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Abstract 
 

Background: Dialysis adequacy is one of the most important factors in determining the survival rate and 

mortality of dialysis patients. 

Objectives: The aim of this study was to determine the dialysis adequacy of patients undergoing chronic 

hemodialysis at dialysis centers located in the province of Zanjan, located in northwest Iran. 

Methods: This descriptive cross-sectional study was performed on 257 patients undergoing chronic 

hemodialysis with an available sampling method in 6 dialysis centers in the province of Zanjan. The 

hemodialysis sessions were performed for 3 to 4 hours using via synthetic filters and bicarbonate dialysate. 

To determine the adequacy of dialysis, serum BUN levels were assessed before and after dialysis. The 

standard software provided by the Ministry of Health was used to calculate the adequacy of dialysis and 

Kt/V was considered to be at least 1.2. 

Results: The most common underlying causes of chronic dialysis were hypertension (41.2%) and diabetes 

mellitus (35.8%), respectively. Mean Kt/V and URR were 1.26±0.34 and 63.55±9.5%, respectively. The 

difference among these indexes was significant between men and women (p<0.05). Also, dialysis adequacy 

was significantly associated with increased dialysis frequency, blood flow rate, interdialytic weight gain, 

vascular access and dialysis shift (p<0.05). 

Conclusion: Despite the relatively favorable dialysis adequacy among patients, this index is highly variable 

based on patient gender, the dialysis center, location, frequency of dialysis, blood flow rate, interdialytic 

weight gain, type of vascular access and dialysis shift. Therefore, serious attention and greater caution are 

recommended among the dialysis centers of the province. 
 

Key words: dialysis adequacy, hemodialysis, urea reduction ratio, Kt/V, Zanjan 
 
 

 

Introduction 

In chronic renal failure, kidney function is 

gradually reduced, the irreversible reduction of 

renal function and glomerular filtration rate 

(GFR) ultimately result in end-stage kidney 

disease (ESRD) [1]. Available treatments for 

ESRD patients include kidney transplantation and 

dialysis. Due to certain transplantation difficulties 

(including donor rarity), dialysis is the only 

practical alternative to kidney transplantation and 

is performed in two forms, peritoneal dialysis, and 

hemodialysis [2]. Every year, 440,000 people 

begin renal replacement therapy [3]. The number 

of patients with ESRD is increasing day by day. 
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In 2006, more than 101,000 started hemodialysis 

treatment and about $21 billion of the US medical 

budget was spent on taking care of these patients 

that year. In 2010, the prevalence of CRF in the 

United States was estimated to be 20 million, with 

a significant proportion of patients affected by 

ESRD [4]. The prevalence of ESRD cases in the 

United States amounted to 1981 per million in 

2013, which is up 29% from 2000 and %1/4 from 

2012 [5]. In 2009, 18,000 people underwent 

hemodialysis in Iran [6]. According to the latest 

statistics, this number reaches 29,500 in 2013, 

40% of whom are affected by diabetes. It is 

anticipated that there will be 95,000 kidney 

patients in Iran by the year 2021 [7]. One of the 

important factors in determining the survival and 

mortality rates of dialysis patients is the adequacy 

of dialysis [8]. Dialysis adequacy refers to the 

amount of hemodialysis that is needed for 

maximum health and function of patients. In this 

definition, dialysis is optimal [9]. The long-term 

prognosis of hemodialysis patients is affected by 

the adequacy of dialysis [6]. Reducing Kt/V by 

0.1 increases the relative risk of death by 0.7 and 

increases the annual rate of hospitalization by 

11% [10]. This index is based on urea refinement 

and is calculated on the Kt/V scale [9]. In addition 

to dialysis adequacy (Kt/V), the urea reduction 

ratio (URR) is also used to assess the suitability of 

dialysis, with a normal Kt/V being at least 1.2 and 

URR being at least 65%. [11].  

Studies performed in Iran indicate that dialysis 

adequacy is insufficient. In a study by Raiesifar et 

al. (2009) in Abadan, an average of Kt/V=0/9 and 

URR=53% were reported [12]. In another study 

by Amini et al. (2011) among hemodialysis 

patients in 127 dialysis centers in Iran, 56.7% of 

subjects had a Kt/V of less than 1.2% and 65.2% 

had URR less than 65% [13]. Also in a study by 

Mogharab et al. (2010) in Birjand-Iran, the mean 

of Kt/V and URR were reported to be 1.17 and 

62.8% respectively [14]. In a study by Beladi 

Mousavi et al. (2012) in Abadan-Iran, 87% of 

subjects under study had a Kt/V of less than 1.2 

[15]. Considering the importance of this index, 

the necessity of its monitoring in dialysis patients 

and its definite relationship with mortality rates, 

this study aimed to determine the dialysis 

adequacy of patients under chronic hemodialysis 

in the dialysis centers of Zanjan province.  

