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Abstract

Objective: Hemolysis is a rare adverse effect of hemodialysis. 1t is induced by chemical pollution, heat, or mechanical harm to clogged hemodialysis
lines. Lactate dehydrogenase transforms pyruvate to lactate in the absence of oxygen to make energy. LDH serum levels are raised due to tissue
breakdown. A number of clinical illnesses, such as hemolytic disorders, are associated with high serum LDH.

Both the Rexeed and Leoceed dialyzers are made by AsahiKASEI They had the same membrane architecture and permeability, but blood entry angle,
chamber length, and hole count varied. The aim of this study is to examine if dialyzer design affects hemolysis.

Materials and Methods: A total of 142 patients who were chronically undergoing hemodialysis therapy at the Rentek Hemodialysis Center for a total
of 12 hours per week were included. A retrospective examination of the patients was performed. The pre-HD and post-HD LDH levels of individuals
who had undergone hemodialysis with both dialyzers during separate sessions of hemodialysis were compared.

Results: A hundred forty-two patients (63% female) on hemodialysis (HD) treatment were enrolled in the study. Twenty-eight patients (20%) had
diabetes, 45 had hypertension (32%) and 16 had ischemic heart disease (11%) as a comorbid condition.

When LDH difference is compared between groups Leoceed dialyzer group) had statistically significantly higher LDH difference when compared
with Rexeed dialyzer group (49.1 + 20 U/l vs 229.8 + 24.45 U/1; p=0.008).

Conclusion: It is possible that the design of the dialyzer contributes in some way to the cell damage that is caused by the larger serum LDH increase
in the Leoceed dialyzer. In order to carry out corrective studies on dialyzer design, it would be helpful to analyze the impact of dialyzer design on cell
damage using a larger series of patients.
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Amag: Hemoliz, hemodiyalizin nadir goriilen bir komplikasyonudur. Kimyasal kirlilik, 1s1 veya tikanan hemodiyaliz hatlarina mekanik zarar verilmesi
sonucu olusur. Laktat dehidrogenaz, piruvati laktata doniistiiren ve serum seviyeleri, doku pargalanmas: nedeniyle yiiksen bir enzimdir. Hemolitik
bozukluklar gibi bir dizi klinik hastalik, yiiksek serum LDH'si ile iligkilidir. Hem Rexeed hem de Leoceed diyalizorler AsahiK ASEI tarafindan tiretilen
ayni zar yapisina ve gegirgenligine sahip diyalizorlerdir ancak kan girig agis1, hazne uzunlugu ve por sayisi farkhidir. Bu ¢calismanin amaci, diyalizor
tasariminin hemoliz tizerine etkisini incelemektir.
Gere¢ ve Yontemler: Rentek Hemodiyaliz Merkezi'nde, haftada toplam 12 saat hemodiyaliz tedavisi goren 142 hasta retrospektif olarak
degerlendirildi. Ayr1 hemodiyaliz seanslarinda her iki diyalizor ile hemodiyalize giren bireylerin HD 6ncesi ve HD sonrast LDH seviyeleri
kargilagtirildi.
Bulgular: Calismaya hemodiyaliz (HD) tedavisi goren 142 hasta (%63 kadin) dahil edildi. Komorbid durum olarak 28 (%20) hastada diyabet, 45
hastada (%32) hipertansiyon ve 16 hastada (%11) iskemik kalp hastalig1 vardi.
LDH diizeyi, Leoceed diyalizer grubunda Rexeed diyalizer grubuna gore istatistiksel olarak anlaml diizeyde yiiksekti (49,1 + 20 U/l vs 229,8 + 24,45
U/1; p=0,008).
Sonug: Diyalizoriin tasarimi, hiicre hasarin arttirarak Leoceed diyalizérdeki LDH yiiksekigine neden oluyor olabilir. Diyalizor tasarimi konusunda
diizeltici calismalar yapabilmek igin daha genis hasta serileri kullarilarak diyalizér tasariminin hiicre hasari iizerindeki etkisinin analiz edilmesi
faydal olacaktir.
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Introduction

Hemolysis is a well-known yet uncommon complication of hemodialysis. Hemodialysis hemolysis is often
triggered by chemical pollution, heat, or mechanical damage to erythrocytes from blocked hemodialysis
lines (1-7).

Lactate dehydrogenase, often known as LDH, is an intracellular enzyme that converts pyruvate to lactate
to provide energy in the absence of oxygen. The breakdown of tissue is the major cause of elevated blood
LDH levels (8,9). Multiple clinical conditions, particularly hemolytic diseases (10-15), are associated with
high LDH levels in the blood.

