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Cutting the Gordian knot of diuretic resistance
using continuous ultrafiltration in a Holt-Oram
patient with decompensated heart failure and
Eisenmenger syndrome: a case report
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Continuous ultrafiltration consists a decongestion method for patients with refractory decompensated heart failure with diuretic
resistance as it enables the energetic withdrawal of isotonic fluid under controlled rate according to the patient’s vital signs, offering
decongestion without exceeding plasma refill rate.

A 62-year-old male with history of Holt-Oram syndrome with Eisenmenger physiology presented with worsening dyspnoea.
Patient initial clinical and laboratory examination, renal vein ultrasound, and echocardiogram were consistent with significant con-
gestion. A combined strategy of intravenous furosemide with early initiation of continuous ultrafiltration at an adjustable rate for
4 days was finally selected. Patient remained haemodynamically stable during the total treatment time and exhibited significant clin-
ical and laboratory improvement. Consecutive renal vein ultrasounds and echocardiograms demonstrated a continuous and steady
recession of congestion. During the 4 days of ultrafiltration, total fluid loss was estimated at 42 L. Patient remained asymptomatic
without signs of worsened congestion at 1, 3, and 5 months follow-up.

Our case depicts that continuous ultrafiltration without exceeding plasma refill rate allows an impaired right ventricle to maintain
significant preload. This suggests that it might be considered for patients in whom a session of short classic ultrafiltration might have
detrimental results regarding cardiac output.
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drugs, however, it is limited by haemodynamic instability.

perfusion.

® Increased renal vein pressure and stimulation of the sympathetic nervous system and renin-angiotensin system have been suggested as me-
chanisms of diuretic resistance in the context of decompensated heart failure.
o Ultrafiltration is proposed as the last resort for decongestion after the failure of high doses of intravenous diuretics combined with vasoactive

e Continuous ultrafiltration offers significant decongestion with a minimum impact on cardiac output and thus haemodynamic status and tissue

Congestion and diuretic resistance play a central role in patients with
acutely decompensated heart failure (ADHF) as they have been related
to increased morbidity and higher readmission rates.’ Ultrafiltration
(UF) presents as an alternative method when the intravenous diuretics
and combination of diuretics strategies fail. However, in preload depend-
ent situations, this method might exert detrimental haemodynamic

consequences. In such cases, continuous ultrafiltration has been pro-
posed as an effective alternative enabling fluid removal at significant
amounts without exceeding plasma refill rate.® Here, we present our ex-
perience of continuous ultrafiltration in a patient with Holt—Oram syn-
drome and Eisenmenger physiology presenting with ADHF.

Baseline echocardiography depicting bidirectional shunt through the ASD due to increased diastolic pressure in the right atrium (A). The shunt was left to right
after the decongestion therapy leading to an increase of the arterial blood oxygen saturation (B). IVC diameter and respiratory variation were improved due
to the decrease of right atrial pressure (C, D). Renal venous pressure decrease was documented with Doppler ultrasound as the pattern was improved from
monophasic before the ultrafiltration therapy to biphasic after the first ultrafiltration session (E) and finally continuous before discharge (F).
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A 62-year-old male with frequent hospitalizations due to ADHF pre-
sented at the emergency department with worsening dyspnoea at
mild exertion, orthopnoea and peripheral oedema, while he had gained
20 kg during the last two months. Patient had a prior medical history of
Holt—Oram syndrome, type 2 diabetes mellitus, atrial flutter, and chronic
obstructive pulmonary disease under oxygen therapy. Holt—-Oram was
diagnosed at the age of 58, when malformation of extremities, low
height, and the presence of an atrial septal defect (ASD) were noticed
during medical assessment. At that time, he had already developed
Eisenmenger physiology, right heart failure, and severe pulmonary hyper-
tension. Regarding his medication, he reported taking daily oral furosem-
ide 80 mg, eplerenone 50 mg, dapagliflozin 10 mg, dabigatran 300 mg,
valsartan 160 mg, metformin 1000 mg, macitentan 10 mg, and digoxin
0.25 mg three times per week. He did not report use of tobacco, alcohol,
or any illicit drug.

