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 Abstract 
  Background:  Several methods have been developed to assess the hydration status in chron-
ic hemodialysis (HD) patients. The aim of this study was to compare body bioimpedance spec-
troscopy (BIS) with ultrasound (US) lung comet score (ULCs), B-type natriuretic peptide (BNP) 
and inferior vena cava diameter (IVCD) by US for the estimation of dry weight before and af-
ter HD and to analyze all methods in terms of fluid status variations induced by HD. An ad-
ditional aim of this study was to establish the interoperator reproducibility of these methods. 
 Methods:  Two nephrologists evaluated BIS, ULCs, IVCD during inspiration (min) and expiration 
(max), the inferior vena cava collapsibility index (IVCCI) as well as BNP before and after HD in 
30 patients. The same operators measured BIS, ULCs and IVCD in 28 HD patients in a blinded 
fashion.  Results:  There was a significant reduction in BIS, ULCs, IVCD and BNP after HD (p < 
0.001), but a less significant reduction in IVCCI (p = 0.13). There was a significant correlation 
between BIS and ULCs, BNP and indexed IVCD (IVCDi)min (p < 0.05) before and after HD, and 
between BIS and IVCDimax only before HD.  Conclusion:  All methods were able to describe 
hyperhydration before and after HD, except for IVCCI after HD. All techniques correlated with 
BIS before HD. After HD, ULCs correlated better with BIS than IVCD in terms of evaluation of 
fluid status. It could be expected that the ULCs can give a real-time evaluation of interstitial 
water. The reproducibility of the measurement of BIS, IVCD and ULCs between the two op-
erators was high.  Copyright © 2013 S. Karger AG, Basel 
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 Introduction 

 Chronic volume overload is common in hemodialysis (HD) patients treated with standard 
thrice weekly treatment and contributes to the development of hypertension, left ventricular 
hypertrophy and heart failure  [1] . The control of volume status can decrease cardiovascular 
morbidity and mortality  [2] . The dry weight is largely determined empirically by clinical trials 
and can be considered the lowest tolerated post-dialysis weight at which there are minimal 
signs or symptoms of hypovolemia or hypervolemia  [3] . Bedside clinical assessment of 
volume status is grossly inadequate  [4] .

  Numerous attempts have been made in order to find alternative methods to better assess 
patients’ volume status  [5] . The gold standard is the measurement by radioimmunoassay, but 
this technique cannot be used in clinical practice  [6] . Chest X-ray is limited due to the radi-
ation exposure and the large interobserver variation  [7] . Other technologies promise rapid 
and accurate evaluation of the hydration status (HS), including bioelectrical impedance 
analysis, biomarkers of volume overload such as natriuretic peptides (B-type natriuretic 
peptide, BNP), measurement of the inferior vena cava diameter (IVCD) by ultrasound (US) 
and detection of lung comets by chest US (ULC)  [6] .

  Bioelectrical impedance analysis estimates body composition including total body, 
extracellular and intracellular water. Body bioimpedance spectroscopy (BIS) is a multifre-
quency bioimpedance  [8, 9] . BNP is a peptide synthesized and stored in cytoplasmatic 
vesicles of myocytes; its levels raise with ventricular stretch, caused by pressure or volume 
overload  [10] . With regards to IVCD, it was reported that this parameter and blood volume 
decrease in parallel during HD sessions and increase 2 h after HD due to the refilling of the 
intravascular space, indicating that changes in IVCD reflect changes in blood volume  [11] . 
ULC or B-lines are defined as multiple comet tails originating from the water-thickened 
interlobular septa. The score of ULC (ULCs) has a linear correlation with the extravascular 
lung water and provides useful information for the prognostic stratification of patients with 
dyspnea  [12] .

  The aim of this study is to compare BIS with the other methods of fluid status assessment 
(ULCs, IVCD and BNP) for the estimation of dry weight before and after HD. Moreover, we 
analyze all methods in terms of fluid status variations induced by HD treatments. Another aim 
of this study is to establish the interoperator reproducibility of these methods (ULCs, IVCD 
and BIS) and their easy execution.

