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The most commonly used renal replacement therapy 
(RRT) in chronic kidney disease is hemodialysis (HD). 

According to the Turkish Society of Nephrology's 2021 
registry report, the prevalence of in-center HD patients 
among the RRT options is 70% (https://nefroloji.org.tr/up-
loads/files/REGISTRY_2022.PDF). Many acute and chronic 
complications can be seen in HD. Water system contamina-
tion has an important place in acute and chronic compli-
cations seen in HD patients.[1-5] While a healthy individual 
consumes 15-20 liters of water per week, a standard HD pa-
tient (3 days a week, 4 hour-session, dialysate flow rate 500 
ml/min) is exposed to 500 liters of water directly through 
blood.[6] For this reason, pollutants such as trace elements, 

toxins, bacteria, viruses and endotoxins that are easily tol-
erated in healthy people cause significant problems in HD 
patients.[6-8] 

HD water is mostly supplied from municipal drinking water 
or well water and must meet minimum standards. Due to 
its potential risks, HD water is given to the patients after 
being subjected to specific and strictly controlled HD water 
purification systems.[6,8] 

The aim of our study is to present the clinical and laborato-
ry characteristics of cases who developed acute neurotox-
icity and hyperlactatemia after HD treatment in the same 
center.

Objectives: Many acute complications may develop in hemodialysis (HD) patients. Among these, life-threatening poi-
soning due to HD water system contamination has an important place. In this study, we aimed to investigate the rela-
tionship between acute neurotoxicity and hyperlactatemia, which developed after HD in HD patients.
Methods: This retrospective study includes intoxication cases treated in two tertiary centers. The laboratory and clini-
cal parameters, treatments and outcomes of the patients were recorded during their hospitalization.
Results: A total of 15 patients were included in the study. Almost all patients had headache, dizziness, and nausea. The 
mean lactate was 23.7±5 mmol/L. All patients underwent a mean of 5.6±0.8 HD session. Dimercaprol, a heavy metal 
chelator, was administered to one patient due to its severe clinical course. The same patient died on the 8th day of 
hospitalization. Other patients' neurotoxicity findings were mostly resolved.
Conclusion: HD patients have a high risk of heavy metal toxicity due to direct blood contact. We report the association 
of neurotoxicity and hyperlactatemia for the first time in this patient group.
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Methods
This retrospective study was conducted between May-Ju-
ly 2023 at a tertiary care university hospital and a tertiary 
state hospital. All patients who applied to the emergency 
department after entering HD in the 2nd and 3rd sessions on 
the same day in the district state hospital and were hos-
pitalized by being referred to the two centers where our 
study was conducted were included in the study.

Data Collection
Patient data were obtained from hospital automation sys-
tems and patient files. The following information of the 
patients were recorded; age, gender, weight, primary kid-
ney disease etiology (diabetes mellitus (DM), hypertension 
(HT), chronic glomerulonephritis, autosomal dominant 
polycystic kidney disease (ADPKD), urinary tract anomaly), 
comorbid diseases (DM, HT, coronary artery disease, heart 
failure, peripheral arterial disease), HD access type, HD du-
ration, systolic and diastolic blood pressures.
Patients with symptoms and findings of admission; Head-
ache, dizziness, nausea, abdominal pain, drowsiness, con-
fusion, balance disorder were recorded in the patient files. 
Laboratory data at the first application and during the 
follow-up period, such as white blood cell (WBC) count, he-
moglobin (Hg) level, platelet count (PLT), urea, creatinine, 
sodium, potassium, calcium, lactate dehydrogenase (LDH), 
C-reactive protein (CRP), pH, bicarbonate, and lactate val-
ues were recorded. Intubation requirement and patient 
survival were evaluated during the follow-up period. The 
number of hemodialysis sessions applied during the pa-
tients' hospitalization and the blood lactate levels after the 
hemodialysis sessions were recorded.

Hemodialysis Water Contamination Data
Bacterial endotoxin (Limulus amebocyte Lysate (LAL)) test, 
hardness, conductivity, pH, chlorine, and boron levels ob-
tained from the dialysate sample were recorded. Iron and 
nickel levels obtained from municipal drinking water were 
recorded. 

The results of arsenic, copper, mercury, zinc, selenium, 
chromium, lead, manganese, nickel, cadmium levels ob-
tained from the blood of the patients were recorded.

