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Abstract

Background Accurate assessment of relative intravascular volume is one of the cornerstones for the proper
management of hospitalized patients requiring hemodialysis. Currently, the use of dynamic parameters such as
bedside ultrasonography is recommended to support the assessment of the intravascular volume profile. This study
aimed to prospectively evaluate findings of sonographic assessment of intravascular volume estimate (SAFE-A)
protocol among hemodialysis inpatients with end-stage renal disease, before and after the hemodialysis sessions, and
correlate these findings with the net ultrafiltrate (UFNET).

Results A positive correlation was found between the negative variation of 1 point in the score of the SAFE-A
protocol with the withdrawal of 426.73 mL of net ultrafiltrate.

Conclusions There was a strong correlation between the score of the SAFE-A protocol and the net ultrafiltrate.
Therefore, this study concludes that the application of the SAFE-A protocol in dialysis patients demonstrates a
correlation between the suggested score and volume status, consistent with findings from the original study
conducted in a distinct population.
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Background

Accurate assessment of relative intravascular volume is a
cornerstone for the proper management of hospitalized
patients who require hemodialysis due to acute kidney
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(IVC) ultrasonography [2, 3] and the “5B” approach, i.e.
balance of fluids (reflected by body weight), blood pres-
sure, biomarkers, bioimpedance vector analysis, and
blood volume [4].

To better evaluate the intravascular volume profile, the
use of dynamic parameters such as volume correction by
inferior vena cava collapsibility index (IVCCI) is currently
recommended [5, 6], since it reflects the volemic status
in patients with congestive heart failure [5] or undergo-
ing hemodialysis [7]. Additionally, the rate of pulmonary
B-lines disappearance as the volume is removed is used
to better assess the dry weight of hemodialysis patients
[8-10]. Moreover, echocardiography has been considered
important to identify the causes of circulatory instability
in the presence of numerous hemodynamic conditions
[11]. Finally, the assessment of the internal jugular vein
collapsibility index (IJVCI) gives an excellent overview
of the circulatory collapse [12-15]. Joining these four
variables, the sonographic assessment of intravascu-
lar volume estimate (SAFE) was developed to estimate
intravascular fluids classifying patients according to
their intravascular volemic status [11]. SAFE protocol
includes ultrasonographic assessment of cardiac contrac-
tility, inferior vena cava and internal jugular collapsibility
indices, and pulmonary B-lines. Also, pulmonary B-lines
assess extravascular volume, while cardiac contractility
does not evaluate relative intravascular volume.

This study aimed to prospectively evaluate findings of
SAFE-a protocol among hemodialysis inpatients, before
and after the hemodialysis sessions, and correlate these
findings with the net ultrafiltrate (UFNET).

It is worth mentioning from the outset that the original
study, the hypovolemic, normovolemic, and hypervol-
emic profiles were scored as -1, 0, and +1, respectively.
In the present study, we adapted them to +1, +2, and +3.
Therefore, it was termed the Adapted SAFE Protocol
(SAFE-a).

Methods

Patient selection

Inpatients with 18 years or older undergoing hemodi-
alysis three times a week for at least three months, fully
performing the hemodialysis session, and spontane-
ously breathing were invited to take part of the study.
Were excluded inpatients with a clinical suspicion or a
confirmed diagnosis of severe heart disease, systemic
sclerosis, interstitial lung disease of any nature, acute pul-
monary infection, ongoing neoplasm at any site, defor-
mities of the rib cage preventing ultrasound evaluation,
a pulmonary, hepatic, or heart transplant. Thirty patients
were recruited for the study.
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Data collection

After signing a written informed consent and immedi-
ately before the beginning of the hemodialysis session, we
collected sociodemographic data, history of comorbidi-
ties, and recent laboratory tests. Subsequently, an ultra-
sound examination was performed by an experienced
bedside ultrasound operator (MR), trained and certified
by the World Interactive Network Focused On Critical
UltraSound, who operates the equipment on a daily basis,
following the SAFE protocol (Killu et al., 2020) [11], and
using a portable ultrasound device model Butterfly iQ+
(Butterfly Network, Inc., Guilford, CT, United States).
The images were stored and reviewed by two physicians,
a pulmonologist and a nephrologist, also experienced in
bedside ultrasound.

