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as vascular access failure, considerable expenses, and 
lower quality of life than the general population. The 
dialysis outcomes and practice patterns studies (DOPPS) 
which included patients from several countries (Japan, 
Australia, France, Germany, Italy, Spain, and the UK, the 
United States, Belgium, Canada and Sweden) with large 
populations of dialysis patients showed that dialysis 
practice varies widely among countries.[1‑3] There are 
limited data regarding hemodialysis practice patterns 
from India.[4‑8] We did this study to document the clinical 
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ABSTRACT

This study was planned to analyze the hemodialysis practice patterns from a tertiary care referral centre as there is very limited 
data from India. All patients of ESRD on maintenance hemodialysis (MHD) in dialysis unit at AIMS, Kochi, Kerala for a minimum 
period of 3 months were included. A total of 134 patients (M: F 2:1) with age of 20 to 84 years (Mean: 59.83; SD: 11.98) were 
studied. The most common causes of ESRD in study population were diabetic nephropathy (DN) (59.7%) followed by unclassified 
group (19.4%), chronic glomerulonephritis (CGN) (11.9%). Majority (81%) were initiated on MHD through temporary vascular access 
on emergency basis. Majority (79%) of the patients were on twice weekly MHD. The range of eGFR (ml/min/1.73 m2) at the time 
of initiation of MHD was 1.26‑11.78 by CG formula and 2.18‑16.4 by MDRD equation. The mean duration on hemodialysis was 
37.16 months and 50.7% patients had died during the follow‑up period (3‑108 months). The mean survival time on hemodialysis 
was 40.31 months (SD = 26.69). The mean survival time was lower in diabetic nephropathy (35.93 months) than in non‑diabetic 
renal disease (47.46 months). The most common causes of deaths were cardiovascular events (51.5%), and infections (26.5%). In 
conclusion, males outnumbered females, among those on hemodialysis. There was no significant difference in eGFR at initiation 
of MHD based on etiologies. Initiation of MHD via temporary access, presence of LVH, acute coronary syndrome, use of acetate 
dialysate, need for parenteral iron therapy had impact on mortality. Survival rates while on hemodialysis at end 1st, 3rd, 5th and 
7th years were 87.31, 45.52, 21.64 and 7.46 percentages respectively.
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Introduction

Dialysis therapy ameliorates many of clinical 
manifestations of end‑stage renal disease  (ESRD) and 
postpones imminent death. However, the hemodialysis 
patients have higher morbidity and mortality, multiple 
hospitalizations, unique treatment complications, such 
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profile of patients on maintenance hemodialysis (MHD) 
in the dialysis unit at our hospital.

Materials and Methods

Patients of ESRD on MHD for a minimum period of 
3 months in Dialysis unit, at Amrita Institute of Medical 
Sciences and Research Centre, Kochi were included in 
this retrospective study. Our Institute is one the premier 
tertiary referral Institutes in Kerala with all Specialty 
and Super specialty departments with the state of the 
art infrastructure and organ transplant program. The 
diagnosis of underlying kidney disease was based on 
clinical, laboratory and radiological features. Patients who 
were transferred to other units, patients switching to other 
forms of renal replacement therapy (RRT), those being 
evaluated for renal transplantation or on the waiting 
list with matched live related donor were excluded. The 
period of study was January 2003 to December 2011.

We recorded the patient age, gender, the cause of chronic 
kidney disease (CKD), comorbidities, estimated glomerular 
filtration rate (eGFR) at initiation hemodialysis, dialysis 
parameters  (duration, frequency, vascular access), 
Erythropoietin use) survival on hemodialysis, causes of 
death. The mean of the 3‑months value was analyzed for 
continuous variables.

Standard hemodialysis was performed for 5 h twice 
or 4 h thrice weekly. Individual proportioning dialysis 
machines were used with reverse‑osmosis treated water. 
Volumetric ultrafiltration control was available in all the 
machines (Fresenius and B‑Braun). Polysulfone hollow 
fiber dialyzers of mass transfer area co‑efficient of 
604‑781 ml/min (Fresenius F HPS (High Performance; 
Steam Sterilized; 5/6/7) and ultrafiltration co‑efficient 
10–16 ml/h/mmHg (Fresenius F HPS 5/6/7) were used 
in all patients. Dialyzer surface area corresponding to 60% 
of BSA was selected for each patient. Dialysate flow rate 
was 500 ml/min and blood flow rates were targeted as per 
the patient requirement. Dialyzer re‑use was uniformly 
performed using manual methods.