 

Methods  
The present study is a descriptive cross-sectional 

study that was conducted in the summer of 2015, 

after gaining approval and obtaining the necessary 

permits from the vice chancellor of research in 

Zanjan University of Medical Sciences. Prior to 

the initiation of the study, the Ethics Committee 

approval was drafted and written consent was 

obtained from all patients. The population under 

study was all patients undergoing hemodialysis 

who were referred to the dialysis centers of 

Zanjan province, consisting of six centers (the 

dialysis centers of Zanjan, Abhar, Khoramdareh, 

Khodabandeh, Tarom, and Mahneshan). Overall 

264 patients were undergoing dialysis in these 

centers. Due to the chronic nature of the disease, 

emergency patients and cases of acute renal 

failure (7 patients) were excluded in this study 

and 257 patients were evaluated. Demographical 

data including age, sex, level of education, 

economic status, the dialysis routine, comorbidity, 

frequency of dialysis sessions per week, blood 

flow rate, type of dialysis filter, type of vascular 

access and dialysate rate were collected via 

questionnaire. The adequacy of dialysis was 

measured in three consecutive sessions, the mean 

of which was the criterion. For this purpose, a 

blood sample of one milliliter was prepared for 

BUN measurement, once before and once after 

dialysis. The BT3000 auto analyzer and Pars-

Azmoon company test kits were used to analyze 

the blood samples. The error rate for these kits 

was between 1.12 and 1.77 mg/dl. When the 

blood samples were taken to evaluate the 

adequacy of dialysis, the blood flow rate of the 

hemodialysis device was reduced to 50ml/min for 

two minutes and then the pump was stopped and 

was reset after sampling [11]. The hemodialysis 

devices were B-brown, Nipro, and Fresenius. To 

calculate the adequacy of dialysis indices (URR 

and Kt/V), the standard computer software 

offered by the Iran Ministry of Health (based on 

the Daugirdas II formula) was used and minimum 

Kt/V was considered to be 1.2. Finally, the data 

were analyzed using the descriptive statistics 
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(including central indexes and dispersion) and 

non-parametric tests (due to the abnormal 

distribution of variables) including Mann-

Whitney, Kruskal-Wallis, and Spearman 

correlation coefficients via SPSS software 

version-22. In this study, a significant level of 

0.05 was considered. 

 

Results 

The total number of hemodialysis patients in the 

dialysis centers of Zanjan province was 264. 

Cases of acute renal failure and emergency 

hemodialysis which included 7 patients were not 

included in the chronic hemodialysis study and 

the study was performed with 257 cases. Of these, 

138(53.7%) were men and 119(46.3%) were 

women. The mean and standard deviation of 

patient’s age was 60.44±15.12 years and the 

minimum and maximum age of these patients was 

21 and 93 years, respectively. About 154 people 

(60%) were over the age of 60 years. 203 people 

(79%) were illiterate and 127(49.4%) had a 

history of hemodialysis between 1 and 4 years. 

The mean history of dialysis was 35.9±32.38 

months. The most common cause of ESRD was 

high blood pressure. 234 (91.1%) patients 

received dialysis three times a week and 22 

(8.6%) twice a week. 217(84.4%) patients had an 

arterio-venous fistula and only 18 People (7%) 

had grafts. The mean of blood flow rate in the 

study samples was 280±35 ml/min, and the lowest 

rate was at the Khodabandeh center of dialysis 

with an average of 233±25 ml/min.  

The mean of Kt/V patients was 1.26±0.34 (Table 

1), which was 1.18±0.31 in males and 1.35±0.34 

in females. The mean of total URR was 

63.55±9.5, which was 61.43±9.21 and 66.01±9.26 

in men and women, respectively. The mean 

difference between men and women for Kt/V and 

for URR was significant (P<0/05). 
 