Statistical Analysis
Descriptive data were recorded as frequencies and per-
centages for categorical variables. Continuous variables 
were presented mean±standard deviation (SD). The nor-
mality of the data was tested by the Shapiro-Wilks test. The 
paired-samples t test or Wilcoxon signed-ranks test were 
used to determine any significant differences between 
repeated measures. Categorical variables were compared 
with Fisher’s exact test. Statistical analyses were performed 
using IBM SPSS for Windows v.22 software. 

Results

Occurrence of Cases and Baseline Characteristics 
of the Study Population
Although the patients in the first HD session in the center 
where the patients entered HD had no symptoms, a total 
of 15 patients who entered HD in the second and third ses-
sions applied to the emergency department with similar 
symptoms. Baseline demographic, clinical, and laboratory 
findings of patients are presented at Table 1. The mean 

Table 1. Baseline demographic, clinical, and laboratory findings of 
patients.

Variabilite	 n=15

Age, (years) Mean±SD	 60.2±18.6
Male, %	 60
Primary kidney disease, %	
	 Diabetes mellitus	 26.7
	 Unknown	 26.7
	 ADPKD	 20
	 Hypertension	 13.3
	 Urinary tract abnormalities	 13.3
HD access type, %
	 Arteriovenous fistula	 60
	 Tunneled central venous catheter	 20
	 Non-tunneled central venous catheter	 13.3
	 Arteriovenous graft	 6.7
HD duration, (month) Mean±SD	 49.6±58.4
Systolic blood pressure, (mm Hg) Mean±SD	 138±24.8
Diastolic blood pressure, (mm Hg) Mean±SD	 84±16
Weight, kg	 62.4±11.5
Application complaints, %
	 Headache	 100
	 Dizziness	 100
	 Nausea	 93.3
	 Balance disorder	 80
	 Drowsiness	 66.7
	 Confusion	 53.3
	 Abdominal pain	 33.3
White Blood Cell Count (103/mm3) Mean ±SD	 7895±2024
Hemoglobin (g/dL) Mean±SD	 12.6±1.5
Serum creatinine, (mg/dL) Mean±SD	 4.4±1.4
Sodium, (mEq/L) Mean±SD	 139.3±3.7
Potassium, (mEq/L) Mean±SD	 4.3±0.8
Calcium, mg/dL Mean±SD	 9.3±0.8
Lactat dehydrogenase, U/L Mean±SD	 214.3±40.6
C-reactive protein, mg/L Mean±SD	 18.1±28.2
pH, Mean±SD	 7.3±0.05
Bicarbonate, (mEq/L) Mean±SD	 17.2±3.7
Lactate, (mmol/L) Mean±SD	 23.7±5

ADPKD: Autosomal dominant polycystic kidney disease; HD: Hemodialysis; 
SD: Standart deviation.
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age of our study group was 60.2±18.6 years, and 60% of 
the patients were male. The most common etiology of 
primary kidney disease was DM (4 patients). However, it 
was remarkable that 3 patients (20%) had ADPKD. HD ac-
cess type was mostly arteriovenous fistula (9 patients). 
The mean duration of HD was 49.6±58.4 months. Systolic 
and diastolic blood pressures were 138±24.8 mm Hg and 
84±16 mm Hg, respectively. The mean weight of the study 
group was 62.4±11.5 kgs. None of the patients had fever, 
dyspnea or low oxygen saturation. Almost of the patients 
had headache, dizziness, and nausea. Other symptoms and 
findings are listed in order of frequency: balance disorder 
80%, drowsiness 66.7%, confusion 53.3%, and abdominal 
pain 33.3%. Baseline clinical features of each patient are 
presented in Table 2.

WBC, sodium, potassium, calcium, LDH levels of our study 
group were within the normal range. The mean Hgb value 
was 12.6±1.5 g/dL and there were no patients with <10 
g/dL. The mean CRP was 8.1±28.2 mg/L. In venous blood 
gas evaluation, mean pH was 7.3±0.05, bicarbonate was 
17.2±3.7 mEq/L, and lactate was 23.7±5 mmol/L. Lactate 
levels were remarkable. The baseline laboratory character-
istics of each patient are presented in Table 3.