Statistical analysis
Mean ± standard deviation (SD) and percentages were 
used for summarizing the data. Relevant statistical tests 
were used for analysis of different variables. Continuous 
variables were studied using the Student’s t‑test. 
Categorical variables were analyzed using the Chi‑square/
Fisher’s exact. The variables were also analyzed by 
multivariate analysis to assess their significance. 
The primary endpoint of the analysis was death. The 
confidence interval was 95%, and a two tailed P < 0.05 
was used for statistical significance. All statistical analyses 

were performed with SPSS version  15.0: SPSS Inc., 
Chicago, IL, USA.

Results

A total of 134 patients (91 males) of ESRD on MHD who 
satisfied inclusion criteria were studied. The age of the 
patients ranged from 20 to 84 years (mean = 59.83 years, 
SD  =  11.98  years). All patients were vaccinated for 
hepatitis B virus (HBV) and none of the patients had either 
HBV or hepatitis B virus (HCV) infection.

The most common cause of ESRD was diabetic 
nephropathy  (DN)  (59.7%) followed by unclassified 
group (19.4%), chronic glomerulonephritis (CGN) (11.9%) 
and others 9% (chronic interstitial nephritis, autosomal 
dominant polycystic kidney disease, chronic pyelonephritis 
and Interstitial fibrosis and tubular atrophy/chronic 
allograft nephropathy)  [Table  1]. The most common 
causes of CGN were IgA nephropathy and focal 
segmental glomerulosclerosis followed by membranous 
nephropathy, amyloidosis, anti‑glomerular basement 
membrane (GBM) antibody disease, and atheroembolic 
renal disease [Table 2]. The cause was undetermined in 
19.4% of subjects as they presented with to the hospital 
with ESRD.

Majority of patients (81%) were initiated on hemodialysis 
through uncuffed dual lumen catheters  (internal 
jugular vein in 66% and femoral vein in 15%) and 
arteriovenous fistula  (AVF) was the vascular access in 
only 19% [Table 3]. Most of the patients  (79%) were 

Table 1: Etiology of end‑stage renal disease
Diagnosis Patient n (%)
Diabetic nephropathy 80 (59.7)
Unclassified 26 (19.4)
Glomerular diseases 16 (11.9)
Chronic tubulointerstitial nephritis 5 (3.7)
ADPKD 4 (3.0)
Chronic pyelonephritis 2 (1.5)
IFTA/chronic allograft nephropathy 1 (0.7)
Total 134 (100)
ADPKD: Autosomal dominant poly cystic kidney disease, IFTA: Interstitial 
fibrosis and tubular atrophy

Table 2: Glomerular causes for of end‑stage renal disease
Glomerular diseases Patient n (%)
IgAN 3 (30)
FSGS 2 (30)
MN 2 (20)
Amyloidosis 1 (10)
Anti‑GBM antibody disease 1 (10)
AERD 1 (10)
Total 10
IgAN: Immunoglobulin A nephropathy, FSGS: Focal segmental glomerulosclerosis, 
MN: Membranous nephropathy, GBM: Glomerular basement membrane, 
AERD: Aspirin‑exacerbated respiratory disease
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on twice‑weekly hemodialysis  (5 h each) and 21% 
were on thrice weekly  (4 h each) sessions. Sixty‑four 
percentage of patients were on acetate and 36% were on 
bicarbonate‑based dialysate. The AVF was the permanent 
vascular access in the majority (87.3%) of patients, and 
12.7% had cuffed catheter as an access (internal jugular 
catheter ‑  11.2% and femoral catheter ‑  1.5%) due to 
failed AVF [Table 3].

The mean eGFR at the time of initiation of MHD was 
4.28 ml/min/1.73 m2 (Range ‑ 1.26–11.78, SD = 1.94) 
by Cockroft‑Gault formula and 5.71  ml/min/1.73 m2 
(2.18–16.4, SD = 2.26) by MDRD equation. There was 
no statistically significant difference in eGFR at initiation 
of MHD based on etiologies for CKD (p = 0.09) [Table 4].

