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Abstract

Objectives: To elucidate the role of lung ultrasound in assessment of sub-
clinical fluid overload in hemodialysis (HD) patients. Background: Volume
overload has a significant role in HD patients with difficult blood pressure
control. The clinical evaluation of fluid status is challenging and has poor di-
agnostic accuracy. Extravascular lung water (ELW) represents an important
element of body fluid volume. Lung ultrasound (LUS) is increasingly used for
ELW assessment through the analysis of B-lines artifacts. Methods:
Eighty-eight HD patients were followed up prospectively. Patients were di-
vided into 3 groups according to the changes of systolic blood pressure (SBP)
during HD sessions. Group (1): patients with intra-dialytic hypertension (n =
12), group (2): patients with intra-dialytic hypotension (n = 28) and group
(3): patients with no significant blood pressure variabilities (n = 48). Num-
bers of B-lines were measured by LUS and IVC diameters were measured pre
and post-dialysis. In addition, Endothelin-1 (ET-1) and other routine labora-
tory tests were done. Results: There were significant increases in the number
of B-lines and IVC diameter pre and post-dialysis in group (1) compared to
the other two groups. There was significant decrease in post dialysis IVC di-
ameter but not the number of B-lines in group (2) compared with the other
two groups. ET-1 level was significantly increased in group 1 compared to the
other two groups. There was a statistically significant positive correlation be-
tween the pre-dialysis number of B-lines and ET-1. Conclusion: Lung ultra-
sound can be considered a sensitive and specific modality for volume assess-
ment in HD patients especially with intra-dialytic hypertension. We recom-
mend serial LUS as a part of management in this group of patients.
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1. Introduction

Initial research in intra-dialytic hypertension focused on the potential biologic
mechanisms to explain the acute rise in blood pressure, particularly the role of
endothelin-1 (ET-1). More recent research has generated an in-depth character-
ization of the patient phenotype from epidemiologic studies, and smaller
case-control studies have explored new mechanisms. Although the role of ET-1
continues to be revisited, other mechanisms including the role of dialysate so-
dium and extracellular osmolarity have been explored. There is a strong evi-
dence that extracellular volume excess is a consistent phenotype in patients with
intra-dialytic hypertension [1].

Patients with persistent intra-dialytic hypertension have been characterized as
patients with lower baseline weight and small inter-dialytic weight gain (IDWG)
that may result in masked chronic extracellular volume excess. Multiple studies
using bioimpedance spectroscopy have demonstrated a consistent association
between intra-dialytic hypertension and extracellular volume excess after dialy-
sis. Removing a volume of fluid during dialysis equivalent to the IDWG ensures
fluid balance but does not necessarily eliminate extracellular volume excess.
Compared to most HD patients, patients with intra-dialytic hypertension have
smaller IDWG and have lower pre-dialysis blood pressure [2].

Subclinical fluid overload was defined as normovolemia by clinical assess-
ment, but with positive over hydration as measured by Lung Ultrasound (LUS)
[3]. Although LUS conventionally focuses on the evaluation of anatomic images
of pleural effusion, pleural masses, and lung consolidations, this technique is in-
creasingly used for extravascular lung water (ELW) assessment through the

analysis of B-line artifacts [4].

2. Patient and Methods

This prospective study was carried out on a total number of 88 HD patients in
Menoufia University Hospital from September 2019 to February 2020. The study
followed the ethical standards of the hospital and was approved by the ethical
committee. Informed consents were obtained from all patients. We included pa-
tients with at least three months duration of HD, thrice per week, four hours
duration, aged between eighteen and seventy-five years. We excluded pregnant
and lactating females, patients with confirmed malignancy and patients with
heart failure NYHA class III & class IV. We also excluded patients in whom we
cannot measure blood pressure from upper limbs. Patients were divided into
three groups according to the blood pressure variability during dialysis; group

(1) included 12 patients with intra-dialytic hypertension, group (2) included 28
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patients with intra-dialytic hypotension and group (3) included 48 patients with
no blood pressure variabilities.