AsahiKASEI is the manufacturer of both the Rexeed (Japan) and the Leoceed (Japan) dialyzers. The
construction and permeability of the membranes were same, but the angle at which blood entered the
chamber, chamber length, and number of holes varied (Figure 1).

There have been cases of hemolysis resulting from improperly made or kinked blood lines. This study aims
to determine whether or not the design of a dialyzer influences hemolysis.

Materials and Methods

This study comprised 142 patients who received chronic hemodialysis treatment at the Rentek
Hemodialysis Center for a total of 12 hours per week. During separate hemodialysis sessions, the pre-HD
and post-HD LDH levels of those who had hemodialysis with both dialyzers were compared. Every patient
was assessed to be in a stable clinical condition, and they were all getting bicarbonate low-flux HD
treatment on a regular basis. Ineligibility criteria included: 1) six months of HD; 2) three weeks of dialysis;
3) a current, unresolved acute illness of any etiology; 4) acute cardiovascular events and major surgery in
the last three months; and 5) the presence of hepatic disease. The study was approved by Istanbul Prof. Dr.
Cemil Tascioglu City Hospital Clinical Research Ethics Committee (approval number: 3.11.2022/E-486707-
514.99 and the study was carried out in accordance with the Helsinki Declaration of Principles. All of the
patients agreed to participate in the trial.

- e i e iR ke

Figure 1. Dialyzers: Leoceed (left), Rexeed (right)
LDH Measurement

All of the blood samples for the laboratory tests were taken before and just after hemodialysis The samples
were centrifuged at 3000 x g for 5 min, and then serum was used to analyze LDH level. LDH activity assay
kit was used (sigma Aldrich) by colorimetric method. LDH difference was calculated by -post-dialysis LDH
minus pre-dialysis LDH.
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Statistical Analysis

SPSS 20.0 for Windows (SPSS Inc., Chicago, IL, USA) was used for the statistical analyses. Normality
distribution of the variables was analyzed using the Shapiro-Wilk test. The variables distributed normally
are presented as mean+ standard deviation. For normally distributed variables, comparisons between the
two independent groups were performed using Student’s t-test; Categorical variables were compared
using the chi-square test. All of the reported P-values were 2-tailed, and those less than 0.05 were
considered to be statistically significant.

Results

A hundred forty-two patients (63% female) on hemodialysis (HD) treatment were enrolled in the study.
Twenty-eight patients (20%) had diabetes, 45 had hypertension (32%) and 16 had ischemic heart disease
(11%) as a comorbid condition. Twenty-eight patients had diabetes (20%), 26 patients had hypertension
(18%) and 18 (12%) patients had pyelonephritis as etiology of CKD. Eleven patients had polycystic kidney
disease (8%), 35 of the patients had glomerulonephritis (25%) while in 24 patients (17%) etiology is
unknown. (Table 1).

Table 1
Demographic Findings in Patient Group
Parameter HD patients
(n=142)
Age (years) 51.0£17.5
Gender (female, n, %) 89(63%)
Fistula (n, %) 117(82%)
Co-morbidities
Diabetes (n, %) 28 (20%)
Hypertension (n, %) 45(32%)
Ischemic heart disease (1, %) 16 (11%)
Dialysis Vintage (months) 28.8+16.0
Cause of CKD (n, %)
Diabetes 28 (20%)
Glomerulonephritis 35 (25%)
Hypertension 26 (18%)
Polycystic kidney disease 11(8%)
Chronic pyelonephritis 18 (12%)
Unknown 24 (17%)

When LDH difference is compared between groups Leoceed dialyzer group) had statistically significantly
higher LDH difference when compared with Rexeed dialyzer group (49.1+20 U/1 vs229.8+24.45 U/1; p=0.008)
(Table 2).

Table 2

LDH Difference Between Two Dialyzers

Parameter REXEED LEOCEED P
LDH(U/) 29.8+24.45 U/1 49.1+20 U/1 0.008
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When the patients are analyzed having diabetes or not: LDH tends to be higher in diabetic group but the
difference was statistically insignificant (Table 3, Table 4).