 

 

Table 1: The levels of Kt/V and URR in patients undergoing chronic hemodialysis in  

the dialysis centers of Zanjan province 
 

Index levels absolute and relative frequency 

Kt/V 

<1.2 

1.2-1.4 

1.4< 

103(40.1%) 

93(36.2%) 

61(23.7%) 

URR 
<65% 

65%< 

126(49%) 

131(51%) 
 

 
 

Kruskal Wallis test showed a significant 

difference between the mean and standard 

deviation of Kt/V (P=0.001) and URR (P<0.001) 

in hemodialysis patients in dialysis centers of the 

province (Table 2), in a way that in the Mann-

Whitney test the Kt/V index was significantly 

different between Khodabandeh dialysis center 

with the ones in Zanjan, Abhar, and Mahneshan 

(P<0.001) and Khoramdarah (P=0.02) and Tarom 

(P=0.002). Also, in terms of URR, there was a 

significant difference between the dialysis center 

in Khodabandeh with Zanjan, Abhar, 

Khoramdarah and Tarom (P<0.001). Mann-

Whitney test showed that the Kt/V was 

significantly higher in the patients with dialysis 

performed at night (P=0.04) and in the subjects 

with grafts and arteriovenous fistula (P<0.05). In 

addition, this test showed that the URR levels in 

dialysis patients undergoing dialysis at night were 

significantly higher than other times (P=0.002) 

and in subjects with fistula and arteriovenous 

graft compared to subjects with catheters 

(P<0.05). The Spearman test showed a positive 

significant correlation between Kt/V and weekly 

dialysis times (r=0.03, P<0.05), blood flow rate 

(r=0.19, P=0.002) and interdialytic weight gain 

(r=0.15, P=0.017), but there was no significant 

correlation between Kt/V and age or the history of 

dialysis (P>0.05). Also, the Spearman test showed 

a positive significant correlation between URR 

and blood flow rate (r=0.21, P=0.001) and 

interdialytic weight gain (r=0.23, P<0.05). 
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Table 2: The mean and standard deviation of dialysis adequacy (Kt/V and URR) of  

patients undergoing chronic hemodialysis in the dialysis centers of Zanjan  

 

 

Dialysis Centers/index Kt/V URR 

Zanjan 1.25±0.3 63.97±9.14 

Abhar 1.29±0.21 65.57±6.94 

Khoramdarah 1.4±0.58 66.1±13.19 

Khodabandeh 1.05±0.19 55.33±6.61 

Mahneshan 1.5±0.37 61.5±8.19 

Tarom 1.31±0.17 68.44±4.61 
 

Discussion 

The aim of this study was to evaluate the 

adequacy of dialysis and its related factors in 

chronic hemodialysis patients in Zanjan province, 

Iran. The results showed that the mean of this 

index in patients undergoing hemodialysis in the 

province is within the acceptable limits. Other 

studies carried out inside and outside the country 

have shown similar or different results. For 

example, in a similar multicenter study in Iran by 

Shariati et al. (2012) in Golestan_Iran, Ghorbani 

Moghaddam et al. (2016) in Bushehr, Iran, and 

Davenport (2013) in London, the Kt/V index was 

at an optimal level (above 1.2) [16-18]. However, 

in a study by Amini et al. (2011) 57% of patient 

Kt/Vs were less than 1.2 and 65.2% of subjects 

had a URR of less than 65%, which could be due 

to the low average blood flow rate of patients in 

this study (242.9±39 ml/min in the study done by 

Amini compared to 281±35 ml/min in the present 

study) and the ratio of women to men (41.4% 

female in the study, compared with 46.3% in the 

present study) [13], since the study showed that 

women exhibit better dialysis when compared to 

men. In a study by Beladi Mousavi et al. (2012) in 

Abadan, Iran, 87% of subjects had a Kt/V of less 

than 1.2 [15]. In the study by Mogharab et al. 

(2010) in Birjand, Iran, mean Kt/V and URR were 

1.17 and 62.8%, respectively, due to the low 

female ratio (32%, versus 46.3% in the present 

study) and the lower number of weekly dialysis 

sessions compared with the present study (62% of 

dialysis patients were three times a week, versus 

91.1% in the present study). [14.] In a study by 

Raiesifar et al. in Abadan-Iran, the mean of Kt/V 

was 0.9±0.21 and URR was 53±10%, due to less 

frequent dialysis sessions per week compared 

with this study (48.9% of dialysis patients were 

three times a week, compared with 91.1% in the 

present study) [12]. Also, in the study by 

Roozitalab et al. (2013) in Yasuj, Iran the mean of 

Kt/V was 0.94±0.4 and URR equaled 50±0.69 

[19]. The analysis of these results shows that the 

patients in this study are in a better state than the 

above studies. The improvement of dialysis 

adequacy indicators in this study and other recent 

studies could be due to the equipping of dialysis 

centers in our country with advanced dialysis 

machines and improving the quality of nursing 

care in these centers. 