For more extensive study of the role of LUS in evaluation of volume status and
prediction of intra-dialytic hypertension, we aimed to decrease the number of
pre-dialysis B-lines in group (1) patients through managing their DBW, UF vol-
ume, fluid intake and medications. After decreasing the number of pre-dialysis
B-lines below the cut-off level (<5) we compared the intra-dialytic BP changes and
IVC diameters of those patients with their previous results (group 14 and 15r),

We defined intra-dialytic hypertension as a rise in SBP during or immediately
after HD session of >10 mmHg in at least four of six consecutive dialysis ses-
sions [5]. Intra-dialytic hypotension was defined as drop in SBP > 20 mmHg
during or immediately after HD session with symptoms that include: abdominal
discomfort; yawning; sighing; nausea; vomiting; muscle cramps; restlessness;
dizziness or fainting and anxiety [6].

All patients were subjected to the following: Full history with stress on drug
history, symptoms of volume overload or hypovolemia. Pre and post-dialysis
body weight, UF volume & rate were estimated for all patients. Blood pressure
was checked pre, during and post-dialysis while patients were comfortable in
bed not in pain with arm supported. HD procedure was standardized for all the
patients. Routine laboratory investigations including CBC, urea, creatinine, al-
bumin and ET-1 were done pre-dialysis.

Inferior vena cava (IVC) diameter was measured within 1 cm from the junc-
tion of IVC and superior hepatic veins, pre and post-dialysis by the same opera-
tor in a mid-week HD session. LUS was done pre and post-dialysis by the same
operator in a mid-week HD session using portable ultrasound scanner (DP 20) 2
- 5 MHz. We divided chest examination to anterior chest wall from midline to
anterior axillary line and lateral chest wall from anterior axillary line to posterior
axillary line. Each part was subdivided into upper and lower zones, upper zone
includes 2", 3™ and 4" intercostal spaces (on the right side includes also 5" in-
tercostal space). Lower zone included intercostal spaces below 4™ space on the

left side and 5™ space on the right side.

3. Statistical Evaluations

Clinical and laboratory data were recorded on a report form. These data were
tabulated and analyzed using the computer program Microsoft Office 2003 (ex-
cel) and Statistical Package for the Social Sciences (SPSS version 20.0) (2013;
IBM Corp., Chicago, Illinois, USA). Descriptive data and Descriptive statistics
were calculated for the data in the form of: Mean and standard deviation (Mean
* SD) the following tests were used to test differences for significance; difference
and association of qualitative variables by Chi square test (X*). Differences be-
tween quantitative independent groups by ¢ test, multiple by ANOVA, correla-
tions by Pearson’s correlation. For non-parametric data quantitative independ-
ent groups by Mann-Whitney test, multiple by Kruskal Wallis test, correlations
by Spearman’s correlation. Receiver operating characteristic (ROC) curve was
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used to evaluate the diagnostic performance of LUS in volume assessment. P
value < 0.05 (*) was set for significant results & <0.01 (**) was set for highly sig-

nificant results.

4. Results

Demographic data and anthropometric measures of the studied groups revealed
no significant differences as regard age and sex. There were significant increases
in BMI, DBW, IDWG and UF volume in group (2) compared to other two
groups (p < 0.001) and in group (3) compared to group (1) (p < 0.001) except for
DBW (Table 1).

Laboratory investigations showed significant decrease in serum albumin and
creatinine in group (1) compared to other two groups (p < 0.001) with no sig-
nificant difference between groups (2) and (3). ET-1 was significantly increased
in group (1) compared to groups (2) and (3) (p < 0.001) with no significant dif-
ference between groups (2) and (3) (Table 1).

Comparison between the different groups showed a significant increase in
pre-dialysis IVC diameter in group (1) compared to the other two groups (p <
0.001) with no significant difference between groups (2) and (3). There was a
significant increase in post-dialysis IVC diameter in group (1) compared to the
other two groups (p < 0.001) and in group (3) compared to group (1) (p < 0.001)
(Table 2).