Table 3

LDH Difference in Diabetic and Non-Diabetic Patients in REXEED Group

Parameter DM (+) DM (-) P

LDH(U/I) 32.3+23.4 U/I 28.9124.1 0.12

Table 4

LDH difference in diabetic and non-diabetic patients in LEOCEED group

Parameter DM (+) DM (-) P

LDH(U/I) 52.4+24.4 U/| 48.3+23.1 0.1
Discussion

Hemolysis has been the subject of study in a variety of contexts. Hypoosmolality in the dialysate, the
presence of hydrogen peroxide or formalin as a result of reuse, hypochlorite as a result of machine
sterilization, copper as a result of pipe corrosion, and elevated temperatures are all possible causes of
hemolysis. This situation may also be caused by a blocked pump, single-needle dialysis, catheter occlusion,
or collapsed arterial line (1-7).

When the water supply has been contaminated, it is quite likely that the majority of patients receiving
dialysis will display symptoms of hemolysis. Dialysate may include toxins in the form of bacteria,
endotoxins, or disinfectants; nevertheless, it is uncommon for these toxins to cause hemolysis. The very
unusual incidence of hemolysis in HD has been linked to the presence of kinks in HD blood lines.

When the Leocced dialyzer was used, the level of lactate dehydrogenase (LDH) in our patient group was
dramatically and significantly elevated. Transporting the Leocced dialyzer has spurred the development
of a novel packing solution. Moreover, they assert that less storage space is required. Instead of being
exposed to nonphysiologically substantial pressures, the blood is harmed by the high shearing stresses
caused as blood cells are driven through the limited flow channel of the tubing kink. This causes the blood
to become compromised (16,17). Due to the angle at which the blood is linked to the dialyzer, shear stress
equivalent to that which leads to tube kinking and hemolysis may be produced (figure 1). Because patients
were treated with hemodialysis utilizing both dialyzers simultaneously, additional forms of hemolysis
were inevitable.

A high LDH level in the blood is associated with a variety of clinical conditions, including inflammation,
infection, and sepsis (18-23), hepatic diseases (24-26), and several oncologic pathologies (27-33). As a
marker for cellular damage, LDH is sensitive but not specific for any particular kind of damage. Infected
individuals, those with hepatic issues, and those with oncologic diseases were excluded from our analysis.
As a result, we may infer that these various variables are not responsible for the varied LDH levels.

Despite the fact that this difference was not statistically significant, diabetes patients had considerably
higher LDH levels than those without diabetes. Patients with diabetes, a well-known disease, have an
increased chance of developing acute inflammation. LDH has been linked to various inflammatory markers
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in the past, and prior research has shown that inflammatory cells may create LDH at serum-detectable
quantities (20). LDH has also been linked to several inflammatory indicators (34-37). Diabetes may
exacerbate inflammation, which may account for the increase.

Our patients exhibited a little amount of hemolysis. In addition, LDH levels may increase as a consequence
of the dialysis operation. Due to the possibility of mechanical hemolysis in extracorporeal blood systems
like dialysis, an increase in LDH may be seen and quantified (38, 39). (38, 39). In this regard, Vaziri et al.
(41) observed that a single extracorporeal system transit increased overall serum LDH levels. It's probable
that platelets contributed to this increase. In addition, Cheng et al. (41) found that patients with HD had
higher LDH levels than those with ischemic heart disease and the healthy control group. This suggests that
individuals with HD have a higher anaerobic metabolism and activity.

Conclusions

This is the first letter we are aware of reporting an increase in LDH and hemolysis due to a dialyzer. It is
quite likely that the arrangement of the Leoceed dialyzer is one of the elements that contributes to the cell
damage caused by the elevated serum LDH level. To do corrective research on dialyzer design, it would
be advantageous to evaluate the effect of dialyzer design on cell damage using a larger patient sample size.
This would provide a more precise evaluation of the influence of dialyzer design.

Ethics Committee Approval: The study was approved by Istanbul Prof. Dr. Cemil Tascioglu City Hospital
Clinical Research Ethics Committee (approval number: 3.11.2022/E-486707-514.99 and the study was
carried out in accordance with the Helsinki Declaration of Principles.

Informed Consent: Written consent was obtained from the participants or their legal guardians.
Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support.

Author Contributions: Idea/Concept: G.Y., S.A; Design: G.Y., S.A.; Supervision: S.A.; Materials: G.Y.; Data
Collection/Processing: G.Y., S.A.; Analysis/Interpretation: G.Y., S.A.; Literature Review: G.Y. S.A,;
Drafting/Writing: G.Y., S.A.; Critical Review: G.Y., S.A. The authors have accepted responsibility for the
entire content of this manuscript and approved its submission.

References

1. Abtahi M, Uzan M, Souid M. Hemolysis-induced acute pancreatitis secondary to kinked hemodialysis
blood lines. Hemodial Int. 2007;11(1):38-41.

