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INTRODUCTION 

Renal transplant and dialysis are primary treatments 
for End-Stage Renal Disease (ESRD)1. Hemodialysis 
(HD) is used in 90% of dialysis patients worldwide 
who have not received a transplant2. The goal of 
hemodialysis is to maintain physical health and 
prevent complications from uremia, such as anemia, 
malnutrition and bone mineral disorders3. 
The global burden of ESRD is rising, with 100 
individuals per million suffering from dialysis-
dependent renal failure4. However, accurate statistics 
on the burden of ESRD in Pakistan are lacking. 
Dialysis adequacy is key to treatment success and 
can be assessed using urea-based methods like Kt/V 
and URR (urea reduction ratio)5. For thrice-weekly 
hemodialysis, a URR of >65% is considered 
adequate, with increased morbidity and mortality 
associated with a URR <65%6. Maintaining dialysis 
adequacy is challenging, and literature reports varying 
adequacy levels7.  

The primary outcome of the study was to evaluate 
hemodialysis adequacy using URR and to identify 
factors influencing it; the secondary outcome was to 
assess therapeutic goals of adequate dialysis, 
including nutritional status, anemia, and maintaining a 
healthy BMI. 

METHODOLOGY 

This single-centre, cross-sectional, prospective study 
was conducted at a large hospital in Karachi, 
Pakistan, after ethical approval. The study ran from 
June 2022 to July 2023. Patients aged 18 or older 
with end-stage renal disease (ESRD) receiving 
dialysis were included, provided they gave informed 
consent. Exclusion criteria included conditions 
affecting serum urea levels, such as liver disease or 
malabsorption syndrome. Data were collected by the 
principal investigator using a manual proforma. Blood 
samples were taken for hemoglobin, serum albumin, 
and pre- and post-dialysis blood urea nitrogen (BUN) 
levels. Caloric intake was assessed using a 2-day 
dietary questionnaire, and BMI was calculated as 
weight (kg) divided by height (m²). Sample size was 
calculated with a 95% confidence level, a 43% 
prevalence of URR > 65% 8, and a 7% margin of error. 
Computing Urea Reduction Ratio (URR): BUN 
levels were measured pre- and post-dialysis in 
patients on hemodialysis. The pre-dialysis sample was 
taken from the arterial needle before saline or heparin 
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administration or from a central venous catheter after 
withdrawing 10 mL of blood. Post-dialysis samples 
were collected using a slow-flow technique. The pump 
speed was reduced to 100 ml/min for 20 seconds, and 
a sample was taken from the arterial needle after 
clamping both ports. Samples were analyzed using 
the colorimetric method at the central biochemistry 
lab. URR was calculated using: 
URR = 100 × (1 - [Ct / Co]) 
Where Ct is post-dialysis BUN and Co is pre-dialysis 
BUN. 
Statistical Analysis: Data were entered into SPSS 
version 22. Frequencies and percentages were 
calculated for gender and comorbidities. A p-value of 
<0.05 was considered significant. Z-scores and chi-
square tests were used for statistical analysis. 

RESULTS 

A total of 193 participants were enrolled in the study. 
Participants' mean (SD) age was 46(12.9) years. Of 
these, 111(58%) were male and 82(42%) were 
female. The mean (SD) height of the study population 
was 163(15.6) cm, the mean (SD) weight was 58(13) 
kg, and the mean (SD) body mass index (BMI) was 
21.6(4.02). A total of 116 (60.1%) patients were 
receiving hemodialysis 3 times per week, and 77 
(39.9%) were receiving hemodialysis 2 times per 
week. Among the participants, 179(97.2%) had an 
arteriovenous fistula (AVF), and 14(7.3%) had a 
permanent double-lumen catheter (Permacath) for 
angio-vascular access. The hemodialysis prescription 
was a blood flow rate (BFR) of 350 ml/min in 152 
(78.8%) patients and 300 ml/min in 41 (21.2%) 
patients. The rest of the prescription was similar 
across all patients, consisting of a dialysis flow rate of 
500 ml/min, a polysulphone high-flux dialyzer of 1.8 
m², and an ultrafiltration rate adjusted to the dry 
weight of the individual patient, ranging from 1.5 to 2 L 
per session. Each hemodialysis session lasted for an 
average of 4 hours as per KDOQI recommendations. 
(Table I)  
34% of the study population had diabetes mellitus 
(DM), 57.7% had hypertension (HTN), 7.2% had 
cerebrovascular accidents, and 12.4% had ischemic 
heart disease as co-morbid conditions (Figure 1). 
106(54.9%) patients had anemia, with a mean 
hemoglobin level of 10.3(1.7) gm/dL. The mean (SD) 
albumin level was 3.6 (0.55) mg/dL, and 34% of study 
participants had mild hypoalbuminemia, with serum 
albumin levels ranging from 3.5 mg/dL to 2.5 mg/dL. 
The mean pre-dialysis BUN was 94.4(45) mg/dL, and 
post-dialysis BUN was 28.8(15.9) mg/dL (Table II). 
63.2% of the study population had a URR > 65%. The 
mean URR was 69.2(10). Males outnumbered 
females, with 68(35.2%) males achieving URR > 65% 
compared to 54(27.9%) females (p-value: 0.513). The 
middle-aged group had the highest number of patients 