There was a statistically significant increase in the number of pre-dialysis
B-lines in group (1) compared to groups (2) and (3) (p < 0.001) and in group (2)
compared to group (3) (p < 0.05). There was a statistically significant increase in
the number of post-dialysis B-lines in group (1) compared to groups (2) and (3)
(p < 0.001) with no significant difference between groups (2) and (3). There was
a statistically significant increase in the change of the number of B-lines in group
(1) compared to groups (2) and (3) (p < 0.001) and in group (2) compared to
group (3) (p < 0.05) (Table 3).

There were no statistically significant correlations between the pre-dialysis
number of B-lines and Weight, Hb, Kt/V or SBP. On the other hand, there were
statistically significant negative correlations between pre-dialysis B-lines and
BM]I, creatinine, albumin, IDWG and UF volume (p < 0.001). There was a statis-
tically significant positive correlation between the pre-dialysis number of B-lines
and IVC diameter &ET-1 (p < 0.001) (Table 4 and Figures 1-3).

ROC curve analysis of the number of pre-dialysis B-lines for prediction of in-
tra-dialytic hypertension showed that the best cut-off value was =5 with 91.7%
sensitivity and 100% specificity (p < 0.001) (Table 5 and Figure 4).

After reaching pre-dialysis number of B-lines less than the previous cut-off
value (<5), re-evaluation of group (1) patients demonstrated that 9 patients out
of the 12 (75%) did not suffer from intra-dialytic hypertension. We also, found
significant reductions in the pre and post-dialysis IVC diameters in group (14%)

compared to group (1%) (Table 6).
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Table 1. Demographic and laboratory data of the studied groups.

Group 1 Group 2 Group 3
Variable F P value  L.S.D.
(n=12) (n=128) (n = 48)

Age (Years)

Mean + SD  48.33 + 10.81 56.07 + 11.72 53.48 £ 13.09

1.79 0.172
Range 36-70 36-73 20-72
Sex No. % No. % No. % X
Female 2 16.7 10 35.7 21 438
3.06 0.217
Male 10 83.3 18 64.3 27  56.2
Dry body weight (Kg)
P1 =0.002*
Mean £ SD  75.75 £ 5.86 83.82+7.79 78.40 £ 7.54
6.746  0.002* P,=0.273
Range 62 -85 68 - 103 60 - 90
P3 =0.003*
BMI (Kg/m?)
P1 =0.000**
Mean + SD  23.13+1.71 27.01 £2.00 25.44 +2.06
16.37  0.001** P2 =0.000**
Range 21-26.3 23.5-30.8 20-29.0
P3 = 0.000**
IDWG (kg)
P1 = 0.000**
Mean+SD  2.88+£0.23 4.61 £0.58 3.92+0.73
31.459 0.001** P, =0.000**
Range 25-3 4-6 2-5
Ps = 0.000**
UF volume (liter)
P1 =0.000%*
Mean+SD  2.86 £0.26 4.09 £ 0.33 3.62 +0.59
27.028 0.001** P, = 0.000**
Range 23-3 3.5-45 2-45
P3 = 0.000%*
HB (gm/dl)
Mean+SD  9.70 £ 0.88 10.38 + 1.44 10.27 £ 1.42
1.071 0.347
Range 8.4-11 7.9-13 7.8-13
Albumin (gm/dl)
P1 = 0.000**
Mean+SD  2.77 £0.38 3.61 +0.43 3.57 £ 0.41
20.419 0.001** P, = 0.000**
Range 2.20 - 3.50 2.80 - 4.20 2.80 - 4.30
P53 =0.660
Creatinine (mg/dl)
P1 = 0.000**
Mean+SD 527 £0.51 7.14 £ 0.88 7.02+£0.75
28.395 0.001** P, = 0.000**
Range 4.50-6 55-9 5-8.5
P;=0.512
Endothelin-1 (pg/ml)
P1 = 0.000**
Mean + SD 1136.25 £ 62.35 685.71 +100.74  682.92 £ 114.73
96.338  0.000** P, =0.000**
Range 1020 - 1200 500 - 850 500 - 870
P;=0.911

*significant if P < 0.05, ** highly significant if P < 0.01, F: ANOVA test, LSD (least significant difference):
Pi: Comparison between group 1 and 2, P»: Comparison between group 1 and 3, Ps: Comparison between
group 2 and 3.
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Table 2. Comparison of the IVC diameter changes in the studied groups.