2. Pendergrast JM, Hladunewich MA, Richardson RM. Hemolysis due to inadvertent hemodialysis against
distilled water: perils of bedside dialysate preparation. Crit Care Med. 2006;34(10):2666— 73.

3. Kuo KL, Chou YH, Tarng DC. Mechanical hemolysis in a hemodialysis patient with carotid-jugular
arteriovenous fistula. Clin Nephrol. 2004;61(1):74-7.

4. Davidovits M, Barak A, Cleper R et al. Methaemoglobinaemia and haemolysis associated with hydrogen
peroxide in a paediatric haemodialysis centre: a warning note. Nephrol Dial Transplant. 2003;18(11):2354—
58.

5. Maduell F, NavarroV,Al’osMet al. Intradialysis hemolysis secondary to hypophosphatemia. Nefrologia.
2003;23(1):85-8.

6. Kitching AR, Ritchie D, Wong JK et al. Chloramine-induced hemolysis associated with neurological
symptoms in a home hemodialysis patient. Clin Nephrol. 2001;55(3):259-60.

7. Yang MC, Lin CC. In vitro characterization of the occurrence of hemolysis during extracorporeal blood
circulation using a mini hemodialyzer. ASAIQO ]. 2000;46(3):293-7.

8. Jurisic V, Radenkovic S, Konjevic G. The actual role of LDH as tumor marker, biochemical and clinical
aspects. Adv Exp Med Biol. 2015;867:115-24.

—

https://dergipark.org.tr/tr/pub/abantmedj
95



Giirkan YURTERI ve Sibel ADA

9. Rossello X, Hall AR, Bell RMet al. Characterization of the Langendorff perfused isolated mouse heart
model of global ischemia-reperfusion injury: Impact of ischemia and reperfusion length on infarct size
and LDH release. ] Cardiovasc Pharmacol Ther. 2016;21(3):286-95.

10. Gedik E, Yucel N, Sahin T et al. Hemolysis, elevated liver enzymes, and low platelet syndrome: Outcomes
for patients admitted to intensive care at a tertiary referral hospital. Hypertens Pregnancy. 2017;36(1):21-
29.

11.Hanna RM, Barsoum M, Vandross A et al. Atypical hemolytic uremic syndrome and complement
blockade: Established and emerging uses of complement inhibition. Curr Opin Nephrol Hypertens.
2019;28(3):278-87.

12. Brodsky RA. Paroxysmal nocturnal hemoglobinuria. Blood 2014;124(18):2804-11

13.Hill A, Hill QA. Autoimmune hemolytic anemia. Hematology Am Soc Hematol Educ Program.
2018;2018(1):382-9.

14. Artinger K, Hackl G, Schilcher G et al. The conundrum of postpartum thrombotic Microangiopathy: Case
report and considerations for management. BMC Nephrol. 2019;20(1):91.

15. Meibody F, Jamme M, Tsatsaris V et al. Post-partum acute kidney injury: Sorting placental and non-
placental thrombotic microangiopathies using the trajectory of biomarkers. Nephrol Dial Transplant.
2019;35(9):1538-46.

16. Yasuda T, Funakubo A, Miyawaki F, Kawamura T, Higami T, Fukui Y. Influence of static pressure and
shear rate on hemolysis of red blood cells. ASAIO J. 2001;47(4):351-3.

17. Blackshear PL Jr., Dorman FD, Steinbach JH. Some mechanical effects that influence hemolysis. Trans Am
Soc Artif Intern Organs. 1965;11:112-7.

18.Erez A, Shental O, Tchebiner JZ et al. Diagnostic and prognostic value of very high serum lactate
dehydrogenase in admitted medical patients. Isr Med Assoc J. 2014;16(7):439-43.

19. Hernandez-Cardenas CM, Serna-Secundino H, Garcia-Olazaran JG et al. Acute respiratory distress
syndrome secondary to influenza A(H1N1)pdmO09: Clinical characteristics and mortality predictors. Rev
Invest Clin. 2016;68(5):235-44.

20.Drent M, Cobben NA, Henderson RF et al. Usefulness of lactate dehydrogenase and its isoenzymes as
indicators of lung damage or inflammation. Eur Respir J. 1996;9(8):1736-42.

21. Quist J, Hill AR. Serum lactate dehydrogenase (LDH) in Pneumocystis carinii pneumonia, tuberculosis,
and bacterial pneumonia. Chest. 1995;108(2):415-8.

