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Use of digoxin in children with low  
cardiac output syndrome and continuous 
renal replacement therapy

Introduction

Digoxin is a cardiac glycoside with important positive inotropic, neurohormo-
nal, and electrophysiologic effect, which is the basis for its use in patients with 
heart failure and ventricular dysfunction [1]. Digoxin is mainly eliminated by the 
kidney, therefore, patients with Low Cardiac Output Syndrome (LCOS) and im-
paired renal function are at risk for drug accumulation if not adjusted appropri-
ately. Increased serum concentrations of digoxin put patients at risk for toxic-
ity, which frequently manifests as electrolyte disturbances and haemodynamic 
compromise [2]. Moreover, patients undergoing renal replacement therapy are 
thought to have minimal effective renal elimination of digoxin. Consequently, 
digoxin plasma levels in this group of patients are unpredictable [2].

We present the case of a paediatric patient with Hypoplastic Left Heart Syn-
drome (HLHS) who developed ventricular dysfunction and LCOS, and Acute Kid-
ney Injury (AKI) in the postoperative period after total cavopulmonary connec-
tion (Fontan procedure). LCOS did not respond to high doses of inotropes and 
diuretics and the AKI was treated with renal replacement therapy with Continu-
ous Venovenous Haemodiafiltration (CCVHDF). Digoxin was added to the treat-
ment to try to improve the haemodynamic dysfunction. Digoxinemia levels were 
monitored frequently to avoid toxicity, and digoxin doses were often adjusted 
to maintain plasma levels within the normal range (Table 1), achieving improve-
ment of the cardiac function. 

We conclude that, exceptionally, in patients with LCOS and AKI, when a high 
dose of inotropes is not adequate to improve the ventricular function, digoxin 
could be safely added under strict drug levels monitoring.
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Table 1: Digoxin dose and plasma levels.

Day of treatment
Digoxin dose

(µg/Kg/Day Iv)
Digoxinemia levels

(Ng/Ml)

1 8 0.44

2 8 0.32

3 6.5 0.93

4 3.5 1.17

5 5.5 1.5

6 2.5 1.55

7 2.5 1.18

8 2.5 1.34

9 2.5 1.22

10 2 1.48

12 2 1.02

13 2 1.1

16 2 0.94

17 1.5 0.85

22 4 0.54

23 4 1.23

24 4 1.21

26 4 0.83

28 4 1.05

29 SUSPENDED

Case report

We present the case of a four-year-old male with Hypoplastic 
Left Heart Syndrome. He had previous Norwood surgery in the 
neonatal period and bidirectional cavopulmonary shunt for me-
dian sternotomy.

A cardiac catheterisation at the age of three showed: no 
stenosis of pulmonary trunk and branches. PAP: 13/9 mmHg, 
mPAP 11 mmHg, PCP 12/6 mmHg, PCPm 11 mmHg. Fontan sur-
gery was performed at this age with anastomosis of the inferior 
vena cava with a 20 mm Gore-tex tube and connection to the 
right pulmonary artery. A 5 mm fenestration between the ext-
racardiac tube and the right atrium was performed. 

Unfortunately, he developed Fontan failure with hepatome-
galy, ascites, elevated central venous pressures, and large out-
put from the chest drains. Echocardiography showed sponta-
neous closure of the fenestration. He progressively developed 
hypotension refractory to vasoactive drugs and anuria without 
response to diuretics, therefore, he was connected to CVVHDF 
three weeks after Fontan surgery, which was continued during 
his entire stay in the critical care unit.

CVVHDF parameters were blood flow 70 ml/min, replace-
ment flow: 500 ml/h, dialysis flow: 400 ml/h and negative bal-
ance of 20 ml/h. Serial renal ultrasounds showed patent renal 
flow with no signs of thrombosis.  Renal scintigraphy revealed 
acute tubular necrosis. Reoperation was performed to enlarge 
the fenestration of the extracardiac tube to reduce venous pres-
sure and allow shunting through the fenestration towards the 
single atrium. After the intervention, he developed vasoplegia 
requiring volume, high doses of vasoactive drugs, terlipressin, 
methylene blue, and hydrocortisone. Given the refractory ven-
tricular dysfunction, treatment with digoxin was started. Be-

cause the patient was on CVVHDF, digoxin plasma levels were 
frequently measured adjusting the dose accordingly (Table 1). 
As LCOS improved, treatment with digoxin was withdrawn. 
He always maintained digoxin levels within the normal range 
throughout treatment.

Discussion/Conclusion

Despite its efficacy, the use of digoxin has been steadily de-
creasing [3]. Different studies with adult patients have shown 
that Heart Failure (HF) and low serum digoxin concentrations 
are associated with a reduction in mortality and hospitalisation 
[1]. Low-dose digoxin in patients with left ventricular dysfunc-
tion has demonstrated improvement in the overall survival [3]. 
Low-dose digoxin has shown to be significantly more effective 
than ivabradine [4] in coronary patients with symptomatic di-
astolic heart failure and preserved systolic function.

Patients with LCOS and evidence of organ dysfunction require 
the use of inotropes, sometimes at very high doses. However, 
these therapies may have deleterious effects. An ideal inotropic 
drug should restore effective tissue perfusion by enhancing 
myocardial contractility without causing adverse effects. Such 
a drug is not available yet. Therefore, although experience with 
the use of digoxin in children with LCOS and renal failure is 
scarce, the addition of low dose digoxin to inotropic support 
could be an option before starting mechanical circulatory sup-
port as a last resort. In our patient with heart failure and acute 
renal failure resistant to inotropes, digoxin was started before 
considering mechanical circulatory support with extracorporeal 
membrane oxygenation, or with the Berlin Heart ventricular as-
sist device.

In the absence of residual renal function among patients 
receiving CVVHDF, digoxin administration has been associated 
with negative outcomes because the proportion of digoxin 
clearance during CVVHDF remains uncertain [5].

Li X et al [6]. have published that an intermittent low dose of 
digoxin has beneficial effects, and it is safe in patients with con-
gestive heart failure on haemodialysis. Furthermore, continu-
ous CVVHDF has been proposed as a treatment option in dig-
oxin toxicity, especially in patients who suffer from severe renal 
dysfunction and/or do not have access to digoxin antidote [6]. 
Therefore, the use of digoxin in critically AKI paediatric patients, 
if indicated, requires close plasma levels monitoring to prevent 
adverse events. In our patient, digoxin doses were changed fre-
quently to maintain plasma levels within the normal range. 

We conclude that the use of digoxin with a proper plasma lev-
els monitoring is safe and therapeutic effects can be achieved.
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