Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (83)’2024

0\(\\3!’1 Jo(, L. . .
& S Ukrainian Journal of Nephrology and Dialysis
Scientific and Practical, Medical Journal
z .
© & Founder:
%\l@\* : . . .
% 3 + National Kidney Foundation of Ukraine
gy an
ISSN 2304-0238;
eISSN 2616-7352 Journal homepage: https://ukrjnd.com.ua
Research article Konstantinos S. Mavromatidis, Irini M. Kalogiannidou,

doi: 10.31450/ukrjnd.3(83).2024.03

Ploumis S. Passadakis, Gkiounai S. Katzel Axmet

Efficacy of medium molecular weight toxin clearance in manual
mixed online hemodiafiltration vs. pre- and post-dilution online
hemodiafiltration and conventional hemodialysis: A crossover
observational study

«Dimokrition» Renal Unit, Komotini, Greece

Citation:

Article history:

Received July 15, 2024

Received in revised form
August 12, 2024

Accepted August 13, 2024

Mavromatidis KS, Kalogiannidou IM, Passadakis PS, Katzel Axmet GS.
Efficacy of medium molecular weight toxin clearance in manual
mixed online hemodidfiltration vs. pre- and post-dilution online
hemodidfiltration and conventional hemodialysis: A crossover
observational study. Ukr J Nephrol Dial. 2024;3(83):14-24. doi: 10.31450/
ukrjnd.3(83).2024.03.

Abstract. The effectiveness of various hemodiafiltration (HDF) modes in removing different
toxins is not fully understood. The present study aimed to compare the efficacy of manual
mixed online HDF with pre-dilution online HDF, post-dilution online HDF, and conventional
hemodialysis in clearing medium molecular weight toxins.

Methods. This single-center, crossover observational study included 11 patients (7 males, 4
females) aged 48-85 years (mean age 65.2%11.7) with a dialysis vintage of 24-455 months (mean
duration 126123 months), including 10-29 months (mean duration 19.5+6.4) on HDF. The
study focused on the removal of two medium molecular weight molecules: beta 2-microglobulin
and the larger prolactin. The effectiveness of various dialysis modes was evaluated in single
sessions for each patient, including pre-dilution online HDF (Group A), post-dilution online
HDF (Group B), a mixed dilution model with post-dilution during the first half of the session
and pre-dilution during the second half (Group C), and conventional hemodialysis (Group D).
Results. A statistically significant difference in the reduction of serum beta 2-microglobulin levels
was observed in Group B compared to Group A (70.6+3.1% vs. 64.4%£2.7%, p<0.0001) and
Group C (70.6£3.1% vs. 65.9+4.9%, p<0.001), with no significant difference between Groups
A and C (p=NS). For serum prolactin levels, the greatest reduction was noted in Group B, with
significant differences compared to Group A (52.5£8.9% vs. 36.2£9.5%, p<0.001) and Group
C (52.5£8.9% vs. 46.9£5.2%, p=0.03). Additionally, Group C showed a significant difference
compared to Group A (46.9%£5.2% vs. 36.2%9.5%, p<0.005).

Conclusions. Post-dilution HDF is the most effective mode for removing beta 2-microglobulin
and prolactin. Mixed dilution HDF also shows significant efficacy, surpassing pre-dilution
HDF in toxin clearance. These findings highlight the advantage of post-dilution techniques in
managing medium molecular weight toxins. Further research is needed to explore these results in
greater detail and to confirm their clinical implications.
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Koncranrinoc C. Maspomarizic, Ipini M. Kanxoanniny, Ilnymic C. Ilaccanakic, I'kiynaii C. Kaneabp Akcmer

EdeKTuBHICTb KJTipeHCY TOKCHHIB C€pPeIHbOI MOJIEKYISIPHOI MACH
i 9aC MAHyaJIbHOI 3MilIAHOI OHJIAMH reMoaiadiibTpanii NOPiBHAHO
3 OHJIANH Mpe- Ta NOCT-AWToNiiiHoI0 reMoaiadiabTpamnico ad6o
TpaaMIiiiHIM reMoiai3omM: nepexpecHe oocepaailiiine J0CTiKEeHHS
Hedponoriunuii nueHTp «JliMokpition», KomoriHi, Ipewist

Pe3iome. Egpexmuenicmo piznux modeaeii eemodiagpinompauii (I71P) wodo eudarenus mokcurie cepednsvoi mo-
AeKYA[APHOT macu € HegusHauero. Memoio uboeo docaidxcents O6ya0 nopieHaAMU eheKMUBHICMb iX YCYHeHHs Memooamu
manyanvHoi smiuwarnoi ounaiin TZ[D nopiensno 3 ounaiin TD y pexcumi npe- abo nocmounioyii ma eemoodianizom kaa-
CUMHUM 3a Kaipencamu bema 2-mikpoenoOyainy ma npoaaKmuHy.

