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The cases. Patient 1

Male, 57 years old, presented with SARS-CoV-2 pneumonia 
acute respiratory distress syndrome (ARDS) requiring inva-
sive mechanical ventilation and extracorporeal membrane 
oxygenation (V-V ECMO). ECMO cannulas were inserted 
in the right internal jugular vein and right femoral vein. He 
developed KDIGO-3 acute kidney injury (AKI) and began 
continuous veno-venous hemodiafiltration (CVVHDF). The 
dialysis system was placed out of the ECMO circuit. The left 
femoral vein was the dialysis catheter site. Fifty-three days 
after starting CVVHDF, we observed a decrease in post-
filter ionized calcium levels and systemic hypercalcemia. 
We also noticed decreased blood urea levels in the dialy-
sis circuit and loss of dialysis efficiency, demonstrated by 
increased systemic urea levels and development of meta-
bolic acidosis (laboratory and CVVHDF data are shown in 
Table 1). We temporarily reduced replacement of calcium 

solution and citrate infusion. The hypothesis of recirculation 
was raised. Furthermore, we changed dialysis access. The 
tip of the removed catheter is shown in Fig. 1. The patient 
remained on CVVHDF for 66 days. After 60 days of ECMO, 
he underwent bilateral lung transplantation, but died in the 
perioperative period due to refractory shock and multiple 
organ dysfunction.

Patient 2

Male, 71 years old, presented respiratory failure due to 
COVID-19 and remained under invasive mechanical venti-
lation for 10 days. After initial improvement, he presented 
secondary bacterial pneumonia, new respiratory failure, 
septic shock, and KDIGO-3 AKI. He required V-V ECMO 
and was decannulated from ECMO after 18 days. CVVHDF 
was connected to a newly inserted catheter in the left fem-
oral vein. Anticoagulation with heparin (for ECMO) and 
regional citrate anticoagulation protocol were used simulta-
neously. Again, we observed signs of access recirculation 33 
days after starting CVVHDF, and we changed the dialysis 
catheter (laboratory parameters are shown in Table 1). The 
catheter tip was like the one in Fig. 1. He remained under 
invasive mechanical ventilation and CVVHDF for 58 days. 
After numerous infectious complications, the patient died of 
multiple organ dysfunction.

Patient 3

Male, 59 years old, presented with SARS-CoV-2 pneumonia 
and ARDS requiring lengthy invasive mechanical ventilation 
(57 days). He developed KDIGO-3 AKI, and after 7 days of 
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CVVHDF and regional citrate anticoagulation protocol, he 
presented some signs suggestive of recirculation, as occurred 
in the two previous cases. The catheter was removed from 
the left femoral vein and a new one was placed in the right 
internal jugular vein. The tip of the femoral catheter was 
also covered by thrombus and calcification. Laboratory data 
are shown in Table 1. He recovered kidney function after 76 
days of dialysis therapy. He was discharged from hospital 
after 3 months of hospitalization. However, he was read-
mitted early due to sepsis from an abdominal source. He 
evolved with multiple organ dysfunction and died 22 days 
after hospital readmission.

Dialysis protocol

The initial dialysis protocol was previously described [1]. 
Briefly, we performed CVVHDF using the Prismaflex or 
Prismax machines, ST150 dialyzer, and AN69 membrane 
(Baxter Healthcare Corporation, IL, USA). Blood flow was 
120 ml/min. Four percent trisodium citrate and calcium solu-
tion were infused into the arterial and third line of the dialy-
sis catheter, respectively. The citrate and calcium infusion 
rates were set to maintain the post-filter and systemic ionized 
calcium concentration in the range of 0.25–0.30 mmol/l and 
1.12–1.20 mmol/l, respectively. Formerly, a CaCl2 solution 
(0.75% CaCl2; 8 mg Ca/ml) was used. Since September 
2021, with the acquisition of new machines equipped with 
a syringe pump for calcium infusion, we started using a 10% 
pure CaCl2 solution, as suggested by the manufacturer. We 
began using the target citrate dose of 4 mmol/l of blood. The 
replacement solution was delivered post-filter. Filter patency 
was evaluated daily using the dialysate urea/pre-filter urea 

ratio (Udial/Upre). Even when there was a clinical indication 
for systemic anticoagulation with unfractionated heparin, the 
citrate protocol was maintained.

Lessons for the clinical nephrologist

The proper functioning of the extracorporeal circuit is essen-
tial for metabolic control, correction of electrolyte distur-
bances, and acid–base balance in patients on continuous 
dialysis (CRRT). Ineffective anticoagulation and vascular 
access dysfunction compromise the efficiency of dialysis 
treatment. Regional citrate anticoagulation has become the 
preferred anticoagulation modality for CRRT. Recirculation 
does not appear to be a common problem in CRRT (Box 1).

Recirculation, a fraction of blood coming from the dia-
lyzer that is repeatedly passed through the dialyzer mem-
brane, is not commonly detected in patients undergoing 
CRRT and regional citrate anticoagulation. In our patients, 
during recirculation, we noticed a local overload of citrate 
indicated by the decrease in ionized calcium levels within 
the circuit, sometimes below the lower level of detection 
(Table 1). Systemic hypercalcemia occurred due to the 
reduced blood flow coming from circulation in the dialysis 
circuit caused by the recirculation. Thus, we reduced the cit-
rate infusion rate and replacement of calcium, respectively, 
until the problem was identified. The total calcium total/
ionized calcium ratio remained unchanged, indicating that 
the accumulation of citrate was only local without a systemic 
effect. There was also, due to recirculation, a reduction in 
the levels of urea in the blood of the circuit. Concurrently, 
the efficiency of dialysis decreased, leading to increased 
levels of systemic urea and metabolic acidosis, the latter 

Fig. 1   Thrombus and calcification at the tip of the dialysis catheter
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also determined by the decrease in the systemic delivery of 
citrate and non-generation of bicarbonate. Two similar cases 
during CRRT and regional citrate anticoagulation have been 
described in the literature. The first case was described in a 
child during the reversal of arterial and venous lines of the 
dialysis catheter placed in the femoral vein [2]. The second 
case involved an adult patient when a venous thrombosis was 
observed close to the tip of the catheter placed in the right 
femoral vein [3]. In our three patients, when the catheters 
were changed, we identified the presence of calcified mate-
rial at the tip of the catheters (Fig. 1). After changing the 
catheters, disturbances in calcium levels decreased and the 
efficiency of dialysis was restored.

Our three patients had COVID-19 and two of them 
(patients 1 and 2) were hospitalized for a long time, using 
V-V ECMO and multiple vascular accesses. Patients with 
COVID-19 have coagulation derangement suggesting a 
hypercoagulable state. The incidence of venous throm-
boembolic episodes in critically ill COVID-19 patients 
appears to be higher than historical rates, even under stand-
ard prophylaxis. The alterations observed in the coagulation 
tests seem to result from the intense inflammatory response 
triggered by the viral infection [4]. A study showed deep 
vein thrombosis and pulmonary embolism in 19.8% and 
18.9% of patients, respectively [5]. Other authors detected 
dysfunction of venous catheters and early coagulation of 
extracorporeal circuits [6]. One study showed coagulation 
of the dialysis circuit in 96% of patients undergoing renal 
replacement therapy. The average duration of continuous 
dialysis circuits was 36 h [7].

It does not seem to us that COVID-19 hypercoagulability 
was the main factor involved in the formation of calcifica-
tion/thrombus at the tip of catheters. Previously and at the 
moment when we detected recirculation, the filters presented 
good performance as can be verified by the values of the 
Udial/Upre ratio, an indicator of the patency of the filters. 
In addition, two patients also received a full dose of intrave-
nous unfractionated heparin. RCA seems to work well, even 
in patients with COVID-19. We recently demonstrated in a 
cohort of patients with COVID-19 and AKI on CVVHDF 
that the mean filter life was 80 h and that early clotting of 
the dialysis circuit (< 72 h) occurred in only 22% of the 
filters used [8].

Other important issues related to recirculation are the 
implantation site, the type of catheter, the blood flow used, 
and the positioning of the catheter tip. The right internal 
jugular vein is the preferred site when there are no con-
traindications or urgencies. It allows direct access to the 
superior vena cava system and the catheter tip must be kept 
in the transition between the superior vena cava and the 
right atrium [9]. If the right jugular vein cannot be used, 
the second option for placing the dialysis access is the 

femoral veins or the left jugular vein. Femoral access is 
used in patients with severe respiratory failure, on mechan-
ical ventilation, and in those with high airway pressures. 
The right side anatomically has a more direct access to the 
inferior vena cava and seems to provide a longer lifespan 
of the CRRT circuit when compared to the left side. When 
using femoral access, a longer catheter is usually required 
so that the tip remains in the central lumen of the inferior 
vena cava. Cannulation of subclavian veins should not be 
performed because of the increased risk of thrombosis, 
venous stenosis and pneumothorax.

In this report, the three patients had catheters in the 
left femoral vein. The long-term use of catheter (patients 
1 and 2) could have contributed to the occurrence of 
thrombus formation and crystallization, but we observed 
the same problem after only one week of catheter use in 
the third individual. We have been using CVVHDF with 
regional citrate anticoagulation and calcium diluted solu-
tion replacement infusion in the third line of the cath-
eter since 2000. It was the first time that we observed the 
occurrence of this phenomenon, and this happened after 
the change to the concentrated Ca solution. Considering 
the findings, we hypothesize that the use of concentrated 
CaCl2 (10%) seems to have induced calcium crystallization 
and thrombus formation at the tip of the dialysis catheter. 
Next, we diluted the replacement Ca solution, and since 
then we have not observed any new cases of crystalliza-
tion and recirculation. We need additional data to define 
which maximum concentration of Ca solution could be 
safely used in the regional citrate anticoagulation protocol 
in critically ill patients undergoing CVVHDF.

Box 1: When to suspect vascular access 
recirculation during CRRT with RCA​

• Decreased ionized Ca within the circuit (post-filter)
• Increased systemic Ca (total and ionized Ca)
• Unchanged systemic total Ca/ionized Ca ratio
• Decreased urea in blood circuit
• Increased systemic urea
• Metabolic acidosis
Risk conditions for the development of recirculation 

during CRRT: line reversal of dialysis circuit, short 
femoral catheter, vein/catheter thrombosis

CRRT​ continuous renal replacement therapy, RCA​ 
regional citrate anticoagulation
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