with URR > 65% (62 [31.6%]), followed by the young 
age group (45 [23.3%]) and the old age group (15 
[7.7%]) (p-value: 0.00001). In patients with URR > 
65%, adequate caloric intake was observed in 98
(50.8%) of patients, whereas only 38(19.7%) with 
URR < 65% had adequate caloric intake (p-value < 
0.001). The mean BMI of 21.5 kg/m² was found in 111
(57.5%) patients with URR > 65%, while only 42
(21.8%) patients with URR < 65% had a mean BMI of 
21.5 kg/m² (p-value < 0.00006). Hypoalbuminemia 
was observed in 46(23.8%) patients with URR > 65%, 
and in 21(10.9%) patients with URR < 65% (p-value: 
0.207). Anemia was found in 78(40.4%) patients with 
URR > 65%, while 28(14.8%) patients with URR < 
65% had anemia (p-value: 0.012) (Table III). 
Table I: Descriptive statistics 

Figure 1: Frequency distribution of comorbidities 
among the study population 

Variable Statistics 

Age (years) 46 (12.9) 

Age below 40 (young age) (n) 66 

40 to 60 (middle age) (n) 81 

More than 60 (old age) (n) 46 

Gender   

Male (n) 111 (58%) 

Female (n) 82 (42%) 

Height (cm) 163 (15.6) 

Weight (kg) 58 (13) 

BMI (kg/m²) 21.6 (4.02) 

Frequency of hemodialysis (per week)   

Twice/week 77 (39.9%) 

Thrice/week 116 (60.1%) 

Blood flow rate (BFR) of 350 ml/min 152 (78.8%) 

Blood flow rate (BFR) of 300 ml/min 41 (21.2%) 

Hemodialysis access   

Arteriovenous fistula (AVF) (n) 179 (97.2%) 

Permacath (n) 14 (7.3%) 
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Table II: Laboratory parameters and hemodialysis 
prescription 

BUN = blood urea nitrogen  
Table III: Statistics of URR 

DISCUSSION 

Hemodialysis after renal transplant is an effective 
treatment for patients with chronic kidney disease 
(CKD)9. This therapy is considered a means to 
prolong survival in patients with CKD. Various 
techniques are available to study the adequacy of 
dialytic therapy, with urea kinetics being the most 
widely used tool for this assessment10. Several patient
-related and treatment-related factors have been 
identified that alter the quality of dialysis therapy11, 
including the socioeconomic condition and nutritional 
status of the patient12. We evaluated such factors in 
our population using the urea reduction ratio (URR) to 
assess dialysis adequacy. Dialysis prescription, as a 
treatment-related factor, and the gender and age of 
the patient, as patient-related factors, have been 
identified as influencing dialysis adequacy. According 
to the Kidney Disease Outcomes Quality Initiative 
(KDOQI) recommendations, URR > 65% is 
considered adequate for dialysis13. The mean pre-
dialysis BUN was 94.4 (45) mg/dL, and the mean post
-dialysis BUN was 28.8 (15.9) mg/dL. The URR 
ranged from 38.8% to 95.5%, with a mean URR of 
69.2% (10), which is better than the reported mean 
URRs of 25.24±15.59% in one study from Nepal14 and 
65.3% in another study15. Regarding the primary 
outcome of our study, 63.2% of the study population 
achieved a URR > 65%, while the remaining 39.8% of 
patients had a URR< 65%. The literature review 
reveals a much lower figure for URR > 65%, being 
34.3% 16 in one study and 23% 8 in another. One 

