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ABSTRACT 
Background: Haemodialysis (HD) is the most common form of Renal Replacement Therapy (RRT) used 
for End Stage Renal Disease (ESRD). The adequacy of haemodialysis, assessed through Kt/V and Urea 
Reduction Ratio (URR), is a critical determinant of patient morbidity and mortality, yet many Indian 
centres fail to achieve recommended targets. Objective: To assess the adequacy of haemodialysis in 
patients on maintenance haemodialysis using Kt/V and URR, and to study haemoglobin levels, blood 
pressure control, and intradialytic complications in this population. Methods: A hospital-based 
descriptive observational study was conducted over one year. Thirty-five End Stage Renal Disease 
patients on maintenance haemodialysis for more than six months were enrolled, and 420 dialysis 
sessions were monitored. Pre- and post-dialysis blood urea, haemoglobin, and blood pressure were 
recorded monthly. Kt/V was calculated using the Daugirdas second-generation formula, and URR was 
calculated from pre- and post-dialysis blood urea nitrogen values. Results: The mean age of 
participants was 55.63 ± 15.06 years, with 65.71% males. Diabetes mellitus (54.28%) and hypertension 
(48.57%) were the leading causes of ESRD. The mean Kt/V across all sessions was 1.118 ± 0.20, with 
only 144 (34.29%) sessions achieving the target Kt/V ≥1.2. The mean URR was 59.93 ± 7.08%, with 
only 106 (25.24%) sessions reaching the target URR ≥65%. Both targets were simultaneously met in 
only 105 (25%) sessions. Mean haemoglobin was 10.86 ± 1.92 g/dL. Intradialytic hypotension occurred 
in 37.14% and muscle cramps in 31.42% of participants. Kt/V and URR showed a strong positive 
correlation (r = 0.935, p = 0.0001). Conclusion: A majority of haemodialysis sessions in this cohort 
were inadequate by recommended standards, highlighting the need for stricter monitoring, patient 
education, and adherence to prescribed dialysis duration to reduce morbidity in ESRD patients. 
 
Keywords: Haemodialysis Adequacy, Kt/V, Urea Reduction Ratio, End Stage Renal Disease, 
Maintenance Haemodialysis. 

 
INTRODUCTION 

Haemodialysis is the most widely used form of 

renal replacement therapy for patients with End 

Stage Renal Disease (ESRD), restoring 
extracellular and intracellular composition 

disturbed by progressive loss of kidney 
function. The adequacy of dialysis 

encompasses removal of uremic toxins, fluid 

balance, blood pressure control, and correction 
of anaemia. Two urea-based indices-Urea 

Reduction Ratio (URR) and Kt/V-are widely 
used in clinical practice to assess dialysis 

adequacy, with national and international 

guidelines recommending URR >65% and Kt/V 
≥1.2 as minimum targets. 

Several Indian studies have reported that a 
substantial proportion of patients on 

maintenance haemodialysis do not achieve 
these recommended targets, with adverse 

implications for survival and quality of life. This 

study was undertaken at a tertiary care centre 
to assess the adequacy of haemodialysis among 

patients on maintenance haemodialysis and to 
evaluate its relationship with haemoglobin 

status, blood pressure control, and intradialytic 

complications. 
 
MATERIALS AND METHODS 

This hospital-based descriptive observational 
study was conducted at the Renal Care Centre 
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of a tertiary care hospital over a period of one 

year (May 2012 to April 2013). 
 
Selection and Description of Participants 

All patients on maintenance haemodialysis for 
more than six months at the study centre 

between May 2012 and April 2013 were 
screened for eligibility. Inclusion criteria were 

consenting ESRD patients aged 16–80 years on 

maintenance haemodialysis for more than six 
months and on regular follow-up. Exclusion 

criteria were unwillingness to participate, 
emergency haemodialysis, acute kidney injury, 

acute illness, transition from CAPD to HD, or 
anticipated renal transplant within six months. 

Of 43 patients initially screened, 3 died within 

four months, 3 relocated, and 2 underwent 
transplantation; the final study cohort 

comprised 35 patients. 
 
Technical Information 

Dialysis was performed using B. Braun Dialog 
and Fresenius 4008B volumetric haemodialysis 

machines (Fresenius Medical Care, Bad 

Homburg, Germany) supplied with reverse-
osmosis-treated water. Dialysate temperature 

was maintained at 37.5°C, with bicarbonate 
32–35 mmol/L, sodium 138–145 mmol/L, 

potassium 2 mmol/L, and calcium 1.25–1.75 
mmol/L. Low-flux polysulfone dialysers 

(Fresenius F6 and F7) were used, with a 

standard session duration of four hours. Pre- 
and post-dialysis blood urea, haemoglobin, 

blood pressure, and ultrafiltration volume were 
recorded monthly for each patient across 12 

monitored sessions, yielding 420 dialysis 

sessions in total. 
 