Hypertens ion  (HTN) was the most  common 
comorbidity  (96.8%), followed by left ventricular 
hypertrophy  (LVH)  (80.6%), coronary artery 
disease  (CAD)  (52.3%), tuberculosis  (11.6%), chronic 
liver disease  (4.3%) and malignancies in 2.2% of 
patients [Table 5].

The mean duration on hemodialysis in the study 
was 37.16  months with a range of 3–108, and SD 
of 26.24  months. Sixty‑eight  (50.7%) out of the 
134  patients had died during the above follow‑up 
period. The mean survival time on hemodialysis was 

40.31  months  (SD  =  26.69). The mean survival time 
was lower in DN  (35.93  months) than in nondiabetic 
renal disease  (47.46  months) was statistically 
significant (P < 0.05). The overall survival rates at end 
1st, 3rd, 5th and 7th years were 87.31, 45.52, 21.64, and 
7.46 percentages, respectively [Table 6 and Figure 1]. The 
survival rates were lower in those with DN than nondiabetic 
renal disease at each of the above time intervals, it was 
statistically significant (P < 0.05) [Table 6 and Figure 2].

The hemoglobin level in patients on erythropoietin 
ranged from 9.7 to 12.3  g/dl  (mean: 10) and it 
was 6.3–12.4  (mean: 9.6) g/dl in those on regular 
blood transfusions. The mean Erythropoietin dosage 
administered was 102.81 IU/Kg/week with a range from 
4000 to10,000 IU/week (mean weight: 54.16 kg, mean 
erythropoietin dose: 5568.63 IU/week).

The most common causes of death the study were 
cardiovascular events (35, 51.5%), infections (18, 26.5%) 
followed by discontinuation of hemodialysis (2, 2.9%), 
advanced malignancy (2, 2.9%) and polytrauma following 
accident (1, 1.5%) and intracranial bleed (1, 1.5%), the 
cause was unknown in 13.2% (9) in cases. The numbers 
in brackets represent a number of patients and percentage 
contribution to all deaths. Acute coronary syndrome (26, 
38.23%) was the most common cardiac cause of death 
followed by sudden cardiac death (SCD) (7, 10.29%), 

Table 3: Vascular access practice patterns for 
hemodialysis in patients with end‑stage renal disease

Patient 
number

Percentage Total 
(%)

Access at initiation of MHD
Internal jugular catheter 88 66 81
Femoral catheter 21 15
Arterio‑venous fistula 25 19 19
Total 134 100 100

Access while on MHD
Arterio‑venous fistula 117 87.3 87.3
Internal jugular catheter (permcath) 15 11.2 12.7
Femoral catheter (permcath) 2 1.5
Total 134 100 100

MHD: Maintenance hemodialysis

Table 4: Mean estimated glomerular filtration rate at time 
of initiation of hemodialysis
Mean eGFR MDRD 

equation
Cockroft‑Gault 

formula
All patients 5.71 4.28
Diabetic nephropathy 4.92 3.97
Chronic glomerulonephritis 4.69 3.57
Chronic tubulointerstitial nephritis 4.57 2.9
Hypertensive renal disease 5.88 4.26
ADPKD 4.46 4.48
No statistically significant difference in GFR at initiation, Diabetic nephropathy versus 
others (P>0.05). eGFR: Estimated glomerular filtration rate, MDRD: Modification 
of diet in renal disease, ADPKD: Autosomal dominant poly cystic kidney disease, 
GFR: Glomerular filtration rate

Table 5: Comorbidities in patients with end‑stage renal 
disease
Co‑morbid illness Percentage
HTN 96.8
LVH 80.6
CAD 52.3
TB 11.6
CLD 4.3
Malignancies 2.2
HTN: Hypertension, LVH: Left ventricular hypertrophy, CAD: Coronary artery 
disease, TB: Tuberculosis, CLD: Chronic liver disease

Table 6: Survival rate on hemodialysis comparison of 
diabetic nephropathy, nondiabetic nephropathy chronic 
kidney disease
Duration on 
dialysis (months)

