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Implication for health policy/practice/research/medical education:
Better knowledge and awareness about dialysis standards among dialysis technicians will help in better patient’s care. Conducting 
regular educational meetings with dialysis technicians is vital for updating knowledge of technicians.
Please cite this paper as: Balwani MR, Shrimali J, Pasari1 A, Shah J, Kute V. Knowledge and practices about hemodialysis 
among dialysis technicians in western part of India. J Nephropharmacol. 2020;9(1):e04. DOI: 10.15171/npj.2020.04.

Introduction: Chronic kidney disease (CKD) is a global health burden with a high economic cost 
to health systems.
Objectives: To determine the knowledge and practices regarding end-stage renal disease and 
hemodialysis (HD) among dialysis technicians.
Patients and Methods: Total of 157 technicians participated in a study carried out at Ahmedabad 
city of Gujrat state. A validated written questionnaire was distributed among dialysis technicians 
who gave their consent to participate in the study and responded questionnaires were analyzed. 
Data entry was made in Excel software in codes and analysis was conducted by SPSS software 
version 17.0
Results: Out of 157, 113 participants were routinely using online clearance monitoring. Around, 
19.1% carried out disinfection of water loop once per week, while 23.6% and 28% were doing it once 
in 15 days and 30 days respectively. Reverse osmosis (RO) plant parameters like pH, hardness of 
water, chlorine content were checked once daily by 46.5% of technicians while 17.8% and 24.2% 
technicians were doing it once a week and once a month respectively. About 87.3% of technicians 
said that dialyzer was reused at their center. Accordingly, 33.8% and 51.6% of technicians were 
using formalin and per-acetic based disinfectants for dialyzer reprocessing. Additionally 7.6% of 
technicians were using hypochlorite as disinfectant at their center. Around 63.7% of technicians 
said they were not reprocessing dialyzers of HCV positive patients. They preferred to use single 
dialyzers in these subsets of patients at their center. Around, 79.6% of technicians said that 
endotoxin filter was installed in their dialysis unit. Likewise, 45.9% knew correctly the permissible 
level of endotoxin in RO water used for HD. Only 15.3% of technicians had correct knowledge of 
permissible level of bacteria in treated RO water as per association for the advancement of medical 
instrumentation (AAMI) standards. 
Conclusion: Better knowledge and awareness about dialysis standards among dialysis technicians 
will help in better patient’s care. Effective dialysis education campaign needs to be driven at regular 
intervals with relevant information among dialysis technicians to address the knowledge gap.
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Introduction
Chronic kidney disease (CKD) is a global health burden 
with a high economic cost to health systems. With 
increasing prevalence of diabetes mellitus, obesity and 
hypertension, the incidence of CKD and then end-stage 
renal disease (ESRD) will be rising. Kidney transplant 
being the best possible treatment for ESRD is not available 
to all, mainly due to shortage of organs. Thus, most of the 

ESRD patients in India are on maintenance hemodialysis 
(MHD) twice to thrice per week. Apart from dialysis 
infrastructure and nephrologists, dialysis technicians 
play a vital role in providing good hemodialysis (HD) to 
patients. 

Objectives
We tried to assess the knowledge and practices among HD 
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technicians about ESRD and HD related aspects.

Patients and Methods 
Patient selection
A cross-sectional study was conducted among HD 
technicians in a seminar organized at Ahmedabad city 
of Gujrat state of India. Among 200 participants, 157 
consented to participate in the study. Prior approval 
of the institutional ethics committee was obtained. A 
validated written questionnaire was distributed among 
the participants. 20 minutes time was given to fill the 
questionnaire. Questionnaire was made keeping in mind 
various factors that were involved in HD practices. It 
focused on issues like use of online clearance monitoring 
(OCM), frequency of loop disinfection, checking of reverse 
osmosis (RO) plant parameters like pH/ total dissolved 
solids (TDS)/chlorine content, reuse of dialyzer, chemical 
used for dialyzer reprocessing, use of endotoxin filter in 
water treatment plant, availability of full time nephrologist. 
It also assessed knowledge of technicians regarding RO 
water quality, association for the advancement of medical 
instrumentation (AAMI) standards, function of carbon 
filter, and shape of processed water storage tank and also 
hazards of high chlorine level in RO water. 

Ethics statement
The study was conducted in accordance with the tenets 
of the Declaration of Helsinki. Prior approval of the 
institutional ethics committee was obtained. Informed 
consents from participants were also obtained.

