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ABSTRACT

Introduction: Chronic kidney disease is characterized by loss of kidney function leading
to a physiological and biological functional imbalance. One of the treatments necessary
for the chronic renal patient is hemodialysis. Water quality is critical to reducing patient
risk. Resolution RDC n. 11, of March 13th, 2014, from Brazilian Health Regulatory Agency
(Anvisa) establishesd the search for endotoxins, as venous contamination by endotoxins
may cause various problems in the patients’ health. Objective: To identify endotoxins in
purified water for hemodialysis. Method: This is a Quantitative Descriptive Cross-sectional
Study to verify the presence of endotoxins in 126 water samples collected at two points
(post-reverse osmosis and reuse room) at six renal substitution therapy clinics, by the State
Sanitary Surveillance, and analyzed in the LACEN, in Campo Grande, MS, in 2016. Results:
Of the 68 water samples collected after the reverse osmosis process, three (4.41%), and
of the 58 samples collected in the reuse room, six (10.52%) presented endotoxin results
above the amount allowed by the legislation (0.25 EU\mL). Conclusions: Results indicate
membrane involvement of the reverse osmosis process, and, or presence of biofilm in
the pipes, and inefficiency of the cleaning process of the reservoir, pipes, and machines
disinfection process.
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RESUMO

Introducéo: A doenca renal cronica caracteriza-se pela perda da funcao dos rins levando
a um desequilibrio funcional, fisiologico e bioldgico. Um dos tratamentos necessarios
ao paciente renal cronico é a hemodialise onde a qualidade da agua é de fundamental
importancia para reduzir riscos aos pacientes. Através da Resolugdo RDC n° 11, de 13
marco de 2014, a Agéncia Nacional de Vigilancia Sanitaria (Anvisa) estabeleceu a pesquisa
de endotoxinas, cuja contaminagdo por via venosa podera causar varios agravos a salde
dos pacientes. Objetivo: Identificar endotoxinas em agua purificada para hemodialise.
Método: Trata-se de um estudo transversal descritivo quantitativo para verificacao da
presenca de endotoxinas em 126 amostras de agua, coletadas em dois pontos (pds-osmose
reversa e sala de re(so) nas seis clinicas de terapia renal substitutiva, pela Vigilancia
Sanitaria Estadual, analisadas no LACEN, em Campo Grande, Mato Grosso do Sul, 2016.
Resultados: Das 68 amostras de agua coletadas apds o processo de osmose reversa, trés
(4,41%) e das 58 amostras coletadas na sala de reUso, seis (10,34%) apresentaram resultados
de endotoxinas acima do valor permitido pela legislacao (0,25 EU\mL). Conclusdes: Os
resultados encontrados indicam comprometimento da membrana do processo de osmose
reversa e, ou presenca de biofilme nas tubulacdes, ineficacia do processo de limpeza do
reservatorio, tubulagdes, e desinfeccao das maquinas.

PALAVRAS-CHAVE: Insuficiéncia Renal Crénica; Endotoxinas; Agua para Didlise; Vigilancia
em Saude Plblica

Vigil. sanit. debate 2018;6(4):1-5 | 1



R

Camara SAV et al. Endotoxins in hemodialysis water

INTRODUCTION

Chronic Kidney Disease (CKD) is recognized worldwide as a
public health problem. It is a complex and multifactorial
pathology, characterized by progressive and irreversible
reduction of glomerular filtration, leading to chronic renal
failure (CRF)"2,

The number of chronic kidney patients on dialysis increases
steadily in Brazil, while in the United States and Japan there
is a trend toward stabilization. In Brazil, there are approx-
imately 750 renal replacement therapy units, with an esti-
mated 122,825 chronic renal patients, 90.6% of which cur-
rently undergoing hemodialysis. The state of Mato Grosso
do Sul presents the sixth highest prevalence in the country,
with 678 patients per million inhabitants. In the state capital,
Campo Grande, there are six dialysis facilities, with approxi-
mately 1,000 patients?.

Hemodialysis is an extracorporeal process used to normalize the
electrolyte balance and to remove toxic substances from the
body with the use of an artificial kidney (or dialyzer) and dialysis
solution, mainly composed of water'. Patients on hemodialysis
undergo the procedure about three times a week, in a period of
three to five hours, with the expenditure of 120 liters of water
per session*>.