Patient survival: n (%)
All patients 

(n=134)
DN 

(n=80)
Non‑DN CKD 

(n=54)
12 117 (87.31) 67 (83.75) 50 (92.59)
24 79 (58.95) 43 (53.75) 36 (66.67)
36 61 (45.52) 32 (40.00) 29 (53.70)
48 40 (29.85) 20 (25.00) 20 (37.04)
60 29 (21.64) 13 (16.25) 16 (29.63)
72 17 (12.68) 7 (8.75) 10 (18.52)
84 10 (7.46) 3 (3.75) 7 (12.96)
96 6 (4.48) 1 (1.25) 5 (9.25)
108 2 (1.49) 1 (1.25) 1 (1.85)
Median survival time: 56.75 months, Median survival time for DN: 50.49 months, 
Median survival for non‑DN CKD: 66.54 months. DN: Diabetic nephropathy, 
Non‑DN CKD: Nondiabetic nephropathy chronic kidney disease
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refractory ventricular arrhythmia (1, 1.5%) and cardiac 
amyloidosis (1, 1.5%). Most of the deaths due to SCD (6 
out of 7) and all those due to unknown causes occurred 
at home. The SCD was presumed to be the cause as 
they had underlying CAD. However, an autopsy was 
not done, to confirm the etiology. The pneumonia was 
the most common (8; 11.6%) cause of infection‑related 
deaths followed by catheter‑related infections (4, 5.9%), 
cellulitis  (4, 5.9%), pyogenic discitis  (1, 1.5%) and 
disseminated varicella (1, 1.5%).

The age >50 years, the presence of LVH, CAD, anemia 
requiring multiple transfusions, parenteral iron therapy, 
hypoalbuminemia  (<3.6  g/dl), initial temporary 
vascular access and duration on dialysis were shown 
to increase the risk of mortality statistically  [Table 7]. 
Patients requiring multiple hospital admissions  (>2, 
excluding those for initial evaluation or creation of AVF) 
had higher mortality (40.47%), than those needing <2 
admissions 40.47% vs (14.63%, p = 0.008); statistically 
significant. The duration on MHD was the most important 
factor, affecting the mortality. Whereas as AVF as initial 
vascular access, appropriate correction of anemia with 
Erythropoietin had a favorable effect on survival [Table 7].

The presence of HTN alone did not affect mortality 
statistically  (p  = 0.62). However HTN requiring more 
than 3 drugs had an adverse effect on mortality (p = 0.04). 
Dialysis frequency (5 h twice a week or 4 h thrice week) 
and dialysate type  (acetate or bicarbonate) did not 
statistically significant impact on mortality [Table 7].

Patient gender, serum calcium level, serum phosphorus 
level, calcium‑phosphorus product, ferritin level and 
dialysis frequency did not have any statistically significant 
effect on mortality [Table 7].

On multivariate analysis initiation of MHD via temporary 
access  (p = 0.034), presence of LVH  (p: 0.029), 
acute coronary syndrome  (p = 0.02), use of acetate 
dialysate (p = 0.006), need for parenteral iron therapy 
(p = 0.006) were shown to have statistically significant 
effect on mortality on multivariate analysis. Presence of 
HTN (p = 0.79), number of drugs need for its control 
(p = 0.642), hypoalbuminemia  (p = 0.175), dialysis 
frequency (p = 0.832) did not have an effect on mortality 
on multivariate analysis.

Discussion

Males outnumbered females among those on MHD with 
M: F ratio of ~2:1 pattern consistent with DOPPS[1] and 

Table 7: Comorbidities, dialysis variables, laboratory 
parameters and their effect on mortality in end‑stage 
renal disease on hemodialysis
Parameter Effect on 

mortality (P)
Gender (male vs. female) 0.46
Age (<50 vs. >50 years) 0.002
HTN 0.62
HTN (>3 drugs) 0.04
LVH by 2D‑echocardiography 0.005
CAD 0.003
Initial access (temporary vs. AVF) 0.008
Dialysate (acetate vs. bicarbonate) 0.06
Dialysis frequency (twice vs. thrice) 0.29
Duration on dialysis (months) 0.04
Anemia correction (by EPO vs. blood transfusion) 0.012
Number of transfusions/month 0.3
Iron therapy (oral vs. IV) 0.002
Serum ferritin level 0.37
Calcium×phosphorus product (<55, >55) 1
Serum albumin (<3.6 vs. >3.6 g/dl) 0.05
Number of hospital admission (0-1 vs. >2) 0.008
HTN: Hypertension, LVH: Left ventricular hypertrophy, CAD: Coronary artery 
disease, AVF: Arteriovenous fistula, EPO: Erythropoietin, IV: Intravenous