Assessment of Dialysis Adequacy 

Kt/V was calculated using the Daugirdas 
second-generation logarithmic formula: Kt/V = 

–ln(C2/C1 – 0.008×T) + (4 – 3.5×C2/C1) × 
UF/W, where C1 and C2 represent pre- and 

post-dialysis blood urea concentrations, T is 
dialysis session duration in hours, UF is 

ultrafiltration volume in litres, and W is post-

dialysis body weight in kilograms. URR was 
calculated as: URR (%) = [(BUNpre – BUNpost) 

/ BUNpre] × 100. Target values used were Kt/V 
≥1.2 and URR ≥65%, in accordance with 

K/DOQI clinical practice guidelines. 
 
Ethics 

The procedures followed in this study were in 

accordance with the ethical standards of the 
responsible Institutional Ethics Committee and 

with the Declaration of Helsinki. Ethical 

clearance was obtained from the Institutional 

Ethics Committee, [Institution Name] (Approval 

No. [IEC Approval Number], dated [Date of 
Approval]), prior to commencement of the 

study. Written informed consent was obtained 
from all participating patients. 
 
Statistics 

Data were analysed using the Statistical 
Package for Social Sciences (SPSS, IBM Corp., 

Armonk, NY, USA). Continuous variables are 
presented as mean ± standard deviation, and 

categorical variables as frequencies with 

percentages. Pearson correlation coefficient 
was used to assess the association between 

Kt/V and URR, and between these parameters 
and haemoglobin, body mass index, and blood 

pressure. Chi-square test was used for 
comparison of categorical variables. A two-

tailed P value <0.05 was considered statistically 

significant; exact P values are reported 
throughout. 

 
RESULTS AND DISCUSSION 
Demographic Profile 

Of the 35 participants, 48.57% were aged 61–

80 years and 37.14% were aged 41–60 years; 
the mean age was 55.63 ± 15.06 years. Males 

constituted 65.71% of the cohort. Diabetes 
mellitus (54.28%) and hypertension (48.57%) 

were the leading causes of ESRD, followed by 

contrast-induced nephropathy (20%), IgA 
nephropathy (8.57%), rapidly progressive 

glomerulonephritis (8.57%), and multiple 
myeloma (2.86%) (Table 1, Table 2). These 

findings are consistent with the global 
epidemiology of ESRD, where diabetic and 

hypertensive nephropathy together account for 

the majority of cases. 
 
Adequacy of Haemodialysis 

Across 420 monitored sessions, the mean URR 
was 59.93 ± 7.08% (range 31.3–77.7%), with 

only 106 sessions (25.24%) achieving the 
recommended target of ≥65% (Table 3). The 

mean Kt/V was 1.118 ± 0.20 (range 0.49–

1.64), with only 144 sessions (34.29%) 
achieving the target of ≥1.2 (Table 4). Both 

Kt/V and URR were simultaneously within 
target in only 105 sessions (25%) (Table 5). 

These results indicate that a majority of dialysis 
sessions in this cohort fell short of 

recommended adequacy standards, a finding 

consistent with previously published data from 
Indian and South Asian dialysis populations, 

where mean Kt/V values have similarly ranged 
from 0.9 to 1.0. 
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Kt/V and URR showed a strong, statistically 

significant positive correlation (Pearson r = 
0.935, P = 0.0001) (Table 6), consistent with 

the established mathematical relationship 
between the two indices. Diabetes mellitus was 

significantly associated with lower URR (chi-

square P = 0.042), though not significantly 
associated with Kt/V (P = 0.096), possibly 

reflecting early session discontinuation related 
to hypoglycaemia in diabetic patients. 

 
Haemoglobin and Blood Pressure 

The overall mean haemoglobin across the study 

period was 10.86 ± 1.92 g/dL (range 4.9–16.7 
g/dL), marginally below the recommended 

target of ≥11 g/dL (Table 7). Mean pre-dialysis 

systolic blood pressure was 142.53 ± 17.60 
mmHg and diastolic blood pressure was 80.7 ± 

8.99 mmHg; blood pressure was within normal 
range (<140/90 mmHg) in only 221 of 420 

sessions (52.62%), reflecting persistent systolic 

hypertension in this population. 
 
Intradialytic Complications 

Intradialytic hypotension occurred in 13 
participants (37.14%) and muscle cramps in 11 

participants (31.42%) (Table 8). These 
complications are well-recognised contributors 

to early termination of dialysis sessions, which 
in turn compromises adequacy. Eight 

participants (22.85%) required hospitalisation 

during the study period, with frequency ranging 
from one to four admissions (Table 9). 

