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Abstract

Rationale: Protocols for regional citrate anticoagulation with the hypertonic 4% trisodium citrate solution have been
recently described as an anticoagulation strategy during membrane therapeutic plasma exchange (mTPE). The effect of
citrate in the patient’s systemic hemostasis is negligible, thus regional citrate anticoagulation application is advantageous in
circumstances in which heparin-based protocols are deemed unsafe for patients with a high risk of bleeding. The downsides
of using hypertonic citrate solutions are mainly hypocalcemia and hypernatremia that ultimately can cause adverse clinical
events.

Presenting concerns of the patient: (I) A 57-year-old Caucasian female with a history of active vaginal bleeding
secondary to endometrial hyperplasia. She had a history of antiphospholipid syndrome, and systemic lupus erythematosus
with marked refractory autoimmune thrombocytopenia. Her platelet count was persistently below 4,000/mm? even after
different immunosuppressive regimens and daily platelet transfusions. (1) A 70-year-old Caucasian female was hospitalized
presenting acute kidney injury stage 3 due to rapidly progressive antineutrophil cytoplasmic antibody (ANCA)-associated
vasculitis, however without the need for renal replacement therapy. At admission, serum creatinine (sCr) was 3.56 mg/dL
(normal range: 0.53-1.00 mg/dL). Her baseline sCr was 0.8 mg/dL obtained 6 months earlier. Chest tomography revealed
bilateral masses compatible with granulomatous lesions and no signs of alveolar bleeding. Since severe cases of ANCA
vasculitis involving the lungs may evolve with alveolar hemorrhage, heparin was avoided.

Diagnoses: (I) Systemic lupus erythematosus-associated autoimmune thrombocytopenia and (2) ANCA-associated
vasculitis with kidney and lung involvement.

Interventions: Herein, we describe a case series of 12 consecutive mTPE treatments in 2 different patients using regional
4% trisodium citrate anticoagulation.

Outcomes: All the sessions were uneventful, presented only minor electrolyte imbalances, and were effectively completed
without early interruptions due to clotting of the plasmafilter.

Teaching points: In our 2 cases, extracorporeal regional citrate anticoagulation was successful in optimizing plasmafilter
patency without bleeding events in 2 high-risk patients using established protocols for the citrate and calcium infusions.

Abrégé

Fondement: Les protocoles d’anticoagulation régionale avec une solution hypertonique a 4% de citrate trisodique ont
récemment été décrits comme stratégie d’anticoagulation pendant les séances d’échange plasmatique par filtration (mTPE
— membrane therapeutic plasma exchange). L’effet du citrate étant négligeable sur 'hémostase systémique du patient,
I'anticoagulation régionale au citrate s’avére avantageuse dans les cas ol les protocoles avec I'héparine sont jugés dangereux
pour les patients dont le risque d’hémorragie est élevé. Les inconvénients liés aux solutions hypertoniques de citrate sont
principalement I'hypocalcémie et I’hypernatrémie, lesquelles peuvent éventuellement entrainer des effets indésirables sur le
plan clinique.
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Présentation des cas: a) Une femme de race blanche dgée de 57 ans qui présentait des saignements vaginaux actifs en
raison d’une hyperplasie de 'endométre. La patiente avait des antécédents de syndrome antiphospholipide et de lupus
érythémateux disséminé avec thrombopénie autoimmune réfractaire marquée. Sa numération plaquettaire demeurait
invariablement inférieure a 4000/mm? malgré différents traitements immunosuppresseurs et la transfusion quotidienne de
plaquettes. b) Une femme de race blanche agée de 70ans hospitalisée pour une insuffisance rénale aigué de stade 3 due a une
vascularite a évolution rapide associée aux anticorps cytoplasmiques antineutrophiles (ANCA). La patiente ne nécessitait
aucun traitement de remplacement rénal. Son taux de créatinine sérique (SCr) a I'admission était de 3,56 mg/dL (plage
normale: 0,53 a 1,00 mg/dL) alors que son taux initial, mesuré 6 mois plus tét, était de 0,8 mg/dL. Une tomographie thoracique
a révélé des masses bilatérales compatibles avec les Iésions granulomateuses et I'absence de saignement alvéolaire. L’héparine
a été écartée puisque les cas graves de vascularite associée aux ANCA avec atteinte des poumons peuvent évoluer vers une
hémorragie alvéolaire.

