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Abstract: Lung ultrasound is a bedside technique for the assessment of pulmonary congestion.
The study aims to assess the severity of lung congestion in kidney transplant recipients (KTR) in
relation to arteriovenous fistula (AVF) patency. One hundred fifty-seven patients at least 12 months
after kidney transplantation were recruited to participate in a cross-sectional study. Apart from
routine visits, lung ultrasound at 28 typical points was performed. The patients were assigned to
either AVF+ or AVF− groups. The mean number of lung ultrasound B-lines (USBLs) was 5.14 ± 4.96
with no differences between groups: 5.5 ± 5.0 in AVF+ and 4.8 ± 4.9 in AVF−, p = 0.35. The number
and proportion of patients with no congestion (0–5 USBLs), mild congestion (6–15 USBLs), and mod-
erate congestion (16–30 USBLs) were as follows: 101 (64.7%), 49 (31.4%), and 6 (3.8%), respectively.
In multivariate analysis, only symptoms (OR 5.90; CI 2.43,14.3; p = 0.0001), body mass index (BMI)
(OR 1.09; CI 1.03,1.17; p = 0.0046), and serum cholesterol level (OR 0.994; CI 0.998,1.000; p = 0.0452)
contributed significantly to the severity of lung congestion. Lung ultrasound is a valuable tool for
the evaluation of KTR. Functioning AVF in KTR is not the major factor affecting the severity of
pulmonary congestion.

Keywords: vascular access; arteriovenous fistula; kidney transplantation; lung ultrasound; B-lines

1. Introduction

Lung ultrasound (LUS) is an easy-to-learn and reproducible bedside technique for the
assessment of pulmonary congestion. Initially, it was used in intensive care units [1–3];
later on, it was found that LUS comets (B-lines) represent a practical and simple way
for cardiologists to visualize extravascular lung water [4]. The number of B-lines is a
predictor and treatment goal in heart failure patients [5,6]. The severity of lung congestion
is also a measure of survival in dialysis patients [7]. In a recent multicenter trial, lung
ultrasound-guided hemodialysis treatment was compared with regular care. In the active
arm, recurrent episodes of decompensated heart failure and cardiovascular events were
reduced [8]. Lung ultrasound also has great potential as a screening and monitoring tool in
SARS-CoV-2 infection. Intensive care units can use LUS to identify poorly-aerated areas of
the lungs and monitor the effects of ventilation changes on lung aeration [9]. Recent years
have also seen a growing interest in the use of LUS in nephrology [10]. Apart from dialysis,
of which the value is well-documented, LUS has also been used to assess the condition of
patients with nephrotic syndrome or acute kidney injury [11–13]. Nonetheless, experience
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with lung ultrasound in renal transplant recipients (KTR) is rather limited. A small study
performed in the early postoperative period reported slight changes in the number of
B-lines; however, the total number of B-lines remained low [14]. Bearing in mind that
functioning arteriovenous fistula (AVF) might have a deleterious systemic effect [15–17],
we performed a cross-sectional study to assess the severity of lung congestion in the KTR
cohort in relation to vascular access function.

2. Materials and Methods

The study protocol was approved by the Institutional Ethical Committee at Wroclaw
Medical University (KB-43/2020) and registered in ClinicalTrial.gov (NCT04478968). Be-
tween July and October 2020, 157 patients at least 12 months after kidney transplantation
(KTx) were recruited to participate in a cross-sectional study. They were selected from
a group of 459 patients who were scheduled for a routine visit in the transplantation
outpatient clinic. The inclusion criteria were as follows: age 18 years and over, at least
12 months after kidney transplantation, stable kidney function, and ability to provide
informed consent. The following exclusion criteria applied: eGFR (estimated glomerular
filtration rate) < 15 mL/min/1.73 m2; a severe infection within 3 months preceding the
testing, an increase in serum creatinine concentration > 0.5 mg /dL within 3 months before
the testing, untreated cancer, and severe heart failure (NYHA IV). The study flowchart is
presented in Figure 1. Written informed consent was obtained from all patients. As previ-
ously planned, the patients were divided into two groups: with patent AVF, and without
vascular access. Clinical data were collected through a direct interview and from medical
records. They included information on demographics, comorbidities, vascular access his-
tory and function, and routine laboratory data. The presence of heart disease was defined
as a history of coronary artery disease, valvular heart disease, or arrhythmia. Patients with
dyspnea, peripheral edemas, or crackles on auscultation were classified as symptomatic.

