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Lung congestion is a risk factor for all-cause and
cardiovascular mortality in patients on chronic
hemodialysis, and its estimation by ultrasound may be
useful to guide ultrafiltration and drug therapy in this
population. In an international, multi-center randomized
controlled trial (NCT02310061) we investigated whether a
lung ultrasound-guided treatment strategy improved a
composite end point (all-cause death, non-fatal myocardial
infarction, decompensated heart failure) vs usual care in
patients receiving chronic hemodialysis with high
cardiovascular risk. Patient-Reported Outcomes
(Depression and the Standard Form 36 Quality of Life
Questionnaire, SF36) were assessed as secondary
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outcomes. A total of 367 patients were enrolled: 183 in the
active arm and 180 in the control arm. In the active arm, the
pre-dialysis lung scan was used to titrate ultrafiltration
during dialysis and drug treatment. Three hundred and
seven patients completed the study: 152 in the active arm
and 155 in the control arm. During a mean follow-up of
1.49 years, lung congestion was significantly more
frequently relieved in the active (78%) than in the control
(56%) arm and the intervention was safe. The primary
composite end point did not significantly differ between
the two study arms (Hazard Ratio 0.88; 95% Confidence
Interval: 0.63-1.24). The risk for all-cause and cardiovascular
hospitalization and the changes of left ventricular mass and
function did not differ among the two groups. A post hoc
analysis for recurrent episodes of decompensated heart
failure (0.37; 0.15-0.93) and cardiovascular events (0.63;
0.41-0.97) showed a risk reduction for these outcomes in
the active arm. There were no differences in patient-
1
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reported outcomes between groups. Thus, in patients on
chronic hemodialysis with high cardiovascular risk, a
treatment strategy guided by lung ultrasound effectively
relieved lung congestion but was not more effective than
usual care in improving the primary or secondary end
points of the trial.
Kidney International (2021) -, -–-; https://doi.org/10.1016/

j.kint.2021.07.024
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V olume overload is a leading risk factor for death and
cardiovascular events in patients with chronic kidney
failure who are maintained on chronic dialysis,1

particularly in those with myocardial ischemia and heart
failure (HF), which represent a substantial fraction (about
30%–40%)2 of this population. Early identification of volume
overload may prevent cardiovascular complications in these
patients, but clinical signs of volume expansion are inade-
quate to reliably identify patients at risk and to monitor them
over time.3 However, reliable, standard techniques for
measuring extracellular or circulating (blood) volume applied
in clinical practice do not convey information on funda-
mental heart function parameters that determine the indi-
vidual hemodynamic tolerance to volume excess and the
response to ultrafiltration: that is, left ventricular (LV) filling
pressure and LV function. Extravascular lung water is criti-
cally dependent on these parameters and represents a proxy of
both circulating volume and LV filling pressure and function4

and may therefore be a better criterion to identify patients at a
higher risk of adverse clinical outcomes and to monitor the
effect of therapy aimed at preventing these outcomes. A fast
(<5 minute), easy to learn, simple, and inexpensive technique
that measures extravascular lung water by using standard
ultrasound (US) machines has been validated in patients on
dialysis.5 Lung US is applied to monitor treatment of
decompensated HF.6,7 Whether systematic measurement of
lung water by this technique may translate into better clinical
outcomes in patients with chronic kidney failure has never
been tested.

The aim of this randomized clinical trial is that of testing a
treatment policy guided by extravascular lung water mea-
surements by US to prevent all-cause death, decompensated
HF, and nonfatal myocardial infarction in high-risk patients
on hemodialysis with myocardial ischemia or HF as
compared to standard care based on clinical signs and
symptoms.

METHODS
The Lung Water by Ultrasound-Guided Treatment in Hemodialysis
Patients (LUST) trial is registered in ClinicalTrials.gov (identifier:
NCT02310061). The study was approved by the institutional review
board at each study site, and all participants provided written
FLA 5.6.0 DTD � KINT2724_proof � 1

2

informed consent. An international independent Data Safety
Monitoring Committee monitored patient safety

Trial participants
To set up the trial, an Internet-based platform Qwas created and an
open call to all members of the European Cardiovascular and Renal
Medicine (EURECAm) working group of the European Renal As-
sociation and the European Society of Dialysis and Transplantation
(ERA-EDTA) was made. Investigators representing 24 European
renal Qunits expressed an interest for the trial and entered in the study
platform the clinical data of patients potentially eligible for the study.
Six renal units were dropped for organizational problems, leaving 18
participating renal units.