For each organ, the modes and frequencies in the hand-
held ultrasound device were altered as follows: for the
cardiac examination, the cardiac mode was used, with a
frequency ranging from 5.0 to 7.5 MHz, depending on
the patient’s adipose tissue; for the pulmonary exami-
nation, the linear transducer mode was employed; for
IVC, the curvilinear transducer mode was used; for the
examination and measurements of IJV, the headboard
was raised at a 30-degree angle and the linear transducer
mode was employed, placed laterally at the level of the
cricoid cartilage. We used the following formula to calcu-
late IVCCI and IJVCI:

(maximum diameter — minimum diameter) 100

maximum diameter

The same sonographic protocol was applied immediately
after the hemodialysis session. In addition, we collected
some data after the hemodialysis session such as ultrafil-
trate (UF), UFNET, medium blood pressure, and adverse
events.

On this study, the following scores were assigned: car-
diac function — (a) hyperkinetic=1; (b) normal=2; (c)
hypokinetic=3; pulmonary evaluation — (a) < 1 B-lines
mean per field=1; (b) 1-2 B-lines mean per field=2; (c)
> 3 B-lines mean per field=3; IVC diameter and spon-
taneous respiratory variation — (a) < 2.5 cm in widest
diameter and >50% respiratory variation in diameter=1;
(b) 1.5-2.5 cm in widest diameter and <50% respiratory
variation in diameter=2; (c) > 2.5 cm in widest diam-
eter and <50% respiratory variation in diameter=3; IJV
— (a) > 40% respiratory variation=1; (b) 20-40% respi-
ratory variation=2; (c) < 20% respiratory variation=3.
The scores of all four exams were added up to have a
final score (SAFE score) for compound of cardiac con-
tractility, extravascular pulmonary edema, and relative
intravascular volume, and finally interpreted as: (a) 4
to 6=hypovolemia; (b) 7 to 9=normovolemia; (c) 10 to
12=hypervolemia.
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Regarding the cardiac evaluation methodology of the
SAFE protocol, it was strictly followed by the researcher,
utilizing the same steps that included obtaining a long-
axis view of the heart, observing cardiac function, and
estimating ejection fraction using either the eyeballing
method or M-mode with maximum systole and diastole
measurements; additionally, and also a short-axis view
of the heart was obtained to assess cardiac function and
estimate ejection fraction.

It is important to mention that in the SAFE protocol,
the number of B-lines counted from all examined seg-
ments was added together, and then divided by the total
number of segments examined to calculate the aver-
age. In our study, the same approach was employed,
with scanning performed in 4 lung regions for each
hemithorax.

In the original study, the hypovolemic, normovolemic,
and hypervolemic profiles were scored as -1, 0, and +1,
respectively. In the present study, we adapted them to +1,
+2, and +3. Therefore, it was termed the Adapted SAFE
Protocol (SAFE-a).

Data analysis method

We characterized the demographic profile, hemodialy-
sis session data, and sonographic findings using absolute
frequency and relative frequency for categorical variables
and mean and standard deviation for continuous vari-
ables. We verified data parametricity using the normal-
ized Q-Q plot and standardized residue histogram [16].

Table 1 Social and demographic profile and some clinical
characteristics of the 30 participants, in Hospital Estadual Alberto
Rassi, Goiania, GO, Brazil, from August to December 2022

Baseline characteristic n %
Sex

Female 13 433
Male 17 56.7
Age group

21 to 59 years 18 60.0
60 to 82 years 12 40.0
Already received kidney transplant

No 22 733
Yes 8 26.7
Indication for hemodialysis

ESRD, started hemodialysis in the last 3 months 17 56.7
ESRD, on hemodialysis for more than 3 months 13 433
NYHA functional classification >3

No 29 96.7
Yes 1 33
Arteriovenous fistula

Right upper limb 2 6.7
Left upper limb 2 6.7
No 26 86.7

n absolute frequency, % relative frequency, ESRD end-stage renal disease, NYHA
New York Heart Association
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We evaluated the distribution of ultrasound findings
before and after hemodialysis by applying the McNemar
test followed by post-hoc analysis [17]. We compared the
SAFE-A score before and after hemodialysis using the
paired t-test and performed multiple regression analysis
between the UFNET with the variation of the score of the
SAFE-A protocol (ASAFE-A), variation of the number of
B-lines (Anumber of B-lines), variation of the echocar-
diography (Aechocardiography), variation of the inferior
vena cava (AIVC), and variation of the internal jugular
vein (AIJV). We adopted the Backward method to select
the model with greater accuracy and predictive power
and the Pearson’s correlation matrix to evaluate the rela-
tionship between the variations. We analyzed data apply-
ing the Statistical Package for Social Science version 26.0
(IBM SPSS Statistics for Windows, IBM Corporation,
Armonk, NY, United States) and the significance level of
5% (p<0.05)