Statistical analysis
Data entry was made in excel software in codes and 
analysis was done by SPSS software version 17.0. 
Descriptive statistical analysis, which included frequency, 
mean and percentages, was used to characterize the data.

Results
Online clearance monitoring
Out of 157, 113 (72%) participants were routinely using 
online clearance monitoring while 42 (26.8%) were 
not. Two of participants did not understand the online 
clearance monitoring meaning and have never heard 
about the same.

Disinfection of RO water supply line
Around 19.1% said they carry out disinfection of water 
loop once per week, while 23.6% and 28% were doing it 
once in 15 days and 30 days respectively. About 13.4% of 
technicians were doing it once in three months. Rest of the 
technicians did not answer the question.

RO plant parameters
RO plant parameters like pH, hardness of water, chlorine 
content were checked once daily by 46.5% of technicians 
while 17.8% and 24.2% technicians were doing it once a 

week and once a month respectively. Rest of technicians 
had no idea about the frequency of checking of these 
parameters at their unit.

Dialyzer reuse and reprocessing 
Around 87.3% of technicians said that dialyzer was reused 
at their center. 33.8% and 51.6% technicians were using 
formalin and per-acetic based disinfectants for dialyzer 
reprocessing 7.6% technicians were using hypochlorite as 
disinfectant at their center.

HCV positive patients
About 63.7% of technicians said they were not reprocessing 
dialyzers of HCV positive patients. They preferred to use 
single-use dialyzers in these subsets of patients at their 
center.

Similarly 68.2% of technicians opined about the use 
of single use dialyzer in HbsAg positive patients at their 
center where they did not prefer to reprocess the dialyzer 
in these subsets of patients.

Endotoxin filter
About 79.6% of technicians said that endotoxin filter was 
installed in their dialysis unit.

Availability of nephrologist
Around 45.2% of technicians informed that their dialysis 
facility did not have fulltime nephrologist. Accordingly, 
72% of technicians informed about the presence of round 
the clock either MBBS or MD doctor in their dialysis unit.

AAMI standards
About 45.9% knew correctly the permissible level of 
endotoxin in RO water used for HD, while 25.5% had no 
idea about the AAMI standards. Rest of technicians had 
incorrect knowledge about the AAMI standards. However, 
only 15.3% of technicians had correct knowledge of 
permissible level of bacteria in treated RO water as per 
AAMI standards. 

Carbon filter
About 24.8%, 36.9% and 19.1% of technicians respectively 
said that 1, 2 and 3 carbon filters should be installed in a 
typical water treatment unit for HD, while, the rest had no 
idea regarding same.

Only 40.8% of technicians knew that carbon filter is 
mainly used for removal of chlorine from the water. Since, 
22.3% of technicians had a wrong impression that it is 
mainly used for removal of hardness of water. In addition, 
17.2% of technicians thought that its main function is to 
remove bacteria from the water, since, rest had no idea 
about the exact function of carbon filter.

Shape of water storage tank
About 30.6% of technicians opined that shape of tank 
used for processed RO water should have conical bottom, 
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since 22.9% of technicians remarked that it should have 
flat bottom and 12.7% expressed the shape actually does 
not matter, while the rest of them did not have any idea 
about it.

Chlorine level
About 26.8% of technicians expressed that chlorine level 
of processed water should be checked daily while 36.9% 
and 17.2% highlighted it should be checked weekly and 
monthly respectively, while the rest of them had no 
knowledge regarding it. However, 54.1% correctly opined 
about hemolytic side effect of high chlorine level in 
processed water used for HD. 

Fistula care
Around 78.3% of technicians usually ask the patients to 
wash the fistula arm prior to start of dialysis, since 65% 
technicians ask their patients to wash the fistula arm with 
antibacterial soap prior to onset of dialysis while 10.2% 
and 5.1% ask their patients to wash off their fistula arm 
with simple water and ordinary soap respectively, while 
the rest of technicians do not routinely ask their patients 
to wash the fistula arm prior to onset of HD.

Discussion
HD technicians are one of the key persons for successful 
running of HD program. Regular update of knowledge 
is critical to bring forth the best quality practices in any 
profession as is with HD. In this study, we tried to assess 
the practices adopted by dialysis technicians at various 
centers and their knowledge regarding RO water and also 
HD. This kind of study has never been carried out in our 
region, therefore we thought to go ahead with this study 
so that we can appropriately target the study content to be 
shared among dialysis technicians in further educational 
programs. This study has its own limitations as it is based 
on the knowledge of technicians and may not necessarily 
reflect the exact pattern of practice being carried out at the 
dialysis centers. 