  Methods 

 We performed a cross-sectional study of 32 patients undergoing chronic HD at the Department of 
Nephrology of our hospital. Two patients had a poor IVCD image and were therefore excluded, leaving 30 
patients for analysis. Patients with interstitial lung disease were excluded because of pulmonary fibrosis that 
can modify ULCs independently of the state of hydration  [13] . Moreover, we excluded patients in NYHA class 
IV because advanced chronic heart failure could cause pulmonary congestion that can be detected by echog-
raphy as an increase in ULCs; we also excluded patients with acute complications within 3 months before the 
study. Patients gave their verbal consent because of the noninterventional nature of the study.

  All patients were treated thrice weekly with standard bicarbonate dialysis using semisynthetic 
membranes. Fluid overload was considered as weight gain from the estimated dry weight based on clinical 
patient parameters such as weight, blood pressure, presence of edema and vascular congestion and previous 
BIS. HS is the actual measured weight of the patients minus the clinically determined dry weight. All patients 
were evaluated at the bedside for weight, HS by BIS, ULCs and IVCD by two different nephrologists trained 
in US.

  BNP levels were measured immediately before and after HD. For each patient, we recorded episodes of 
intradialytic symptomatic hypotension in the previous 3 dialysis sessions. The device for BIS was the Body 
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Composition Monitor (Fresenius Medical Care D, Bad Homburg, Germany)  [8] , and for US it was the Power 
Vision 6000 (SSA-370A, Toshiba, Tokyo, Japan) with a 3.75-Mhz probe. The patients’ dry weight was 
considered the prescribed weight. We calculated the effective residual overload by the difference between 
HS (measured by BIS before HD) and weight loss during HD and classified the patients according to their 
residual overload after HD as overhydrated or non-overhydrated (residual overload >0.5 and  ≤ 0.5 liters, 
respectively).

  The number of B-lines was measured by US examination of the anterior and lateral chest walls on both 
sides  [14] . The sum of ULC produced a score reflecting the extent of extravascular lung water accumulation 
(a limit of <8 lung comets was considered normal). On the basis of this score, we divided the patients into the 
following 3 categories of pulmonary congestion severity: mild pulmonary congestion with <14 lung comets, 
moderate pulmonary congestion with  ≥ 14 lung comets, and severe pulmonary congestion with  ≤ 30 lung 
comets  [14] .

  The IVCD was explored within the subxiphoid window during inspiration (IVCDmin) and expiration 
(IVCDmax) within 2.5 cm of the IVC-right atrial junction. Indexed IVC size (IVCDi) was calculated by dividing 
IVCDmax and IVCDmin by the body surface area (in meters squared). The IVC collapsibility index (IVCCI) was 
calculated using the standard formula [(IVCDmax – IVCDmin)/IVCDmax × 100]. According to US criteria, 
patients were considered underhydrated if IVCDimax was <8 mm/m 2 , normohydrated if IVCDimax was 
between  ≥ 8 and  ≤ 11.5 mm/m 2 , and overhydrated if IVCDi was >11.5 mm/m 2   [3] .

  BNP was measured in our department’s laboratory by using a electrochemiluminescence immunoas-
say system (Advia Centaur XP, Siemens, Germany). The limit of normal values for this method is <120 pg/ml. 
BNP levels >400 pg/ml were considered high.

  Reproducibility Studies 
 The aforementioned parameters (IVCDimin, IVCDimax, ULCs and BIS) were measured by two nephrol-

ogists trained in US on 28 patients in a blinded fashion.

  Statistical Analysis 
 Continuous variables are expressed as mean ± standard deviation. The relationships between the 

various parameters were evaluated using analysis of linear regression. The comparison of continuous inde-
pendent variables across groups was calculated with a t test when variables could be assumed normally 
distributed. In nonnormally distributed variables, the Mann-Whitney U test was performed.

  Correlations between the two observers were evaluated by Spearman’s correlation coefficient, and the 
agreement between the two observers was calculated by the kappa test and Bland-Altman method. A p value 
of <0.05 was considered significant.   Statistical analysis was performed using a commercially available 
software (SPSS 16.0).

  Results 

 The demographic and clinical characteristics of our study population are shown in  table 1 . 
In terms of HS measurements according to BIS analysis, the average dry weight decreased to 
0.9 kg below the clinically estimated dry weight. This post-dialysis weight was well tolerated 
and should therefore be a more accurate dry weight. Five patients had residual fluid over-
loads >0.5 liters probably because they did not tolerate more ultrafiltration, and therefore 
their dry weights were clinically estimated at inappropriately low values.