2.1. Ultrasound Assessment

All ultrasound examinations were performed by the same nephrologist using the
Samsung HS50 system. A linear probe was used for vascular access while a convex probe
was used for lung ultrasound tests. Arteriovenous fistula flow (Qa) was assessed as per
the guidelines [18]. In the cross-sectional study, we investigated the effect of functioning
AVF on the number of ultrasound B-lines (USBLs) in the KTR group. Lung ultrasound was
performed in line with the previously described twenty-eight scanning site scheme. After a
few minutes of rest in the supine position, ultrasound scanning was performed, proceeding
from the second to the fourth intercostal space on the left chest side (to the fifth on right)
along the parasternal, mid-clavicular, anterior axillary, and mid-axillary lines. The number
of vertical reverberation artifacts (USBLs) was counted at each scanning site and added.
The total number of USBLs from all 28 sites gave a score that represents the severity of
pulmonary congestion. Lung ultrasound tests were performed by the same experienced
nephrologist who has received formal training via a remote web-based program and has
been certified by an expert [8,19–21]. The number of USBLs was compared in subgroups in
relation to AVF patency (AVF−, AVF+, Qa < 1500 mL/min, Qa > 1500 mL/min), presence
of symptoms, and history of heart disease. Qa > 1500 mL/min was considered as a high
flow promoting the development of heart failure [22].

2.2. Study Group

The studied cohort was described previously [23] and its characteristics are summa-
rized in Table 1. It comprised 99 (63%) males and 88 (37%) females; the mean age was
55.3 ± 11.5 years, the mean time from KTx was 108.3 ± 64.5 months, and the mean serum
creatinine concentration was 1.46 ± 0.52 mg/dL. Most patients (147 out of 157, 94.2%) were
on hemodialysis before transplantation. The majority of them (151 of 157, 96.2%) received
a graft from a deceased donor. Due to signs of bronchitis, one patient was not included
in the analysis as inflammation is an amplifier of lung congestion [24]. The most common
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maintenance immunosuppression regimen included a corticosteroid, calcineurin inhibitor,
and mycophenolate, and was administered in 119 (76.3%) KTRs. All patients received
calcineurin inhibitor; mainly tacrolimus, which was administered in 128 patients (82%).
Corticosteroids were administered in 148 (94.9%), mycophenolate in 127 (81.4%), mTOR
inhibitor in 7 (4.5%), and azathioprine in 6 patients (3.8%).
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2.3. Statistical Analysis

Statistical analyses were performed using Statistica 13.3 (StatSoft, Tulsa, OK, USA),
the “cluster” R package [25] within the R statistical platform [26]. Categorical variables
were presented as proportions and compared with the Chi-Square test. Continuous data
were presented as mean and standard deviations. Initially, statistical differences between
the groups of patients indexed as AVF+ and AVF− were determined using the appropriate
parametric and non-parametric tests. An analogous statistical procedure was performed for
the groups of patients divided into the “no congestion”, “mild congestion”, and “moderate
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congestion” groups. Then, ordinal logistic regression was used to assess the impact of
selected risk factors on the ordinal scale of USBL severity, and the observed results of the
cause-and-effect relationship were expressed using the classic odds ratios (ORs). Moreover,
besides the regressive relationships between the clinical factors, the non-regressive method
was also considered in statistical analysis. An original taxonomic method by Marczewski
and Steinhaus [27] was used instead of traditional linear modeling, the statistical effective-
ness of which has been proven in clinical investigations in several previous studies [28].
In general terms, this statistical method consists of finding relatively heterogeneous clusters
of patients and homogeneity within them, i.e., obtaining the highest possible extra-group
variance while maintaining the lowest possible intra-group variability. The division of set el-
ements is made with the use of arbitrarily chosen classification variables (risk factors). Then,
using specially adapted dendrograms, we matched the clinical responses to defined patient
groups and tested their statistical relations with the collected explanatory variables using
the appropriate (parametric and non-parametric) tests. p < 0.05 was considered significant.