HD dose has direct impact upon the morbidity and 
mortality rate in patients on regular dialysis therapy. 
Accordingly, the adequacy of dialysis treatment should 
be given with regular monitoring of online clearance. 
In our study, 72% of dialysis technicians were regularly 
using online clearance monitoring. Most of the centers 
now have HD machines equipped with online clearance 
monitoring (OCM®), where it can be easily monitored. 
The OCM option of the HD machine provides a safe and 
accurate tool for continuous online monitoring of total 
urea clearance. The online clearance tool can be of great 
help to improve the quality of life of patients achieving 
adequate clearance.

Patients undergoing HD ‘three times per week’ can be 
exposed to 300–600 liter of water every week depending 
on their prescription (1,2). The volume of dialysis fluid 
increases for those on nocturnal treatments to 580–860 l 

per week (2). Ensuring the necessary quality of dialysate 
is a vital aspect of HD treatment since each patient is 
exposed to particularly bacteria, and associated endotoxin 
contamination which can threaten a dialysis patient’s 
health. 

Water is treated, purified, and transported through 
a distribution system within a dialysis center where it is 
used in the preparation of dialysate concentrates, as well 
as for proportioning concentrates at the dialysis machine 
to produce the final dialysate. At all of these steps, there 
is possibility for microbial growth or chemical exposure 
if the water is contaminated and not properly maintained. 

The dialysis staff must be cognizant of their incoming 
water quality and the provider’s treatment practices prior 
to beginning dialysis preparation and dialysis treatment. 

The 2009 and 2011 updated recommendations by 
AAMI are more stringent and are voluntary (3,4). All 
of these guidelines and recommendations focus on the 
quality management of dialysis treatment, of which water 
or dialysate are the main topics. These recommendations 
are necessary to be followed due to the potential health 
outcomes for dialysis patients if exposed to chemical or 
microbiological contaminants. 

For example, sulfate (>200 mg/L) is associated with 
nausea, vomiting, and metabolic acidosis (5), while lead 
(52–65 μg/L) has caused abdominal pain and muscle 
weakness (6). 

Microbial contaminated dialysis water and/or dialysate 
can produce bacteremia and chronic inflammation, which 
contributes to increased morbidity and mortality. 

Endotoxin fragments in the dialysate bath can pass 
through the dialyzer membranes and stimulate circulating 
immune cells to produce symptoms of septicemia or 
a pyrogenic reaction. It can also trigger inflammatory 
markers, such as high-sensitivity C-reactive protein, 
interleukin (IL)-6, fibrinogen, and intercellular adhesion 
molecule (sICAM-1) (7). 

Chronic inflammation contributes to cardiovascular 
disease (CVD) and also has been linked to the poor 
nutritional status, reduced response to erythropoietin 
therapy, decline in residual renal function and carpal 
tunnel syndrome (8).

The 2011 AAMI recommendations lowered the 
acceptable endotoxin concentration to <0.25 EU/ml 
in dialysis water and <0.5 EU/ml in the dialysate (4). 

Ultrapure dialysis requires the endotoxin concentration 
in the dialysate to be <0.03 EU/mL. In this study, 45.9% 
knew correctly the permissible level of endotoxin in 
RO water used for HD. In our study, 25.5% had no idea 
about the AAMI standards, since, the rest of technicians 
had incorrect knowledge about the AAMI standards. 
Only 15.3% of technicians had correct knowledge of 
permissible level of bacteria in treated RO water as per 
AAMI standards

Validation of a dialysis system and its monitoring is 
crucial for establishing that the system can both provide 
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the necessary water quality and whether the disinfection 
processes are sufficient at keeping the microbial 
contaminants below the maximum allowable limits.

The chemical contaminants within the water system 
are to be tested at least annually in combination with the 
evaluation of the source water (incoming feed water) (4).

As per AAMI standards, total chlorine should be 
monitored prior to each patient shift after the primary 
carbon tank to confirm that the concentration is below 
0.01 mg/L (4). In our study, RO plant parameters like PH, 
hardness of water, chlorine content were checked once 
daily by 46.5% of technicians while 17.8% and 24.2% of 
technicians were doing it once a week and once a month 
respectively. The rest of technicians had no idea about 
the frequency of checking of these parameters at their 
unit. Only 40.8% of technicians knew that carbon filter is 
mainly used for removal of chlorine from the water, since 
22.3% of technicians had a wrong impression that it is 
mainly used for removal of hardness of water. However, 
17.2% of technicians thought that its main function is to 
remove bacteria from the water. Rest of them had no idea 
about the exact function of carbon filter. Accordingly, 
26.8% technicians said that chlorine level of processed 
water should be checked daily while 36.9% and 17.2% said 
it should be checked weekly and monthly respectively, 
since rest of them had no knowledge regarding same. In 
addition, 54.1% correctly opined about hemolytic side 
effect of high chlorine level in processed water used for 
HD. 