  Change in Fluid Status before and after HD 
 There was a significant reduction in the values of HS, ULCs, IVCDimax, IVCDimin and BNP 

after HD when compared to the values before HD ( table 2 ). In contrast, IVCCI did not change. 
 Figure 1  shows the same results analyzed according to the categories of each measurement 
method: in overhydrated patients, BIS, ULCs and BNP decreased significantly after HD (p < 
0.001, p < 0.05 and p < 0.001, respectively). Using IVCD, none of the patients was hyper-
volemic either before or after HD. 
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  A total of 23/30 patients had moderate to severe pulmonary congestion as determined 
by the number of lung comets before HD. Considering this group, 8 patients had an 
improvement to mild pulmonary congestion, while 15 patients continued to have a significant 
pulmonary congestion after dialysis. Patients who have shown an improvement tended to 
have lower systolic blood pressure (147.5 ± 22.7 mm Hg) than the other group (127.8 ± 22.9 
mm Hg) at the end of dialysis, without reaching statistical significance (p = 0.006). In contrast, 
there was no difference in the diastolic blood pressures between the two groups. As regards 
intradialytic hypotension episodes, no statistical difference was observed either (episodes 2 
vs. 3, p = 0.59). 

Number of patients 30
Age, years 63.8 ± 16.2
Female gender, % 21.9
BMI 26 ± 5.4
BSA 1.8 ± 0.2
Diabetes, % 15.6
Cardiovascular comorbidities, % 75 ± 74.2
Ejection fraction, % 56.5 ± 8.1
Patients treated with antihypertensive drugs, % 77.4
NYHA, %

cl 1 19.4
cl 2 16.1
cl 3 19.4

Dialysis duration, years 5.2 ± 5.5
Kt/V 1.3683 ± 0.2
Pre-HD weight, kg 74.02 ± 14
Post-HD weight, kg 71.4 ± 13.6
Dry weight, kg 70.09 ± 13.05
Weight loss, kg 2.6 ± 0.9
Systolic blood pressure, mm Hg (pre) 143.3 ± 22.5
Diastolic blood pressure, mm Hg (pre) 76.3 ± 14
Blood pressure, mm Hg (pre) 109.8 ± 15.3
Heart rate, beats/min (pre) 69.6 ± 11.5
Systolic blood pressure, mm Hg (post) 139.6 ± 22.5
Diastolic blood pressure, mm Hg (post) 77.1 ± 11.9
Blood pressure, mm Hg (post) 108.3 ± 15.1
Heart rate, beats/min (post) 69.5 ± 8.9
Hemoglobin, g/dl 11.8 ± 1.1

Table 1.  Baseline characteristics 
(mean ± SD)

Before HD After HD p

OH by BIS, liters 1.7 ± 1.8 –0.05 ± 1.8 <0.001
Chest US

ULCs 20 ± 11.5 12.7 ± 7.1 <0.001
IVCDi US

IVCDimin, mm 5.4 ± 2.1   3.9 ± 1.9 <0.001
IVCDimax, mm 6.8 ± 2.4   5.4 ± 2 <0.001
IVCCI, % 21.1 ± 12.7 26 ± 17.7 0.13

BNP (median/percentile) 411/108.6 267/70.4 <0.001

Table 2.  Fluid status before and 
after HD (mean ± SD)
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  Fig. 1.  Fluid status by ULCs ( a ), IVCDimax ( b ), BIS ( c ) and BNP ( d ) before and after HD. 
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Table 3.  Correlation between different techniques before and after HD

ULCs IVCDimin IVCDimax IVCCI BNP

Before HD
BIS 0.510** 0.534** 0.519** 0.601** 0.419*
ULCs – 0.514** 0.390* 0.444* 0.201
IVCDimin – – 0.900** 0.885** 0.316
IVCDimax – – – 0.964** 0.279
IVCCI – – – – 0.223
BNP – – – – –

After HD
BIS 0.381* 0.364* 0.341* 0.423* 0.480*
ULCs – 0.375* 0.312 0.358 0.220
IVCDimin – – 0.815** 0.830** 0.264
IVCDimax – – – 0.971** 0.308
IVCCI – – – – 0.264
BNP – – – – –

 * 0.001 < p < 0.05; ** p < 0.001.
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 Comparison between Techniques 
 The correlation among the various methods is shown in  table 3 . It can be seen that before 

HD, BIS correlated with ULCs, IVCDimin, IVCDimax, IVCCI and BNP. However, after HD, BIS 
correlated with IVCDimin, IVCCI, ULCs and BNP, but not with IVCDimax.