Initial physical assessment showed blood pressure 110/75 mmHg,
heart rate of 80 b.p.m., and oxygen saturation of 75% on ambient air.
Clinical examination revealed dilated jugular veins, ascites, and oedema
anasarca. Heart auscultation revealed a split S2 and a systolic ejection
murmur whereas lung auscultation revealed diffuse wheezing and basal
coarse crackles.

Chest radiograph showed an enlarged cardiac silhouette with signs of
congestion and pulmonary hypertension (see Supplementary material
online, Figure S1). Electrocardiogram showed atrial flutter at 85 b.p.m.
and right bundle branch block. Initial renal vein ultrasound demonstrated
a monophasic pattern of renal vein flow with a single flow phase in dia-
stole. Baseline echocardiogram showed left ventricle with normal dimen-
sions and wall thickness and preserved ejection fraction, with systolic and
diastolic D-shape movement of intraventricular septum, whereas right
cavities were notably enlarged with a systolic tissue Doppler velocity of
right ventricle equal of 5 cm/s. Doppler study revealed an ASD with bidir-
ectional flow. Inferior vena cava (IVC) was dilated without respiratory
variation, and systolic pulmonary pressure (PASP) was estimated at
100 mmHg (Summary Figure A, C, and E; Supplementary material online,
Videos S1-S3).

Due to the prominent congestion, as well as decreased urine volume
and urine sodium despite intravenous furosemide, initiation of continuous
ultrafiltration was decided combined with intravenous furosemide at a
daily dosage of 160 mg, maintained during the total treatment time.
Patient underwent two 48 h sessions of ultrafiltration at a continuous
rate of 200 mL/h. He remained haemodynamically stable during the total

treatment time and exhibited significant clinical improvement. Renal
function, after the initial expected deterioration, showed a steady
improvement.

Patient demonstrated a continuous and steady recession of conges-
tion. His mean daily urine output was 3 L, whereas the total ultrafiltrate
was 15 L. Total fluid loss was estimated at 42 L (including 27 L of urine).
Treatment results were reflected in a reduction of total body weight by
24 kg. A follow-up echocardiogram at Day 7 showed mainly left to right
flow and less right to left compared to the baseline study. Renal vein
ultrasound revealed a biphasic pattern with a tendency to the continu-
ous form (Summary Figure B, D, and F).

He was discharged asymptomatic, with minor ankle oedema, blood
pressure of 120/80 mmHg, oxygen saturation of 90% on ambient air,
and with the following prescribed regime (daily dosage): pantoprazole
40 mg, torsemide 60 mg, eplerenone 50 mg, dapagliflozin 10 mg, biso-
prolol 5 mg, dabigatran 300 mg, valsartan 160 mg, allopurinol 100 mg,
and digoxin 0.25 mg three times a week.

Patient remained asymptomatic during the 6 months of follow-up,
showing substantial improvement in his functional capacity, allowing
for a reduction in torsemide dose at 20 mg per day. His main laboratory
parameters at admission, exit, and follow-up visits are depicted at
Table 1, whereas Figure 1 highlights the course of specific clinical and la-
boratory parameters of interest.

One of the proposed mechanisms of diuretic resistance in the context
of ADHF is the increased renal vein pressure that decreases arterioven-
ous pressure gradient, with a parallel increase in the interstitial pressure
within the kidney, thereby decreasing renal blood flow, ultrafiltration
pressure, and glomerular filtration rate.* Congestion also worsens diur-
etic resistance by decreasing intestinal absorption, and because of a
stimulation of the sympathetic nervous system and renin-angiotensin
system. Moreover, worsened liver function in patients with right heart
failure and congestion leads to hypoalbuminaemia that can increase re-
sistance to furosemide.’

Intravenous loop diuretics at high doses and combination of different
diuretics often aid in overcoming the obstacle of resistance.” In case of
hypoperfusion, the use of vasoactive drugs should be also considered.
Ultrafiltration comes as the last resort but its use is limited due the
potential further haemodynamic instability if ultrafiltration rate signifi-
cantly exceeds the plasma refill rate in preload dependent HF patients.