Water quality is of paramount importance to reduce risks to
patients. The Brazilian National Agency of Health Surveillance
(Anvisa) established a survey of endotoxins as one of the bio-
logical parameters that should be controlled in hemodialysis
water through the Resolution of the Collegiate Board of Direc-
tors (RDC) n. 11, of March 13, 2014¢. Endotoxins are pyrogenic
substances of lipopolysaccharide nature, resulting from the
autolysis of cell walls of Gram-negative bacteria, whose intra-
venous administration can cause several physiological changes
in patients®7.

Even at low concentrations, endotoxins contribute to a
chronic inflammatory response, since they are capable of
stimulating the expression of cytokines and proinflamma-
tory mediators in monocytes and macrophages®. They can
also cause acute complications such as: pyrogenic reactions,
headache, nausea, cramps and cardiovascular problems®’.
They are related to prolonged morbidity in patients on renal
replacement therapy'®'"'2,

Research has shown that the use of ultrapure water in the dial-
ysis process reduces the inflammatory reactions in hemodialysis
patients due to the absence of endotoxins'.

Although dialysis services control water quality, studies show
deficiencies in some control stages, with detection of endotoxins
and patient mortality'*".

Considering the risk of morbidity and mortality for chronic renal
patients, this study aims to identify the presence of endotoxins
in hemodialysis water.
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METHOD

This is a descriptive cross-sectional quantitative study with the
purpose of evaluating the presence of endotoxins in water for
hemodialysis within the monitoring program carried out by the
state Health Surveillance body of Mato Grosso do Sul (MS), from
February to December 2016.

A total of 126 samples of purified water were collected at
two points, 68 (53.97%) after the reverse osmosis treatment
and 58 (46.03%) at the reuse room faucet, by the state Health
Surveillance body, in six hemodialysis clinics located in the
municipality of Campo Grande, MS, coded with the following
letters of the alphabet: A, B, C, D, E, and F. The collection
was performed monthly, except in the clinics with non-con-
forming results, where there was a new collection after cor-
rection procedures.

The inclusion criterion was the monitoring program for the year
2016 of clinics based in the municipality of Campo Grande. Clin-
ics based in other municipalities of the state were excluded from
the study.

The endotoxin analysis was performed in the Central State Pub-
lic Health Laboratory (LACEN), using the Lymulus amebocyte
Lysate methodology (LAL, brand Endosafe), with gel formation,
indicating the presence of endotoxin in the sample containing a
quantity equal to or greater than its sensitivity (y). The detec-
tion limit of the method was 0.06 EU/mL. Endotoxin levels were
assessed according to the maximum allowable value (0.25 EU/
mL) by Anvisa RDC n. 11/2014.

The data were tabulated in Excel and analyzed through descrip-
tive statistics with absolute and relative frequency calculation.

RESULTS AND DISCUSSION

The risks to which chronic renal patients undergoing hemodialy-
sis are submitted are directly related to water quality'. Aiming
to prevent these risks, from the 1970s onwards, the use of pota-
ble water was replaced by water purified through the deioniza-
tion and reverse osmosis processes'’.

Of the 68 water samples collected after the osmosis process,
three (4.54%), and of the 58 samples collected in the reuse
room, six (10.34%) presented results above the value allowed by
the current legislation (0.25 EU/mL) (Figure 1). Non-conforming
results were identified in two (33.33%) of the six clinics evalu-
ated (Figure 2).

Of the total number of samples (68) of post-osmosis, 65 (95.60%)
complied with current legislation and three (4.40%) presented
endotoxins with a concentration of 0.5 EU/mL, not in compli-
ance with the legislation (Table 1).

Clinic A presented non-conforming results at the point of collec-
tion after reverse osmosis, characterizing a defect in the osmosis
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membrane in the months of March, October and November. We
observed that only in October there was growth of heterotrophic
bacteria below the limit allowed by the legislation.

Number

[] Unsatisfactory water samples after reverse osmosis

[l Water samples unsatisfactory reuse room

Figure 1. Distribution of unsatisfactory samples per point of collection.
Campo Grande, MS, 2016.
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Figure 2. Hemodialysis clinics with satisfactory and unsatisfactory
results for endotoxins. Campo Grande, MS, 2016.
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In the samples collected in the reuse room, 52 (89.7%) com-
plied with the legislation and six (10.30%) were unsatisfac-
tory (Table 2). The six unsatisfactory results for endotoxins
were all from Clinic D (37.5%), in the months of: February
(one sample), May (one sample), June (two samples) and July
(two samples). In these results, three samples had counts of
heterotrophic bacteria above the value tolerated by the cur-
rent legislation.

