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Abstract

Background: Recirculation is a phenomenon in hemodialysis where purified blood re-enters the dialyzer and is
cleaned again, which can negatively impact the adequacy and quality of hemodialysis. As quality hemodialysis is
crucial for the treatment of hemodialysis patients, this study aimed to determine the prevalence of recirculation and its
related factors in patients undergoing hemodialysis in medical centers in Golestan province, Iran in 2019.

Methods: A cross-sectional study was conducted in 2019 on patients with end-stage renal disease (ESRD) undergoing
hemodialysis in medical centers in Golestan province, northeastern Iran. The study included 324 patients, selected
using a stratified sampling method. Demographic and clinical data were recorded, and recirculation was measured by
assessing urea levels based on the two-needle method, with a cut-off point of 10%. Patients were categorized into two
groups based on recirculation percentage, with and without recirculation. Data were analyzed using SPSS (version 16)
with descriptive statistics (mean, standard deviation, frequency) and inferential statistics (chi-square test and Fisher's
exact test for low frequency cases, and t-test to compare quantitative variables) at a confidence level of 0.05.
Results: The study found that the prevalence of recirculation in hemodialysis patients in Golestan province, Iran was
22.5%. There was a significant relationship between pump speed, arterial needle location (above the venous needle),
venous-arterial needle distance from each other, and recirculation. The mean pump speed was 251.64 rpm, and the
venous-arterial needle distance was 4.12 cm significantly lower in the recirculation group than in the no-recirculation
group. There was also a significant relationship between recirculation and the way catheter lines were connected
(arterial line connected to venous line) (P=0.0001).

Conclusion: Given the high prevalence of recirculation, and the ability to modify some of its related factors, nurses
should take strategies and create suitable conditions for efficient hemodialysis for patients undergoing hemodialysis.
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Highlights

What is current knowledge?
According to the existing literature recirculation is a common phenomenon
in hemodialysis that affects the adequacy of dialysis.

What is new here?
This study shows that the prevalence of recirculation in hemodialysis
patients in Golestan province, Iran, was 22.5%.

Introduction

Chronic renal failure is a process that leads to the loss of kidney function due to
reduced glomerular filtration (1). To survive, a person with ESRD must undergo
renal replacement therapy, such as hemodialysis (2). Hemodialysis is a common
treatment method in Iran and many other countries (3). The population of patients
with renal failure in Iran is 320,000, of which 49% are undergoing hemodialysis
treatment (4). Considering the high rate of hemodialysis use in treating patients
with renal failure, increasing the quality of dialysis is particularly important.
Dialysis is considered to be of good quality when about 70% of the urea in the
body is removed during one session, which is called dialysis adequacy and plays
a vital role in reducing patient mortality (5). Various factors affect the adequacy
of dialysis; vascular access and duration of dialysis sessions are among the factors
affecting dialysis adequacy (6). Other factors such as arteriovenous fistula
recirculation, variables related to the dialyzer, such as insufficient dialyzer
calibration, and patient-related factors such as low vascular access blood flow,
patient hypotension, and reducing the duration of hemodialysis sessions decrease
the adequacy of dialysis (7).

Insufficient arterial blood flow can lead to recirculation. This condition
causes the blood flow rate in the vascular access site to be lower than the
extracorporeal blood flow, resulting in the mixing of dialyzed and non-dialyzed
blood. Usually, a suitable arterial fistula has a blood flow of about 1000 ml/min.
The blood flow of the dialysis machine is 350-500 ml/min under the best
conditions. With the proper direction and distance of dialysis needles, arterial and
venous blood will never mix. If this is not the case, recirculation will occur (8).

Some of the dialyzed blood in dialysis through the venous needle enters the
dialyzer again through the arterial needle (7).

Recirculation is diagnosed when the concentration of the blood solution in
the arterial line is lower than the systemic circulation. It indicates the mixing of
dialyzed and non-dialyzed blood entering the dialyzer. In this phenomenon, the
mixing of dialyzed and non-dialyzed blood causes the urea concentration in the
blood entering the dialyzer to decrease by between 10-40% or more (9).