22.Knight JA, Dudek SM, Haymond RE. Early (chemical) diagnosis of bacterial meningitis—cerebrospinal
fluid glucose, lactate, and lactate dehydrogenase compared. Clin Chem. 1981;27(8):1431-4.

23.Quaglia A, Karlsson M, Larsson M et al. Total lactate dehydrogenase in cerebrospinal fluid for
identification of bacterial meningitis. ] Med Microbiol. 2013;62(Pt 11):1772-3.

24. Connell LC, Boucher TM, Chou JF et al. Relevance of CEA and LDH in relation to KRAS status in patients
with unresectable colorectal liver metastases. ] Surg Oncol. 2017;115(4):480-7.

25.Yang Z, Ye P, Xu Q et al. Elevation of serum GGT and LDH levels, together with higher BCLC staging
are associated with poor overall survival from hepatocellular carcinoma: A retrospective analysis. Discov
Med. 2015;19(107):409-18.

26.Zhao P, Wang CY, LiuWWet al. Acute liver failure in Chinese children: A multicenter investigation.
Hepatobiliary Pancreat Dis Int. 2014;13(3):276-80.

27.Tredan O, Ray-Coquard I, Chvetzoff G et al. Validation of prognostic scores for survival in cancer patients
beyond first-line therapy. BMC Cancer. 2011;11:95.

28.You B, Tranchand B, Girard P et al. Etoposide pharmacokinetics and survival in patients with small cell
lung cancer: A multicentre study. Lung Cancer. 2008;62(2):261-72.

29.Lossos IS, Intrator O, Berkman N et al. Lactate dehydrogenase isoenzyme analysis for the diagnosis of
pleural effusion in haemato-oncological patients. Respir Med. 1999;93(5):338-41.

30.Sevinc A, Sari R, Fadillioglu E. The utility of lactate dehydrogenase isoenzyme pattern in the diagnostic
evaluation of malignant and nonmalignant ascites. ] Natl Med Assoc. 2005;97(1):79-84.

—

https://dergipark.org.tr/tr/pub/abantmedj
96



Dialyzers as a Cause of Hemolysis

31. Fussenich LM, Desar IM, PetersME et al. A new, simple and objective prognostic score for phase I cancer
patients. Eur ] Cancer. 2011;47(8):1152-60.

32.Petrelli F, Cabiddu M, Coinu A et al. Prognostic role of lactate dehydrogenase in solid tumors: A
systematic review and meta-analysis of 76 studies. Acta Oncol. 2015;54(7):961-70.

33. Dierksen J, Buja LM, Chen L. Clinicopathologic findings of hematological malignancy: A retrospective
autopsy study. Ann Clin Lab Sci. 2015;45(5):565-73.

34.Nillawar AN, Bardapurkar JS, Bardapurkar S]. High sensitive C-reactive protein as a systemic
inflammatory marker and LDH-3 isoenzyme in chronic obstructive pulmonary disease. Lung India.
2012;29(1):24-9.

35.Song Y], Kim A, Kim GT et al. Inhibition of lactate dehydrogenase A suppresses inflammatory response
in RAW 264.7 macrophages. Mol Med Rep. 2019;19(1):629-37.

36.Yu SL, Xu LT, Qi Q et al. Serum lactate dehydrogenase predicts prognosis and correlates with systemic
inflammatory response in patients with advanced pancreatic cancer after gemcitabine-based
chemotherapy. Sci Rep. 2017;7:45194.

37.Miyoshi N, Tanigawa T, Nishioka S et al. Association of salivary lactate dehydrogenase level with
systemic inflammation in a Japanese population. ] Periodont Res. 2018;53(4):487-94.

38. Polaschegg HD. Red blood cell damage from extracorporeal circulation in hemodialysis. Semin Dial.
2009;22(5):524-31.

39.Yoon J, Thapa S, Chow RD et al. Hemolysis as a rare but potentially life-threatening complication of
hemodialysis: A case report. BMC Res Notes. 2014;7:475.

40. Vaziri ND, Miyada DS, Kim I et al. Serum LDH and LDH isoenzymes in chronic renal failure: Effect of
hemodialysis. Int ] Artif Organs. 1990;13(4):223-7.

41.Cheng YC, Kuo WW, Wu CH et al. Iron status and cardiovascular risk factors in patients with
haemodialysis versus patients with ischaemic heart disease. Nephrology (Carlton). 2009;14(1):65-9.

—

https://dergipark.org.tr/tr/pub/abantmedj
97