Memodu. Ile oonoyenmpoge nepexpectre obcepsauiiine docaidxcenns exarouanro 11 nayienmie (7 uonosikis, 4
acinku) eixom 48-85 pokie (65,2x+11,7) ma mpusanicmio eemodianizy 24-455 micayie (126x123 mic.), exaouarouu 10-
29 micauie (19,5%6,4 mic.) aikysauus I7ID. ocaidxcenus 6y10 30cepedincero Ha gudaneHti bema 2-mikpoenodyainy ma
npoaakmuny. Egpexmuenicmo piznux modeneii dianrizy oyiHr6anacs nio 4ac oKpemux ceancié 04s K0ICH020 NauicHma,
exarouaroyu T/ D 3 npedunrouicro (epyna A), IZID 3 nocmounrouyicto (epyna B), manyansuy smimany 71D (epyna C), a
makoxc mpaduyiiinoeo eemooianizy (epyna D).

Pesynomamu. Cmamucmu4ro 3Ha4yuia pizHuys 8 3HUMNCeHHI pieHie bema 2-mikpoeao0yaity 6 cupogamui cnocme-
pieanacs 6 epyni B nopiensano 3 epynoio A (70,6%3, 1% npomu 64,4%2,7%, p<0,0001) i epynoro C (70,6%3,1% npomu
65,914,9%, p<0,001), 6e3 icmomnoi piznuui mixnc epynamu A ma C (p=NS). Konyenmpauii nporaxkmuny ¢ cupogamui
Kpoei 0yaa cmamucmu4HO-3Ha4yuo Huxcuoio 6 2pyni B nopieusano 3 epynorw A (52,5+8,9% npomu 36,2+9,5%, p<0,001)
ma epynoio C (52,5+8,9% npomu 46,9+5,2%, p=0,03). Kpim moeo, epyna C nodemoncmpygana 00cmogipHy pizHuuro

nopiensno 3 epynoio A (46,9+5,2% npomu 36,2+9,5%, p<0,005).

Bucnosku. I'/ID 3 nocmounioyieio € Hallepekmusriuior modeanto TN D y sudanenni bema 2-mikpoesodysiny ma
npoaakmuny. 3miwana TZID mae euwuil kaipenc 6ema 2-mikpoeaodyainy ma nporakmuny, vine D 3 npedunioyicio.
Heob6xioni nodanvuii docaioncenHs: 0151 NiOMEePONCeHHs KAIHIYHO020 3HAYEHH OMPUMAHUX HAMU De3y1bmamis.

KnouoBi ciioBa: ecemodiaginbmpayis, modeas ounrouyii, bema 2-mikpoeao6yain, nposaKmuH, KAipexc.

Introduction. The clearance of toxins in dialysis
patients is of critical importance and is closely related
to both survival and overall well-being. Existing stud-
ies have highlighted the superiority of hemodiafiltra-
tion (HDF), with post-dilution HDF showing better
outcomes compared to pre-dilution HDF, as well as
conventional hemodialysis and high-flux hemodialysis
[1-5], although a meta-analysis of 13 studies didn’t find
any difference in the mortality from all causes included
the cardiovascular.

Studies on the removal of medium molecular
weight toxins have primarily focused on beta 2-micro-
globulin, with fewer examining larger molecules such
as prolactin or complement. Most literature on dialy-
sis clearance has used Kt/V or the urea reduction ratio
(URR) for assessing low molecular weight toxins, with-
out addressing the specific amounts of medium molec-
ular weight (MW) toxins removed. From the medium

Konstantinos Mavromatidis
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MW toxins, beta 2-microglobulin is a useful biomarker
of morbidity and mortality in dialyzed patients [6], but
we also wanted to determine the elimination of another
toxin with medium MW, such as prolactin. By deter-
mining its serum levels before and after the end of the
session, the efficiency of one dialysis session for these
molecules, in each dialysis method used in this study
was estimated.

It was chosen to estimate the clearance of two mol-
ecules with medium molecular weight: beta 2-micro-
globulin, commonly included in most studies for com-
parison, and prolactin, which has a significantly higher
molecular weight and is less frequently studied in terms
of removal during dialysis. The present study aimed to
compare the effectiveness of manual mixed online he-
modiafiltration (HDF) with pre-dilution online HDF,
post-dilution online HDF, and conventional hemodi-
alysis in clearing medium molecular weight toxins.

Patients and Methods. Patients. This single-cen-
ter, crossover observational study included a total of
11 patients undergoing hemodialysis. All the patients
were older than 48 years, stable, and uncomplicated
during their dialysis sessions (none had haemodynamic
instability during dialysis sessions). They maintained
stable dry weight for at least four months, three times
per week. None had malignancy, acute catabolic or in-
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fectious disease, and no one had evidence of gastroin-
testinal bleeding. None had metabolic acidosis or very
high urea serum levels. Patients who failed to meet the
above inclusion criteria were excluded. The study was
approved by the Ethics Committee of the Scientific
Council of General Hospital of Komotini (protocol
number 3/2023, dated 03/01/2023) and was conducted
following the guidelines for good clinical practice and
ethical principles of the Declaration of Helsinki. All the
patients gave written informed consent for their partici-
pation in the study.