The dialysis storage water tanks and water distribution 
piping system should be monitored once a month, 
or as determined from the validation process, for 
microorganisms and endotoxin (4). In our study, 19.1% 
said they carry out disinfection of water loop once per 
week, while 23.6% to 28% were doing it once in 15 days 
and 30 days respectively. However, 13.4% of technicians 
were doing it once in three months, since, the rest of the 
technicians did not answer the question.

The standard dialysis fluid from each dialysis machine 
within a facility should be tested at least once a year 
for bacteria and endotoxin, where regular testing is 
conducted on a different machine each month (machines 
are tested on a rotation). Ultrapure dialysis fluid is also 
tested monthly, but only for endotoxin. However, if the 
bacteria- and endotoxin-retentive filter is validated, 
operated, and monitored according to the manufacturer’s 
instructions, this testing may not be necessary. Specifically 
for endotoxin-retentive filters, daily monitoring of 
the pressure across the filter is adequate in assuring 
endotoxin levels are within the limit. In our study, 79.6% 
of technicians said that endotoxin filter was installed in 
their dialysis unit.

Additionally, for anyone who develops signs and 
symptoms of bacteremia during the dialysis session, blood 
cultures and dialysate (from the patient’s machine) for 

cultures and endotoxin should be obtained as a routine 
part of the patient workup.

A significant finding is that the reuse of dialyzers has been 
associated with 50% of the microbial-associated outbreaks 
(9-13). In our study, 87.3% of technicians said that dialyzer 
was reused at their center. Accordingly 33.8% and 51.6% 
of technicians were using formalin and per-acetic based 
disinfectants for dialyzer reprocessing. Around 7.6% of 
technicians were using hypochlorite as disinfectants at 
their center. Reprocessing or reuse of dialyzers renders the 
dialyzers vulnerable to contamination from water used for 
rinsing, inadequate disinfection, and potential alterations 
to the permeability of the membrane. In our study, 63.7% 
of technicians said they were not reprocessing dialyzers 
of HCV positive patients. They preferred to use single-
use dialyzers in these subsets of patients at their center. 
Similarly 68.2% of technicians opined about the use of 
single use dialyzer in HbsAg positive patients at their 
center where they did not prefer to reprocess the dialyzer 
in these subsets of patients. 

In our study, 45.2% of technicians informed that their 
dialysis facility did not have fulltime nephrologist. While 
72% of technicians informed about the presence of round 
the clock either MBBS or MD doctor in their dialysis unit. 
With increasing availability of nephrologists, probably 
this problem will be solved in the coming years.

Water storage and distribution systems contain large 
amounts of processed water. The larger volume and 
surface area increases the potential for biofilm formation. 
The tank should be designed to minimize the growth of 
bacteria by having a conical or bowl-shaped bottom to 
allow for complete emptying. About 30.6% of technicians 
opined that shape of tank used for processed RO water 
should have conical bottom. About 22.9% of technicians 
said that it should have flat bottom and 12.7% highlighted 
the shape actually does not matter, since rest of them said 
that they do not have any idea about the same.

Patients with poor hygiene were shown to have a 
significantly increased incidence of skin colonization of 
the access site with staph aureus after skin preparation, 
thus poor hygiene is a major risk factor for the 
development of access site infections (14). In our study, 
78.3% of technicians usually ask the patients to wash 
the fistula arm prior to start of dialysis. Around 65% of 
technicians ask their patients to wash the fistula arm with 
antibacterial soap prior to onset of dialysis while 10.2% 
and 5.1% ask their patients to wash off their fistula arm 
with simple water and ordinary soap respectively. Rest of 
the technicians do not routinely ask their patients to wash 
the fistula arm prior to onset of HD.

Conclusion
Conducting regular educational meetings with dialysis 
technicians is vital for updating knowledge of technicians. 
Our study shows significant gap in recommendations and 
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prevalent practices. With increasing number of patients 
reaching ESRD, need of adequately trained HD technicians 
will increase further. Authors suggest that HD technicians 
should undergo continuous medical education programs 
related to dialysis at regular intervals since there is a need 
of central licensing authority to monitor their skills and 
knowledge. 

Study limitations
Limited sample size is the limitation of the study. 
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