To be enrolled into the trial, patients had to be >18 years of age,
on hemodialysis >3 months prior to study day 1, and have a high-
risk cardiovascular profile: that is, a history of myocardial infarction
with or without ST elevation or unstable angina, acute coronary
syndrome documented by electrocardiogram recordings, and cardiac
troponins or stable angina pectoris with documented coronary artery
disease by prior coronary angiography or electrocardiography or HF
with dyspnea class III-IV according to New York Heart Association
functional classification. Exclusion criteria were cancer or other
advanced noncardiac disease or comorbidity (e.g., end-stage liver
failure) imposing a poor short-term prognosis, active infections or
relevant intercurrent disease, and inadequate lung scanning and
echocardiographic studies. An echocardiographic study was per-
formed in all participants to document anatomical (LV hypertrophy)
or functional (or both) alterations of the LV.

Lung US
Lung water assessment by chest US is a quick (w5 minutes) and easy
to learn technique that requires just a 2-hour training session. A
detailed description of the technique and its validation in patients on
hemodialysis is described elsewhere.5 Nephrologists and cardiologists
of participating units were trained by a remote Internet-based pro-
gram and, after training, all of them were certified by the lung US
expert of the trial (LG) who acted also as study trainer.8 All centers
participating to the trial were provided a handheld US machine (VS
scan, General Electric) to be used during the trial.

Intervention
Patients were randomized to a lung US–guided treatment policy or
to standard clinical care. Given the nature of the intervention,
treatment assignment was not blinded. In patients randomized to the
active arm of the study, lung US was performed by nephrologists
before and after hemodialysis session and the predialysis lung scan
was used to titrate ultrafiltration (UF) during dialysis and drug
treatment. In patients in this arm with moderate to severe lung
congestion (>15 lung comets predialysis; see Supplementary
Figure S1) lung US was repeated at least once a week until the
treatment goal (<15 US-B Qlines) was achieved and once a month
thereafter. Depending on the severity of lung congestion, specific
weight reduction targets were suggested to nephrologists of partici-
pating Qcenters.9 The same (monthly) monitoring frequency was
adopted also in patients without or with mild pulmonary congestion
at baseline (<15 US-B lines). Furthermore, the use of the technique
was allowed whenever its application was deemed useful to assume
clinical decisions by attending physicians. Patients in the active arm
of the study without evidence of lung congestion at baseline who
developed pulmonary congestion (i.e., clinical signs or >15 US-B
lines or both) during the trial received the same treatment
1 September 2021 � 5:25 am � ce
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contemplated for those with lung congestion at baseline.9 The
treatment goal was pursued by UF intensification realized either by
lengthening the duration of dialysis or by extradialysis sessions, ac-
cording to individual tolerance and feasibility. If the treatment goal
was not achieved within the first 3 to 4 weeks or intolerance to UF
supervened, adjustment of drug treatment was considered including
the introduction or dose adjustments of drugs of proven efficacy for
cardiovascular prevention in patients on hemodialysis along the al-
gorithm of a consensus document by Kidney Disease: Improving
Global Outcomes10 (see Supplementary Table S1). Other cardio-
vascular and noncardiovascular medications were maintained un-
changed or appropriately adapted in relationship to the individual
needs.

Patients in the control arm of the study were followed up and
managed with standard criteria according to current recommenda-
tions (implying optimization of fluids volume control based on
clinical criteria and the use of carvedilol, angiotensin-converting
enzyme inhibitors or sartans whenever deemed necessary) and the
use of lung US was not allowed in these patients.

In addition to peridialysis measurements in the active arm of the
trial, lung US recordings were made in both arms during the baseline
visit and in subsequent visits at 6, 12, and 24 months by a cardiol-
ogist blind to study intervention. During the same visits patients of
both groups underwent echocardiography.

