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Lung Ultrasound, Bioimpedance
Spectroscopy, and Physical Examination
for Volume Assessment in Hospitalized
Hemodialysis Patients: A Diagnostic Test
Study

To the Editor:

Accurately estimating extracellular volume status and
establishing a euvolemic target weight are critical to caring
for people treated with dialysis. However, physical ex-
amination findings of lung crackles and peripheral edema
are often unreliable markers of volume status.' Lung ul-
trasound is a low-risk, relatively inexpensive tool that may
improve volume status assessment as well as ambulatory
blood pressure, lung congestion, and cardiac indices in the
outpatient dialysis setting.”””

To date, there are limited data about the agreement of
lung ultrasound and volume status measures, such as
physical examination and bioimpedance, in the hospital
setting. Hospitalized hemodialysis patients are complex
and often experience fluid shifts, heightened vasodilatory
and vasoconstrictive states, blunted capillary refill, and
inflammation-mediated capillary leak. These factors may
affect lung ultrasound accuracy as well as its agreement
with other volume status measures in the hospital. We
conducted a prospective study among hospitalized patients
with kidney failure treated with hemodialysis to examine
the diagnostic accuracy of lung ultrasound-measured
extracellular volume status, compared to the designated
reference standard of bioimpedance spectroscopy and,
separately, to physical examination.®”” We hypothesized
that lung ultrasound would demonstrate good agreement
with bioimpedance spectroscopy. In addition, we sought
to identify clinically relevant scoring thresholds for pul-
monary edema to inform more time-efficient lung
ultrasound.

Patients receiving maintenance hemodialysis hospital-
ized at University of North Carolina Hospitals (Chapel Hill,
NC) from November 2019 to September 2021 were
eligible. Major exclusion criteria included limb amputa-
tion(s), pacemaker, and severe lung pathology. After
providing informed consent and within 30-120 minutes of
the end of a hemodialysis treatment, participants under-
went 3 volume assessments: standardized physical exami-
nation, bioimpedance spectroscopy (SFB7, Impedimed
Limited), and lung ultrasound (Vscan, GE Healthcare).
Participants were classified as hypervolemic or normo/
hypovolemic based on examination findings. In each pa-
tient, the 3 examinations were performed by unique cli-
nicians blinded to the results of the other examinations and
hemodialysis treatment data. The diagnostic agreement
between lung ultrasound and bioimpedance, and, sepa-
rately, physical examination was assessed by calculating
percent agreement and kappa statistics.  Using
bioimpedance-classified volume status as the reference
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standard, we computed the sensitivity and specificity of
28-point lung ultrasound-classified volume status. In
separate analyses, we used Akaike information criterion to
evaluate goodness of fit for abbreviated 4- and 8-point
lung ultrasound examinations relative to the 28-point ex-
amination. See Item S1 for detailed methods.

Of the 167 people offered participation, 100 (60%) in-
dividuals were enrolled, and 96 (96%) enrolled individuals
completed all 3 examinations. Participants had a mean age of
56 & 14 years and time on dialysis of 5.7 + 5.1 years; 44
(46%) were female. The most common reasons for hospi-
talization were infection in 21 participants (22%) and car-
diovascular causes in 16 participants (17%) (Table S1).
Among the 96 participants with 3 examinations, lung
ultrasound-classified volume status (hypervolemic vs
normo/hypovolemic) agreed with bioimpedance-classified
volume status in 59 (62%) participants (Table 1). Lung
ultrasound-classified volume status agreed with physical
examination-classified volume status in 63 (66%) partici-
pants. In analyses considering components of the physical
examination, lung ultrasound-classified volume status
agreed with the presence (vs absence) of pulmonary crackles
and, separately, an S3 heart sound in 67 (70%) and 66
(69%) of participants, respectively. Among the 36 partici-
pants with no missing values for lung ultrasound (ie, no field
obscured by cardiomegaly, subcutaneous fat, or catheter
dressing), lung ultrasound-classified volume status agreed
with bioimpedance-classified volume status in 21 partici-
pants (58%) and, separately, physical examination-classified
volume status in 27 (75%) participants. Using
bioimpedance-classified volume status as the reference
standard, 28-point lung ultrasound-classified volume status
had a sensitivity (95% confidence interval [CI]) of 38%
(21%-56%) and a specificity (95% CI) of 73% (61%-84%)
(Fig 1).