  Between overhydrated (n = 5) and non-overhydrated (n = 25) patients, there was a 
significant difference in ULCs (p < 0.001), IVCDimin (p = 0.019) and IVCCI (p = 0.001); however, 
no differences were found for BNP and IVCDimax.

  Reproducibility and Easy Use of the Techniques 
 The r value for the interoperator variability for IVCDimax and IVCDimin was 0.847 (p < 

0.001) and 0.948 (p < 0.001), respectively, while for IVCCI it was 0.926 (p < 0.001). The 
agreement for IVCDimax and IVCCI categories was high (k = 0.786, p < 0.001 and k = 0.783,
p < 0.001), and the reproducibility of ULCs was very high (r = 0.991, p < 0.001). The agreement 
of the categories of ULCs was perfect (k = 1, p < 0.001). Finally, the correlation of BIS was very 
good (r = 0.996, p < 0.001) ( fig. 1 ,  2 ).

  The measurements of ULCs and IVCDi were both easily executable. The mean execution 
time for the measurement of ULCs was 6.4 min (SD 2.6), and for the measurement of IVCDi it 
was 2.8 min (SD 1.3).

  Discussion 

 We performed a cross-sectional study to compare different techniques of volume status 
assessment in patients before and after HD. The following main results could be found: first, 
most techniques were able to show a reduction in overhydration after HD; second, there was 
a fair correlation between the different techniques; and third, the US techniques were repro-
ducible and easy to perform.

  The correct dry weight is difficult to estimate since physical examinations are not an 
accurate technique  [4] . Newer alternative methods have significant theoretical and practical 
limitations. For example, severe cutaneous alterations, inadequate electrode adherence to 
the skin or erroneous positioning, electrical interferences and a status of severe obesity are 
limitations for BIS  [6] . However, it was demonstrated that data obtained with BIS change 120 
min after the end of HD  [15] . BNP levels increase with volume overload, but also with other 
causes of myocardial stress  [16] . Patients with chronic heart failure may have persistently 
elevated BNP levels at their baseline dry weight, so knowledge of the patients’ medical history 
is necessary to appropriately interpret the BNP measurement  [17] . US is the safest and less 
expensive technique. It is a simple, user-friendly, radiation-free technique that can be 
performed at patient bedside  [18] ; nevertheless, it is an operator-dependent technology. 
Supervised training is needed to ensure that the operator correctly interprets the sono-
graphic findings  [19] . The IVCD has been shown to reflect fluid status, even if it may have only 
modest sensitivity for detecting changes in fluid status after HD  [20] : the re-equilibration of 
interstitial and intravascular compartments after HD takes some time, and the optimal timing 
for post-HD assessment is not clear  [4] . In contrast, the B-lines have been correlated with 
extravascular water  [18] . In patients whose ULCs decreased after dialysis, systolic blood 
pressure decreased without increasing the hypotensive episodes. However, statistical signif-
icance was not observed probably due to the low sample number. Moreover, the improvement 
of the systolic blood pressure emphasizes the ability of ULCs to detect the decrease in inter-
stitial pulmonary congestion and body fluid volume.
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  In a study of 40 HD patients, Noble et al.  [21]  observed that B-line resolution appeared to 
occur in real time during the fluid removal from the body. If this is indeed the case, ULCs may 
be a more practical tool to use at patient bedside immediately after a HD session.

  Limitations of our study include the small number of patients enrolled from one single 
dialysis center. Nevertheless, it is amount of effort and the results are statistically significant. 

  Conclusions 

 The determination of dry weight is a clinical estimation. All methods considered related 
more to the changes with HD rather than to the absolute pre- and post-dialysis values. In fact, 
all fluid assessment methods were able to describe changes of hyperhydration before and 
after HD, except for IVCCI after HD. Otherwise, after HD ULCs correlated better than IVCD 
with bioelectrical impedance analysis in terms of evaluation of fluid status. This can be 
explained by the equilibration of the interstitial compartment during dialysis. It could be 
expected that the ULCs can give a real-time evaluation of interstitial water. The reproduc-
ibility of BIS, IVCD and ULCs measurement between the two operators was high. All methods 
were fast and easy to perform.
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