In this study, the mean of dialysis adequacy 

indices in the Khodabandeh center of dialysis was 

lower than other centers. This finding can be due 

to the lower average blood flow rate of this center 

compared to the total average of the province 

(with an average of 233 ml/min versus 280 

ml/min for the province overall) and a lower 

number of dialysis sessions per week (30% of 

patients were twice a week) compared to other 

centers, since the study showed that there is a 

direct and significant relationship between the 

blood flow rate and the number of dialysis 

sessions per week with the adequacy of dialysis.  

The mean of Kt/V in subjects with a history of 

dialysis of less than one year (3 months to one 

year) was 1.23±0.36 and in subjects with a history 

of dialysis of more than 7 years was 1.3±0.2. 

However, no significant association was found 

between the adequacy of dialysis with age and 

history of dialysis, which is consistent with the 

findings of Stolic et al. (2010) and Mogharab et 

al. (2010) [14,20]. 

The results of this study showed that there is a 

direct and significant correlation between the 

adequacy of dialysis with the number of dialysis 

sessions per week and blood flow rate, which was 
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found by El-Sheikh et al. (2015) in Egypt [21]. 

This finding can be due to the fact that the 

increased blood flow speed can increase the 

frequency of passing blood flow through the filter 

and result in improving the withdrawal of blood 

poisons and improving the adequacy of dialysis. 

In the study of Supasyndh et al. (2009) in 

Thailand, it is also shown that increasing the 

frequency of dialysis sessions per week leads to 

an improvement in the adequacy of dialysis, 

which is consistent with the current study [22]. 

In this study, dialysis adequacy was found to be in 

the direct relationship with interdialytic weight 

gain, which could be due to the exacerbation of 

solvent drag phenomena during dialysis. In this 

phenomenon, with the passage of fluid beyond the 

hemodialysis filter, the toxins also pass through 

and remove the filter pores. This finding 

contradicts the results of a study by Chang et al. 

(2016) in Korea [23]. This contradiction can be 

explained by the lower blood flow rates (less than 

250 ml/min) in the Chang study. In this study, 

there was a significant relationship between the 

adequacy of dialysis with gender (P<0.05), which 

was found to be consistent with findings of 

Ashrafi et al. (2014) in the city of Shahrud, Iran 

[24]. But it contradicts the findings of Beladi 

Mousavi et al. (2012) [15]. This contradiction 

could be due to the low number of research 

samples in the study by Beladi Mousavi et al. 

(2012) (n=54) compared to this study (n=257). In 

the present study, the adequacy of dialysis in 

patients with a temporary catheter was less than 

patients with fistulas and arteriovenous grafts, 

which could be due to a low blood flow rate in 

patients with catheters, in order to prevent 

recirculation. In this study, the blood flow rate 

was significantly lower in patients with a catheter. 

The most common cause of ESRD in this study 

was hypertension which consisted with Beladi 

Mousavi et al. (2012) [15] and Ghorbani 

Moghaddam (2016) [17]. 

Although the adequacy of dialysis in the patients 

in the Zanjan province seems to be favorable, 

further analysis of the data with regard to the 

factors affecting the adequacy of dialysis (factors  

Related to the patient and the factors related to the 

disease and the treatment process), were provided; 

the results can be taken into consideration in the 

planning and management of these patients by the 

authorities. Based on the results of this study, 

changes in some parameters such as the number 

of weekly dialysis sessions, blood flow rate in the 

hemodialysis apparatus, the proper estimation of 

the interdialytic weight gain and its application in 

dialysis sessions, and the use of arteriovenous 

fistulas instead of catheters could help to improve 

the quality of hemodialysis in patients and the 

experience of successful dialysis centers could be 

used to improve the conditions in other centers. In 

addition, a significant proportion of these patients 

are made up of elderly people, which is also of 

particular interest in this regard. 
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