Comparing 4-point and, separately, 8-point lung ul-
trasound thresholds to standard 28-point lung ultrasound,
8-point examinations demonstrated the best goodness of
fit, outperforming all 4-point examinations (Fig 1, Fig S1).

We found that posthemodialysis lung ultrasound clas-
sification of volume status did not agree strongly with
bioimpedance spectroscopy or physical examination in
hospitalized hemodialysis patients. To date, studies of lung
ultrasound in people receiving hemodialysis have been
conducted primarily in the outpatient setting and have
shown varying degrees of agreement between lung ultra-
sound and clinical assessment, echocardiographic features,
natriuretic peptide levels, inferior vena cava measure-
ments, and bioimpedance spectroscopy. In general, lung
ultrasound and bioimpedance spectroscopy display good
agreement, particularly postd:ialysis.8 However, the hos-
pital setting presents unique challenges, and physiologic
changes of acute illness, such as increased capillary leak
and intercompartmental fluid shifts, among other factors,
complicate volume assessment. Such acute changes may
explain the relatively weak agreement between lung
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Table 1. Agreement Between Lung Ultrasound and Bioimpedance Spectroscopy and Physical Examination®

Cohort

28-point LUS 8-point LUS

Agreement Agreement
Agreement Percentage *° Kappa Statistic Agreement Percentage ° Kappa Statistic
Count (95% CI) (95% CI) (95% CI) Count (95% CI) (95% CI) (95% ClI)

All patients with 3 examinations (N=96)

Bioimpedance spectroscopy

Physical examination®

Physical examination
components

Lung crackles

Jugular venous distension

S3 heart sound

59 (45 to 76)
63 (48 to 81)

67 (52 to 85)
57 (43 to 74)

66 (51 to 84)

62% (51 to 71)
66% (55 to 75)

70% (59 to 79)
59% (49 to 69)
69% (58 to 78)

0.11 (-0.092 to 0.32)
0.022 (-0.15 to 0.2)

0.095 (-0.057 to 0.25)
0.05 (-0.14 to 0.24)
0.026 (-0.072 to 0.12)

51 (38 to 67)
63 (48 to 81)

67 (52 to 85)
58 (44 to 75)
66 (51 to 84)

53% (43 to 63)
66% (55 to 75)

71% (61 to 79)
60% (50 to 70)
69% (58 to 78)

-0.08 (-0.27 to 0.11)
0.022 (-0.15 to 0.2)

0.095 (-0.06 to 0.25)
0.059 (-0.13 to 0.25)
0.025 (-0.072 to 0.12)

Excluding patients with lung ultrasounds with any missing values (n=36)

Bioimpedance spectroscopy

Physical examination®

Physical examination
components

Lung crackles

Jugular venous distension

S3 heart sound

21 (13 to 32)
27 (18 to 39)

26 (17 to 38)
26 (17 to 38)
26 (17 to 38)

58% (41 to 74)
75% (57 to 87)

72% (55 to 85)
72% (55 to 85)
72% (55 to 85)

0.1 (-0.21 to 0.41)
0.21 (-0.11 to 0.52)

0.082 (-0.18, 0.34)
0.26 (-0.041, 0.56)
0 (0,0)

14 (8 to 23)
24 (15 to 36)

25 (16 to 37)
24 (15 to 36)
25 (16 to 37)

39% (24 to 56)
67% (49 to 81)

69% (52 to 83)
67% (49 to 81)
69% (52 to 83)

-0.31 (-0.59 to -0.029)
0.014 (-0.24 to 0.27)