Diagnostics: a) Thrombocytopénie autoimmune associée a un lupus érythémateux disséminé; b) vascularite associée aux
ANCA avec atteinte des reins et des poumons.

Interventions: Nous décrivons une série de cas impliquant deux patientes ayant subi |2 séances de mTPE consécutives avec
un anticoagulant régional a 4% de citrate trisodique.

Résultats: Toutes les séances se sont déroulées sans incident, seuls des déséquilibres électrolytiques mineurs ont été
observés. Toutes les séances ont été réalisées efficacement, sans interruption précoce due au blocage du filtre a plasma.
Enseignements tirés: Dans deux cas qui présentaient un risque élevé d’hémorragie, I'anticoagulation régionale
extracorporelle avec citrate, réalisée conformément aux protocoles établis pour les perfusions de citrate et de calcium, a
permis d’optimiser la perméabilité du filtre a plasma sans causer d’événement hémorragique.
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leads to blood loss and increased cost due to loss of dispos-
ables. Aiming to reduce the risk of this negative event, anti-

Introduction
Membrane therapeutic plasma exchange (mTPE) is an

extracorporeal blood purification technique that enables
the unselective removal of blood solutes almost up to the
size of cellular components.!? The physical mechanism
that enables mTPE is convection, in which pressure is
applied to a semipermeable membrane, this causes fluid
movement across the membrane and drag forces removing
large molecules.? The indications for mTPE are mainly
related to antibody-mediated diseases, in which the
mechanical removal of antibodies mitigates briefly the dis-
ease process.? Other conditions that benefit from plasma-
pheresis are familial lipid disorders®® and acute liver
failure.’

A frequent complication of virtually all extracorporeal
blood purification techniques is clotting of the circuit, which

coagulation strategies are warranted. The goal of
anticoagulation is to promote optimal circuit patency with
minimal systemic effects on the patient. Unfractionated hep-
arin or low-molecular-weight heparin are widely used as
anticoagulants in mTPE; however, both are associated with
increased risk of bleeding.® Importantly, pro- and anticoagu-
lant factors are also removed by plasmapheresis, exposing
the patient to an additional risk of hemorrhagic events
because clotting factors, such as fibrinogen, require up to 96
h to return to baseline concentration values, while most of
other factors concentration return to baseline in 24 h.°
Recently, protocols of regional citrate anticoagulation (RCA)
in mTPE are emerging,'*'? These anticoagulation strategies
derive from protocols of RCA applied in continuous renal
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Figure |. Step-by-step protocol to determine citrate infusion rate (using 4% trisodium citrate).

Note. Fourth-generation CRRT machines have an embedded software that sets citrate infusion rate based on 3 variables: (1) desired citrate concentration
in treated blood (mmol/L); (2) blood flow (mL/h); (3) citrate concentration in the formulation (mmol/L). In the example: (1) desired citrate concentration
in treated blood was 3.0 mmol/L; (2) blood flow was 150 mL/min; (3) citrate concentration in the formulation was 136 mmol/L. This led to citrate

infusion rate of 199 mL/h.

replacement therapy (CRRT). Of note, in the setting of
CRRT, RCA is considered as the first choice for circuit anti-
coagulation'* with a higher safety profile when compared to
heparin.'>!'® Nonetheless RCA is rarely used in mTPE as an
anticoagulation strategy in the United States and in countries
from Latin America.! An alternative to mTPE is centrifugal
therapeutic plasma exchange (cTPE), in which the blood is
diverted to a rotating chamber, and the separation of blood
elements depends on the differences in density of each com-
ponent.? One advantage of cTPE is that it can be performed
with lower blood flows when compared to mTPE, 50-70 mL/
min versus 120-150 mL/min, respectively. This allows cTPE
to be carried out using a peripheral venous access, whereas
mTPE requires a hemodialysis vascular access. However,
cTPE requires a dedicated machine while mTPE uses com-
monly available CRRT machines;? therefore, the use of
mTPE is becoming more common. We present a series of 2
cases in which we performed a total of 12 sessions of mTPE
using RCA.