 
CONCLUSION 

Inadequate haemodialysis, as defined by Kt/V 

and URR targets, was observed in the majority 
of sessions in this cohort of patients on 

maintenance haemodialysis, with both indices 

simultaneously meeting recommended targets 
in only one-quarter of sessions. Diabetes 

mellitus, intradialytic hypotension, and muscle 
cramps were identified as factors associated 

with reduced dialysis adequacy. These findings 
support the need for routine monthly 

monitoring of Kt/V and URR, patient education 

on adherence to prescribed dialysis duration, 
and active management of intradialytic 

complications to improve dialysis adequacy and 
reduce morbidity in ESRD patients. 
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Tables  
Table 1: Age and Gender Distribution of Study Participants (n=35) 

Variable Sub-category n (%) 

Age (years) <20 2 (5.71) 

 21–40 3 (8.57) 

 41–60 13 (37.14) 

 61–80 17 (48.57) 

Gender Male 23 (65.71) 

 Female 12 (34.29) 

 
Table 2: Causes of End Stage Renal Disease (ESRD) among Study Participants 

Cause of ESRD n % 

Diabetes Mellitus 19 54.28 

Hypertension 17 48.57 

Contrast-Induced Nephropathy 7 20.00 

IgA Nephropathy 3 8.57 

Rapidly Progressive Glomerulonephritis 3 8.57 

Multiple Myeloma 1 2.86 

 
Table 3: Monthly Urea Reduction Ratio (URR, %) among Study Participants (420 Sessions) 

Month Min Max Mean SD 

May 44.6 77.7 61.55 7.28 

June 38.1 72.4 54.21 8.19 

July 48.2 72.4 61.63 5.46 

August 54.0 74.6 62.20 5.07 

September 47.6 71.8 59.19 5.83 

October 31.3 73.5 55.02 8.27 

November 45.9 74.2 60.17 6.87 

December 45.6 72.8 60.41 6.65 

January 40.7 70.6 59.48 7.31 

February 47.6 72.1 57.92 5.98 

March 52.3 71.6 63.78 4.91 

April 53.1 74.4 63.58 5.61 
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Overall 31.3 77.7 59.93 7.08 

 
Table 4: Monthly Kt/V among Study Participants (420 Sessions) 

Month Min Max Mean SD 

May 0.72 1.55 1.123 0.191 

June 0.64 1.54 0.975 0.224 

July 0.85 1.58 1.170 0.160 

August 0.93 1.62 1.186 0.163 

September 0.83 1.53 1.090 0.175 

October 0.49 1.56 0.988 0.217 

November 0.75 1.64 1.124 0.201 

December 0.76 1.61 1.134 0.199 

January 0.70 1.43 1.107 0.189 

February 0.77 1.46 1.053 0.166 

March 0.90 1.54 1.231 0.157 

April 0.91 1.57 1.220 0.178 

Overall 0.49 1.64 1.118 0.200 

 
Table 5: Sessions Achieving Recommended Kt/V (≥1.2) and URR (≥65%) Targets (420 Sessions) 

Parameter 
Sessions Meeting Target n 

(%) 

Sessions Below Target n 

(%) 

Kt/V ≥1.2 144 (34.29) 276 (65.71) 

URR ≥65% 106 (25.24) 314 (74.76) 

Both Targets Met 105 (25.00) 315 (75.00) 

 

Table 6: Correlation of Kt/V with URR 

Statistic Value Interpretation 

Pearson r 0.935 Strong positive correlation 

P value 0.0001 Statistically significant 

N 35 — 

 
Table 7: Monthly Haemoglobin (g/dL) among Study Participants 

Month Min Max Mean SD 

May 4.9 16.2 9.89 2.51 

June 6.8 15.2 10.23 1.82 

July 5.4 15.0 10.73 2.01 

August 7.8 13.9 10.79 1.49 

September 8.1 16.7 11.33 2.08 

October 9.0 15.2 11.13 1.38 

November 7.6 14.2 11.90 1.63 

December 3.5 13.9 10.93 2.26 

January 5.4 14.6 10.80 2.01 

February 7.6 16.2 11.05 2.03 

March 8.2 15.2 11.09 1.54 

April 7.6 14.2 11.29 1.65 

Overall 4.9 16.7 10.86 1.92 

 
Table 8: Intradialytic Complications among Study Participants (n=35) 

Complication n % 

Hypotension 13 37.14 

Muscle Cramps 11 31.42 

 
Table 9: Frequency of Hospitalisation among Study Participants (n=35) 

No. of Hospitalisations n % 

1 2 5.71 
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2 2 5.71 

3 3 8.57 

4 1 2.85 

Total Hospitalised 8 22.85 

 