The endotoxin LAL test was run twice from HD water and 
the results were negative. Water hardness, water conduc-
tivity, pH (6.8), chlorine, copper, aluminum, iron, and zinc 
levels were within the normal range. On the other hand, 
boron levels were high (3.5 ppb, upper limit was 1 ppb), 
nickel levels were high (33 ppb, upper limit was 20 ppb). 
Working from municipal drinking water; iron levels were 

high (208 ppb, upper limit was 200 ppb), nickel levels were 
high (93 ppb, upper limit were 20 ppb).

The patients were referred to tertiary centers due to intoxi-
cation caused by the HD water system.

Patient Follow-Ups and Treatments in Tertiary 
Centers
Patients numbered 1-8 were followed in the university hos-
pital, patients numbered 9-15 were followed in the state 
hospital. None of the patients had signs of methemoglo-
binemia, hemolytic and endotoxic reactions. Lactate levels 
were re-examined in the university hospital. According to 
the re-examination, the mean lactate values were 4.7±6.9. 
After that, all patients entered HD due to its potential ben-
efits. It was observed that the initial symptoms of some of 
the patients improved even without receiving HD. A mean 
number of 5.6±0.8 HD sessions was applied to the patients. 
Figure 1 shows that lactate levels decreased statistically 
significant with HD sessions (p<0.001). Patient number 2 
was intubated during the first HD due to deterioration in 
general condition. After the first HD session, blood samples 
were taken from the patients and trace element levels were 
studied (Table 4). It is noteworthy that all patients had high 
levels of lead, manganese and nickel in common. Due to 
the severe clinical course, dimercaprol, a heavy metal che-
lator, was administered to patient number 2 for 3 days. The 
changes of blood trace element levels in patient number 
2 after dimercaprol treatment are presented in Table 4. 
Despite these changes, there was no change in the clini-
cal condition of patient number 2. During her follow-ups, 

Table 2. The characteristic clinical features of each patient

Patient	 Gender	 Age	 Headache	 Dizziness	 Nausea	 Abdominal	 Drowsiness	 Confusion	 Balance	 Intubation	 Survivor 
Number	 (m/f)	  (years)	  (Y/N)	  (Y/N)	 (Y/N)	 pain (Y/N)	 (Y/N)	 (Y/N)	 disorder (Y/N)	 (Y/N)	 (Y/N)

1		  m	 81	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
2		  f	 30	 Y	 Y	 Y	 N	 Y	 Y	 Y	 Y	 N
3		  m	 74	 Y	 Y	 Y	 N	 N	 N	 N	 N	 Y
4		  m	 42	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
5		  m	 72	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
6		  m	 74	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
7		  m	 84	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
8		  f	 52	 Y	 Y	 Y	 N	 Y	 Y	 Y	 N	 Y
9		  f	 49	 Y	 Y	 Y	 N	 N	 N	 N	 N	 Y
10		 m	 49	 Y	 Y	 Y	 N	 N	 N	 Y	 N	 Y
11		 m	 37	 Y	 Y	 N	 N	 N	 N	 N	 N	 Y
12		 f	 37	 Y	 Y	 Y	 Y	 N	 N	 Y	 N	 Y
13		 f	 67	 Y	 Y	 Y	 Y	 Y	 Y	 Y	 N	 Y
14		 f	 84	 Y	 Y	 Y	 Y	 N	 N	 Y	 N	 Y
15		 m	 70	 Y	 Y	 Y	 N	 N	 N	 Y	 N	 Y

m: Male; f: Female; Y: Yes; N: No.
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brain death occurred and she died on the 8th day of hospi-
talization. Other patients were discharged on the 6th day of 
their follow-ups, with significant decrease of neurotoxicity 
findings.

Discussion

To the best of our knowledge, our study is the first to re-
veal the relationship of neurotoxicity and hyperlactatemia 
in intoxications caused by HD components in HD patients. 
While no symptoms developed in the patients in the first 
HD session at the center on the day the cases emerged, the 
development of acute neurotoxicity and hyperlactatemia 
in the patients in the second and third HD sessions is re-
markable. This allowed us to focus on the common touch-
point. Water system may affect all patients in HD units.