Methods. The patients underwent one session of
online HDF pre-dilution (Group A), one online HDF
post-dilution (Group B), one mixed online HDF (as
mentioned above manually) (Group C), and a session
of conventional haemodialysis (Group D) during the
midweek days (Wednesday-Thursday). The time in-
terval between these four sessions for each patient was
one week. The filter used was polyethersulfone (poly-
nephron) with a surface area of 2.5 m? (high-flux) and
polynephron low-flux, with a surface area of 2.1 m? (for
conventional haemodialysis). The blood supply (pump)
was 400 ml/min in all sessions and patients, the dialysate
flow was 500 ml/min, and the duration of each session
was >240 min (240 for 7 patients, 265 for 3, and 285 min
for 1 patient). In pre-dilution HDF, the substitution
volume was set at 50% of the blood pump flow rate (200
ml/min for all patients), while in post-dilution HDF, it
was set at 24-25% (96-100 ml/min for all patients). Dur-
ing the dialysis session, 2,500 or 3,500 IU of low mo-
lecular weight heparin (vemiparin) was administered,
depending on the patient’s body weight. Nikkiso DBB
EXA dialysis machines were used for the procedures.

The prescription of dialysate was personalised. Of
the patients, sodium 138 mmol/L have had 4, and 7 had
140 mmol/L. Dialysate bicarbonates ranged from 30-
33 mmol/L, where 1 patient had 30 mmol/L, 3 had 31
mmol/L and the remaining 7 had 33 mmol/L. Dialysate

potassium was 2 mmol/L in 6 patients and 3 mmol/L
in the remaining 5 and calcium was 3 mmol/L in 6 pa-
tients and 2 mmol/L in 5. In all patients, the chloride of
dialysate was 110 mmol/L, magnesium 0.50 mmol/L,
glucose 5.5 mmol/L, and acetate 3 mmol/L. All de-
terminations were performed with a dialysate of fixed
composition for each patient.

The total ultrafiltrate was collected from each pa-
tient in each of the four dialysis sessions in a custom-
made volumetric stainless barrel. After the end of each
session and after stirring the ultrafiltrate for 10 minutes
with an electric stirrer, a sample was taken for urea
and beta 2-microglobulin (the amount of prolactin in
the dialysate was impossible to measure because of the
very low concentration). Both at the beginning of each
session and one hour after the end, a blood sample was
taken from the arterial line for determination of se-
rum urea, beta 2-microglobulin (mg/L) and prolactin
(ng/ml) levels. The reduction ratio (RR) has been cal-
culated by the following equation: RR = (SubstancePre
- SubstancePost: SubstancePre) x 100 (where the sub-
stance was beta 2-microglobulin or prolactin).

An Abbott Alinity C analyzer was used to measure
the studied parameters. Prolactin levels were measured
photometrically, while beta 2-microglobulin levels were
measured immunoturbidometrically.

Statistical analysis. Continuous variables were
expressed as mean * standard deviation (M £ SD) ac-
cording to the data distribution. Categorical variables
were expressed as absolute frequencies and percentages.
Comparisons between the groups were performed us-
ing the Student’s t-test. The analysis was conducted
with the Statistical software MedCalc (version. 20.218).
Probability values of p<0.05 (two-tailed) were consid-
ered statistically significant for all comparisons.

Results. The patients have been on dialysis for an
average of 126 + 123 months, with a range of 24 to 455
months (Table 1).

Table 1
The patient characteristics, dialysis history, on-line HDF duration, and hyperfiltration volume
Body Body Body Duration | Duration | Duration Ultrafiltrate ml/min (ml/h)
P/ts Age . A of dialysis
weight water | surface area | on dialysis | on HDF X
MAE 0P g | ) @) | (months) | (months) | N | Groupa | GroupB | GrowpC | GrowpD
(min) roup roup roup roup
1 48 74.0 42.5 1.95 76 29 240 5.4(324) | 7.5(450) | 6.0(360) | 6.7(402)
2 69 67.5 372 1.80 263 24 265 420252 | 4570) | 3.0(180) | 3.0(180)
3 57 65.0 31.7 1.72 94 29 265 6.8 (408) | 6.0(360) | 5.3(318) | 6.0(360)
4 68 59.5 34.6 1.70 455 15 265 45070) | 3.8(228) | 3.9(234) | 5.0(300)
5 70 59.5 36.7 1.70 66 16 240 7.9(474) | 7.5(450) | 10.0(600) | 8.6(516)
6 85 84.0 40.7 1.91 24 14 240 8.3(498) | 5.4(324) | 7.5(450) | 5.8(348)
7 83 54.0 27.5 1.49 31 13 240 3.8(228) | 2.1(126) | 3.3(198) | 2.5(150)
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Continuation of Table 1

