change. These data were 

consistent with Trezzi and his Colleagues 

(2013) who observed a significant 

reduction of inferior vena cava diameter 

after dialysis. Also, Liang and his 

colleagues (2019) they performed 

ultrasound of the IVC before and after 

dialysis. They concluded that lung 

ultrasound is a useful imaging tool for 

dialysis patients. 

     There was no significant effect of age, 

sex, smoking, duration of hemodialysis, 

history of hypertension and history of 

diabetes on the number of B lines in the 

patients of this study. Also, there was no 
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significant relation between laboratory 

data and degree of U/S finding after 

hemodialysis in the present study. This 

matched the results of a study conducted 

by Koraa et al. (2018). 

     Regarding the effect of hemodialysis in 

patient’s weight, there was significant 

improvement of pulmonary congestion 

manifested by reduction in number of B 

lines in patients which matched their dry 

weight after hemodialysis. Moreover, 

there was significant reduction in IVC 

diameter in patients which matched their 

dry weight after hemodialysis, and this 

matched with the study done by 

Annamalai and his Colleagues (2019) 

who showed B lines statistically 

significant reduction with dialysis. The 

absolute reduction of B lines showed 

significant correlation with ultrafiltration 

volume and weight loss. El-Wakil et al. 

(2020) showed significant positive 

correlation between ultrafiltration volume 

and the absolute change of lung B lines 

score. There was a significant positive 

correlation between the grade of lung B 

lines score and IVC diameter both before 

and after dialysis. 

CONCLUSION 

     Chest US is a well validated simple 

and low cost technique, and can be easily 

applied at the bedside to assess of volume 

status before and after a dialysis session, 

and detect pulmonary congestion at a pre-

clinical stage that is associated with a high 

death risk, and to justify dry weight which 

still a challenge for the nephrologists and 

therefore represents the ultimate goal of 

our study. 
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دور الموجات فوق الصوتية على الصدر وقياس قطر الوريد 

الأجوف السفلي لتقييم حالة حجم السوائل في مرضي 

 الإستصفاء الدموي

مبروك مختارمبروك العطار*، نبيل فتحي إسماعيل حسن**، فريد شوقي بسيوني***، 

 صفوت فراج أحمد*

 جامعة الأزهر ،كلية الطب ،لأمراض الصدرية***ينيكية ** و اأقسام الأمراض الباطنة*، الباثولوجيا الإكل

E-mail: tabib4islam@gmail.com 

يوووووتم تقيووووويم توووووواسو السووووووائل م وووووم فوووووي مرضوووووى  سووووويل ال لوووووى وعووووواد  موووووا  خلفيةةةةةة البحةةةةة :

تعتبوووووووور الوووووووودةةت البيو يميائيووووووووة مو وقووووووووة وتلقووووووووى الوووووووووسو سالجووووووووافس سووووووووريري ا  و وووووووو ل  

ووووووا مت ايوووووود ا فووووووي إسووووووتلداج الموجووووووات فوووووووق الصوووووووتية للصوووووودر لتقيوووووويم حا لووووووة التجووووووم إيتمام 

   مووووووا ت قوووووويلرم موووووو تبات الرئووووووة بحالموجووووووات فوووووووق بحتووووووار السووووووريرية لمرضووووووى  سوووووويل ال لووووووىالأ

رر التصوووووووير بحالموجووووووات فوووووووق ميوووووواة الرئووووووة اووووووار  الأوعيووووووة الدمويووووووةالصوووووووتية    بحينمووووووا ي قوووووودل

لوووووو ل  تعتبوووووور الموجووووووات السووووووفلي الووووووولم الوريوووووودي المر وووووو ي.  الصوووووووتية للوريوووووود الأجوووووووف

 تقييم حالة حجم مرضى  سيل ال لى.صوتية أدا  مفيد  لفوق ال

تقيووووووويم دور الموجوووووووات فووووووووق الصووووووووتية للصووووووودر وقطووووووور الوريووووووود  الهةةةةةةةدب مةةةةةةةن البحةةةةةةة :

جلسوووووة اللسووووويل فوووووي مرضوووووى الأجووووووف السوووووفلي فوووووي تقيووووويم حالوووووة حجوووووم السووووووائل قبووووول وبحعووووود 

  سيل ال لى.