The prevalence of recirculation has been reported differently in various
studies. In recent studies, its prevalence has been reported to vary from 8 to 17
percent. Abbasi (2015) reported 11.6 percent, Mousavi (2009) reported 17
percent, and Mahboob (2013) reported 8.1 percent (8, 10, 11). The existence of
recirculation significantly reduces the adequacy of dialysis. Therefore, periodic
assessment of vascular access recirculation in dialysis is crucial for diagnostic
purposes in these patients. However, most hemodialysis centers ignore the
regular recirculation evaluation of patients (7). Patients with end-stage renal
disease (ESRD) depend on hemodialysis for survival. Therefore, periodic
assessment of vascular access recirculation indicates the patient's benefit from
appropriate dialysis adequacy. Some clinical guidelines consider regular
evaluation of recirculation as a method for rapid identification and correction of
vascular access (9).

The issue of recirculation and a comprehensive study regarding medical
centers is critical. It is used in planning investigations and appropriate actions.
The present study was conducted to determine the prevalence of recirculation and
related factors among hemodialysis patients in the medical centers of Golestan
province, Iran, in 2017.

Methods

This cross-sectional study was conducted with a descriptive-analytical approach
on patients with end-stage chronic renal failure undergoing hemodialysis in
medical centers of Golestan province, located in northeast Iran in 2017. The study
population consisted of patients with end-stage chronic renal failure undergoing
hemodialysis in Golestan province at the time of the research. The sample size
was determined based on a prevalence of 6.7% of recirculation in the study of
Melai et al. (12), a confidence level of 0.95, and a maximum error of 1.5%. With
a total population of 747, the sample size in the entire province was determined
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to be 324 people. The sampling method used was stratified; 11 hemodialysis
departments of education and treatment centers in the area were considered as
classes. Within each class, simple random sampling was done with proportional
allocation. Hemodialysis departments in medical centers of the province were
considered as classes. Then, using the list of hemodialysis patients from each
center in equal proportion, eligible participants were included in the study using
a simple random sampling method.

The study's inclusion criteria include hemodialysis with an arteriovenous
fistula or permanent catheter, hemodialysis for at least three months and more
than once a week with any type of dialysis machine, dialyzer, and dialysis
solution, a pump speed of 250-350 ml per minute, dialysis solution flow of 500
ml per minute with a bicarbonate solution concentration of 35 meq/l (12), the
absence of diagnosed mental retardation and psychiatric disorders, and consent
to participate in this study. The study did not include hemodialysis patients with
temporary vascular access, advanced heart failure, or severe vascular disorders.

A form was used for demographic data collection, such as age, gender,
ethnicity, marital status, occupation, monthly income, and education. Clinical
information such as the duration of end-stage renal disease, start date of
hemodialysis, duration of each session, type of vascular access (arteriovenous
fistula or catheter), duration of vascular access, frequency of dialysis per week,
distance between venous and arterial needles, distance of needles from
arteriovenous fistula, and comorbidities were recorded on another form.

To measure the percentage of recirculation urea, the two-needle method and
the formula ([P-A]/ [P-V]*100) were used (1). Here, P refers to the concentration
of urea in the peripheral blood, A refers to the attention of urea in the arterial line,
and V refers to the attention of urea in the venous line. The cut-off point for the
subject was considered to be 10%. Therefore, patients were divided into two
groups based on the recirculation percentage: the presence and absence of
recirculation. If the recirculation rate of comets was less than 10%, it meant no
recirculation, and more than 10% indicated the presence of recirculation (13).

One person conducted all the blood sampling. In the present study, the blood
sampling protocol used was 1.5 mL of arterial blood and 1.5 mL of venous blood,
taken at most half an hour after the start of dialysis. The blood pump speed of the
machine was 250 mL/min from the arterial and venous sets. Then the pump speed
was reduced to 50 mL/min, and after 30 seconds, the blood sample was again
taken from the arterial location to determine the concentration of peripheral urea
(12).

Simultaneously, three blood samples were sent to the central laboratory
while maintaining the cold chain at a temperature of 3-5°C. The amount of blood
urea was measured using an auto-analyzer BT 3500, which was calibrated with
calibrators prior to the test, and Pars test kits. The data was analyzed using SPSS
version 16. Descriptive statistics tests, such as mean, standard deviation,
frequency, and percentage of relative frequency, were used to describe
demographic and clinical information. The normal distribution of the data was
checked using the Kolmogorov-Smirnov test. The chi-square and Fisher's exact
tests were used to compare qualitative variables in two groups, and t-tests were
used to compare quantitative variables. The significance level of all tests was set
to less than 0.05.

The research was approved by the Research Ethics Committee of Golestan
University of Medical Sciences in Iran, with the number
IR.GOUMS.REC.1397.139.