Table 1. Baseline characteristics by AVF function.

Characteristics AVF Present
n = 82

AVF Absent
n = 74 p-Value

Sum of B-lines 5.5 ± 5.0 4.8 ± 4.9 0.3507
Age (years) 56.4 ± 10.9 54.1 ± 12.2 0.2137
Male, n (%) 56 (68.3%) 42 (56.7 %) 0.1397

BMI (kg/m2) 27.0 ± 4.3 26.6 ± 5.4 0.5612
Serum creatinine concentration (mg/dL) 1.45 ± 0.50 1.47 ± 0.55 0.7658

eGFR (mL/min/1.73m2) 53.5 ± 14.7 53.2 ± 17.1 0.9802
Duration between study visit and

transplantation (months) 90 ± 57 129 ± 66 0.0001

Duration between study visit and RRT
initiation (months) 144 ± 81 174 ± 72 0.0154

First transplantation, n (%) 68 (82.9%) 64 (86.5%) 0.8753
Diabetes mellitus, n (%) 19 (23.2%) 15 (20.3%) 0.6641

Heart disease, n (%) 32 (39%) 20 (27%) 0.1141
Charlson comorbidity index 4.5 ± 2.0 4.3 ± 1.6 0.4179

Smoking, current or previous, n (%) 38 (46.3%) 34 (45.9%) 0.9114

Medications, n (%)

Steroids, calcineurin inhibitor,
mycophenolate, n (%) 66 (80.5%) 53 (71.6%) 0.2663

Antihypertensive, n (%) 75 (91.5%) 66 (89.2%) 0.8346
Statins, n (%) 33 (40.2%) 26 (35.1%) 0.6229

Antiplatelet/anticoagulants, n (%) 24 (29.3%) 14 (18.9%) 0.1879
BMI—body mass index; eGFR—estimated glomerular filtration rate; RRT—renal replacement therapy; AVF—
arteriovenous fistula.

3. Results
3.1. Lung Ultrasound B-Lines

The mean number of USBLs was 5.14 ± 4.96 with no differences between AVF+
and AVF−, groups: 5.5 ± 5.0 and 4.8 ± 4.9, p = 0.35. Lung congestion severity was
similar in AVF− patients and AVF+ patients with Qa <1500 mL/min and >1500 mL/min,
4.7 ± 4.8, 5.6 ± 5.0, and 5.1 ± 5.2, p = 0.4086, respectively. The number and proportion of
patients with no congestion (0–5 USBLs), mild congestion (6–15 USBLs), and moderate
congestion (16–30 USBLs) were as follows: 101 (64.7%), 49 (31.4%), and 6 (3.8%), respectively.
The characteristics of the groups are presented in Tables 1 and 2. We did not diagnose any
patients with severe pulmonary congestion (>30 USBLs).
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Table 2. Characteristics of patients in relation to the severity of lung congestion.

Characteristics No Congestion
n = 101

Mild
Congestion

n = 49

Moderate
Congestion

n = 6
p-Value

Sum of B-lines 2.2 ± 1.5 9.4 ± 2.7 20.3 ± 4.7 <0.001
Age (years) 53.9 ± 12 57.1 ± 10.4 64.3 ± 4 0.0356
Male, n (%) 59 (58.4%) 35 (71.4%) 4 (66.7%) 0.2965

BMI (kg/m2) 25.9 ± 4.6 28.5 ± 5 28.9 ± 4.6 0.0048
Serum creatinine

concentration, (mg/dL) 1.39 ± 0.46 1.58 ± 0.64 1.67 ± 0.33 0.044

eGFR (mL/min/1.73 m2) 55.3 ± 15.5 50.7 ± 16.3 42.2 ± 10.9 0.0503
Duration between study visit
and transplantation (months) 106 ± 64 115 ± 677 95 ± 43 0.65

Duration between study visit
and RRT initiation, (months) 157 ± 82 164 ± 73 141 ± 54 0.68

Prior diabetes mellitus, n (%) 17 (16.8%) 13 (26.5%) 4 (66.7%) 0.0101
Prior heart disease, n (%) 22 (21.8%) 25 (51%) 5 (83.3%) <0.0001

Charlson comorbidity index 4.1 ± 1.7 4.7 ± 1.7 6.8 ± 1.5 0.0005
BMI—body mass index; eGFR—estimated glomerular filtration rate; RRT—renal replacement therapy.