Figure 2: Survival graphs: Comparison between diabetic chronic kidney 
disease and nondiabetic chronic kidney disease. (Curve 1: Diabetic chronic 
kidney disease, and Curve 2: Nondiabetic chronic kidney disease)

Figure 1: Survival graph of all patients
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Indian studies[4‑7] in terms of age and sex ratios. In another 
study, the mean age was 38.6 years, with 22.8% of them 
undergoing renal transplantation.[5] Our study excluded 
those changing the mode of RRT to renal transplantation 
or chronic ambulatory peritoneal dialysis. Patients on 
waiting list for transplantation with eligible donors were 
also excluded thus explaining the older age of patients 
in the study.

The most common etiology for the ESRD in the study 
population was DN followed by unclassified group. The 
IgA nephropathy and focal segmental glomerulosclerosis 
were the 2 most common causes for biopsy proven 
glomerulopathies, followed by membranous nephropathy, 
amyloidosis, anti GBM antibody disease and atheroembolic 
renal disease. The etiologic pattern for ESRD as 
mentioned above, consistent with previous studies[4,6] and 
CKD registry of India.[7] The DN as etiologic factor was 
more common in the study group in comparison to earlier 
studies (29.2–44.7%),[4,6,7] as those with other etiologies 
are relatively younger and undergo transplantation, 
which were excluded from our study.

In our study, the majority of patients were initiated on 
hemodialysis through uncuffed dual lumen catheters only 
minority having mature AVF at the time of presentation 
to Nephrologist, a consistent finding noted in other 
studies.[6‑7] The majority of patients required emergency 
hemodialysis and the internal jugular catheter was the 
most common form of vascular access at the initiation 
of hemodialysis in our study consistent with previous 
reports.[6,8] AVF was present only in minority of patients 
at presentation similar to previous studies.[6‑8] This is 
due to treatment of CKD with conservative measures 
until late stages without the timely creation of AVF by 
primary care Physician or treatment at a peripheral center 
without facilities for vascular surgery or lack of knowledge 
regarding the timing of AVF creation.[7,9‑11]

The AVF was the permanent vascular access in the 
majority of patients while on MHD and most of the 
patients were on twice weekly hemodialysis, similar to 
an earlier study.[4]

Theoretical considerations support initiation of dialysis 
therapy at a GFR of approximately 10–15 mL/min/1.73 m2, 
and this was the recommendation of the Kidney Disease 
Outcomes Quality Initiative‑Hemodialysis‑1997 (KDOQI 
HD) adequacy guideline. In one the earlier studies 
dialysis therapy was in initiated at mean eGFR 
of 9.8  mL/min/1.73 m2, with lower range for a 
range of 7–9 for young and middle‑aged adults and 
10–10.5  mL/min/1.73 m2 for children and elderly 
patients.[12] The mean eGFR at the time of initiation of 

MHD in the present study was 4.28 ml/min/1.73 m2 by 
Cockroft‑Gault formula and 5.71  ml/min/1.73 m2 by 
MDRD equation. There was no statistically significant 
difference in eGFR at initiation of MHD based on 
etiologies for CKD. We have not assessed the difference 
eGFR based on age in the present study. However, 
registry data from the USA, Canada, and the UK show 
that patients with comorbidities initiate dialysis therapy 
at higher levels of eGFR.[12‑14] There is no previous Indian 
data regarding eGFR at initiation of dialysis therapy.