The tubing system of dialysis machines can promote microbial
growth and biofilm formation, which acts as a source of endotox-
ins. The accumulation of endotoxins can occur after the water
has circulated through the tubing system, which justifies the
highest percentage (37.50%) of endotoxins in the water of the
reuse room.

Biofilm is a community structure of microbial cells protected by
a polysaccharide matrix synthesized by the bacteria themselves.
Biofilm formation is an important factor for the onset of infec-
tious diseases, since its release leads to increased endotoxin lev-
els and resistance to disinfection procedures’®.

The presence of endotoxins with levels below what is estab-
lished as tolerable by the legislation (38.00%) is also of concern,
since studies have shown a higher mortality risk for chronic renal
patients with any amount of endotoxin present in the water and
persistence of inflammatory processes'®.

To avoid these risks during the hemodialysis process, Europe
and Japan are currently using dialysate produced with ultrapure
water, which has count limits for bacteria lower than 0.1 CFU/
mL and endotoxin levels below 0.03 EU\mL".

Several studies on water collected after the reverse osmosis pro-
cess indicated results for endotoxins above those found. Shahr-
yari et al., in 2016, identified 17.5% of the samples with 0.5 to
2.0 EU/mL, 77.5% with values < 0.5 EU/mL and 5.0% with values
> 2.0 EU\mL, in Iran?; Figel et al., in 2015, detected 15.0% of
the samples with values above 2.0 EU\mL, in Curitiba, Brazil*;
Soares et al., in a municipal hospital of Governador Valadares,
Brazil, in 2016, found 10.0% of the endotoxin samples above the
value allowed by the current legislation?.

Table 1. Distribution of endotoxin samples in post-reverse osmosis water from dialysis clinics. Campo Grande, MS, 2016.

N° and % of samples with endotoxin concentration

Dialysis Clinics N° of samples

Absence of endotoxins 0.25EU\m L 0.5 EU\mL
Clinic A 1 1(9.10) 7 (63.60) 3 (27.30)
Clinic B 10 10 (100.00) 0.0 0.0
Clinic C 10 9 (90.00) 1(10.0) 0.0
Clinic D 15 11 (73.30) 4 (26.70) 0.0
Clinic E 1 11 (100.00) 0.0 0.0
Clinic F 1 10 (90.90) 1(9.10) 0.0
Total 68 52 (76.50) 13 (19.10) 3 (4.40)
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Table 2. Number and percentage of endotoxin samples in water from the reuse room at hemodialysis clinics. Campo Grande, MS, 2016.

N° and % of samples with endotoxin concentration

Dialysis Clinics N° of samples

Absence 0.25 EU\mL 0.5 EU\mL

Clinic A * * *
Clinic B 10 8 (80.00) 2 (20.0) 0.0
Clinic C 10 8 (80.00) 2 (20.0) 0.0
Clinic D 16 5(31.25) 5(31.20) 6 (37.50)
Clinic E 1 10 (90.90) 1(9.10) 0.0
Clinic F 1 10 (90.90) 1(9.10) 0.0
Total 58 41 (70.70) 11 (19.00) 6 (10.30)

* Reuse room was shut down

Considering that some time elapses between the collection, the
release of the result and the enforcement of actions, patients
were exposed to water that was considered inadequate for
some time. The minimization or elimination of this risk would
only be possible with the adoption of additional measures, such
as the use of biofilm-resistant tubing in the walls, the use of
dialysis machines with filters for the production of ultrapure
dialysis solution and the end of the reuse of dialyzers and lines,
the most critical point in the whole process, because it invari-
ably causes outbreaks of pyrogenicity in hemodialysis. Reuse
is the only time the water comes into direct contact with the
inner surface of the dialyzer membranes, allowing bacteria and
endotoxins to be adsorbed where the blood will circulate in the
next session of hemodialysis.

In the city of Campo Grande, MS, the control performed by the
clinics and the program of dialysis water quality monitoring of
the Health Surveillance body are performed according to the
periodicity established by RDC n. 11/2014 of Anvisa®. However,
when analyzing the data collected in 2016, there were clinics
that did not comply with the legislation, leading to potential
risks to the health of the patients treated there. These clinics
were notified by the Health Surveillance body and oriented to
adopt corrective measures. After the recommended adjust-
ments, new samples were collected for analysis.
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