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Implication for health policy/practice/research/medical education:
Dialysis should be a safe procedure with less complications. It should improve physical state of the patients. High dialysis adequacy 
should also be taken into account in dialysis procedure. Thereby, the present study recommended dialysis with increased blood 
flow rate with higher adequacy and less complications compared to routine dialysis despite insignificant difference in dialysis 
adequacy and complications between increased blood flow intervention and high-flux hemodialysis. Nevertheless, increased 
blood flow intervention increased dialysis adequacy. For this purpose, this intervention was preferred over high-flux hemodialysis. 
Please cite this paper as: Shahdadi H, Balouchi A, Jahantigh Haghighi M. Comparison of two interventions of increased 
blood flow rate and high-flux filters on hemodialysis adequacy and complications; a quasi-experimental study. J Renal Inj Prev. 
2017;6(4):247-252. DOI: 10.15171/jrip.2017.47.

Introduction: Various parameters such as increased blood flow and high flux filter increase 
dialysis adequacy. Each parameter is associated with specific complications. 
Objective: The aim of this study was comparison of two interventions of increased blood flow 
rate and high-flux filter on hemodialysis adequacy and complications.
Patients and Methods: This was a single-group quasi-experimental before-and-after 
intervention study. Twenty-two patients undergoing dialysis three times a week in the last 6 
months consented to participate in the study. The participants were selected using random 
sampling method. They were reevaluated prior to dialysis and every 30 minutes until the 
end of each hemodialysis session using dialysis complication checklist. Dialysis adequacy was 
measured at the end of the fourth session for each patient.
Results: The paired t test results showed a significant increase in dialysis adequacy in dialysis 
with increased blood flow and dialysis with high flux filter (high-flux hemodialysis) compared 
to routine dialysis (P = 0.01). A significant increase was found in incidence of muscular cramp 
in dialysis with increased blood flow compared to routine dialysis based on McNemar’s 
statistical test (P = 0.02). 
Conclusion: Dialysis adequacy improved in both increased blood flow intervention and high-
flux hemodialysis compared to routine dialysis. On the other hand, increased blood flow 
intervention was associated with less complications than high-flux hemodialysis. In addition, 
increased blood flow intervention was more efficient and safer than high-flux hemodialysis.
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Introduction 
There are 1.8 million patients with end-stage renal disease 
(ESRD) around the world that should be treated with renal 
replacement therapy including hemodialysis, peritoneal 
dialysis or kidney transplant (1). By the end of 2014, 
27 457 dialysis patients were found in Iran (2). Of these, 

94% were treated with hemodialysis. The prevalence of 
hemodialysis was 300-400 in every one million people 
in Sistan and Baluchistan province by the end of 2014 
(3). Dialysis inadequacy is a major cause of mortality in 
hemodialysis patients, which can cause such complications 
as dialysis, poor nutrition, nausea, vomiting, anorexia, 
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hypoalbuminemia, restless leg syndrome, insomnia, 
hypertension, pericarditis, electrolyte imbalances and 
headache (4,5). High adequacy of dialysis can relieve these 
complications. Various factors including dialysis duration 
and time, increased dialysate flow rate, high-flux filter 
and increased blood flow affect dialysis adequacy (5). In 
patients who cannot tolerate longer than 4-hour dialysis 
session, longer dialysis sessions are costly. Increased 
dialysate flow rate does not greatly affect dialysis adequacy 
(6). Confounding results were in dialysis adequacy with 
increased blood flow and high-flux filter interventions. 
Some studies suggested that increased rate of blood flow in 
hemodialysis device increases dialysis adequacy without 
increasing duration and cost of dialysis (7). Different 
studies showed that high blood flow is a convenient tool 
to increase dialysis adequacy (8,9). However, increasing 
blood flow can also decrease dialysis adequacy due to 
vascular access type, hypotension and muscular cramps. 
This also leads to intolerance of continuous dialysis (10). 
There are no certain and determinative results on dialysis 
adequacy using high-flux filter. Various studies suggested 
that high-flux filters decrease mortality rate and improve 
clinical outcomes (11,12). Most clinical guidelines also 
emphasize high-flux hemodialysis rather than low-flux 
hemodialysis (13). On the other hand, some studies 
suggested that high-flux filters cannot be practically used 
at all dialysis sessions for all patients because these filters 
are not often economically affordable. The patients cannot 
also tolerate these filters for long periods (14). Munshi 
et al showed that high-flux dialysis increases the risk of 
hemodynamic instability and disequilibrium syndrome 
although high-flux filters accelerate urea clearance more 
than low-flux filters at a zero ultrafiltration rate and blood 
flow and low dialysate flow rate (15). Although recent 
studies suggest that patients cannot tolerate this type of 
filters, Kavyannejad et al showed no statistically significant 
difference of high-flux and low-flux filters regarding such 
complications like nausea, vomiting, hypotension, fever, 
chills, headache, muscular pain and cramps. They showed 
no significant of mentioned items  in dialysis patients 
using high-flux versus low-flux filters. However, the 
patients are more comfortable with using high-flux filters 
and better tolerate these filters than low-flux filters (16). 
Different studies also emphasized use of these filters to 
increase dialysis adequacy (16,17). 