Body Body Body Duration | Duration | LUration Ultrafiltrate ml/min (ml/h)
P/ts Age ioh o dialysi HDF of dialysis
7M. 4F /) weight water surface area | ondialysis | on session
’ (kg) L) (m?) (months) | (months) (min) GroupA | GroupB | GroupC | GroupD
8 51 70.0 33.1 1.79 56 21 240 10.4(624) | 7.1(426) | 5.0(300) | 9.2(552)
9 53 72.0 317 1.67 48 26 240 5.8(348) | 2.1(126) | 7.1(426) | 5.8(348)
10 62 78.0 41.0 1.90 124 10 240 5.8(348) | 8.7(522) | 5.8(348) | 6.3(378)
11 71 77.5 33.8 1.95 150 17 285 9.8(588) | 10.3(618) | 7.7(462) | 11.1(666)
6.612.1 59125 5.942.0 6.412.4
+ + + + + + + +
Mean£SD | 65.2£11.7 | 69.248.7 | 35.5+4.4 1.7810.14 126£123 19.5+6.4 251%15 (396+127) | (354+150) | (352+120) | (382+145)

Abbreviations: P/ts, patients; y/s, years; kg, kilogram; L, liter; m?,

None of the 11 patients had residual diuresis. The
underlying causes of kidney failure were glomerulone-
phritis in 3 patients, hypertensive nephrosclerosis in 3,
polycystic kidney disease in 2, chronic pyelonephri-
tis in 2, and unknown etiology in 1 patient. Regard-
ing vascular access, 9 patients had an internal arte-

square meters; ml, milliliter.

riovenous anastomosis (native arteriovenous fistula),
while 2 had a vascular graft (prosthetic arteriovenous
fistula). The baseline laboratory values of the patients,
including urea, creatinine, electrolytes, albumin, and
hematocrit, before a dialysis session are presented in
Table 2.

Table 2
Laboratory values before pre-dilution online HDF
P/ts Creatinine Urea Potassium Calcium Proteins | Albumin | Bicarbonates | Hematocrit

(mmol/L (mmol/L) | (mmol/L) (mmol/L) gr/L (gr/L) mmol/L) (%)
1 114.1 53.0 5.3 2.275 69 43 21.5 37.9
2 119.3 22.7 5.0 2.375 66 39 22.5 40.4
3 121.1 54.7 5.6 2.125 64 39 21.0 39.3
4 98.2 47.2 5.5 2.325 72 40 22.3 42.4
5 112.3 43.9 5.7 2.175 66 41 23.0 41.6
6 101.8 41.5 5.6 2.150 64 42 23.0 33.0
7 74.1 42.3 5.6 2.250 69 40 23.0 36.7
8 120.5 54.3 6.2 2.125 76 42 22.0 38.0
9 75.0 70.2 59 2.350 65 39 23.0 32.9
10 89.8 25.1 5.3 2.300 77 43 21.0 36.1
11 77.9 24.9 4.4 2.275 65 38 21.8 333

MeantSD | 100.4%£17.8 | 43.6x14.1 | 5.46+0.45 | 2.247+0.08 | 68.5+4.5 | 40.5t1.7 22.2+0.75 37.4£3.2

In the first half of the post-dilution HDF session,
the substitution volume was 49.2 = 1.8 L (range 48—
53.4 L) for Group A, 25.0 £ 1.36 L (range 23—27.1L)
for Group B, and 13.3 £ 0.56 L (range 12—13.4 L) for
Group C. During the second half of the session, us-
ing pre-dilution online HDF, the substitution volume
was 24.7 £ 1.03 L (range 24—26.7 L) (Table 3).

As presented in Table 3, URR was significantly
higher only in Group B compared to Group D (p<0.05).
Similarly, Kt/V was also higher in Group B than in
Group D (p<0.05). In all other comparisons of URR
and Kt/V, the differences were not statistically signifi-
cant.

Serum levels of beta 2-microglobulin decreased by
64.4 £2.7% in Group A, 70.6 * 3.1% in Group B, and
65.9 £4.9% in Group C (p values: A-B < 0.0001, A-C =
NS, B-C < 0.001). The amount of beta 2-microglobu-
lin removed per session was 223 = 66 mg in Group A,
267 £ 92 mg in Group B, and 242 + 61 mg in Group C
(p values: A-B = NS, A-C = NS, B-C = NS) (Table 4).
The serum prolactin levels were decreased per session
by 36.2+£9.5% in Group A, 52.5+8.9% in Group B, and
46.915.2% in Group C (p, A-B<0.001, A-C<0.005,
B-C<0.03) (Table 5).