The occurrence of clinical events was accurately registered in the
Internet platform of the trial in both study arms, and the platform
was actively surveilled by an investigator at the coordinating center
(CT). In the case of doubt, clinical events were adjudicated by an
external panel of physicians unaware of the allocation of patients into
the trial.
Flow of patients in

363  randomi

183 Randomized to receive Lung–US
guided intervention
All received the allocated intervention  

152 Completed the study
97 Underwent the 4 study visits
51 Died
4 Transplanted

31 Withdrawn
21 Lost to follow-up
6 Withdrawn by site investigator
4 Transferred

183 Included in the primary analysis

*The number of patients screened for eligibility 

Figure 1 | CONSORT flow diagram for patients in the Lung Water by
trial. US, ultrasound.
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Methods against bias
Randomization (permuted blocks of random length) stratified by
center was made at the coordinating center and communicated to
participating centers by e-mail or telephone.

Study outcomes
The main study endpoint was a composite of all-cause death,
nonfatal myocardial infarction, or decompensated HF. The second-
ary clinical endpoints of the trial were all-cause and cardiovascular
hospitalizations and changes in echocardiographic parameters
including LV mass index, left atrial volume index, ejection fraction,
and the Early diastolic trans mitral flow velocity (E) to early diastolic
mitral annular tissue velocity (e0). In the trial we also collected in-
formation on patient-reported outcomes (Depression and the
Standard Form 36 Quality of Life Questionnaire, SF36) and 2
questionnaires collected by doctors (Berlin Questionnaire and Kar-
nofsky score).

Sample size, study power
A total sample size of 500 patients (250 per group) was expected
to provide approximately 80% power to detect a difference in the
primary endpoint with an assumed type 1 error rate of 0.05, 2-
sided. We estimated that the 2-year event rate for the composite
endpoint would be 45% in the usual care group and 30% (a 33%
risk reduction) in the arm with the lung US–guided intervention.
According to protocol, all patients were to be followed for 24
months after randomization. For the analysis of the primary,
composite endpoint and all-cause and cardiovascular hospitaliza-
tions (secondary endpoints), we analyzed the data by the Kaplan-
Meier method and the univariate Cox’s regression Qhazard ratio
 the LUST trial 

zed* 

180 Randomized to receive usual care
All received the allocated intervention

155 Completed the study
90 Underwent the 4 study visits
59 Died
6 Transplanted

25 Withdrawn
19 Lost to follow-up
6 Withdrawn by site investigator
3 Transferred

180 Included in the primary analysis

is unavailable 

Ultrasound-Guided Treatment in Hemodialysis Patients (LUST)
Q51
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Table 1 | Main demographic, somatometric Q53, and clinical
characteristics in patients as divided according to the study
interventions

Active arm
(n [ 183)

Control arm
(n [ 180)

Age, yr 70 � 10 70 � 11
BMI, kg/m2 26 � 5 26 � 5
Male sex 127 (69) 128 (71)
Current smokers 23 (13) 27 (15)
Diabetics 74 (40) 73 (41)
On antihypertensive treatment 138 (75) 136 (76)
Dialysis vintage, mo 51 (22–141) 59 (27–166)
Acute CS or stable angina 135 (74) 124 (69)
Myocardial infarction 92 (50) 90 (50)
Atrial fibrillation 47 (26) 45 (25)
Heart failure 69 (38) 85 (47)
NYHA functional class III-IV 61 (33) 69 (38)
Stroke 25 (14) 16 (9)
Peripheral vascular disease 50 (27) 53 (29)
Systolic/diastolic BP, mm Hg 138 � 25/71 � 15 136 � 24/70 � 12
LVM indexed by height, g/m 51.0 (42.7–61.3) 50.2 (41.9–60.7)
Ejection fraction, % 60 (55–65) 57 (52–61)
E/e0 11.2 (8.3–14.4) 10.8 (7.8–15.0)
Biochemistry
Cholesterol, mmol/l 4.1 � 1.2 3.9 � 1.1
Hemoglobin, g/l 111 � 15 112 � 15
Albumin, g/l 38 � 6 39 � 7
CRP, mg/l 4.3 (2.0–10.0) 5.0 (2.4–13.3)
Calcium, mmol/l 2.2 � 0.2 2.2 � 0.2
Phosphate, mmol/l 1.6 � 0.5 1.5 � 0.4