Results

This research showed that the prevalence of recirculation above 10% in patients
participating in this study was 22.5%. The recirculation below 10% was 77.5%
Table 1.

Table 1. The distribution was the prevalence of recirculation less than and more than 10% in
patients undergoing hemodialysis

Recirculation Frequency Percentage
More than 10% 73 225
Less than 10% 251 715

The mean age of participating patients with recirculation was 58.47 £+ 14.16
years. For patients without recirculation, it was 54.79 + 15.39 years. The mean
and standard deviation of vascular access duration in the recirculation group was
28.32 £ 33.64 months. In the group without recirculation, this time was 37.54 +
38.78 months. The average history of hemodialysis in the group with
recirculation was 41.55 + 19.61 months. The group without recirculation was
47.94 + 43.90 months. Regarding gender, 170 were male (33 with recirculation
and 137 without recirculation). One hundred fifty-four were female (40 people
with recirculation and 114 without recirculation).

Regarding the prevalence of recirculation according to the underlying
disease, the results showed that the prevalence of recirculation among
hemodialysis patients with diabetes was 25.4%, and with hypertension was
23.8%. The chi-square test did not show a statistically significant relationship
between recirculation and the type of underlying disease among hemodialysis
patients (P =0.34).

The results showed the prevalence of recirculation according to the location
of the fistula. Patients with a fistula in the elbow had more recirculation than
those in the wrist and arm. The chi-square test did not show a significant

Table 2. Frequency distribution of recirculation by fistula-related factors and needle
placement among hemodialysis patients

Recirculation prevalence Significant
More than Less than
10% 10%
Fistula Wrist N (%) 13 (23.6) 42 (76.4) 0.312
location Elbow N (%) 41(21) 154 (79)
Arm N (%) 2(8.7) 21(91.3)
Needle Arterial up N (%) 28 (48.3) 30 (51.7) 0.0001
location Venous up N (%) 28 (13) 187 (87)
Needle Same direction N (%) 17 (24.3) 53 (75.7) 0.36 o
direction Opposite N (%) 39 (19/2) 164 (80.8)
direction

relationship between fistula location and recirculation (P = 0.312) Table 2.

The average pump speed in patients with recirculation was 251.64 + 23.42.
In the group without recirculation, the average pump speed was 273.77 + 22.35.
The result was significant based on the Mann-Whitney U test (P = 3.35x12712)
Figure 1.
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Figure 1. Mean and standard deviation of venous - arterial needle distance in patients undergoing
hemodialysis

The study results indicate that 70% of patients with a catheter connection
called Reverse connected line (connecting the arterial line to the venous line)
were in the recirculation group. Only 9.7% of patients who had properly
connected catheter lines were in the group without recirculation, and the chi-
square test showed a significant relationship between the way catheter lines were
connected and the presence of recirculation (P=0.0001) Table 3. Moreover, the
results showed that 48.3% of patients who had recirculation of more than 10%
had their arterial needle located above the venous needle. There was a significant
relationship between the location of the arterial needle and recirculation in the

Table 3. Frequency distribution of recirculation prevalence by catheter line connection among
hemodialysis patients

Recirculation

less than more than P-value
10% 10%
Reverse connected N
How to connect the line (%) 6(30) 14(70) 0/0001
Catheter lines Correct N 28 (90.3) 3(07)
connection (%) i )

chi-square test (P=0.0001).

The mean and standard deviation of the arterial-venous needle distance with
recirculation were 4.12 + 3.09, while the group without recirculation was
7.38+4.04. Based on the Mann-Whitney test, the result was statistically
significant (P = 4.33x10™"") (Figure 2). Furthermore, 19.2% of patients with the
opposite direction of the needles had more recirculation than those who had
needles in the same direction (3.24%). However, the chi-square test did not show
a significant relationship between needle direction and recirculation (P=0.36).
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Figure 2. Mean and standard deviation of pump speed in patients undergoing hemodialysis
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Discussion

The results of the data analysis showed that the prevalence of recirculation among
hemodialysis patients in Golestan province, Iran, was 22.5%. In Baladi Mousavi's
study (2009), which investigated the prevalence of recirculation in 100 patients
undergoing hemodialysis, the rate of recirculation was reported as 17% (10). In
Fakhry et al.'s study in 2018 in Egypt, the prevalence of recirculation in
arteriovenous fistulas was 42% (14). In 2010, in the survey of recirculation of
arteriovenous fistulas in 5 Azar Hospital, Gorgan, Molai et al. reported the
prevalence of recirculation to be 15% (13).