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Alaaidy N23 (83) 2024

OpUriHOABHI HOYKOBI POBOTU 17



Ukrainian Journal of Nephrology and Dialysis, 3 (83)’2024

Original Papers

01D UONINPAL DaIN YY) ‘Sjuanpd ‘Si/J SUoDIAAIqqY

SN=d-D SN=A-D 10000°0=d-0

c0'0>a-4 c0'0>a-4 10000'0=d-4

o o e | e

SN=D-V SN=D-V €900'0=0-V

SN=4-V SN=4-V 10000°0=4-V

COTTFLYT | 9S0FCEl | 9CTFOST | 8TFTOY | 06°CFOPL | TECFISL | IUPFI'LL | 0°CFLYL | OTOFIST | 9VOFIOT | €TOFHLT | PI0FOST | THFITL | 9LFSII | 0'SF6v] 89+vLI dS+uesy
L9 vel Y 1453 9IL vL GCL I'IL 167 197 0.1 Al LET 981 091 6! I
0vc 0Tl I'LT 08y 9'69 I'EL 6'CL e1L 9¢'1 051 ve'l Wl 6Cl 891 [ 0L1 01
0%C 0l 0°¢e 08y 008 108 (A% €8L S L81 ({14 SL1 £Cl 651 94| 0L1 6
0vc 0Tl 0v¢ 08y 6°SL ELL L8L vyl 91 69'1 6L 191 el 91 vl 891 8
0%e ¢l 0%¢ 08y 6'8L 9°0L 9'8L 08, 9L 8€1 €T wl 4! LST 9yl IL1 4
0%¢ 0Tl 0v¢ 08y CSL 80, 9L 9L 8¢°1 ¥l 91 99°1 il 651 671 €Ll 9
0% 0l 01C 08y vIL vIL 0vL Ll 89’1 ILT 9¢°1 [49 14! L91 9yl vLl ¢
0ve 0Tl ¢9C 0’18 9L £6L 9LL 8L 99°1 081 wi LLT £Cl 651 94! 891 14
39 8Tl 9 018 (4 I'LL ¢'e8 I'LL 123 ILT 0T €L1 8C1 91 el 6L1 £
v'9C cel ¢9C 867 CSL 9L ) LYL 8¢°1 91 Lyl 8¢°1 9C1 91 [ LLY [/
¢C 0l (N4 08y 199 v0L 7L 769 14 (al 7l 0¢'T 44! L91 9p1 891 !
ndnoiny | gdnoin | ydnoiy | dnoiny | Hdnoiny | gdnoiny | ydnoin | dnoiny | Hdnoin | gdnoiny | ydnoin | (qdnoiny | Hdnoin | g dnoin y dnoin
(77) swnjoA uonmIsqng (%) N A (77) avenyenyn oL, /d
S[opout w_w%—ﬁmﬂ SSOJJE SQUIN[OA uonMINSYNS pue YN ¢ >\ 1) | neaﬁ.—:ﬁﬂ.—uﬂ- Jo ﬁam_hﬂaacU
£919n]

N23 (83) 2024

ii T AlQAizy

PPOAOT

IHCbKUW XKYPHAA He

Ykpa

601"

IHOABHI HOYKOBI PO

Opwuri

18



Original Papers

Ukrainian Journal of Nephrology and Dialysis, 3 (83)’2024

SN=0-9 1000>0-4
SN=D-V SN=0-V onfea-d
SN=4-V 1000°0>9-V
19FTT 677659 $1F68 €9F69C T6FL9C 1'€F9°0L PTFLS 69796 99F€TT LTFrH9 1'7¥8'6 0SFrLT ASTFUeIN
6'66€ (4] La $'9¢ €'L6€ L'L9 911 6's€ L'$pe €19 0€1 9'€e 11
£'L8C L'€9 901 6T (4704 8'L9 LYl 1454 7'60¢ (4 I'el LYyE 01
TL6l L'L9 €6 8'8C 091T 0yL 18 TIg 1261 9'89 16 067 6
6'60C L'89 ik 9%¢ £'9CC S9L 19 09¢ vILl 899 88 Y 8
8'981 44 '8 8Ll 8°6€l 8'89 98 9'LT 9°L91 0°L9 98 1'9 L
1ove L'€9 4! 1'8¢ 798¢ 9YL (4 £'Ce 91LC 079 9Tl Cee 9
L'881 00L 9 €1 0°L81 199 9 vel L'811 $'6S 6L 6l S
6'10C v'99 I'L I'1e 0°cee £'69 0L 8°CC 6'LST 879 89 €6l 14
8°TLC €0L 8L L9 6'LTL LoL I'L (A 81T $'e9 €6 st €
L'86C 789 901 ¢ee 0°€0¢ I'IL 8’6 6'¢¢ 9°€et L99 6'6 L'6C €
$'0€e 689 SL 74 09T 9'69 4 0°LT 0°65T L'99 $'8 'St I
gt | gt | Sy | BOMOE | ) gy ||
) dnoug g dnoag y dnoig
s)/d
urmqojdomu-7 Rg
sisA[eue [ednsne)s dnoa31d)ul Y)Im UoIssas SISATRIP J3d pIAOwIdL Junowre pue ‘dJueyd ISeIUIIII S[IAI] UINGO[SOIIIW-7 B)I( WINIIS
¥ o191