reason for the relatively better results in our population 
appears to be associated with the optimal dialysis 
prescription (KDOQI recommendations) 17.  
In our study, hemodialysis was prescribed thrice per 
week for 116 (60.1%) patients, with a blood flow rate 
of 300-350 ml/min, using a polysulphone high-flux 
dialyzer with a surface area of 1.8 m² and a dialysis 
flow rate of 500 ml/min. A thrice-per-week 
hemodialysis regimen has a positive impact on 
survival18. Patient-related factors that can reduce 
dialysis efficacy were present in the study participants. 
34% of patients had DM, and 57.7% had HTN. In our 
study, AVF was used for vascular access in 97.2% of 
patients, which is higher than the 66% reported in a 
similar study from Pakistan16. This difference may 
reflect improved vascular access practices, which are 
known to influence dialysis adequacy. The presence 
of comorbidities can indirectly affect hemodialysis 
efficiency, notably by impairing AVF function and 
vascular access patency, as reported in previous 
studies18,19.  
The mean age of our population was 46(12.9) years, 
with the majority of the study population falling within 
the middle-aged group, similar to previous studies20. 
on subgroup analysis, 31.6% of patients in the middle 
age group had URR > 65%, 23.3% in the young age 
group, and only 7.7% in the old age group had URR > 
65% (p-value: 0.00001). Males (111 [58%]) 
outnumbered females (82 [42%]) in our study, 
consistent with the fact that males undergo 
hemodialysis more frequently than females21. We did 
not observe a statistically significant effect of gender 
on URR. The mean URR in males was 68 (10.3), 
while in females it was 70.8 (9.6). A total of 68(35.2%) 
males and 54(27.9%) females had URR > 65% (p-
value: 0.513). Treating anemia and maintaining a 
KDOQI-recommended hemoglobin level (11-12 gm/
dL)21 is one of the therapeutic targets for optimal 
dialysis22,23. The mean hemoglobin of our study 
population was 10.3 (1.7) gm/dL, and the prevalence 
of anemia in our study was statistically insignificant 
(106 [54.9%], p-value 0.21498). Among patients with 
URR > 65%, 78(40.4%) had anemia. Evaluating 
dietary intake in the dialysis population has prognostic 
value for long-term dialysis outcomes24. Uremia 
triggers an inflammatory response that worsens 
malnutrition, and the use of a dialyzer with poor 
membrane biocompatibility may be a contributing 
factor25.  
In our study, a biocompatible polysulphone high-flux 
dialyzer was used. Nutritional status was assessed 
using caloric intake and body mass index (BMI). In 
patients with URR > 65%, adequate caloric intake was 
found in 50.8% of patients, and these patients 
maintained a mean BMI of 21.5kg/m² in 57.5% of 
patients. In contrast, only 19.7% of patients with URR 
< 65% had adequate caloric intake, and 21.8% of 
patients maintained a mean BMI of 21.5 kg/m², with a 
statistically significant difference. These findings 
indicate a significant association between nutritional 

Variable Value 

Hemoglobin (gm/dL) 10.3 (1.7) 

Anemia (n) 106 (54.9%) 

Albumin (gm/dL) 3.6 (0.55) 

Pre-dialysis BUN (mg/dL) 94.4 (45) 

Post-dialysis BUN (mg/dL) 28.8 (15.9) 

Variable URR > 65% URR<65% p-value 

Male (n) 68 (35.2%) 43 (22.2%) 0.513 

Female (n) 54 (27.9%) 28 (14.5%)   

Young age (n) 45 (23.3%) 21 (10.9%) 0.00001 

Middle age (n) 62 (31.6%) 19 (9.8%)   

Old age (n) 15 (7.7%) 31 (16%)   