Ethical

Informed written consent was obtained from all partici-
pants and the study was apprioved by the Institutional
Review Board (IRB) of the Hospital Estadual Alberto
Rassi (Goiénia, GO, Brazil) on August 18, 2022 (CAAE:
59768822.3.0000.0035).

Results

From August 20 to December 15, 2022, 46 subjects were
screened and 30 were enrolled on this study. 16 subjects
were excluded because due to incomplete hemodialysis
sessions Table 1 shows social and demographic data and
some clinical characteristics of the participants. Table 2
shows the parameters assessed during the hemodialy-
sis sessions, while Table 3 displays all the parameters of
the SAFE-A protocol before and after the hemodialysis
session.

The comparison of the number of B-lines, IVCCI,
IJVCI, and total score of the SAFE-A protocol before
and after the hemodialysis session showed statisti-
cal significance (Table 3). Also, we observed a change
in the volemic profile for all these parameters, since
they migrated to more hypovolemic profiles. Although
Aechocardiography also showed a change to less hypoki-
netic profiles, it did not have statistical significance.

A central tendency, symmetry, and dispersion can be
observed in Fig. 1. The pre-measurements are less pre-
cise and less symmetrical than the post-measurements,
demonstrating the power of the hemodialysis session to
homogenize the sample. About 75% of the pre-sample
was between scores 6 to 9. On average, before the hemo-
dialysis session, the patients were normovolemic (7.63),
whereas after it, they were hypovolemic (5.6) (Table 4).

Table 5 shows that a negative 1-point ASAFE-A had a
statistically significant correlation with the withdrawal
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Table 2 Quantification of time on hemodialysis, ultrafiltrate
volume, and adverse effects related to hemodialysis of the 30
participants, in Hospital Estadual Alberto Rassi, Goiania, GO, Brazil,
from August to December 2022

Page 4 of 8

Table 3 Ultrasound findings, volemic status of each organ, and
total sum of the scores of the 30 participants, before and after
the hemodialysis session, in Hospital Estadual Alberto Rassi,
Goiania, GO, Brazil, from August to December 2022

Parameter Average SD
Total session time (h) 3.97 0.13
Time on hemodialysis (months) 637 8.17
Total UF (mL) 2,046.67 1,162.26
UFNET (mL) 1,660.00 1,134.90
n %
Intradialytic hypotension
No 23 76.7
Yes 7 233
Catheter bleeding during the session
No 29 96.7
Yes 1 33
Symptomatic hypoglycemia during the session
No 27 90.0
Yes 3 10.0
Chest pain during the session
No 30 100.0
Yes 0 0
Nausea and vomiting during the session
No 26 86.7
Yes 4 13.3
Headache during the session
No 27 90.0
Yes 3 10.0
Muscle cramps during the session
No 29 96.7
Yes 1 33

SD standard deviation, UF ultrafiltrate, UFNET net ultrafiltrate, n absolute
frequency, % relative frequency

of 426.73 mL UFNET. Additionally, AIJV was statistically
significant in isolation with UENET, but with a higher
standard error and lower r* compared to ASAFE-A.

Applying Pearson’s correlation between UFNET and
the variations of the sonographic findings, a correlation
was observed with ASAFE-A, AIVC, and AIJV (Fig. 2).
In addition, a Spearman’s correlation matrix was cre-
ated between the variables themselves, demonstrat-
ing a significant correlation between ASAFE-A and the
other variables, AIJV, AIVC, Anumber of B-lines, and
Aechocardiography. Furthermore, a positive correlation
was found between AIJV and AIVC (Fig. 3).

Adverse events were observed on 15 participants. Nau-
sea and vomiting on 13.3% (4/30) and IDH on 23% (7/30)
during and after hemodialysis.