19

OpUriHOABHI HOYKOBI POBOTU

YKPATHCBKUIN XXYPHOA HEPPOAOTT TO Alaaidy N23 (83) 2024



Ukrainian Journal of Nephrology and Dialysis, 3 (83)’2024

Original Papers

£0'0>0-4

S00'0>0-V

100°0>4-V

TSF69Y 9'9CF1'¥C 9TSFTIY 6'8FS°TS €'6IF0°61 6'SYFLTY S6FC9¢ 6'€EFE 6T 8 ISFLSY
69y S'6 0'Ll 6'%S ¢9 144! ¢eC £yl L'81 1
[4ly <6l 9'ce (%97 (4! I'Le 6'¢C €T £'6C 01
6'7S €8 ¥81 L'y ¢ol 061 0'1¢ 911 891 6
S'6y 8'86 L'S61 9'LS 8'€L 6°¢Ll 0%¢ 1°0¢1 I°L61 8
1454 v'6e (43 9'¢S £'6C 1'¢9 91y v'LE 079 L
¢'0s etl L'8C ¢'8¢ 9°¢l 8¢t 1°6C (A4 gIe 9
9'6¢ 19 1ot v'6¢ 99 601 (4% 0L 801 ¢
0°6¢ 611 g6l €Sy S'L L€l 9'LE I'11 8Ll 14
06 L'y L'18 4y ¢0¢ 1'89 8'6¢ (1827 9YL ¢
9°€S 9C 9¢ GeL 9T 8'6 98¢ Y 8l «
eLy ¢el 9°¢C 808 6Tl 9C 0ty 991 9'6C !
(9 d8uey) uonn[Ip-)soq uonn[Ip-aid (%) 3suey) uoyn[Ip-)soq uonn[Ip-aid (%) 3suey) uonn[Ip-jsoq uonn[Ip-aid
D dnoin q dnoip y dnoig s1/d
unoe[olg
sIsA[eue [BI1sSne)s dnoisidur Ym dgueyd 33e)uddiad pue
‘I H QUIUO J3)J€ pue 3I0J( S[PAJ[ unde[oid wnesg
gl

YKPAIHCKUIN XYPHOA HEPPROAOTTT Ta Aiaaizy N23 (83) 2024

OpUriHOABHI HOYKOBI POBOTU

20



Ukrainian Journal of Nephrology and Dialysis, 3 (83)’2024

Original Papers

Discussion. It has been established to estimate the
attributable clearance by determining the Kt/V or the
URR, which are traditional indexes for low MW (<500
D) toxins. However, there are toxins that are much
more important, related to the quality of life and surviv-
al [1-5,7], which have higher MW and their clearance
is not perceived by Kt/V or URR. These can be deter-
mined either by calculating their clearance, after a dial-
ysis session by collecting the total ultrafiltrate, but also
by the change of their serum levels (%). In this study,
the removal of two medium MW toxins, beta 2-micro-
globulin (MW=11,800 D) and prolactin (~23,000 D)
was assessed.

Post-dilution is the most effective method of HDF
for toxins removal, but needs to achieve a satisfactory
convection volume, which is not always possible due
to hemoconcentration and the coagulation problems
of the filter it causes [8]. Today, current recommenda-
tions for an adequate dialysis dose in this model is a sub-
stitution volume of >23 L/session in a 3-times-weekly,
4-hour/session dialysis schedule [7, 9, 10]. If the blood
pump supplies 400 ml/min, a substitution volume of
25% of the pump can achieve this aim (infusion volume
100 ml/min). If the pump cannot reach this blood flow,
can reduce the pump, and increase the duration of the
session, to achieve the same substitution volume [11].
Of course, the recommended volume of >23 L/session
pertains to patients with a body surface area (BSA) of
1.73 m? or an estimated total body water of 35 L [12]. In
our opinion, it makes sense that if the body surface area
is larger than 1.73 m? or if the body weight is above the
normal range, the convection volume should probably
also increase, as others have argued [12, 13]. In our
study, more than 23 L were exchanged in post-dilution
HDF (25.0+1.36 L).