The number of USBLs was higher for symptomatic patients (10.25 ± 6.8 versus
4.22 ± 3.92, p < 0.0001) and patients with diagnosed heart diseases (7.17 ± 6.18 versus
4.13 ± 3.87, p = 0.0081), respectively (Figures 2 and 3).
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3.2. Predictors of Lung Congestion

Multiple variables related to the number of USBLs were identified with ordinal lo-
gistic regression (Table 3). In multivariate analysis, only symptoms (OR 5.90; CI 2.43,14.3;
p = 0.0001), body mass index (BMI) (OR 1.09; CI 1.03,1.17; p = 0.0046) and serum choles-
terol level (OR 0.994; CI 0.998,1.000; p = 0.0452) contributed significantly to the severity of
lung congestion.
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Table 3. Ordinal logistic (univariate and multivariate) regression (p < 0.05) of the selected variables
and the risk of lung congestion.

Univariate Multivariate

Risk Factor OR 95% CI p OR 95% CI p

Charlson comorbidity index 1.21 (1.03,1.44) 0.0233 1.07 (0.89,1.29) 0.4537
Heart disease 2.45 (1.31,4.58) 0.0049 1.24 (0.61,2.50) 0.5423

Symptoms of volume overload 7.50 (3.32,17.0) <0.0001 5.90 (2.43,14.3) 0.0001
BMI 1.09 (1.03,1.16) 0.0026 1.09 (1.03,1.17) 0.0046

eGFR 0.98 (0.96,0.99) 0.0057 1.29 (0.51,3.26) 0.5721
Uric acid 1.44 (1.16,1.78) 0.0009 0.97 (0.94,1.01) 0.1132

Cholesterol 0.993 (0.988,0.999) 0.0160 0.994 (0.988,1.000) 0.0452
Donor age 1.03 (1.01,1.05) 0.0122 1.01 (0.99,1.03) 0.4657

BMI—body mass index; eGFR—estimated glomerular filtration rate.

3.3. Classification of Patients with Taxonomy

Afterward, several three-dimensional sets of the analyzed classification risk factors
were studied before finding the significant data structures with clinical events (we limited
the taxonomy to three-variable systems so as not to complicate the interpretation of the
patient classification). An “optimal” patient classification for assessing possible correlations
was determined for the Charlson comorbidity index, BMI, and cholesterol, giving the best
data representation of other clinical factors of the study material collected. Based on these
classifiers, a hierarchical classification tree (dendrogram) was created by establishing the
distance between the set elements in the three-dimensional data space and projecting it
onto a two-dimensional data plane (Figure 4), allowing patient sets to be grouped into their
subsets with similar properties according to the clinical features assumed.

In Figure 4, specific patients (coded by “p” numbers) are hierarchically aggregated
from up to down in separate branches represented by the dendrogram leaves. Following
the scree plot of observed heights, the four main families (Clusters “1”, “2”, “3”, and “4”)
of the studied patients were distinguished in the classification tree based on their Charlson
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comorbidity index, BMI, and cholesterol levels. Then, following the “p” numbers, patient
identification was performed and descriptive statistics of the established clusters were
prepared using a one-way ANOVA test (parametric and non-parametric) with adjusted
Bonferroni p-values correction (Table 4).
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Table 4. Characteristics of patients in clusters (mean ± st. dev. and %) with p-values (<0.05 and <0.1).