Anemia (n) 78 (40.4%) 28 (14.8%) 0.012 

Hypoalbuminemia (n) 46 (23.8%) 21 (10.9%) 0.207 

Adequate caloric intake (n) 98 (50.8%) 38 (19.7%) <0.001 

Mean BMI (21.5 kg/m²) 111 (57.5%) 42 (21.8%) <0.001 
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indicators and dialysis adequacy; however, due to the 
cross-sectional nature of our study, a causal 
relationship cannot be established. One study on 
dietary intake in dialysis patients undergoing 
hemodialysis with suboptimal prescriptions reported 
inadequate nutritional intake and a loss of appetite, 
leading to malnutrition in these patients26,27.  
Our study's mean serum albumin level was 3.6 mg/dL, 
with hypoalbuminemia observed in only a small 
number of patients (23.8%). When optimized, the 
dialysis prescription helps achieve dialysis goals.  
Limitations: Our study has certain limitations. It has 
limitations of the generalizability of the findings due to 
single-centre data. The Kt/V parameter, as a marker 
of adequacy, was not implemented due to data 
unavailability. Assessment of dietary intake by recall is 
subject to recall bias. Future multicenter studies 
incorporating Kt/V and broader sociodemographic 
data are recommended to provide a more 
comprehensive evaluation of dialysis adequacy. 
Although logistic regression analysis could help 
identify independent predictors of dialysis adequacy 
(URR > 65%), our study design and sample size were 
not intended for predictive modeling. Future 
multicenter studies with larger samples are 
recommended to assess these predictors in a 
statistically robust manner. 

CONCLUSION 

Optimizing dialysis prescription, as suggested by 
KDOQI, is associated with achievement of the 
therapeutic goals of maintenance hemodialysis. 
Dialysis prescription is significantly associated with 
optimal URR. Males achieve greater URR when 
compared to females, but the impact of gender is 
statistically insignificant. Age in our population was 
associated with URR, and middle-aged patients 
achieved URR >65% more often.  

Acknowledgement: The Authors acknowledge the 
help of Shaheen Bibi in the statistical analysis of the 
study. 
Ethical permission: Karachi Institute of Kidney 
Diseases (KMC), Karachi, Pakistan, IRB letter No. 
K.I.K.D/KMC/54/22.  
Conflict of interest: There is no conflict of interest 
between the authors. 

Financial Disclosure / Grant Approval:  Self-funded. 
Data Sharing Statement: The corresponding author 
can provide the data proving the findings of this study 
on request. Privacy or ethical restrictions bound us 
from sharing the data publicly. 
AUTHOR CONTRIBUTION 

All authors contributed equally to all aspects of the 
research. 

REFERENCES 

1. Kirkeskov L, Carlsen RK, Lund T, Buus NH. 
Employment of patients with kidney failure treated 

with dialysis or kidney transplantation - A 
systematic review and meta-analysis. BMC 
Nephrology. 2021 Dec; 22: 1-7. 

2. Bello AK, Okpechi IG, Osman MA, Cho Y, Htay H, 
Jha V et al. Epidemiology of haemodialysis 
outcomes. Nature Reviews Nephrology. 2022 Jun; 
18(6): 378-95. 

3. Gityamwi N. Nutrition, body composition, 
inflammation and haemoglobin status among 
haemodialysis patients on Erythropoietin 
maintenance therapy (Doctoral dissertation, 
University of Surrey) 

4. Al-Sabbah H, Basheer KN, Lu K, Younis M. Major 
risk factors in the onset of end-stage renal 
disease. J Diabetes Treat. 2019; 1: 1065. 

5. Datu J, Kunjukunju A, Ahmad A. Effect of 
Hemodialysis Duration on Urea Reduction Ratio 
and KT/V Target among End-Stage Renal Failure 
Patients. Open Access J Nurs. 2023; 6(2): 43-50. 

6. Abdul-Hussein Jasim AM, Abdul-Hussein MA, 
Mohammed Ali SW. Comparison between the 
Effects of High-Flux and Low-Flux Membrane on 
Hemodialysis Adequacy. Prensa Med Argent. 
2020. doi: https://doi.org/10.47275/0032-745X-S1-
013 

7. Hasan LM, Shaheen DA, El Kannishy GA, Sayed-
Ahmed NA, Abd El Wahab AM. Is health-related 
quality of life associated with adequacy of 
hemodialysis in chronic kidney disease patients? 
BMC Nephrology. 2021 Dec; 22: 1-2. 

8. Atta A, Khan MN, Muhammad P, Zubair M, Khan 
AS, Khan Y. Estimation of Urea Reduction Ratio 
in Dialysis Patients Per Session and Adequacy of 
Dialysis. Pak J Med Health Sci. 2022 Jul 23;16
(05):1247-1250 

9. Ngamvichchukorn T, Ruengorn C, Noppakun K, 
Thavorn K, Hutton B, Sood MM et al. Association 
between pretransplant dialysis modality and 
kidney transplant outcomes: a systematic review 
and meta-analysis. JAMA Network Open. 2022 
Oct 3; 5(10): e2237580. 

10. Rees L. Assessment of dialysis adequacy: beyond 
urea kinetic measurements. Pediatric Nephrology. 
2019 Jan; 34(1): 61-9. 