Objectives
The present study aimed to compare two interventions 
of increased blood flow and high-flux filters with routine 
dialysis regarding dialysis complications and adequacy 
and also to select the more suitable method according 
to following issues. (a) Various studies indicated dialysis 
inadequacy for more than half of patients in Iran (6). (b) 
Increased blood flow increases and high-flux filter can 
be effective in improving dialysis adequacy. (c) Previous 
studies have recommended none of the above interventions 
for increasing dialysis adequacy. It is not clear whether 
these methods are preferable despite complications or not.

Patients and Methods
Participants 
This semi-experimental, single-group before-and-after 
intervention study conducted on 22 hemodialysis patients 
in dialysis center of Zabol University of Medical Sciences 
from March 2015 to February 2016 in southeast of Iran. 
Patients were selected using random sampling method. 
Sample size calculated by Cochrane formula and related 
literatures (18,19) with confidence interval 95% was 22 
participants. 

Inclusion criteria 
Inclusion criteria were ESRD undergoing dialysis three 
times a week (each session lasting for 4 hours), having 
history of hemodialysis for ≥6, having fistula, dialysis 
tolerance and willingness to participate in the study.

Exclusion criteria
Exclusion criteria were; having history of cardio-
pulmonary diseases, ultrafiltration rate less than three 
liters per dialysis session, age ≥15 (years).

Procedure 
The aim and method of the study were explained to the 
participants. The study was conducted in three phases. 
Each phase covered four dialysis sessions. In the first 
phase, all patients underwent routine dialysis sessions 
with 250 blood flow rate, low-flux filter and 500 mL/
min dialysate flow rate. In the second phase, the patients 
underwent four dialysis sessions with increased blood 
flow rate. Accordingly, initial blood flow rates (250 mL/
min) increased by 15% and 20% for the patients less than 
and more than 65 kg while keeping all other parameters 
constant. In the third phase, all patients underwent 
four sessions of high-flux hemodialysis. It is necessary 
to mention that, all patients were monitored regarding 
exclusion criteria, namely anti-cramp medications, 
nausea and vomiting 4 hours prior to the study, 100/60 
mm Hg < blood pressure < 140/90 mm Hg at the onset of 
hemodialysis, smoking one hour prior to onset of dialysis, 
nausea and vomiting and muscular cramps before each 
session and changes in diet during the study. All the 
patients with the above criteria were excluded from the 
study. All patients were directly monitored before and after 
every dialysis session for detection of any complication. 
The B. Braun hemodialysis machine was used for all 
patients in each hemodialysis session under conditions of 
37° dialysate temperature, soluble bicarbonate dialysate, 
dialysate constant concentration and 140 mEq/L sodium 
concentration. All other parameters were kept constant 
for each patient, namely hemodialysis shift, ultrafiltration 
rate, use of supplemental caffeinated beverages before and 
during hemodialysis, diet and use of antihypertensive 
medications before dialysis. Blood samples were taken 
from the patients at the beginning and the end of the 
last dialysis session at each phase to determine dialysis 
adequacy. One blood sample was taken from arteries 
before dialysis and after injecting dialysis needle. Another 
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blood sample was taken after dialysis before disjoining 
the patients from hemodialysis device. First, blood flow 
rate in the device was reduced to 50 mL/min. Then, blood 
samples were taken from dialysis needle injection region 
15 to 30 seconds after reducing blood flow rate. The 
samples were immediately transferred to the laboratory. 
Blood urea nitrogen (BUN) was assessed before and after 
the fourth session at every phase of the study by urea 
standard Kt/V (stdKt/V) and Daugirdas 2 formula to 
determine dialysis adequacy (20). Weight of the patients 
was also measured before and after dialysis.