Gi 1 G 2 G 3
Variable roup roup roup F P value L.S.D.
(n=12) (n =28) (n =48)
pre IVC (cm)
Py = 0.000**
Mean + SD 2.16 £0.14 1.83+£0.12 1.81 £0.08 1=0.000
56.328 0.000** P2 = 0.000**
Range 20-24 1.6-2.0 1.6-1.9
P;=0.416
Post IVC (cm)
P, = 0.000%*
Mean + SD 1.78 £ 0.08 1.15+0.09 1.47 £0.08
282.019 0.000** P2 = 0.000%*
Range 1.7-19 1.0-1.3 1.3-1.6
P3 = 0.000%*
IVC change (cm)
Py = 0.000**
Mean + SD 0.38 +£0.84 0.68 £0.08 0.34+0.08 1 =0.000
154.233 0.000** P, =0.076
Range 0.3-0.5 0.5-0.8 0.2-0.5
P3 = 0.000%*

*significant if P < 0.05, ** highly significant if P < 0.001, F: ANOVA test, LSD (least significant difference):
P;: Comparison between group 1 and 2, P,: Comparison between group 1 and 3, Ps: Comparison between

group 2 and 3.

Table 3. Comparison of the changes in the number of B-lines in the studied groups.

Group 1 Group 2 Group 3
Variable F P value L.S.D.
(a=12) (n=28) (n=48) e
No. of B-lines before
= %%
Mean + SD 10.17 £ 1.12 4.89+0.88 4.35+0091 P1=0.000
192.297 0.000** P2 = 0.000**
Range 8-12 3-6 3-6
P; =0.017*
No. of B-lines after
Mean + SD 4.00 £ 0.74 2.04 £0.58 1.88+0.61 Py =0.000™
B RN o R 58.950 0.000** P = 0.000**
Range 3-5 1-3 1-3
P; =0.275
change in No. of B-lines
P1 = 0.000**
Mean £ SD 6.17 £ 1.27 2.86 £0.65 2.48 + 0.65
115.187 0.000** P2 = 0.000**
Range 3-8 2-4 1-4
Ps; = 0.039*

*significant if P < 0.05, ** highly significant if P < 0.01, F: ANOVA test, LSD (least significant difference):
P;: Comparison between group 1 and 2, P,: Comparison between group 1 and 3, Ps: Comparison between

group 2 and 3.

Table 4. Correlations between the number of pre-dialysis B-lines and other parameters.

B line change
Variable

R P Value
IVC change 0.950 0.007**
UF volume —-0.347 0.001**

Weight -0.113 0.292
IDWG -0.342 0.001**
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Continued
Hb —-0.140 0.192
Albumin -0.464 0.000**
Creatinine -0.459 0.000**
Kt/vV 0.157 0.143
Endotheline 0.733 0.000**
BMI -0.393 0.000**
SBP 0.199 0.063

r is Pearson’s correlation coefficient. * significant if p < 0.05, ** highly significant if p < 0.01.

Table 5. Cut-off value of the number of pre-dialysis B-lines for predicting intradialytic
hypertension.

AUC Best cut off Sensitivity Specificity P value CI

0.979 =5 91.7% 100% 0.000** 0.904 - 0.999

** Highly significant if p < 0.01.

Table 6. Comparison of the IVC diameter changes before & after intervention in group
(1) patients.

G chfore G lAfl.er
Variable roup roup ttest P value
(n=12) (n=12)
IVC pre:
Mean + SD 2.16 £0.14 1.73+£0.11
13.951 0.000**
Range 2-24 1.6-19
IVC post:
Mean + SD 1.78 £ 0.08 1.38 £ 0.01
16.248 0.000**
Range 1.7-1.9 12-1.5

** Highly significant if p < 0.01.
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Figure 1. Correlation between pre-dialysis number of B-lines and UF
volume. There was a statistically significant negative correlation between the
number of pre-dialysis B-lines and UF volume (p < 0.001, r = —0.347).
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Figure 2. Correlation between pre-dialysis number of B-lines and