BMI Q54, body mass index; BP, blood pressure; CRP, C-reactive protein; CS, coronary
syndrome; E/e’, early diastolic transmitral flow velocity (E) to early diastolic mitral
annular tissue velocity (e’); LVM, left ventricular mass; NYHA, New York Heart
Association.
Values are mean � SD, median (interquartile range), or n (%), as appropriate.
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(HR) was considered as the main estimate of the effect of the
intervention. Missing baseline categorical variables were replaced
with the mean or median value, as appropriate. The effect of the
allocation arm on the number of US-B lines and on echocar-
diographic parameters was investigated by linear mixed models.
After the publication of the protocol at ClinicalTrials.gov, 2 studies
reporting a benefit of lung US–guided treatment strategies in
patients with HF were published.11,12 For this reason, we also
made separate secondary analyses (post hoc) of recurrent episodes
of decompensated heart failure and repeated cardiovascular events
as well as post hoc analyses of the individual components of the
composite endpoint. Cardiovascular events were prespecified and
listed in the study platform. These included a series of events
demanding hospitalization including myocardial infarction, acute
coronary syndrome, coronary artery graft or coronary angioplasty,
decompensated HF, atrial fibrillation or flutter, other arrhythmias,
cardiac arrest or sudden death, stroke, transient ischemic attack,
de novo peripheral vascular disease, peripheral arteries angioplasty
or stenting, amputation, and vascular surgery. Total (recurrent)
episodes of decompensated HF and total cardiovascular events
were expressed as events per 100 person-years. The impact of the
study intervention on these secondary (post hoc) analyses was
analyzed by the zero inflated binomial regression, which is a
method for modeling count variables with excessive zeros and for
overdispersed count-based variables.13 No effect of the interven-
tion on these metrics was registered. All analyses were based on
the principle of intention to treat and were performed using SPSS
version 24 (IBM Corp) and STATA 16 (StataCorp). The threshold
for statistical significance was 2-sided with a type 1 error rate of
0.05.

RESULTS
At the time we started the trial, the interest of nephrologists
for the technique was modest and most nephrologists felt that
the same technique was complex and time-consuming, which
slowed the recruitment rate. After a 4.5-year recruitment
period, considering the slow recruitment rate, patient
enrollment was stopped when 363 of the 500 planned patients
(77%) had been enrolled in the trial. Final study visits for all
patients still actively participating in the trial had to be
completed prior to the database lock (July 10, 2020).

Study patients
Three hundred and sixty-three patients were randomized
(lung US–guided therapy: 183; standard care: 180) at 18
renal units in Europe between March 1, 2013, and December
31, 2017 (The CONSORT flow diagram is presented in
Figure 1). All patients but 1 were of Caucasian descent and
for legal reasons race could not be specified for the 54
French patients of the trial. The groups were generally well
balanced with respect to baseline characteristics (Table 1).
As the study enrolled patients on hemodialysis who were at
high cardiovascular risk, the study population was charac-
terized a high prevalence of major cardiovascular comor-
bidities (Table 1). Most patients were receiving
pharmacologic therapy for hypertension and cardiovascular
comorbidities with no difference between the 2 groups
(Supplementary Table S2).
FLA 5.6.0 DTD � KINT2724_proof � 1
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Medical treatment by strategy and follow-up
Patients randomized to the lung US–guided strategy under-
went 4103 predialysis and an equal number of postdialysis
lung US recordings made by attending nephrologists (on
average 24 � 17 for each measurement per patient). In the
lung US studies blindly made by cardiologists in coincidence
of the four prefixed visits of the trial, patients in the active
arm had a decline in the number of US-B lines (baseline: 15;