Most studies have examined the recirculation rate in arteriovenous fistulas. In
the present study, in addition to arteriovenous fistulas, catheters have also been
considered. The sample size of the previous studies was small, while the sample
size of the present study (324 people) was significant. However, in Fakhry et al.'s
study, the recirculation method was based on potassium, which is different from
the traditional method based on urea measurement. Analysis of the results did not
show a significant relationship between age, gender, duration of vascular access,
and recirculation. The results of Vahedi et al.'s study (2017) also showed that the
age, gender, and age of the fistula have no significant effect on the recirculation
rate (15). The present study showed that in cases where the fistula was located in
the elbow cavity of the patients, there was more recirculation than the fistula in
the wrist and arm. Data analysis showed no significant relationship between
fistula location and recirculation, which was consistent with the study of Molaei
et al (6).

In investigating the relation of recirculation with the placement of needles,
distance, and direction of venous-arterial needles, it was shown that there is a
significant relationship between the placement of needles and recirculation. The
recirculation rate was higher when the arterial needle was above the venous
needle.

The average distance between arterial and venous needles among hemodialysis
patients with recirculation was lower than in patients without recirculation
(4.71+4.08). Dagirdaz et al. (2007) emphasized that when using a fistula, the
arterial needle should be inserted at the end and at least three centimeters away
from the anastomosis site, and the venous needle should be placed 5 centimeters
above the arterial needle, which is a more favorable situation (16). In the study
of Molaei et al., the direction of the needles and placing the arterial needle above
the venous needle caused an increase in recirculation (13). The closer the distance
between the arterial needle connection point and the venous needle connection
point is, the more likely the dialyzed blood will enter and return to the arterial
line, causing an increase in recirculation (17). Previous studies have considered
the most common cause of recirculation to be the improper placement of needles,
such as their close distance. However, nurses often ignore these parameters, and
no technology can assure us that this way of placing the needles is correct and
appropriate (18). Vahedi, quoting Basileh et al. (2003), states that the distance
between the needles has no effect on recirculation as long as the blood flow of
the fistula is greater than the blood flow of the dialysis machine (15). Other
factors besides the proper placement of needles, such as severe vein stenosis,
improper arterial blood flow, and congestive heart failure, are also factors causing
recirculation (10). In the current study, the average pump speed among
hemodialysis patients with recirculation was significantly lower than in patients
without recirculation. In the case of patients who used catheters, the results
showed a higher frequency of recirculation in patients who closed the catheter
lines in reverse (venous to arterial line) compared to patients who closed the
catheter lines in the correct way.

Atapour et al. (2008) conducted a study on 30 patients undergoing
hemodialysis, where 25 patients had permanent catheters and 5 people had
temporary catheters. They reported that when the arterial and venous lines were
placed in the correct position, the amount of recirculation was less than %10 (19).
Abbasi et al. (2015) also showed that the average recirculation rate in people with
permanent catheters was 9.5%. People with permanent catheters were divided
into two groups. In 11 patients, the arterial and venous lines were appropriately
closed, and the recirculation rate was 8.14%. In the 14 patients whose catheter
lines were locked in reverse, the recirculation rate was 11.30%. The amount of
recirculation was significant based on the approach of the arterial and venous
lines in the permanent catheter (8), which was consistent with the results of the
present study. However, many other factors such as low flow of vascular access,
vascular diseases, and dialyzer characteristics can also influence recirculation,
which were not measured in this study due to limitations.

Conclusion

The results of this study show that the location and direction of the arterial-
venous needle, the distance between the needles, the method of connecting
catheter lines, and the average pump speed are essential factors that affect the
prevalence of recirculation in the hemodialysis departments of Golestan
province, Iran. Since increased recirculation results in decreased dialysis
adequacy, which can ultimately reduce the quality of life and life expectancy of
patients, it is crucial to insert the needles accurately to reduce recirculation and
improve dialysis quality.

Therefore, it is necessary to train nurses in hemodialysis departments on the
proper placement of arterial-venous needles, which should be placed at an

appropriate distance from the fistula and in the correct direction relative to each
other. Recirculation, observing the aforementioned conditions may signal and
predict the occurrence of thrombosis and coagulation at the fistula site, leading
to fistula failure. Thus, it is recommended to periodically examine the fistula of
patients experiencing recirculation above 10% to check the amount of blood flow
or the presence of stenosis using Doppler ultrasound.
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