ET-1. There was a statistically significant positive correlation between

the number of pre-dialysis B-lines and ET-1 (p < 0.000, r = 0.733).
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Figure 3. Correlation between pre-dialysis number of B-lines and
BMI. There was a statistically significant negative correlation between
the number of pre-dialysis B-lines and BMI (p = 0.000, r = —0.393).
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Figure 4. ROC curve analysis for pre-dialysis number
of B-lines in prediction of intradialytic hypertension.
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5. Discussion

In ESRD patients on maintenance HD, hypertension is a main feature and more
than 85% of new patients with ESRD present with hypertension [6]. Decrease of
blood pressure (BP) in most HD patients is common, but some patients show a
paradoxical increase in BP during HD. This increase in BP during HD is known
as intra-dialytic hypertension [7]. The exact pathogenesis of intra-dialytic hy-
pertension is unknown. Several factors may be involved in the pathogenesis of
IHTN, including extracellular fluid volume overload [8]. LUS is increasingly
used nowadays for volume assessment through the analysis of B-line artifacts
[4].

Due to the significant correlation between cardiovascular mortality and in-
tra-dialytic hypertension and in view of the difficulty to manage this group of
patients we aimed at this study to evaluate LUS as a non-invasive modality in
assessment of ELW in patients with intra-dialytic hypertension.

The current study was carried out on 88 patients on regular HD divided into
three groups. Group (1) HD patients with intra-dialytic hypertension (n = 12),
group (2) HD patients with intra-dialytic hypotension (n = 28) and group (3)
HD patients with no blood pressure variabilities (n = 48).

In the current study there were no significant differences between the studied
groups regarding age, gender, and the original kidney disease. The current study
showed that 12 patients (13%) had intra-dialytic hypertension which is matched
with Inrig et al [9]. who had a retrospective analysis of 438 prevalent HD par-
ticipants enrolled in a controlled trial of blood volume monitoring, they found
that 13.2% of participants had an increase in SBP > 10 mm Hg from pre- to
post-dialysis. Also, Inrig et al [10] in an analysis of 1748 HD patients enrolled in
the US Renal Data System (USRDS) Dialysis Morbidity and Mortality Wave II
cohort, found that 12% showed =10 mmHg increases in SBP from pre- to
post-dialysis. Georgianos et al [11] during their survey on HD patients, they
founded that 8% of patients had an increase in MAP > 15 mm Hg during a
2-week period.

The current study revealed that group (1) had significantly low serum albu-
min, BMI and IDWG compared to the other groups. These patients do not un-
dergo proper ultrafiltration during dialysis which subsequently leads to progres-
sive volume accumulation and eventually leading to intra-dialytic hypertension.
These data are consistent with the study of Georgianos et al [11] which was
conducted on 1748 HD patients followed in USRDS Wave II, patients with 210
mm Hg intra-dialytic increases in SBP that had the following criteria: lower se-
rum albumin levels, DBW and IDWG when compared with patients without in-
tra-dialytic hypertension [11].

The present study revealed that 31% of patients had intra-dialytic hypoten-
sion. This group of patients had significantly increased DBW, BMI, IDWG and
UF volume compared to the other groups. Consistent with these results, Kuipers
et al. [12] showed that (20% - 50%) of HD patients develop intra-dialytic hypo-
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tension. This group of patients had significantly increased IDWG and UF vol-
ume. This can be explained by gaining too much weight between HD sessions.
UF rate during HD sessions exceeds plasma refilling volume which leads to in-
terrupted HD sessions and intradialytic hypotension [12].

In the current study we found significantly elevated serum ET-1 levels in pa-
tients with intra-dialytic hypertension, this result matches with Diaz et al [13]
who investigated 27 patients (9 patients had intra-dialytic hypertension, 9 pa-
tients had intra-dialytic hypotension, and 9 patients with stable intra-dialytic
BP). The authors demonstrated that ET-1 levels were significantly increased in
patients with intra-dialytic hypertension. Recently ElSharkawy et al [14]
demonstrated that ET-1 levels were significantly increased in HD patients with
intra-dialytic hypertension and that and pre-dialysis ET-1 level had a significant
moderate diagnostic performance in prediction of intra-dialytic hypertension.