Baseline, discharge, and follow-up laboratory parameters

Reference Baseline
Haematocrit, % 37-52 378
Haemoglobin, g/dL 12-18 1.3
International normalized ratio 17
Alanine aminotransferase, 1U/L 5-34 10
Aspartate aminotransferase, |U/L 0-55 6
Total bilirubin, mg/dL 0.2-1.2 1.46
Creatinine, mg/dL 0.57-1.11 1.3
Urea, mg/dL 15-43 103
Pro BNP, pg/mL <125 5739
Na, mEq/L 136-145 139
K, mEq/L 3.5-5.1 4

n/a, non-available; BNP, brain natriuretic peptide.

Discharge 1 month 3 months 5 months
40.9 47.8 48.6 46
12.5 15 15.8 14.3
14 18 17 1.6

21 n/a 18 17
13 n/a 14 15
1.1 0.9 11 1.0
1.5 17 17 14
103 137 115 96
1608 1536 1271 n/a
137 133 135 136
4.8 41 44 45
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Figure 1 Graphs show the progression of various clinical and laboratory variables during the hospitalization.

Continuous ultrafiltration, on the other hand, exerts a minimum impact
on haemodynamic status as the low and continuous ultrafiltration rate
contributes to the maintenance of the necessary preload and thus car-
diac output.®® Despite the haemodynamic advantages of the method,
there are several limitations. It consists a time-demanding treatment
with a considerable cost and the need of anticoagulation. Application
of the method by experienced personnel is warranted to reduce the
odds of adverse events including bleeding, pneumothorax, catheter-
related bacteraemia, and infective endocarditis. In RAPID-CHF trial,
40 patients were evaluated and ultrafiltration resulted to higher weight
loss than diuretic therapy. In the UNLOAD trial, ultrafiltration was as-
sociated with a significantly greater fluid removal, fewer hospitalizations
for HF, and lower readmission rate than diuretic therapy in 200 pa-
tients.” In the CARRESS-HF trial, 188 patients with ADHF and cardior-
enal syndrome were assigned to either pharmacologic treatment or
ultrafiltration. The main findings were a similar weight loss with fewer
complications in the pharmacologic treatment group.® The AVOID-HF
trial was a multicentre randomized trial comparing continuous UF with

adjustable intravenous loop diuretics. UF group had fewer hospitaliza-
tions at 30 days, at the cost, however, of an increased rate for total and
serious product-related adverse events leading to the premature
termination. Of note, the absence of blinding could have affected
patient management after discharge.” A real world retrospective
10-year study that included 335 consecutive patients has shown super-
jority on the readmission rates for the ultrafiltration, which could be
attributed to the adjustable ultrafiltration rate and personalized ultrafil-
tration protocol.’

This case demonstrated the first to our knowledge patient with
Holt—Oram syndrome and Eisenmenger physiology who underwent
continuous ultrafiltration with impressive response and sustained long-
term results. These patients tend to be underrepresented in clinical
trials. Data regarding the use of UF in patients with congenital heart dis-
ease are missing. However, it should be noted that despite the prom-
inent right heart failure, our patient had an advantage due to the
Eisenmenger physiology. In particular, UF in usual patients with cardior-
enal syndrome poses the risk that fluid removal rate might exceed
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plasma refill time, significantly reducing preload and ultimately resulting
into decreased cardiac output and consequently hypoperfusion. The
latter would enhance the vicious cycle of diuretic resistance. On the
contrary, in patients with ASDs and Eisenmenger physiology, the pres-
ence of right-to-left shunt contributes to the maintenance of adequate
cardiac output by preventing the decrease in preload. On the other
hand, continuous UF in Eisenmenger patients can lead to a relative re-
duction in right ventricular pressure and decrease the amount of
right-to-left shunt, thus improving oxygen saturation. Torsemide was
selected per protocol over furosemide at discharge due to theoretical
pharmacological advantages (natriuretic effect, bioavailability, half-time)
as well as the suggested less neurohormonal axis activation and its po-
tential antifibrotic effects."’

Our case depicts that continuous ultrafiltration may exert a min-
imum impact on haemodynamic status and tissue perfusion by allowing
an impaired right ventricle to maintain a significant preload. Physicians
addressing the clinical scenario of refractory ADHF in patients prone
to haemodynamic instability, such as those with impaired right heart
function, should avoid rapid decongestion using classic UF protocols
and prefer bedside continuous UF.
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