Discussion

Pulmonary crackles, alone or combined with peripheral
edema, can just reflect interstitial pulmonary edema very
poorly in patients presenting with ESDR (Torino et al,
2016) [18]. In contrast, pulmonary ultrasonography can

Parameter Evaluation p*
Before After
n (%) n (%)
Echocardiography
Score+1 0(0.0) 4(133) 0.09
Score+2 23(76.7) 22(733)
Score+3 7 (23.3) 4(13.3)
Number of pulmonary B-lines
Score+1 12 (40.0) 23 (76.7)* 0.01
Score+2 14 (46.7) 7(23.3)
Score+3 4(133)¢ 0(0.0)
IVCCI
Score+1 8(26.7) 25(83.3)* <0.01
Score+2 15 (5000 5(16.7)
Score+3 7 (233)% 0(0.0)
vcal
Score+1 15 (50.0) 25(83.3)* 0.02
Score+2 9 (30.0) 4(13.3)
Score+3 6 (20.0)* 1(3.3)
Total score
Hypovolemic 9 (30.0) 27 (90.0)+ <0.01
Normovolemic 16 (53.3)% 3(10.0)
Hypervolemic 5(16.7)F 0(0.0)

* McNemar's test, n absolute frequency, % relative frequency, IVCCl inferior
vena cava collapsibility index, JVC/ internal jugular vein collapsibility index,
posthoc

detect asymptomatic pulmonary congestion in hemo-
dialysis patients with greater accuracy than pulmonary
auscultation together with peripheral edema or not.
Moreover, the number of B-lines has been considered a
strong independent predictor of death and cardiac events
in this population (Zoccali et al, 2013) [19]. Over 12
months, lung ultrasound-guided dry weight reduction is
associated with reversal of cardiac remodeling, regres-
sion of myocardial hypertrophy, and amelioration of
left ventricle diastolic filling properties (Loutradis et al.,
2022) [20]. Furthermore, a lung ultrasound-guided dry-
weight reduction performed in outpatients has effectively
and safely decreased blood pressure levels in the long
term, also generating a lower number of IDH episodes
(Loutradis et al., 2021) [21].

Therefore health professionals have tried to find more
accurate methods with higher clinical significance for
the measurement of the volemic status of hemodialysis
patients. Our study meets this trend, demonstrating that,
in fact, a significant change occurs in the score of SAFE-
A protocol before and after hemodialysis. In addition,
we found a correlation between ASAFE-A and UFNET.
Consequently, the bedside use of SAFE-A protocol can
show the volemic profile of these patients and also assist
the physician in a more accurate and UFNET withdrawal,
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Fig. 1 Boxplot graph showing central tendency, symmetry, and dispersion of the total score of the 30 participants, before and after the hemodialysis
session, in Alberto Rassi State Hospital, Goiania, GO, Brazil, from August to December 2022; Paired t-test

Table 4 Comparison of the total sum of the SAFE-A protocol
scores of the 30 participants, before and after the hemodialysis
session, in Hospital Estadual Alberto Rassi, Goiania, GO, Brazil,
from August to December 2022

Parameter Evaluation p*
Before After

Average 763 5.60 <0.01

Standard deviation 1.79 1.10

Median 8.00 6.00

Minimum 5.00 4.00

Maximum 12.00 9.00

*Paired t-test

although not determining the exact amount of UFENET
that should be achieved.

Among the sonographic findings, ASAFE-A, AIJV, and
AIVC significantly correlated with UFNET and between
each other, but Aechocardiography did not show signifi-
cant correlation with UFNET, considering that echocar-
diography does not assess intravascular or extravascular
volume and that in this study there was no significant
correlation between the net ultrafiltrate variation and the
change in echocardiography ultrasound score from the
protocol. This lack of association might have occurred

Table 5 Result of multiple linear regression analysis (backward method) between the net ultrafiltrate and the parameters of the
SAFE-A protocol of 30 participants, before and after the hemodialysis session, in Alberto Rassi State Hospital, Goiania, GO, Brazil, from

August to December 2022

Model Parameter r B Standard error t p

1 ATS 0.37 -426.73 99.98 -4.35 <0.01

2 Anumber of B-lines 041 -327.70 310.99 -1.05 0.30
Aecocardiography -120.84 411.38 -0.29 0.78
AIVC -460.27 292.25 -1.57 0.13
ALV -522.38 310.54 -1.68 0.10