Therapeutic Focus and Assessment

We carried out 12 TPE sessions using the PrismafleX®
(Baxter Healthcare Corporation, Deerfield, IL, USA) sys-
tem, software version 8.1. The plasmafilter was TPE 2000®
- 0,35 m2- (Gambro, Lund, Sweden). A hypertonic citrate
solution, 4% trisodium citrate (citrate 136 mmol/L, Na™ 408
mmol/L) was used for RCA. All treatments had a standard
prescription. Blood flow was 9.0 L/h (150 mL/min) and the
desired concentration of citrate in treated blood was 3.0
mmol/L. The citrate infusion rate was 200 mL/h and was cal-
culated according to the formula in Figure 1. Replacement

flow was 2.0 L/h (33 mL/min) and the desired concentration
of calcium concerning effluent generated was 3.0 mmol/L.
The calcium compensation infusion was done with an exter-
nal intravenous pump, the solution used was 10% calcium
gluconate (223 mmol/L). The calcium compensation infu-
sion rate was 27 mL/h and was obtained from the formula in
Figure 2. Fresh frozen plasma (FFP) or 4% albumin were
used as replacement fluid. Magnesium was added to FFP or
4% albumin as a solution of 10% magnesium sulfonate (405
mmol/L). For each 1000 mL of FFP or 4% albumin, 3 mL of
10% magnesium sulfonate were added to the bag, attaining a
final magnesium concentration of 1.2 mmol/L.

Postfilter ionized calcium target was 0.20-0.45 mmol/L,
and the systemic ionized calcium target was 1.00-1.35
mmol/L. The systemic magnesium target was 0.65-1.05
mmol/L. The total exchange volume per session was 1.5
times patient’s predicted plasma volume (70 mL/kg * body-
weight ¢ [1 — hematocrit]). After 2 h of treatment initiation,
systemic samples for ionized calcium and total magnesium
were analyzed. In parallel, a postfilter sample for ionized cal-
cium was obtained, and the therapy duration was around 3 h.
The filtration fraction was close to 30% (filtration fraction is
obtained by the sum of replacement flow plus citrate flow
divided by plasma flow plus citrate flow). The sessions were
carried out in alternate days. It is estimated that after each
mTPE session exchanging 1.5 times patient’s predicted
plasma volume, the plasma concentration of IgG is reduced
by 80%. After each session, a redistribution of IgG occurs,
named rebound phenomenon, that is, the shift from antibod-
ies from the interstitial compartment toward the blood com-
partment. After 48 h from the session, the amount of serum
IgG available for removal is almost 2-fold higher than after
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Figure 2. Step-by-step protocol to determine calcium compensation infusion rate (using 10% calcium gluconate).

Note. Fourth-generation CRRT machines have an embedded software that sets calcium infusion rate based on 3 variables: (1) desired concentration

of calcium in effluent generated (mmol/L); (2) effluent flow (mL/h); (3) calcium concentration in the formulation (mmol/L). In the example: (1) desired
concentration of calcium in the effluent was 3.0 mmol/L; (2) effluent flow was 2 L/h; (3) calcium concentration in the formulation was 223 mmol/L. This

led to calcium compensation infusion rate of 27 mL/h.

24 h, justifying the sessions to be scheduled on alternate
days.!

This study was approved by the ethics committee of the
Faculty of Medicine, University of Brasilia (CAAE
44469620.3.0000.5558). Informed consent was waived
because of the retrospective nature of the study. The treat-
ments occurred in 2019.

Case Description

Case |

A 57-year-old Caucasian female was hospitalized with a his-
tory of active vaginal bleeding secondary to endometrial
hyperplasia. She had a history of obesity, hypertension,
antiphospholipid syndrome, and systemic lupus erythemato-
sus with marked refractory autoimmune thrombocytopenia.
Her platelet count was persistently below 4,000/mm? even
after different immunosuppressive regimens and daily plate-
let transfusions. Plasmapheresis was proposed as a rescue
treatment. Fresh frozen plasma was selected as the replace-
ment solution because of the active vaginal bleeding. The
vascular access was a nontunneled 11.5 Fr dual-lumen cath-
eter, 20 cm, inserted in the left femoral vein. The catheter
was placed in the femoral site, to the detriment of the jugular
site, to enable effective manual compression in case of active
bleeding to achieve hemostasis. The insertion was ultra-
sound-guided with simultaneous platelet transfusion and was
uneventful. She carried out 5 sessions of TPE without epi-
sodes of filter clotting, tetany, arrhythmias, nor worsening in
vaginal bleeding. In the last TPE session, the platelet count

escalated to 73,000/mm? and 3 days later attained a normal
value (164,000/mm?, reference range: 150,000-400,000/
mm?). She further developed nosocomial pyelonephritis,
septic shock, and died after 7 days.