The pre-dilution online HDF model avoids fil-
ter thrombosis and can achieve ultrafiltration volume
equal to 100% of the blood pump supply. Thus, excel-
lent elimination of medium MW toxins is achieved,
and good removal of low MW toxins. But which will
be the right substitution volume in any patient on this
model? Tattersall et al. suggest that the substitution vol-
ume should be at least twice that of post-dilution HDF
(approximately 46 L/session) [14], while others have
found 50.5 L/session to be optimal [15]. From a clini-
cal perspective, it is crucial to determine the total vol-
ume of ultrafiltrate that must be exchanged to achieve
optimal survival in patients undergoing HDF. Ideally,
this volume should be at least equivalent to the patient’s
total body water. Given these studies and recommenda-
tions, let’s consider two different patients based on their
body weight. The first is a 55-year-old woman with a
body weight of 50 kg and a height of 160 cm. According
to the Watson equation, she has 27.34 L of body wa-
ter [16]. It is evident that, following any of the above
guidelines, during pre-dilution online HDF, the water
exchange per session would significantly exceed her to-
tal body water (46 or 50.5 L/session). If she were under-
going online HDF with a blood pump rate of 400 mL/

min and an ultrafiltration rate at 53% of the pump for a
4-hour session, she would exchange about 51 L/session.
This volume is nearly twice her total body water.

On the other hand, consider a 60-year-old man
with a height of 170 cm and a body weight of 100 kg,
who is also on a three-times-weekly dialysis program
(pre-dilution online HDF), with 4-hour sessions. His
total body water, according to the Watson equation,
would be 48.6 L. Under the same dialysis conditions
(blood pump rate of 400 mL/min, 4-hour session, and
ultrafiltration rate at 53% of the pump), the convection
volume would be approximately equal to his total body
water.

This example demonstrates that the woman would
exchange her total body water twice per session, while
the man would do so once. In our study, during pre-di-
lution online HDF, we exchanged each patient’s water
volume at least once. Specifically, we exchanged more
than 40 L (mean + SD =49.2 + 1.8 L), while the mean
body water of our patients was 35.5 = 4.4 L.

In mixed dilution HDF, as known from the litera-
ture, the substitution fluid is infused both pre- and post-
filter simultaneously [17]. This method can increase the
total substitution volume while reducing blood viscosity
due to the inclusion of pre-dilution. The ratio of pre-
and post-infusion can be adjusted to achieve optimal
results. In this study, instead of using the classic mixed
online HDF, which requires a specialized dialysis ma-
chine and specific blood lines (with an extra pump), we
used a standard dialysis machine for HDF with blood
lines suitable for either pre- or post-dilution HDF. We
began with post-dilution online HDF for the first half
of the session, then switched to pre-dilution (manually)
for the remaining half in patients known to experience
increased transmembrane pressure (TMP) during post-
dilution online HDF, typically around the midpoint
of the session. This approach allowed us to complete
the HDF without thrombotic events and with excellent
toxin clearance, as noted by others [14, 18] and our-
selves.

Mixed HDF is found to be better than pre-dilu-
tion, in terms of beta 2-microglobulin clearance, with
blood flow 272.8%£39.7 in pre-dilution and 256.2+31.8
in the mixed [19] (i.e. much lower than ours) as have
shown also by Schiffl in a characteristic table where he
compared the clearance of low and medium MW tox-
ins, which were similar in post- and mixed dilution, and
the pre-dilution was following [9].

Beta 2-microglobulin is a well-known and pretty
good, studied index of medium weight uremic toxins,
and is also known for its role in hemodialysis amyloido-
sis, cardiovascular side effects, and morbidity [15, 20].
It is distributed in the extracellular space and there is
minimal increase in its serum levels after the end of the
session (rebound), which is estimated at about 4% [21].

Studies have shown that online HDF is associated
with better clearance, about 20-40% of beta 2-micro-
globulin [1] compared to conventional hemodialysis
despite the same Kt/V [1,2], which is greater in longer
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duration of dialysis sessions. Also, when in pre-dilution
online HDF the substitution volume is >46-60 L/ses-
sion [1, 8, 9, 15], and in post-dilution >23 L [22], is
established better survival. So, studies showed that sur-
vival increases with increasing substitution volume in
post-dilution online HDF [1-4], and others found an
increase in survival with post-dilution online HDF at
55-75 L of substitution volume/week while arguing that
>75 L/week adds no survival benefit [13].

In our study, the serum beta 2-microglobulin lev-
els were decreased from 64.4%+2.7% to 70.6+3.1%, with
the best removal noted in post-dilution and the worst in
pre-dilution. The amount of beta 2-microglobulin re-
moved/session was higher in post-dilution and worst in
pre-dilution, without any difference between pre- and
mixed dilution, as noted and by others who determined
the changes in the serum levels [19]. Investigators noted
better removal of medium MW toxins with mixed di-
lution HDF in comparison with the pre-dilution [23],
and especially for beta 2-microglobulin others found
the removal of 72.1% in mixed dilution, and 69.2% in
pre-dilution online HDF [17]. These findings show that
the mixed dilution is comparable to the pre-dilution in
the removal of medium MW toxins, without problems
in the TMP and filter thrombosis [8] but is less effective
than post-dilution [23].

In our study with membranes polynephron (with
SC for the beta 2-microglobulin 0.803) and surface area
of 2.5 m? we noted very good removal of beta 2-micro-
globulin (from 64.4+2.7% to 70.6+3.1%) in the three
groups of HDF, with the best one in post-dilution and
the worst in pre-dilution, as found and others [19],
where removed from 223+66 to 267+£92 mg of beta
2-microglobulin/session, with the greatest removal with
the post-dilution HDF and the worse with pre-dilution.