Risk Factor n = 61 n = 18 n = 32 n = 45 p-Value

Charlson
comorbidity index 3.36 ± 0.88 2.83 ± 0.79 4.28 ± 1.20 6.44 ± 1.49 <0.0001

BMI 27.5 ± 5.22 20.9 ± 2.03 29.2 ± 3.54 26.6 ± 4.06 <0.0001

Cholesterol 251 ± 54.3 212 ± 32.8 166 ± 17.0 222 ± 38.5 <0.0001

Males 59% 56% 34% 38% 0.0555

Age 51.0 ± 10.1 45.6 ± 10.2 56.2 ± 10.9 64.4 ± 7.5 <0.0001

Heart disease 18% 17% 47% 51% 0.0004

Diabetes 13% 0% 28% 38% 0.0013

Symptoms of
volume overload 8% 11% 13% 29% 0.0261

USBLs 3.9 ± 3.6 2.3 ± 2.3 6.5 ± 4.3 7.0 ± 6.6 0.0003

Presence of AVF 41% 44% 66% 62% 0.0539

AVF burden 80.1 ± 58.9 83.3 ± 86.6 108.1 ± 69.7 120.8 ± 83.3 0.0247

Weight 80.4 ± 16.5 61.7 ± 11.3 87.3 ± 12.7 76.4 ± 12.9 <0.0001

Waist 94.2 ± 13.5 78.4 ± 10.1 102 ± 12.3 96.0 ± 12.5 <0.0001

Serum creatinine 1.45 ± 0.42 1.59 ± 0.76 1.43 ± 0.40 1.45 ± 0.61 0.7558

eGFR 54.0 ± 16.0 50.4 ± 17.7 53.7 ± 14.5 53.4 ± 16.2 0.8715

Platelets 239 ± 66.6 216 ± 37.0 205 ± 51.7 198 ± 53.9 0.0021

Uric acid 7.12 ± 1.14 6.25 ± 1.37 7.21 ± 1.36 6.90 ± 1.42 0.0598

Total protein 7.22 ± 0.45 7.16 ± 0.50 7.00 ± 0.48 6.94 ± 0.53 0.0176

Albumin 4.33 ± 0.26 4.34 ± 0.26 4.28 ± 0.32 4.15 ± 0.30 0.0060

HDL cholesterol 63.0 ± 17.7 61.9 ± 10.6 52.5 ± 10.7 63.8 ± 15.1 0.0061

LDL cholesterol 153 ± 43.4 127 ± 28.4 85.6 ± 22.5 123 ± 33.0 <0.0001
AVF—arteriovenous fistula; BMI—body mass index; eGFR—estimated glomerular filtration rate; US-BLs—
ultrasound B-lines.

3.4. Lung Ultrasound B-Lines in Clusters of Patients

A significantly higher number of USBLs (Figure 5) was found in patients from clusters
3 and 4 (3.9 ± 3.6, 2.3 ± 2.3, 6.5 ± 4.3, and 7.0 ± 6.6, p = 0.0003), respectively. The patients
from clusters 3 and 4 were older (51.0 ± 10.1, 45.6 ± 10.2, 56.2 ± 10.9, and 64.4 ± 7.5,
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p < 0.0001) and had higher prevalence of heart disease in comparison to clusters 1 and 2
(18%, 17%, 47%, 51%, p = 0.0004). The proportion of patients with functioning AVFs was
also higher but was on the threshold of statistical significance. Nonetheless, the total time
of AVF functionality was the longest in patients from cluster 4.
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4. Discussion