Q95% confidence interval [CI]: 12–19; study end: 9; 95% CI:
5–12) while those in the control arm (from 16 [95% CI: 13–
20] to 30 [95% CI: 20–39]) had an increase in US-B lines
(Figure 2a). Data analysis by linear mixed models showed that
the allocation arm was a strong modifier of the evolution of
US-B lines across the trial (P ¼ 0.002) (Figure 2b). Accord-
ingly, the number of patients who achieved the treatment
target (<15 US-B lines) was higher (P < 0.001) in the active
(n ¼ 117; 78%) than in the control (n ¼ 85; 56%) arm.
Adjustment of the antihypertensive therapy along the pre-
specified treatment algorithm was performed in 21 patients in
the US-B lines group and in 10 patients in the usual care
group (P ¼ 0.045) and the corresponding total number of
adjustments was 38 and 15, respectively. The incidence rate
was 14.1 adjustments per 100 person-years in the first and 5.5
adjustments per 100 person-years in the second group (P ¼
0.001).
1 September 2021 � 5:25 am � ce
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- 183                             154                           131                                62                  

Usual care                    180                             155                           132                                69
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Lung US–guided

Figure 2 | Trend of US-B Q52lines in the active and control group. (a) Data are mean and 95% confidence interval (CI). (b) Data (mean and
95% CI) are data fitted by the linear mixed model (LMM). The I value was derived from the LMM and indicates that the allocation arm modified
the evolution of US-B lines across the trial. US, ultrasound.
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Predialysis systolic blood pressure (lung US group: base-
line: 138 � 25 mm Hg, last study visit: 139 � 26 mm Hg;
usual care group: baseline: 136 � 24 mm Hg, last study visit:
137 � 21 mm Hg), postdialysis systolic blood pressure (lung
US group: baseline: 131 � 25 mm Hg, last study visit: 129 �
25 mm Hg; usual care group: baseline: 130 � 25 mm Hg, last
study visit: 132 � 23 mm Hg), predialysis body weight (lung
US group: baseline: 76 � 16 kg, last study visit: 76 � 16 kg;
usual care group: baseline: 74 � 16 kg, last study visit: 73 �
17 kg), and postdialysis body weight (lung US group: baseline:
74 � 16 kg, last study visit: 74 � 16 kg; usual care group:
baseline: 72 � 15 kg, last study visit: 72 � 17 kg) did not
change across the trial.

Safety
The intervention was safe, and the risk of dialysis hypotension
was less in the active arm of the trial (Table 2). Other possible
adverse effects of the intervention including vascular access
(AV fistula or graft) problems and intradialysis and extra-
dialysis arrhythmia did not differ between the 2 groups.

Study outcomes
During a mean follow-up of 1.49 � 0.72 years the main
composite endpoint occurred in 62 patients (34%) in the lung
US–guided therapy arm and in 71 patients (39%) in the control
arm and the HR was statistically not significant (HR: 0.88; 95%
CI: 0.63–1.24, P ¼ 0.47) (Figure 3). No effect modification by
age, gender, diabetes, ischemic heart disease, HF, systolic blood
pressure, and ejection fraction (Supplementary Figure S2) nor
by center (Supplementary Figure S3) was found. The analysis
FLA 5.6.0 DTD � KINT2724_proof � 1
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of secondary endpoints, including the echocardiographic pa-
rameters (left atrial volume, LV mass index, ejection fraction,
and the E/e0) (Supplementary Table S3), and the risk for all-
cause and cardiovascular hospitalizations were similar in the
2 arms (all-cause hospitalizations: HR: 1.03; 95% CI: 0.77–
1.36; P ¼ 0.86; cardiovascular hospitalizations: HR: 1.02; 95%
CI: 0.71–1.46; P ¼ 0.92). Death occurred in 51 patients (28%)
in the lung US–guided group and in 59 (33%) in the usual
care group (HR: 0.89; 95% CI: 0.61–1.29; P ¼ 0.53). The time
to the first episode of myocardial infarction and decom-
pensated HF did not significantly differ between the 2 groups
(Table 2). A post hoc, secondary analysis of the total number of
repeated episodes of decompensated HF and repeated cardio-
vascular events in the 2 groups (Figure 414) showed a signifi-
cant reduction in the incidence rate for these outcomes in the
lung US arm as compared to those in the usual care arm
(Table 3).