[6] Many life-threatening intoxications associated with HD 
water system contaminants have been described.[1-5] Some 
of these occur in the acute phase and some in the chronic 
phase. Our study group reveals an acute life-threatening 
condition. At this point, the main focus of our study will be 
hyperlactatemia and neurotoxicity.

Lactate is widely produced in the body, especially in the 
skeletal muscles. It is rapidly eliminated from the liver in 
normal physiology.[9] Therefore, decrease in lactate levels 
measured in the university hospital in this study was inev-
itable. D-lactate is not measured by routine biochemical 
methods but is produced by colon bacteria during intesti-
nal transit of large amounts of unabsorbed carbohydrates 
and is potentially neurotoxic.[10] As in our study, L-lactate 
measured by routine biochemical methods does not have 
neurotoxic effects.[11] It is not considered a HD indication 
alone. Hyperlactatemia is traditionally divided into Type A 
hyperlactatemia in which tissue hypoxia/hyperfusion pre-
dominates, and Type B hyperlactatemia, which is mostly 
mitochondrial dysfunction without tissue hypoxia. Since 
there were no signs of tissue hypoxia in our study group, 
we were faced with Type B hyperlactatemia. Many factors 
have been defined for type B hyperlactatemia.[11] Since 
more than one patient in our study group were affected 
at the same time, we were withdrawn from medication 
use. Alcohols (ethanol, methanol, propylene glycol)[12,13] 
carbon monoxide[14], and cyanide[15] are among the pos-
sible factors. Carbon monoxide intoxication was clinically 
excluded. However, analysis was not performed for alco-
hols and cyanide.

Table 3. The characteristic baseline laboratory features of each patient

Patient number	 Hgb	 Serum creatinine	 Ca	 LDH	 CRP	 pH	 Bicarbonate	 Lactate 
		  (g/dL)	 (mg/dL)	 (mg/dL)	 (U/L)	 (mg/L)		  (mEq/L)	 (mmol/L)

1		  14.1	 5.9	 9.9	 184	 5	 7.33	 18.1	 30
2		  11.2	 5	 9.9	 196	 2	 7.23	 11.9	 16
3		  10.9	 3.5	 8.9	 203	 2	 7.29	 18	 25
4		  11.7	 4.2	 7.9	 245	 8	 7.32	 15.3	 23
5		  10.9	 2.7	 7.7	 271	 62	 7.36	 19.4	 22
6		  12.7	 4.1	 8.8	 199	 2	 7.27	 17.8	 30
7		  15.5	 6.1	 9	 155	 3	 7.32	 17	 25
8		  11.6	 7.4	 10	 262	 16	 7.29	 14.5	 26
9		  11.3	 4.4	 10.3	 N/A	 4	 7.23	 14.8	 26
10		 13.7	 3.5	 10.3	 N/A	 62	 7.31	 23.8	 16
11		 14.6	 4.4	 10.1	 N/A	 2	 7.43	 26	 16
12		 12.8	 4.5	 9.5	 N/A	 3	 7.32	 15.7	 21
13		 12.2	 2.5	 9.7	 N/A	 2	 7.29	 14.4	 N/A
14		 11.3	 2.4	 8.8	 N/A	 89	 7.4	 17.9	 30
15		 14.7	 6.2	 9.9	 N/A	 9	 7.32	 14.3	 26

Hgb: Hemoglobin; Ca: Calcium; LHD: Lactate dehydrogenase; CRP: C-reactive protein.

Figure 1. Serum lactate change by Hemodialysis.
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For any toxin to cause neurotoxicity, it or its metabolite 
should pass through the cerebrospinal fluid and affect 
the central nervous system. Aluminum is a heavy metal 
that can cause fatal encephalopathies in HD patients.[16] 
Although aluminum was not detected in dialysate in our 
study group, it was not studied from patient blood. We 
could not find data in the literature that aluminum causes 
hyperlactatemia. All patients had high blood lead, man-
ganese and nickel levels. Lead can leak from the metal 
plumbing into the drinking water network. It may cause 
encephalopathy with severe acute toxicity in HD patients. 
In the literature, it has been reported that blood lead 
level is >80 mcg/dL in acute lead toxicity and >100 mcg/
dL in encephalopathy.[17-19] Since the blood lead unit used 
in our study was μg/L, these values were >800 μg/L for 
acute toxicity and >1000 μg/L for encephalopathy. All pa-
tients in our study group were far away from these levels. 
In addition, we could not detect a relationship between 
lead levels and hyperlactatemia. Manganese can cause 
neurotoxicity, which is dominated by extrapyramidal side 
effects, through contaminated well water and in met-
alworkers.[20] Manganese-related toxicity has not been 
reported in HD patients in the literature. We could not 
detect a relationship between manganese levels and hy-
perlactatemia. Nickel-induced neurotoxicity has not been 
reported in HD patients in the literature. We could not see 
a relationship between nickel levels and hyperlactatemia.