11. Shqeirat MD, Hijazi BM, Almomani BA. Treatment
-related problems in Jordanian hemodialysis 
patients. Int J Clin Pharmacy. 2021 Oct; 43(5): 
1352-9. 

12. Carson R, Macrae J, Kiaii M. Blood Pump Speed, 
Recirculation, and Urea Clearance in 
Hemodialysis Patients with Dysfunctional 
Catheters. Hemodialysis Int. 2003; 7(1): 73-104. 

13. Chen YK, Chu CS, Niu SW, Lin HY, Yu PH, Shen 
FC et al. The prognostic value of URR equals that 
of Kt/V for all-cause mortality in Taiwan after 10-
year follow-up. Scientif Reprts. 2023 Jun 1; 13(1): 
8923. 

14. Agrawaal KK, Kandel S, Devkota S. Mean Urea 
Reduction Ratio among Patients Undergoing 
Hemodialysis at a Tertiary Care Centre: A 



 

J Liaquat Uni Med Health Sci MAY - JUNE 2026; Vol 25: No. 03 

204 

Haroon et al. 

Descriptive Cross-sectional Study. J Nepal Med 
Assoc. 2023 May; 61(261): 446-450. 

15. Sultania P, Sharma SK, Sharma SK. Adequacy of 
hemodialysis in Nepalese patients undergoing 
maintenance hemodialysis. J Nepal Med Assoc. 
2009 Jan 1; 48(173):10-3. 

16. Somji SS, Ruggajo P, Moledina S. Adequacy of 
hemodialysis and its associated factors among 
patients undergoing chronic hemodialysis in Dar 
es Salaam, Tanzania. Int J Nephrol. 2020 Feb 10; 
2020(1): 9863065. 

17. Daugirdas JT, Depner TA, Inrig J, Mehrotra R, 
Rocco MV, Suri RS et al. KDOQI clinical practice 
guideline for hemodialysis adequacy: 2015 
update. Am J Kidney Dis. 2015 Nov 1; 66(5): 884-
930. 

18. Ndahayo D, Gapira EB, Mbabazi T, Chironda G. 
Factors associated with hemodialysis adequacy 
among end-stage renal disease patients on 
maintenance hemodialysis in Rwanda. Hospital. 
2021; 4(8): 12. 

19. Bharati J, Jha V. Achieving dialysis adequacy: a 
global perspective. Seminars in Dialysis. 2020 
Nov; 33(6): 490-498. 

20. Fokou M, Teyang A, Ashuntantang G, Kaze F, 
Eyenga VC, Mefire AC et al. Complications of 
arteriovenous fistula for hemodialysis: an 8-year 
study. Ann Vascul Surg. 2012 Jul 1; 26(5): 680-4. 

21.  Adhikary L, Acharya S. Efficacy of IV Iron 
Compared to Oral Iron for Increment of 

Haemoglobin Level in Anemic Chronic Kidney 
Disease Patients. J Nepal Med Assoc. 2011 Jul 1; 
51(183): 133-136. 

22. Lacquaniti A, Pasqualetti P, di Tocco TC, Campo 
S, Rovito S, Bucca M et al. Ferric carboxymaltose 
versus ferric gluconate in hemodialysis patients: 
Reduction of erythropoietin dose in 4 years of 
follow-up. Kidney Res Clin Pract. 2020 Sep 9; 39
(3): 334-343. 

23. Coyne DW. The health-related quality of life was 
not improved by targeting higher hemoglobin in 
the Normal Hematocrit Trial. Kidney Int. 2012 Jul 
2; 82(2): 235-41. 

24. Zhang H, Tao Y, Wang Z, Lu J. Evaluation of 
nutritional status and prognostic impact assessed 
by the prognostic nutritional index in children with 
chronic kidney disease. Medicine. 2019 Aug 1; 98
(34): e16713. 

25. Chung S, Koh ES, Shin SJ, Park CW. Malnutrition 
in patients with chronic kidney disease. Open J 
Intern Med. 2012; 2(2): 11. 

26. Maurya NK, Arya P, Sengar NS. Dietary intake 
and nutritional status in hemodialysis patients. Int 
Res J Pharmacy. 2019 Apr 17; 10(4): 102-5. 

27. Shaaker H, Davenport A. Assessment of 
nutritional intake in patients with kidney failure 
treated by haemodialysis on dialysis and non-
dialysis days. J Renal Nutrition. 2025 Jan;35
(1):172-180.e1. doi: 10.1053/j.jrn.2024.07.009. 