Checklist
A survey included demographic characteristics, dialysis 
complications list (Hypotension, muscular cramp, 
headache, nausea, vomiting) and dialysis adequacy (BUN, 
KT/V) used for data recording.

Ethical issues
The research followed the tenets of the Declaration of 
Helsinki; informed consent was obtained, and the research 
was approved by ethics committee of Zabol University of 
Medical Sciences. In this study, the full description of the 
processes and the importance of the study were explained 
to the patients who had volunteered and were selected. All 
of the assessments were non-invasive. 

Statistical analysis  
Descriptive tests of the frequency, mean and standard 
deviation (SD) were used to describe sample demographics. 
The Kolmogorov-Smirnov test was used to evaluate data 
normality paired t test and McNamara’s tests were applied 
to interpret results. SPSS version 18.0 for Windows (SPSS 
Inc., Chicago, IL, USA) was used to analyze the data. 
Confidence interval of 95% and a significance level of less 
than 0.05 was considered significant.

Results 
Mean age of the participants was 43 ± 3.21. The most 
participants were females (60%) and married (59.1%).
Mean score of dialysis adequacy was 0.83 ± 0.22 in 
routine dialysis, and 1.19 ± 0.45 in increased blood flow 
intervention. No statistically significant difference was 
found between routine dialysis and increased blood flow 
intervention regarding dialysis adequacy based on paired 
t test results (P < 0.001). Mean score of dialysis adequacy 
was 1.02 ± 0.30 in high-flux hemodialysis. A significant 
increase was observed in high-flux hemodialysis compared 

to routine dialysis based on paired t test results (P = 0.006). 
The findings showed that Kt/V was not acceptable in none 
of the patients undergoing routine dialysis (above 1.2). 
However, Kt/V was above 1.2 in 40.9% of the patients and 
equal to 1.2 in 9.09% of the patients in increased blood 
flow intervention. In addition, Kt/V was above 1.2 in 
36.3% of the patients undergoing high-flux hemodialysis. 
No statistically significant difference was found in mean 
Kt/V between increased blood flow intervention and 
high-flux hemodialysis based paired t test results (P > 
0.05; Table 1).
The incidence of muscular cramps was 6.81% in routine 
dialysis and 27.27% in increased blood flow intervention. 
A statistically significant difference was found between 
routine dialysis and increased blood flow intervention 
in incidence of muscular cramps based on McNemar’s 
statistical test (P = 0.001). The incidence of hypotension 
in increased blood flow intervention was 15.91%. The 
incidences of headache, nausea and vomiting were also 
21.59%, 1.14% and 0% respectively in this intervention. 
No statistically significant difference between routine 
dialysis and increased blood flow intervention regarding 
hypotension, headache, and nausea and also vomiting 
was found (McNemar’s statistical test) (P > 0.05). The 
incidence of hypotension and muscular cramps was 
6.81% in routine dialysis and 15.91% and 19.31% in 
high-flux hemodialysis. Therefore, no statistically 
significant difference between routine dialysis and high-
flux hemodialysis regarding incidence of hypotension 
(P = 0.008) and muscular cramps (P = 0.003) was detected 
(McNemar’s statistical test). The incidence of headache in 
routine dialysis and in high-flux hemodialysis was 20.45% 
and 20.45%, respectively. The incidences of nausea and 
vomiting were respectively as 6.81% and 1.13% in routine 
dialysis and 1.14% and 0% in high-flux hemodialysis. 
No statistically significant difference between routine 
dialysis and high-flux hemodialysis regarding incidence 
of nausea and vomiting was seen (McNemar’s statistical 
test) (P > 0.05; Table 2).
No significant difference of increased blood flow 
intervention with high-flux hemodialysis regarding 
incidence of dialysis complications was seen too 
(McNemar’s statistical test) (P > 0.05; Table 2).

Discussion 
The result of our study showed, dialysis adequacy was less 
than international targets (9), which is consistent with 
the results of different studies (6,8). The results of this 

Table 1. Comparison of mean Kt/V in routine dialysis, increased blood flow intervention and high-flux hemodialysis