The neurotoxic and neurodegenerative effects of heavy 
metals have been known for a long time. Astrocytes pro-
tect neurons against harmful effects by accumulating 
heavy metals. However, this makes them the main target 
cells for heavy metal toxicity.[21] The specific treatment of 
heavy metal poisoning is chelator administration. In severe 
cases, HD may be an option.[22]

Our study has some limitations. First, we have missing data 
due to the retrospective design of our study. Secondly, 
potential contaminants such as iron and aluminum levels 
were not studied. Third, we do not have information about 
possible recent changes in the drinking water supply to 
the center where the cases occurred. Finally, we do not 
have the autopsy information of the deceased patient and 
therefore cannot make a definitive judgement.

In conclusion, HD patients are exposed to hundreds of 
times the water that a normal healthy person is exposed 
to through blood, with only a semi-permeable membrane 
in between. This exposure is much more risky than oral 
contact with any toxin. Therefore, strict control of the HD 
water system and cooperation with drinking water provid-
ers is a very important issue that nephrologists should care 
about. Increasing environmental pollution poses a serious 
risk for heavy metal intoxication. HD patients are at high 
risk because of their intense contact with pollutants. Com-
prehensive studies are needed to protect HD patients from 
this exposure.

Table 4. Blood trace element levels of each patient

Patient	 Arsenic	 Copper	 Mercury	 Zinc	 Selenium	 Chromium	 Lead	 Manganese	 Nickel	 Cadmium
number	 (0-12)	 (800-1550)	 (0-10)	 (400-860)	 (23-190)	 (0.7-28)	 (0-49)	 (4.2-16.5)	 (0-10)	 (0-5)
		  μg/L	 μg/L	 μg/L	 μg/L	 μg/L	 μg/L	 μg/L	 μg/L	 μg/L	 μg/L

1		  0.22	 946	 9.8	 565	 81.8	 19.2	 169.2	 42.2	 42.6	 0.7
2		  0.22	 896.8	 92.5	 548	 38.1	 32.9	 128.6	 51.4	 81.8	 0.7
3		  0.79	 1184	 8.7	 571	 55.3	 19.5	 86.7	 31.9	 51.3	 0.6
4		  0.24	 1486	 1	 550	 91.6	 26.3	 90.7	 57.2	 46.9	 0.2
5		  0.32	 1029	 2.2	 479	 52.1	 108.4	 50.6	 85.9	 26.3	 1.9
6		  0.05	 1055	 20	 712	 51	 28	 128.9	 46.5	 65.5	 0.9
7		  14.8	 773.9	 28.5	 1165	 50.9	 124.4	 258.7	 987	 80	 5.2
8		  1.6	 1360	 199.2	 2931	 74.8	 117.8	 385.7	 321.1	 81.5	 4.1
9		  0.7	 999.8	 55.7	 537	 61.3	 32	 100.7	 36.9	 88.6	 0.7
10		 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A	 N/A
11		 0.5	 870	 5.5	 516	 81.3	 35.7	 167.4	 104.5	 77.5	 0.7
12		 0.4	 933.5	 12.4	 573	 61.4	 25	 106.8	 30.7	 57	 1.3
13		 0.05	 1239	 0.9	 451	 81.6	 32.5	 109.2	 41.9	 76.4	 0.6
14		 1.2	 181.5	 118	 631	 38.1	 44.8	 162.7	 28	 81.9	 2.4
15		 0.4	 1392	 17.4	 924	 80.7	 47.6	 138.5	 43.9	 158.6	 1
2*		  N/A	 N/A	 6.9	 N/A	 N/A	 24	 97.4	 11.9	 6.4	 N/A

* After dimercaprol treatment.
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