Case 2

A 70-year-old Caucasian female was hospitalized presenting
acute kidney injury stage 3 due to rapidly progressive anti-
neutrophil cytoplasmic antibody (ANCA)-associated vascu-
litis, however without the need for renal replacement therapy.
At admission, serum creatinine (sCr) was 315 pmol/L (3.56
mg/dL), (normal range: 47-88 pumol/L [0.53-1.00 mg/dL]).
Her baseline sCr was 71 pmol/L (0.8 mg/dL) obtained 6
months earlier. Chest tomography revealed a mass of 5.2 X
4.9 X 2.8 cm in the right inferior pulmonary lobe, a nodule
of 0.8 cm in the right inferior pulmonary lobe and a nodule of
1.1 cm in the left inferior pulmonary lobe. The mass was
biopsied showing a nonspecific inflammatory infiltrate. No
signs of alveolar bleeding were reported. The patient was
stable and carried out 7 sessions of TPE in a noncritical care
setting. It was opted to use 4% albumin solution as replace-
ment fluid because the patient did not have active bleeding or
would not undergo any invasive procedure (the usual indica-
tions for FFP). No episodes of bleeding, tetany, arrhythmias,
or filter clotting were reported. The vascular access was a
nontunneled 11.5 Fr dual-lumen catheter, 20 c¢cm, and the
insertion site was the right internal jugular vein. Before the
initiation of TPE, fibrinogen concentration was 255 mg/dL
(normal range: 180-393 mg/dL). In between the sessions, the
lowest concentration of fibrinogen was 84 mg/dL. The
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Table I. Laboratory Parameters From All Treatments.

Postfilter ionized
calcium (mmol/L)
after 2 h of
treatment initiation

Systemic ionized
calcium (mmol/L)
after 2 h of
treatment initiation

Systemic total
magnesium (mmol/L)
after 2 h of treatment
initiation

Systemic Na™
(mmol/L)—daily
routine before the
session

Replacement

Ref. range 1.00-1.35 Ref. range 0.20-0.45 Ref. range 0.65-1.05 Ref. range 133-147 solution
Patient |
Session | 1.27 0.47 1.23 — FFP
Session 2 1.26 0.42 1.03 139 FFP
Session 3 1.43 0.21 I.11 141 FFP
Session 4 1.17 0.35 0.78 143 FFP
Session 5 0.99 0.19 0.53 145 FFP
Patient 2
Session | 1.25 0.41 0.82 147 4% albumin
Session 2 1.28 0.43 0.84 142 4% albumin
Session 3 1.18 0.45 0.82 139 4% albumin
Session 4 1.23 0.30 0.86 — 4% albumin
Session 5 .19 0.29 0.99 145 4% albumin
Session 6 1.31 0.46 0.86 137 4% albumin
Session 7 .13 0.44 0.95 — 4% albumin

Note. FFP = fresh frozen plasma. Bold digits correspond to values outside the reference range.

therapy was postponed if fibrinogen was below 150 mg/dL
and reassessed daily. After each session, she received 6 units
of cryoprecipitate. In addition, on the day of admission, she
received intravenous methylprednisolone 250 mg. The same
dose was repeated in the 2 consecutive days, followed by
daily oral prednisone 1 mg/kg. Oral cyclophosphamide
adjusted for the patient’s age and renal function was also ini-
tiated. After 23 days since admission, the patient was dis-
charged with an sCr of 156 pmol/L (1.77 mg/dL).

Follow-Up and Outcomes

Including laboratory results of both patients during 12 mTPE
sessions, in only one occasion, systemic ionized calcium was
below the lower limit, and in 2 occasions postfilter ionized
calcium was above the upper limit. Hypernatremia did not
occur during the period of treatment, and on 2 out of 12 mea-
surements, total magnesium concentration was outside the
range of normality (Table 1). No episodes of bleeding or fil-
ter clotting were reported.