Variable
Method

t df P
Routine Increased blood flow

Mean Kt/V 0.83 ± 0.22 1.19 ± 0.45 4.40 21 0.001

Routine High-flux filter
0.83 ± 0.22 1.02 ± 0.30 3.03 21 0.006

Increased blood flow High-flux filter
1.19 ± 0.45 1.02 ± 0.30 1.86 21 0.07
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study indicated, dialysis inadequacy in routine dialysis 
using conventional filters, blood flow and dialysate flow 
rate. It is essential to design a highly adequate safe dialysis 
procedure (21,22).
The increase blood flow rate is associated with high 
dialysis adequacy. These results are consistent with the 
previous studies (6,23). Thereby, 15% to 20% increase in 
blood flow led to an increase in urea clearance followed 
by an increase in dialysis adequacy due to increased 
diffusion mechanism. Urea clearance depends on blood 
flow rate in the filter. Urea clearance can be accelerated 
by increasing blood flow rate in a filter with certain 
KoA, which increases metabolite diffusion in blood flow 
to the highest rate. As a result, electrolytes and waste 
are removed from the blood flow faster that ultimately 
increases dialysis adequacy (24). Mean Kt/V was better 
in high-flux hemodialysis than routine dialysis. Thereby, 
dialysis adequacy has significantly increased in high-
flux dialysis compared to routine dialysis. Several studies 
reported an effective improvement in dialysis adequacy 
using high-flux filter (25,26). Werner et al also reported 
more suitable clinical outcomes using high-flux filters 
than routine dialysis (27). High-flux filters contain larger 
pores for removal of toxins compared to conventional 
filters. Thus, high-flux filters remove small molecules 
such as urea and average-sized molecules such as beta-2 
microglobulin faster than conventional filters (28). Since 
BUN measurement reflects removal of all toxins, high-
flux filters quickly remove BUN and increase dialysis 
adequacy (29). No statistically significant difference was 
found between increased blood flow rate intervention and 
high-flux hemodialysis in mean Kt/V. Both interventions 
increased dialysis adequacy in an effective manner. To 
the best of our knowledge, no study has compared two 
interventions of increased blood flow and high-flux 
filters for increasing dialysis adequacy. Although Nafar 
et al did not simultaneously compare these methods for 
increasing dialysis adequacy, low blood flow and selection 
of an unsuitable filter were mentioned as major causes 
of dialysis inadequacy. Their results showed that dialysis 
adequacy was higher (above 1.4) in dialysis patients with 

Table 2. Comparison of incidence of hemodialysis complication 
in routine dialysis, increased blood flow intervention and high-flux 
hemodialysis

Variable
Method

P
Routine High-flux

Hypotension 6.81% 15.91% 0.008
Muscular cramp 6.8% 19.31% 0.003

Routine Increased blood flow
Hypotension 6.81% 11.36% > 0.05
Muscular cramp 6.8% 27.27% 0.001

Increased 
blood flow High-flux filter

Hypotension 11.36% 15.91% 0.05
Muscular cramp 27.27% 19.31%
Headache 21.59% 20.45%
Nausea 1.14% 1.14%
Vomiting 0 0

high blood flow rates and lower physical weight. They also 
showed that a filter with KoA = 700 was administered for 
79.3% of the patients to increase Kt/V by 1.4 (30).
A significant difference between routine dialysis and 
increased blood flow intervention regarding muscular 
cramps was detected. No significant difference between 
routine dialysis and increased blood flow intervention was 
seen. Additionally a statistically significant difference of 
routine dialysis with high-flux hemodialysis in incidences 
of hypotension and muscular cramps was seen.
Different studies reported no statistically significant 
difference between routine dialysis and increased blood 
flow intervention in incidences of hypotension, headache, 
nausea and vomiting (10,31). These results were consistent 
with the results of the present study.  The results showed an 
improvement in dialysis adequacy in both interventions 
compared to routine dialysis. However, an increase in 
incidence of muscular cramps was reported in high-flux 
hemodialysis and an increase in incidences of hypotension 
and muscular crams were reported in increased blood 
flow intervention. Nevertheless, no significant difference 
in dialysis adequacy and complications between increased 
blood flow intervention and high-flux hemodialysis was 
existed. 

Conclusion 
Dialysis should be a safe procedure with less 
complications. It should improve physical state of the 
patients. High dialysis adequacy should also be taken into 
account in dialysis procedure. Thereby, the present study 
recommended dialysis with increased blood flow rate 
with higher adequacy and less complications compared 
to routine dialysis despite insignificant difference in 
dialysis adequacy and complications between increased 
blood flow intervention and high-flux hemodialysis. 
Nevertheless, increased blood flow intervention increased 
dialysis adequacy. For this purpose, this intervention was 
preferred over high-flux hemodialysis. 

Limitations of the study
The convenience of participants and hard access to 
different filters were the limitations of our study. 
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