 لوووووى فوووووي أجريووووو  يووووو ة الدراسوووووة المقطعيوووووة فوووووي وحووووود   سووووويل ال المرضةةةةةق وطةةةةةر  البحةةةةة :

إلووووووى سووووووبتمبر  9102مستشووووووفى التسوووووويى الجووووووامعي علووووووى موووووود  عوووووواج واحوووووود مووووووى سووووووبتمبر 

وووووووووا  سووووووووويل ال لوووووووووى. 01  وأجريووووووووو  علوووووووووى  9191 وقووووووووود توووووووووم تسوووووووووجيل البياتوووووووووات  مريو 

 موووووا تووووووم تقيووووويم البياتووووووات الملتبريوووووة بحمووووووا فوووووي  لوووووو   ديمو رافيوووووة والمعلوموووووات السووووووريرية ال

ر  الوووووووودج واليوريووووووووا وال ريوووووووواتينيى وال السوووووووويوج والفوسووووووووفور والألبوووووووووميى والفتوووووووو  صووووووووو

الإشوووووعاعي بحموووووا فوووووي  لووووو  درجوووووة اطووووووق الرئوووووة بحالموجوووووات فووووووق الصووووووتية وقطووووور الوريووووود 

 لسفلي قبل وبحعد جلسة  سيل ال لى.الأجوف ا
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 ووووواو متوسوووووم درجوووووة اطووووووق الرئوووووة  قبووووول  سووووويل ال لوووووى مرتفع وووووا واتلفووووو   نتةةةةةابح البحةةةةة :

ا فووووي إحتقوووواو الرئووووة تجلووووى فووووي بحشوووو ل ملتوووو وظ بحعوووود  سوووويل ال لووووى. و وووواو ينوووواح تتسوووون ا  بيوووور 

إتلفوووووا  عووووودد اطووووووق الرئوووووة بحعووووود  سووووويل ال لوووووى. و ووووواو ينووووواح ارتباق اإيجابحي وووووا معنوي وووووا بحووووويى 

متوسوووووم درجوووووة اطووووووق الرئوووووة وقطووووور الوريووووود الأجووووووف السوووووفلي قبووووول وبحعووووود  سووووويل ال لوووووى. 

بياتووووووووات السووووووووريرية للمرضووووووووى ولووووووووم ت ووووووووى ينوووووووواح ع قووووووووة  ات دةلووووووووة إحصووووووووائية بحوووووووويى ال

اللاضووووووعيى للدراسووووووة ودرجووووووة اطوووووووق الرئووووووة بحعوووووود  سوووووويل ال لووووووى فيمووووووا يتعلوووووو  بحووووووالعمر 

 دايى واةضطرابحات المرتبطة بح ا.والجنس والت

الموجووووووات فوووووووق الصوووووووتية علووووووى الصوووووودر يووووووي تقنيووووووة مو وقووووووة بحشوووووو ل جيوووووود  الإسةةةةةةتنتاج:

تقيووووويم حالوووووة حجوووووم وبحسووووويطة ومنلفووووووة الت لفوووووة ويم وووووى تطبيق وووووا بحسووووو ولة بحجاتووووو  السووووورير ل

  وال شوووو  عووووى الإحتقوووواو الرئوووووي فووووي مرحلووووة مووووا لسوووووائل قبوووول وبحعوووود جلسووووة  سوووويل ال لووووىا

  عوووووورا  السووووووريرية المرتبطووووووة بحووووووو موووووو  وجووووووود ملوووووواقر عاليووووووة للوفووووووا قبوووووول ظ ووووووور الأ

 ولإم اتية تعديل الوسو الجاف في مرضى  سيل ال لى.

 تقاق اطوق الرئة.  حالة حجم السوائل  الوريد الأجوف السفلي الكلمات الدالة:


