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 Recirculation is the phenomenon of the return of dialysis blood to the 

systemic circulation which is not in full equilibrium, the concentration of 

solutes in the blood in the arterial route is lower than in the systemic 

circulation. This indicates that the dialyzed blood is mixed with blood 

that has not been dialyzed. Determining the optimal position of the 

double lumen catheter (DLC) tip is complex and controversial. Blood 

flow in the Right Atrium (RA) is more static than in the Superior Vena 

Cava (SVC). The rate of rotation and vortex of RA blood flow is also 

higher. SVC blood flow is more laminar and RA blood flow is more 

rotational, so that when DLC tip in RA, already dialyzed from a 

hemodialysis machine (low urea level) which is flowed in through the 

proximal orifice via a venous cannula has a higher chance of being 

aspirated through the distal orifice than if the tip was placed in the SVC. 

This research is an analytic observational, cross-sectional data collection 

with a total sampling that meets the inclusion and exclusion criteria. 

Each sample was evaluated for the position of the DLC tip through a 

chest X-ray, then measured the distance from the carina. Then the 

peripheral blood urea level was checked and after undergoing 

hemodialysis for 30 minutes, Qb was lowered to zero, and 

simultaneously samples of blood flow between arteries and veins were 

taken respectively. Amount of urea measured and access recirculation 

value was calculated using Percent recirculation = ([P - A] [P - V]) × 

100%. Based on Linear Regression test on the DLC tip position data and 

recirculation access data, there is a significant correlation p = 0,000 (p < 

0,05). The deeper the tip position towards RA, the higher the 

recirculation value. This study concludes that there is a correlation 

between the position of the right subclavian vein temporary double 

lumen catheter tip and the incidence of hemodialysis access recirculation 

in patients with chronic kidney disease stage V. 
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1. Introduction 

Stage V chronic kidney disease (CKD) is characterized by the occurrence of kidney damage or a persistent 

decline in kidney function for at least three months or more. In Indonesia itself, based on data from the 11th 

Report of the Indonesian Renal Registry (IRR) in 2018, the number of new CKD patients in Indonesia 

continues to increase from year to year. A total of 256,096 hemodialysis (HD) patients used central venous 

catheter access, with 54.5% using access via the subclavian vein [1]. Due to minimum earlier vascular 

access plan, the type of medical care before to the onset of stage V CKD, and socioeconomic factors, cause 

the disproportion and high proportion of patients initiating renal replacement therapy with hemodialysis in 

hospital using a temporary hemodialysis catheter vascular access associated with high morbidity (infection, 

venous stenosis) and mortality [2], [3]. Double-lumen catheter is one of Indonesia’s most frequently used 

vascular access for HD patients [4]. 

 

Inadequate dialysis is an significantly contributes to shortening life expectancy in patients with stage V 

CKD. Therefore, adequate dialysis is essential in patient management [5]. One of the causes of inadequate 

dialysis is access recirculation, so the dialysis dose is less than what has been determined at first [5]. 

Recirculation is a phenomenon of the return of dialyzed blood to the systemic circulation which is not in 

complete equilibrium, the concentration of solutes in the blood in the arterial route is lower than in the 

systemic circulation, this indicates that there has been mixing of the dialyzed blood with blood that has not 

been dialyzed entering the dialyzer [5], [6]. 

 

The placement of the DLC tip is divided into three zones, namely upper SVC, lower SVC, and RA [7]. 

However, determining the optimal positioning of a central venous catheter tip is complex and controversial.  

 

The chambers of the heart and blood vessels have different patterns of blood flow. Blood flow in the right 

atrium (RA) is more static than in the superior vena cava (SVC). The rate of rotation and vortex of RA 

blood flow is higher. SVC blood flow is more laminar and RA blood flow is more rotational, so when 

double lumen catheter (DLC) tips in RA, the dialyzed blood from the machine (low urea level) which is 

flowed in through the proximal orifice via a venous cannula has a higher chance of being aspirated through 

the distal orifice than if the tip was placed in the SVC. Based on this theory, the possibility of access 

recirculation is higher when the DLC tip is in the RA [6], [8- 10] 

 

1.1 Study point 

The point of this study is to determine the correlation between the position of the tip of the right subclavian 

vein temporary double lumen catheter and the incidence of hemodialysis access recirculation in patients 

with stage V CKD. We are also interested to assess recirculation access in patients with stage V CKD 

undergoing hemodialysis through a temporary double lumen catheter of the right subclavian vein at 

different tip positions. 

 

1.2 Study determination 

Every chosen patient in this study carried out (1) evaluation of the double lumen catheter tip position 

through a chest X-ray. The calculated depth was calculated based on the distance of the tip to the carina. (2) 

samples of arterial and venous blood flow were taken after 30 minutes from the start of hemodialysis and 
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after the ultrafiltration was stopped. (3) Qb was lowered to 50 ml/min, the blood sample was taken after 15-

30 seconds after. (4) Samples were sent to the Clinical Pathology Laboratory of Doctor Soetomo Hospital,  

Surabaya. Recirculation access was calculated using the Percentage of Recirculation = ([P - A]:[P - V]) × 

100% [14]. 

 

2. Findings and Discussion 

Sampling was carried out by total sampling from April to June 2022, obtained 20 samples that met the 

inclusion and exclusion criteria. Each sample was evaluated for the position of the tip of double-lumen 

catheter (DLC) through a chest X-ray and then the distance from the carina was measured. Then the 

peripheral blood urea level was checked. After undergoing hemodialysis 30 for minutes, Qb was lowered to 

zero and simultaneously blood samples were taken from the arterial and venous tubes. After taking the 

blood sample, Qb was raised back to its original value. Next, the samples were sent to the Clinical 

Pathology laboratory at Doctor Soetomo Hospital Surabaya. In the final stage, based on the measured 

amount of urea, the access recirculation value was calculated using Percent of Recirculation = ([P - A]: [P - 

V]) × 100%. Then the significance of recirculation is determined, if the value is > 10% it is considered 

significant recirculation. The data analyzed in this study were the double-catheter lumen tip position and 

access recirculation significance data. The research data was tested by linear regression test. If the p value 

<0.05, it can be concluded that there is a significant correlation. All data will be analyzed with SPSS v23 

software. 

 

2.1 Study samples characteristics 

The study samples were patients with stage V CKD who had decided to undergo regular hemodialysis and 

underwent dialysis at Dr. Soetomo Surabaya research time between April 2022 to June 2022 meeting the 

inclusion and exclusion criteria. The characteristics of each study sample were described based on gender, 

age, comorbidities, weight, height, BMI, how long the double lumen catheter was installed and Qb (Table 

1). The type of tip used in the patients in this study was a step tip. 

 

Table 1 Characteristics of the samples 

Characteristics Frequency Percentage 

Gender   

Male  12 60% 

Female  8 40 % 

Comorbid    

Hypertension  6 30% 

Diabetes Mellitus  14 70% 

  Mean Std. Deviasi 

Age (years)  46.05 13.24 

Weight (kg)  57,74 12.85 

Height (cm)  160.5 8.48 

BMI (kg/cm2)  22.5 4.29 

QB (ml/min)  191,75 7,12 

Duration of use (day)  29,85 12,98 

 

3. Double-Lumen Catheter Tip Position 

Each sample was evaluated for the position of the double lumen catheter lumen tip by means of a chest X-

ray measuring its distance from the carina. The position of the tip which is located 0-3 cm from the carina 

indicates that the tip is in the SVC and if the distance is more than 3 cm, the tip is in the RA. 
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Table 2 Tip double lumen catether position to the carina 

 Mean Std. Deviation 

Double lumen 
catheter tip 

 6.11 2.15 

    

 

The position of the tip based on the tip distance from the carina obtained an average of 6.11 cm with a 

standard deviation of + 2.15, with the shortest tip position being 2.9 cm and the deepest 11.8 cm from the 

carina. According to [7], if the DLC tip is more than 3 cm deep from the carina then the DLC tip is in the 

RA and if it is located higher up then the tip is in the SVC. 

 

4. Recirculation Access 

Recirculation access was calculated by measuring the peripheral urea level (P), then during hemodialysis, 

after 30 minutes from the start of hemodialysis, Qb was lowered to zero and simultaneously blood samples 

from the arterial tube (A) and venous tube (P) were taken respectively. Then based on the amount of urea 

measured, the access recirculation value was calculated using the percentage of recirculation = ([P - A] [P - 

V]) × 100% the data obtained: 

 

Table 3 Recirculation Access 

                                                       N Mean Std. Deviation 

Recirculation  (%) 20 19.66 7.16 

    
 

From the data above, it is found that the average value of recirculation is with a mean of 19.66 with a 

standard deviation of +7.16. The significant recirculation value is > 10%, 90% of the samples have a 

significant recirculation value. According to [11], it is possible that the high recirculation value is caused by 

a low Qb. However, from this study, when an analytical test was carried out between Qb and the 

recirculation access value, there was a non-significant relationship. This is in line with the research 

conducted by [12]. which showed a non-significant relationship between QB and access recirculation. 

Another factor that is thought to cause the high recirculation value is the DLC used in this study using a 

temporary DLC. Because based on the research of Tan et al, temporary dialysis catheters have a higher 

recirculation rate than permanent ones [16]. Meanwhile, based on previous studies, height, weight, age, 

duration of use of DLC, Qb and BMI did not have a significant relationship with access recirculation [12- 

14]. 

 

5. Correction of the tip and incidence of recirculation access 

Access recirculation value with DLC tip position was performed by Pearson correlation test. If obtained p < 

0.05, it can be concluded that there is a significant difference. 
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Figure 1 Analysis result of tip position with recirculation access 

 

From the analysis, it was found that there was a correlation between the position of the tip and the incidence 

of access recirculation with p <0.05. Figure 1 shows that the deeper the DLC tip position from the carina, 

the higher the recirculation value, the red dotted line is above which indicates that recirculation is 

significant when the value is above 10%. 

 

6. Conclusion 

Based on the results of this study, a significant correlation was found between the position of the DLC tip 

and the incidence of recirculation. This is in accordance with the hypothesis of this study that there is a 

correlation between the position of the right subclavian vein temporary double lumen catheter tip and the 

incidence of hemodialysis recirculation access in patients with stage V chronic kidney disease. This is 

supported by with [15] statement, tip position correlates with access recirculation. 

 

According to Kwon et al., the DLC tip will be in the RA if we insert the DLC tip deeper 3 cm from the 

carina, so if we insert the DLC deeper then the position of the DLC tip will be deeper into the RA [7]. In 

this study, if the DLC tip is located further away from the carina, which is closer to the RA, the higher the 

incidence of recirculation. This is in contrast to the recommendation from Depner which states that the tip 

position of the DLC should be as close to the RA as possible to reduce the incidence of recirculation, and 

KDOQI 2020 recommends that the tip position be located in the RA regardless of whether it is temporary or 

long-term [5], [16]. While Sohail et al. for non-temporary DLC the tip position is in the caudal SVC, in line 

with the 2006 KDOQI recommendations for temporary DLC located in the SVC [17], [18]. 

 

Huriaux explained that the tip position should be located in the SVC close to the SVC-RA junction because 

low vascular blood flow increases dialysis blood stasis around the distal end of the catheter, increasing 

recirculation [11]. SVC and RA have different blood flow patterns, SVC has a straighter flow direction and 

a higher flow velocity than in RA. Meanwhile, helicity and vorticity that occurred in RA were higher than 

in SVC [9], [10]. In addition, the flow in the RA is predominantly rotational, some of which is convective 

from the highly helical inflow of SVC and IVC. Multiple vortices tend to be associated with higher 

dissipation rates in the central RA region due to turbulence. The atrium itself has a single rotation flow [10]. 
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According to [8], catheter placement in the RA can increase mean vortices. The computerized 3D model 

created shows a characteristic flow pattern in the RA, with rotations coming from the IVC flow and the 

SVC flow rotating helically. Different tip placements also resulted in different percentages of recirculation, 

with tip placement closer to the RA wall resulting in greater recirculation flow [9]. 

 

During dialysis, filtered blood (with a low urea level) exits through the distal tip, and central venous blood 

is aspirated from the proximal tip to the hemodialysis machine. In RA the flow is more static than SVC, the 

rate of rotation and vortex of RA blood flow is higher, SVC blood flow is more laminar and RA blood flow 

is more rotational, so that when the DLC tip in RA blood that has been dialysed from a hemodialysis 

machine (low urea levels) is flowed entering through the proximal orifice through the venous cannula has 

the possibility of being aspirated again and mixed with venous blood (high urea levels) through the distal 

orifice higher than when the tip is placed in the SVC. So it can be concluded that the possibility of access 

recirculation is higher when the DLC tip is in the RA, so it is also followed by a higher possibility of 

inadequate dialysis occurring when the DLC tip is in the RA [6], [9- 11]. 

 

Solozobal explained that the arterial influx tip and the venous outflux tip should be placed at different 

heights to reduce the risk of recirculation. In addition, to eliminate the incidence of recirculation, the arterial 

tip influx and venous tip outflux can be placed in different spaces, namely in the SVC and IVC. The 

incidence of recirculation will be high at the position of the two tip holes which are located at the same 

height and at the position of the two tip holes in the same space. So it can be concluded if the arterial tip 

hole and venous tip hole are located in the same space, causing high recirculation values. So it can be 

concluded that the arterial tip hole must be located at a different location from the venous tip hole. Where 

inflow into the venous orifice requires high flow and arterial outflow requires low flow [16]. 

 

From this study, the deeper the position of the DLC tip from the carina, the higher the recirculation value, 

keeping in mind that the type of DLC tip in this study is a step tip, but keep in mind that actually the cause 

of high recirculation is because the two tip holes are located in the same space. So it can be concluded that 

the best tip position is in the condition that both arterial and venous tip holes are located in different spaces, 

this can be achieved if the tip position is located in the lower SVC near the SVC-RA junction. 

 

We need to understand that the recirculation event is not only influenced by the position of the DLC tip. We 

also need to look at the type of the DLC tip itself. Because the recommended distance between the arterial 

and distal tip holes is 2-3 cm and to prevent the risk of recirculation, it is necessary to place the two tip sites 

in a position where the two holes have different flows and velocities. Therefore the DLC tip should be 

positioned in the lower SVC where the part of both the arterial and venous orifices of the DLC can face in 

different spaces. The arterial outflux hole (undialysated blood) is in the SVC chamber, which has a more 

laminar and faster flow and the venous influx hole (dialysated blood) is in the SVC chamber facing the RA 

so that the blood flow from the machine directly flows into the RA which has a slower flow compared to 

the SVC. 
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Figure 1 DLC tip posisiton at the SVC RA junction the outflux hole facing the SVC (A) and showing the 

influx hole facing the RA (B) 

 

In this study a high recirculation value was found at the DLC tip position in the RA which is getting deeper 

into the IVC this may be due to some strong dissipation that occurs posterior to the vortex in the RA where 

there is a strong rotational flow that meets the incoming blood flow from the IVC, which also causes strong 

local friction, which also increases blood stagnation [10]. 

 

The clinical implication that we can take in this study is the installation of right subclavian DLC for access 

to hemodialysis on the step tip type, to reduce the risk of recirculation, the position of the DLC tip should 

be located in the lower SVC where the position of both arterial and venous holes from the DLC can be 

facing a different site. 
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