The primary finding of this study is that the number of USBLs was low in stable
KTRs. No difference in the severity of lung congestion between AVF+ and AVF− patients
was found, even after the inclusion of access flow. In hemodialysis patients, the reported
number of USBLs was much higher. In a study by Zoccali, only 10% of patients had a USBL
number at or below 5; additionally, mild congestion was found in another 31% of patients.
More than 15 USBLs were detected in 59% of patients [7]. In patients with heart failure,
the mean number of USBLs was 36.6 ± 34.2 and the proportion of patients with at least 15
US-BLs was 68% [29]. The results of our study reflect some important findings regarding
the severity of lung congestion. The number of USBLs is related to transplanted kidney
function and comorbidity burden—particularly history and symptoms of cardiovascular
disease. It emphasizes the importance of heart and renal interactions with the lungs as a
target organ. Further studies are needed to confirm the lung water cascade [30] similar to
that observed in patients with hypertension and heart failure, both with preserved and
reduced ejection fraction. Dwyer et al. found that the proportion of patients with at least
3 USBLs was the lowest in hypertensive patients and the highest in patients with heart
failure with reduced ejection [31]. The results of our study cannot be easily compared
with those obtained in the study by Dwyer et al. since the latter used a different scanning
scheme based on eight zones. However, a comparison of the eight and twenty-eight site
scores has shown a high interrelation of both lung ultrasound protocols [32]. Therefore,
we can assume that USBL severity in our cohort falls between hypertensive and heart
failure with preserved ejection fraction. The next valuable finding is the impact of obesity
on the severity of pulmonary congestion. The relation of high BMI and the number of
USBLs underlines the role of weight gain after transplantation as a cardiovascular risk
factor. However, a high BMI was also observed in cluster 1, a group of patients with low
USBLs. Our observation is different from the findings of Palazzuoli et al. They found that in
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patients admitted to hospital due to heart failure, the number of USBLs was lower in obese
patients. An inverse correlation of USBLs and BMI was observed [33,34]. The interrelation
between obesity and the severity of lung congestion deserves more attention. We have
also found that the severity of lung congestion is greater in KTx patients diagnosed with
heart diseases. This is in line with observations in the general population. As mentioned
previously, the severity of USBLs increases from hypertension to heart failure, with a
preserved ejection fraction and heart failure with reduced ejection fraction [31]. It is also
unsurprising that a higher number of B-lines was noticed in patients with dyspnea, edema,
or crackles on auscultation; however, in hemodialysis patients, lung crackles and peripheral
edema poorly reflected lung congestion detected with ultrasound [35]. Based on personal
experiences and results of previous trials, we think that the number of USBLs can be used as
a surrogate marker of cardiovascular risk and a predictor of outcomes in KTRs as well. Its
diagnostic, therapeutic, and prognostic value has been demonstrated in acute and chronic
heart failure [5,36–40] with USBLs > 15 as a cut-off value for a poor outcome. In our cohort,
moderate congestion (> 15 USBLs) was found only in six (3.8%) patients. The proportion
is much lower than reported for dialysis and stable heart failure patients [7,41–43]. We
can assume that prognosis for the majority of stable KTx patients is good. Finally, using
taxonomic classification, we were able to identify subgroups of patients with more severe
lung congestion. The question is whether the future outcomes of patients from various
clusters will be different.

While recent years have seen an increase in the amount of available data on deleterious
effects of functioning AVF [44,45], the majority of studies included symptomatic patients
with high-flow AVFs. Our study mainly included patients with mild or no symptoms and
with distal vascular access, unlike studies assessing the trajectory of eGFR after fistula
formation and closure. In observational studies, the rate of change of the eGFR was reduced
after AVF creation [46] and accelerated when AVF was ligated in patients after KTx [47].
Moreover, the patients’ perspectives cannot be ignored. Many of them are not convinced
about allowing the elective removal of the vascular access [23,48]. The decision to close
an AVF after transplantation should always be made on a case-by-case basis, taking into
account vascular access, cardiac and kidney graft function, and potential complications [49].
If in doubt, flow restriction or AVF reconstruction may be the optimal solution [50,51].

Lung ultrasound is an easy and rapid bedside technique providing ample clinically
useful information [52]. It is worth using in daily practice. The major limitation of this
study is the lack of echocardiographic assessment. However, it was shown previously
that USBLs are positively correlated with E/e’ and negatively correlated with ejection
fraction [53]. Other limitations include the observational nature of the study, single-center
origin, and a limited number of participants. Furthermore, the study was conducted
during the COVID outbreak, which may have affected the patients’ decisions regarding
participation in the study.

5. Conclusions

The use of lung ultrasound is a valuable tool for the evaluation of kidney transplant
recipients. Functioning AVF in KTR is not the major factor affecting the severity of pul-
monary congestion. The approach to the KTR should be multifactorial and focused on
numerous cardiovascular, metabolic, and immunologic factors.
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