3 Anumber of B-lines 037 -331.41 305.22 -1.09 0.29
AIVC -453.50 286.17 -1.58 0.14
AV -537.84 300.62 -1.79 0,09

4 Anumber of B-lines 0.35 -350.71 31340 -1.12 0.27
ALV -827.30 24536 -337 <0.01

5 AV 0.32 -883.87 24117 -3.66 <0.01

r? power of correlation; B amount of gain in each variation of one point; t weight of each variable in significance; ATS variation of the total score, Anumber of B-lines
variation of the number of B-lines, Aecocardiography variation of the ecocardiography, A/VC variation of the inferior vena cava, AIJV variation of the internal jugular

vein



Rabahi et al. The Ultrasound Journal (2024) 16:41

Page 6 of 8

4
°
2 r=-0.63;p < 0.01
ol ° ° g
< T eee—oe oX) ° ° !
2 e ©¢ 6@ ©6 — @ o
) °o o — X} g
-4 o o e T——e—__ o
) °
-6
4
r=-029%p<012
2 Z
o :
.0 o o 00 o o o e o g
=) eeoo o ° o o © ® © o o 7
D
; ®
4 &
2
-6
4
5 r=-0.12; p < 0.50 o]
: g
0} ese e0 o _e®0 o o ® ©o o ooe _ 8
a ° e o ° ) ° ) a
2 o
o
-4 S
=
<
-6
4
2 r=-0.54;p <0.02
e
__ 0}—— o0 oo o o o
) © 0o 606 6 ©O —oO0 oo o >
2 ° o e o T3
-4
-6
4
2 r=-0.57;p<0.01
e
__ 0 ——oeee 0 0 00 ° ) )
< oo e e &6 e —— 00 __ 0 i~
2 ) ° ) 2
-4
-6
0 1000 2000 3000 4000
Effective ultrafiltrate

Fig. 2 Scatter plot showing the result of Pearson’s correlation between net ultrafiltrate and the variations of the total score, number of B-lines, echocar-

diography, inferior vena cava, and internal jugular vein of the 30 participants,
Goiania, GO, Brazil, from August to December 2022

because the variation between hypokinesis and hyperki-
nesis of the cardiac chamber could be lower than that of
the other findings, due to the 100% prevalence of ESRD
patients and the absence of patients with AKI in our sam-
ple. Thus, we assume that, in more chronic patients, the
mechanisms of cardiac adaptation would have already
been effective, thus reducing this variation, not correlat-
ing with fluid withdrawal.

The purpose of diagnostic methods is to reduce adverse
events of hemodialysis therapy and, consequently, extra
sessions. The limitation of this study lies precisely in the
impossibility of tracing a relationship between adverse
events in the session, volemic profiles, and UFNET. In

before and after the hemodialysis session, in Alberto Rassi State Hospital,

addition, we conducted the study with inpatients and
these findings cannot be extrapolated to other contexts of
medical care.

The strengths of this study were: (1) the reproducibil-
ity and acceptability of the method, bearing in mind that
we followed norms and techniques to obtain ultrasound
windows and measurements; (2) the specific sample
of patients on hemodialysis did not present with AKI,
making the application of the method more targeted
to chronic patients, and therefore more reliable for this
population.

This study has several limitations. As it was done in a
specific population, the generalization of its findings to
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Fig. 3 Spearman’s correlation matrix between the variations of the total score, number of B-lines, echocardiography, inferior vena cava, and internal jugu-
lar vein of the 30 participants, before and after the hemodialysis session, in Alberto Rassi State Hospital, Goiania, GO, Brazil, from August to December 2022

any population should not be made. Furthermore, its
applicability may be limited depending on the availability
of an ultrasound device. Moreover, it would be premature
to assert that the implementation of the SAFE-A protocol
is inherently safe and beneficial for evaluating dry-weight
reduction in end-stage renal disease patients undergoing
hemodialysis. Additional research is required to validate
its particular utility.

Conclusion

There was a strong correlation between the score of the
SAFE-A protocol and the net ultrafiltrate. Therefore,
this study concludes that the application of the SAFE-A
protocol in dialysis patients demonstrates a correlation
between the suggested score and volume status, consis-
tent with findings from the original study conducted in a
distinct population.
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