The HTN was the most common comorbidity followed 
by, LVH , CAD and tuberculosis. The majority of the 
patients had lower hemoglobin level in the study as 
against the recommended target of 11–12 g/dl as per 
KDOQI, consistent with the earlier study.[4] Cardiovascular 
disorders and anemia are very common comorbidities in 
ESRD consistent with their description in literature.[15,16] 

The survival on hemodialysis was inversely proportional to 
time on dialysis. The US Renal Data System data (2012), 
showed a similar trend with time on dialysis, with 
survival rates at 1st, 5th, and 10th  years of 77, 22, and 
12 percentages, respectively.[17] The survival rates were 
significantly lower in those with DN than nondiabetic 
renal disease at each of the above time intervals in our 
study, consistent an earlier report.[18]

The two most common causes of deaths were cardiovascular 
events and infections, followed unknown causes, 
discontinuation of hemodialysis, advanced malignancies, 
polytrauma following the accident and intracranial 
bleed. Acute coronary syndrome was the most common 
cardiac cause of death followed by sudden cardiac 
death, refractory ventricular arrhythmia, and cardiac 
amyloidosis. Pneumonia was the most common cause 
of infection‑related deaths followed by catheter related 
infections, cellulitis, pyogenic discitis, and disseminated 
varicella. Infections  followed by ischemic heart disease, 
inadequate hemodialysis, withdrawal from dialysis were 
reported as the causes of death in an earlier study.[4] The 
vascular access‑related infections (abscess of the AVF and 
catheter‑related bacteremia) were the most common cause 
of sepsis in one the study[4] and most common being urinary 
tract infections in another study.[6] In a study from the USA; 
cardiovascular events most common cause of mortality 
followed by infectious, similar to the present study.[19]

Age  >50  years, LVH, CAD, anemia requiring multiple 
transfusions, hypoalbuminemia  (<3.6  g/dl), initial 
temporary vascular access, use of acetate dialysate 
and duration on dialysis were shown to increase the 
risk of mortality statistically. The duration on MHD 
was the most important factor, affecting the mortality. 
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Hypoalbuminemia was shown to increase the mortality 
risk in previous studies.[3,4,20] The albumin level used for 
defining hypoalbuminemia varied in studies <4.0 g/dl in 
one[20] and <3 g/dl in another;[4] <3.6 g/dl was used in 
the present study. The need for parenteral iron therapy 
in comparison to oral iron therapy also increased the 
mortality risk significantly.

Age <50 years, AVF as initial vascular access, appropriate 
correction of anemia with erythropoietin had a favorable 
effect on survival, consistent with earlier reports, 
emphasizing the importance of the creation of AVF at 
the appropriate time during treatment of CKD.[9‑11] The 
use of erythropoietin shown improve the quality of life, 
in several a meta‑analysis,[21,22] however, the effect on 
survival is less clear, necessitating for multicenter trials 
to assess its effect on Indian population. In one of the 
single center studies, use of erythropoietin did not affect 
survival on dialysis.[4]

The presence of HTN alone did not affect mortality 
statistically; however, HTN requiring more than three 
drugs had an adverse effect on mortality. The gender, 
serum calcium, serum phosphorus, calcium‑phosphorus 
product, ferritin, dialysis frequency (5 h twice a week or 
4 h thrice week) did not have any statistically significant 
effect on mortality in our study. An earlier study also 
showed that HTN, type of native kidney disease, 
hemoglobin level, the calcium‑phosphorus product had no 
significant effect on the outcome.[4] Diabetes nephropathy 
as native kidney disease increased the mortality risk in 
our study, consistent with previous reports.[23,24]

Initiation of MHD via temporary access, the presence of 
LVH, acute coronary syndrome, use of acetate dialysate, 
need for parenteral iron therapy had statistically 
significant mortality on multivariate analysis. Whereas, 
the presence of hypoalbuminemia, HTN and dialysis 
frequency (4 h 3 times/week or 5 h 2 times/week), did 
not have any statistically significant effect on mortality.

Limitations of the study
This being a single center study the results may not be 
generalized, highlighting the need for multicenter trial 
with the uniform protocol. The effect of interdialytic 
weight gain was not studied. Our study did not have 
patients with HBV or HCV infection to assess their impact 
on mortality. The erythropoietin resistance and its impact 
on mortality were not assessed. Dialysis adequacy or 
residual renal function was not estimated in the study; 
however, there was no statistically significant difference 
mortality between twice weekly dialysis (total of 10 h) 
and thrice weekly (total of 12 h) schedule.
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