0.066 (-0.17 to 0.31)
0.076 (-0.19 to 0.34)
0 (0 to 0)

Excluding patients with lung ultrasounds with missing values in “non-usual” fields (n=59)°

Bioimpedance spectroscopy

Physical examination®

Physical examination
components

Lung crackles

Jugular venous distension

S3 heart sound

35 (24 to 49)
38 (27 to 52)

39 (28 to 53)
35 (24 to 49)
37 (26 to 51)

59% (46, 72)
64% (51, 76)

66% (53 to 76)
59% (46 to 72)
63% (49 to 75)

0.092 (-0.17, 0.35)
0.056 (-0.16, 0.27)

0.092 (-0.082 to 0.27)
0.067 (-0.14 to 0.27)
-0.034 (-0.099 to 0.031)

28 (19, 40)
37 (26, 51)

38 (27 to 52)
35 (24 to 49)
36 (25 to 50)

47% (34, 61)
63% (49, 75)

64% (51 to 76)
59% (46 to 72)
61% (47 t073)

-0.29 (-0.53, -0.049)
-0.012 (-0.23, 0.2)

0.098 (-0.093 to 0.29)
0 (-0.19 to 0.19)
-0.039 (-0.11 to 0.036)

Abbreviations: Cl, confidence interval; LUS, lung ultrasound.
#Agreement was assessed by counting the number of participants for whom the volume status determined by lung ultrasound and the assessment in each row agreed. This was then divided by the total number of participants to

determine agreement percentage.

POverall clinician assessment of volume status based on standardized physical examination findings.
°Some ultrasound imaging fields (eg, intercostal spaces 2 and 3 on right midclavicular zone, intercostal spaces 3 and 4 on left parasternal zone, and intercostal spaces 2, 3 and 4 on left midclavicular zone) are more commonly
obscured by an enlarged heart or dialysis catheter dressing. Missing values in “non-usual” fields denotes instances in which there were missing values in fields other than those most commonly missing.
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Figure 1. 2x2 contingency tables comparing 28- (A and B) and 8-point (C and D) lung ultrasound classification of pulmonary edema
status to both bioimpedance spectroscopy (A and C) and standardized physical examination (B and D).

Abbreviation: LUS, lung ultrasound.

ultrasound and bioimpedance observed in our study. Un-
like bioimpedance spectroscopy, lung ultrasound does not
measure total body water, making it potentially less ac-
curate in the setting of frequent fluid shifts. Hospitalized
hemodialysis patients are often not at steady state due to
factors, such as active infections, recent surgeries,
decompensated  heart  failure, intravenous fluid
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administration, and administration of vasoactive medica-
tions. Accordingly, in the immediate posthemodialysis
period, lung ultrasound alone may not be the ideal
approach to volume assessment in hospitalized hemodial-
ysis patients. However, lung ultrasound for acute in-
dications, such as dyspnea and/or hypoxia, may have
utility and requires further study.
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In conclusion, we found that posthemodialysis lung
ultrasound classification of volume status did not agree
strongly with classification of volume status by bio-
impedance spectroscopy or physical examination in hos-
pitalized hemodialysis patients. We also showed that an
8-point lung ultrasound examination is a potential alter-
native to the more time-consuming 28-point lung ultra-
sound examination, a finding important to enhancing the
uptake of lung ultrasound in busy hospital settings. Further
investigation into the accuracy of lung ultrasound for
volume assessment in the hospital hemodialysis setting is
needed.

Emily H. Chang, MD, Matthew J. Tugman, BA, Magdalene
M. Assimon, PharmD, PhD, Connie A. Gilet, MSN, APRN,
NP, Renee Ge, BS, Quefeng Li, PhD, and Jennifer E.
Flythe, MD, MPH
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Figure S1: Thresholds for B-line score-based pulmonary edema
classification from 4-point (Panel A) and 8-point (Panel B) lung
ultrasounds compared to 28-point classification.

Iltem S1. Detailed methods.
Table S1. Participant Characteristics.
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