The present study showed significantly increased number of pre-dialysis
(10.17 £ 1.12) and post-dialysis (4.00 + 0.74) B-lines as well as the change of
B-lines number (6.17 + 1.27) in group (1) compared with the other two groups.
These data are consistent with a study by Liang et al [15] in which their patients’
B-line scores were (10 B-lines pre-dialysis and 4 B-lines post-dialysis), with
Trezzi et al. [16] (24 - 25 B-lines pre-dialysis and 9 - 10 post-dialysis) and with
Vitturi et al [17] (3.5 - 4 pre-dialysis and 1.7 - 3.1 post-dialysis). These
variabilities in the number of B-lines are related to the patients’ underlying car-
diac condition. But there is consensus on positive correlation between high
number of B-lines and intra-dialytic hypertension. In this study, we excluded
patients with heart failure NYHA class III or IV.

Assessment of IVC diameter by ultrasound and the derived collapsibility in-
dex have been used to predict volume status. However, they can be used to pre-
dict intravascular volume and not real tissue hydration, in addition to the signif-
icant inter-operator variability and the marked limitations in cases of right-sided
cardiac failure or diastolic dysfunction [18]. The current study showed that pre
and post-dialysis IVC diameters were significantly increased in group (1) com-
pared to the other two groups. These data are correlated with the expected hy-
pervolemia in this sector of patients and matched with the higher number of
B-lines.

On the other hand, there were significantly low post-dialysis IVC diameters in
group (2) compared with the other two groups, these data are matched with ex-
cessive UF in this group leading to decreased intravascular volume. Imbalance
between intravascular volume and capillary refill leads to hypotension. In spite
of the low IVC diameter in group (2), the number of pre-dialysis B-lines in this
group was significantly higher than group (3) and the number of post-dialysis
B-lines were not significantly lower than the other groups, indicating that lung
ultrasound is not sensitive in detection of hypovolemia.

In the current work, we demonstrated a statistically significant positive corre-
lation between the number of pre-dialysis B-lines and IVC diameter. Consistent

with this, Basso et al. [19] found that B-line score is positively associated with
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IVC diameter divided by body surface area which is known as (indexed IVC
diameter) in inspiration (both pre and post-dialysis) and expiration (only
pre-dialysis) and with the IVC collapsibility index (only pre-dialysis). Vitturi et
al [17] found a positive relationship between B-lines changes during dialysis and
changes in inspiratory and expiratory IVC diameters, but there was no relation
with changes in the collapsibility index. There was also a statistically significant
positive correlation between the number of pre-dialysis B-lines and ET-1 in
group (1). Matching with this, ElSharkawy et al. demonstrated positive correla-
tion between pre-dialysis ET-1 and intra-dialytic hypertension [14].

We also demonstrated statistically significant negative correlations between
the number of pre-dialysis B-lines and UF volume, IDWG, Albumin, Creatinine
& BMI in group (1). Nobel et al. [20] were the first to show that there is an asso-
ciation between the change in B-lines number and UF volume during HD, with a
decrease of 2.7 B lines for each 500 mL UF.

For patients in group (1) we gradually reduced their DBW over many HD ses-
sions trough revision of their diet, fluid intake, medications and UF volume in
parallel with follow up LUS till we reached our cut-off value (number of
pre-dialysis B-lines < 5). At that point, we re-evaluated these patients and found
that 9 patients out of the 12 (75%) did not show intra-dialytic hypertension.
Also, there were significant reductions in the pre and post-dialysis IVC diame-

ters when compared to the previous results.

6. Conclusion

Based on the previous results, we can conclude that LUS can be considered as a
reliable tool for detection of subclinical fluid overload in HD patients mainly
with intra-dialytic hypertension. A cut-off value of =5 pre-dialysis B-lines can be
used for prediction of intra-dialytic hypertension with good sensitivity and
specificity. We hope that serial LUS examination for our regular HD patients
with intra-dialytic hypertension might be of help in proper management of this

extremely challenging problem.
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