Monomeric prolactin (MW=23,000) is the most
common form of circulating molecule in healthy in-
dividuals, but there are also higher molecular mass
forms such as the large prolactin which is its dimer
(MW=60,000) and macroprolactin (MW=150,000).
The latter two constitute the 20% of serum prolac-
tin [24]. With the method used in our study, the total
molecule of prolactin and not only the monomer was
determined. As a hormone involved in reproductive be-
havior, it could play a role in the sexual dysfunction of
uremia. Thus, it causes loss of libido, erectile problems,
and infertility. In men, it can cause gynecomastia and
galactorrhea and in women menstrual disturbances and
galactorrhea. Hyperprolactinemia is likely a contribut-
ing factor to atherosclerosis in chronic kidney disease
(CKD) patients. Its role in these patients has been
positively associated with mortality and cardiovascular
death.

Hyperprolactinemia is very common in hemodia-
lyzed patients [25]. HDF with high-flux membranes
improves the clearance of molecules, with MW up to
25,000 Da, and sometimes up to 50,000 Da, resulting in
the reduction of hyperprolactinemia as well. However,
it has been shown that a few hours after the HDF ses-

sion, prolactin levels return to pre-dialysis [26], due to
its continued production.

We determined the removal of prolactin, a mol-
ecule with MW bigger than twice beta 2-microglobulin.
The fact that it is removed better with mixed dilution
than with pre-dilution (it is noted that prolactin is re-
moved better with post-dilution) is of particular im-
portance since even with toxins with larger MW, mixed
dilution proves to be very good. Santos et al. in a study
of 19 stable patients on post-dilution online HDF (filter
surface area 2.1 m2, blood pump 400 ml/min), and with
convective volume 27.4%3.4 L found loss of prolactin
73.7% (67.3-77.5%) [27], as found and others [28].
This difference with our results may be due to higher
substitution volume in these studies and to the time the
blood samples were taken at the end of the session (im-
mediately after the end, and not after the equilibration
of prolactin between body compartments, as we did).

Also, Maduell et al. who studied 21 dialyzed pa-
tients evaluated prolactin removal with a Helixone filter
in a pre-dilution online HDF session. Their blood flow
during the study was 350-500 ml/min (from 434%36
ml/min), dialysate flow 400 ml/min, session duration
was on average 291117 min (from 240 - 300 min) and
they found prolactin removal by 74.629% [29]. This
percentage was clearly higher than ours, but it should
be considered that the blood supply to the filter in their
study was greater than ours, the duration of the session
was also longer, and the blood samples for prolactin de-
termination were taken immediately after the end of the
session.

In the current study also a significant % reduction
of serum prolactin levels was noted (removal amount
ranged from 36.2+9.5% to 52.5+8.9% per session),
more with post-dilution and mixed model and less with
pre-dilution. That means that mixed dilution online
HDF is the second-best choice in the removal of medi-
um MW toxins, while in the removal of low MW toxins,
the worst of all is conventional hemodialysis and the
best is pre-dilution online HDF (again the mixed online
HDF was the second-best method). So, in cases where
post-dilution cannot be completed (if it cannot achieve
the substitution volume of >23 L), it is preferable to use
the manual mixed model. The most probable cause that
manual mixed HDF is very effective (better than pre-
dilution HDF) is because both prolactin and beta 2-mi-
croglobulin are in both the extracellular and intracellu-
lar spaces, so within the first two hours of post-dilution
HDF the amount of the extracellular space is removed,
and then a significantly smaller amount is removed with
both (pre- and post-dilution), due to the slow move-
ment of these toxins from the intracellular space to ex-
tracellular.

Our study has several limitations that should be
acknowledged. First, the study involved a small sample
size from a single center, which could introduce col-
lection bias and limit the generalizability of the find-
ings. Second, while the study results suggest that the
substitution volume used was effective, we cannot be
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certain that it was the optimal volume. Further research
is needed to confirm this. Finally, we were unable to
measure prolactin levels in the hyperfiltrate to deter-
mine the exact amount removed during the sessions.

Conclusions. In summary, our study demon-
strates that post-dilution and mixed dilution HDF
methods were more effective at removing medium
molecular weight toxins compared to other approach-
es. There was no significant difference in the remov-
al of beta 2-microglobulin across the different HDF
techniques. For prolactin removal, post-dilution HDF
was superior to pre-dilution, and manual mixed on-
line HDF also proved to be more effective than pre-
dilution. These findings are clinically significant as
they demonstrate that effective clearance of medium
molecular weight toxins can be achieved without the
need for specialized dialysis machines, and without
encountering issues that might prevent the completion
of the HDF session. Further research is needed to ex-
plore these results in greater detail and to confirm their
clinical implications.
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