Other secondary analyses
Secondary analyses on patient-reported outcomes (Depres-
sion and the Standard Form 36 Quality of Life Questionnaire,
SF36) as well as the results of 2 additional questionnaires
collected by doctors (Berlin Questionnaire and Karnofsky
score) are reported in Supplemental Table S4). No effect of
the intervention on these metrics was registered.
DISCUSSION
The primary finding of this study is that in patients at on
hemodialysis who are at high risk for cardiovascular events, a
1 September 2021 � 5:25 am � ce
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Table 2 | XXXQ55

Rates of adverse events
of interest Lung US arm Usual care arm P value

Dialysis hypotension 858; 320 (300–342) 1292; 473 (448–500) <0.001
Total episodes of
arrhythmia on and off
dialysis across the trial

31; 11.6 (7.8–16.4) 34; 12.5 (8.6–17.4) 0.76

Vascular access
problems

25; 9.3 (6.0–13.7) 19; 7.0 (4.2–10.9) 0.34

Values are total number and incidence rate; events � 100 person-years (95% con-
fidence interval).
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strategy of guiding therapy based on lung US successfully and
safely reduced lung congestion in the active arm of the trial
but this strategy was not more effective than a usual care
strategy in reducing the composite endpoint of time to death
or myocardial infarction or decompensated HF.

In a trial in 123 patients hospitalized for HF randomized to
either standard follow-up or to a lung US–guided diuretic
therapy,11 patients in the active arm had a 48% risk reduction
Primary endpoint (
de novo decompens

0      2      4      6      8     10    1
Months sinc

Endpoint
Probability

0.6

0.5

0.4

0.3

0.2

0.1

0

All-cause morta

No. at risk
Lung–US guided 183  165  159  154  145  137  1
Usual care             180  168  163  155  147  140  1

0      2      4      6      8     10    1
Months sinc

Death
Probability

0.4

0.3

0.2

0.1

0

No. at risk
Lung–US guided 183  161  154  148  140  133  1
Usual care             180  166  157  150  143  133  1

Figure 3 | Kaplan-Meier cumulative curves for the primary endpoint
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for a combined endpoint, including mortality, time to an
urgent visit, and hospitalization for worsening HF, but mor-
tality did not differ between the 2 groups. In another trial in
244 patients with chronic HF randomized to lung US–guided
in addition to physical examination–guided therapy or to
physical examination–guided therapy alone,12 a marked
reduction (56%) for the risk of hospitalization for acute
decompensated HF was registered but again no difference in
mortality was registered between the 2 study arms.

In the LUST study, the intervention reduced markedly the
degree of lung congestion, which is per se a condition pre-
disposing to pulmonary edema, and the proportion of pa-
tients achieving the target level of lung water (<15 US-B
lines) was substantially higher in the active arm of the trial
(78%) than in the control arm (56%). Similarly, intensifica-
tion of concomitant antihypertensive therapies occurred more
frequently in the active arm. B-lines reduction was achieved
with a smooth lung decongestion, as witnessed by the
reduction of number of hypotensive episodes during dialysis
composite of death, myocardial infarction, or 
ated heart failure)

2     14     16     18    20    22     24
e randomization

lity

31   124  120    114  106   99    62
32   129  118    112  106   99    69

2     14     16     18    20    22     24
e randomization

Usual care
Lung–US guided

Usual care
Lung–US guided

26   118  113    105   99    92    59
24   119  106     98    94    88    61

. US, ultrasound.
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Figure 4 | Cumulative (repeated) episodes of decompensated
heart failure (HF) (a) and cardiovascular events (b). Data plotting
was done according to Nelson’s hazard plotting method.14
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in the lung US group. In spite of these changes, body weight
did not change in either group. A similar phenomenon was
noted in the frequent hemodialysis trial,15 where both pre-
dialysis and postdialysis body weight remained constant in
both arms of the study while total body water decreased in the
Table 3 | XXX

Secondary analyses Lung US arm n (%); (95% CI)

Deaths 51 (28); (22–35)
First myocardial infarction 16 (9); (5–14)
First episode of decompensated HF 12 (7); (3–11)

n; Incidence rate per
person-years (95%

Total (recurrent) episodes of decompensated HF 15; 5.6 (3.1–9.2)
Total (recurrent) cardiovascular events 127; 47.3 (39.4–56.

CI, confidence interval; HF, heart failure; HR, hazard ratio; IRR, incidence rate ratio; US, u
aZero-inflated binomial regression.
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active arm of the trial (6 hemodialysis treatments per week)
but increased in the control arm (3 hemodialysis treatments
per week). Notwithstanding the efficacy and the safety of the
lung US–guided treatment strategy in relieving lung conges-
tion, the risk reduction (�12%) observed in the active arm of
the trial for the composite endpoint was largely nonsignificant
as were the changes in echocardiographic parameters. Only in
a post hoc analysis stimulated by 2 trials in patients with
HF11,12 did we observed a risk reduction for repeated episodes
of decompensated HF and cardiovascular events (Figure 4).
The difference observed in this post hoc analysis is difficult to
interpret and may be a pure chance effect. However, it is
possible that because the decongestion process was slow and
maximized at the end of the trial, it may take a long time for
this process to have an impact on clinical outcomes. In the
frequent hemodialysis trial no effect of hemodialysis inten-
sification on mortality was observed during the trial,16 while a
marked reduction (�46%; range: 10%–90%) in the death risk
was registered in a secondary analysis made 3.6 years Q(range:
1.5–5.3 years) after randomization.17 In a LUST substudy
including also patients on hemodialysis who were non-high-
risk hypertensive, the lung US–guided strategy safely reduced
48-hour ambulatory blood pressure.18 In any case, the anal-
ysis of the total number of events (decompensated HF and
cardiovascular events in general) is a secondary analysis and
as such has just a hypothesis-generating value.

This study has important limitations making the results
inconclusive as for the primary endpoint. First, at the time of
the study design there was no previous trial testing lung US,
neither in chronic kidney failure nor in other conditions.
Available information in observational studies suggested a
substantial benefit of fluid overload correction. Indeed in a
previous multicenter cohort study by us19 the risk of death
(adjusted for New York Heart Association functional class and
other risk factors) of patients with severe lung congestion was
4.2-fold (HR:4.20; 95% CI: 2.45–7.23) higher than that in
patients with milder forms of lung congestion or no
congestion and the corresponding risk for cardiac events was
3.2� higher (HR: 3.20; 95% CI: 1.75–5.88). Ex post, the 33%
risk reduction we hypothesized was unrealistic. Observational
studies are a suboptimal source of information to make
quantitative inferences on the expected effect of experimental
interventions. Extending the observation of patients to the
Q56

Usual care arm n (%); (95% CI) HR (95% CI) P value

59 (33); (26–40) 0.89 (0.61–1.29) 0.53
10 (6); (3–10) 1.61 (0.73–3.55) 0.24
19 (11); (6–16) 0.64 (0.31–1.32) 0.23

100
CI)

n; Incidence rate per 100
person-years (95% CI) IRR (95% CI) P value

24; 8.8 (5.6–13.1) 0.37 (0.15–0.93) 0.035a

3) 157; 57.5 (48.9–67.2) 0.63 (0.41–0.97) 0.038a

ltrasound.
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posttrial period and, more importantly, a second trial
adopting a protocol similar to LUST and a metanalysis of this
trial with ours are needed to obtain conclusive results about
the usefulness of lung US for guiding therapy in high-risk
patients on hemodialysis. Second, we did not achieve the
enrollment targets planned for the trial. However, the data
analysis of enrolled patients (n ¼ 383; 77% of the planned
study population) showed a largely nonsignificant difference
between the 2 arms of the trial. Third, because of the type of
the intervention, the study was unblinded, which could have
generated bias. Fourth, a possible favorable effect of the
intervention was observed only in exploratory secondary
analyses considering recurring episodes of decompensated HF
and recurring cardiovascular events. Even though biologically
plausible, these effects are merely hypothesis-generating.
Additional trials need to be done to prove the usefulness of
lung US in this population.

In conclusion, in patients on hemodialysis who are at high
cardiovascular risk, a strategy of lung US-guided therapy
safely reduced congestion but was not more effective than a
usual care strategy in improving the primary (composite)
endpoint of the LUST trial.
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