Discussion

We describe 2 cases of mTPE in which an anticoagulation
regimen with heparin was deemed unsafe and RCA was
used. Clinical expected adverse effects of RCA are mainly
manifestations of hypocalcemia. The absence of episodes of
bleeding, tetany, or arrhythmias indicate the clinical safety of
this strategy. Citrate acts as an indirect anticoagulant as it
binds to ionized calcium and reduces its plasma concentra-
tion.!” Tonized calcium is essential in many steps of the

anticoagulation cascade, and when its concentration falls
below 0.3 mmol/L, clotting time tends to infinite.'® For this
reason, we targeted a postfilter ionized calcium level of 0.2
to 0.45 mmol/L. Usually to achieve this adequate range of
ionized calcium, the citrate concentration in treated blood is
between 3 and 4 mmol/L." As such, active bleeding is not a
contraindication for RCA since citrate’s impact on systemic
hemostasis would only occur with systemic ionized calcium
concentrations not compatible with life. During our treat-
ments, the lowest systemic ionized calcium observed was
0.99 mmol/L (normal range: 1.00-1.35 mmol/L). Importantly,
the efficacy of the RCA strategy was also demonstrated
because no episodes of clotting in the extracorporeal circuit
occurred. Betz et al demonstrated the feasibility of this pro-
tocol in their prior study.!! Importantly, this protocol needs to
be compared to established protocols that are used in CRRT.
Here, we applied the protocol to 2 patients to further demon-
strate efficacy and safety. The rationale for analyzing sys-
temic ionized calcium and postfilter ionized calcium is to
adjust pretreatment settings for the next session. Membrane
therapeutic plasma exchange sessions takes around 2 h to be
completed, usually when calcium results are available, the
session is already completed. This differs from the practice
in CRRT, where citrate and calcium infusions are adjusted
according to the calcium results every 6 h. Another differ-
ence between RCA in CRRT and in mTPE refers to the cal-
cium compensation. In CRRT, usually the target of systemic
ionized calcium is achieved with a calcium concentration of
2.0 mmol/L of effluent generated. In mTPE, when blood
components are used as replacement solution, they represent
an additional source of citrate, present in the bags of blood
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derivates. When albumin is used as replacement solution,
free bindings sites for calcium are present in the infused
albumin molecules, reducing the amount available of ionized
calcium. For these 2 reasons, in mTPE, usually the target
systemic ionized is achieved only with a higher proposed
calcium concentration in respect to the effluent flow, that is,
3.0 mmol/L of effluent generated, 50% higher than what is
required in CRRT.

Citrate also chelates with magnesium and one pitfall in
clinical practice is that only total magnesium is measured;
however, exclusively ionized magnesium has significant bio-
logical activity.?’ Therefore, even when total magnesium
concentration is in the normal range, the ionized fraction is
likely to be reduced during RCA. This highlights the impor-
tance of magnesium compensation to avoid adverse events
related to hypomagnesemia such as arrhythmias. In our
series, 2 episodes of hypomagnesemia occurred without
apparent clinical manifestations.

Finally, being a hypertonic solution (Na* 408 mmol/L;
554 mOsmol/kg H,0), 4% trisodium citrate can cause hyper-
natremia.?! We did not observe hypernatremia in our patients.
One possible reason is the short duration of the treatments
and consequently, the small amount of the solution delivered
to the patient, as the infusion rate of citrate was 200 mL/h, so
that after 3 h, 600 mL was infused into the circuit. Moreover,
the filtration fraction was around 30%, which implies that a
third of the solutes infused is removed in the plasmafilter.
Therefore, roughly only 400 mL of the hypertonic solution
gained access to the patient’s intravascular compartment in
each session.

Our case series has several limitations: (1) in Case 1,
fibrinogen concentration after mTPE sessions was not mea-
sured, and it was not possible to assess the influence of
mTPE on its plasma concentration; (2) for both cases, blood
gas analysis was not performed after the treatments, imped-
ing the detection of metabolic alkalosis, which is an expected
complication when RCA is used.

Teaching Points

Our case series with 12 consecutive mTPE sessions pointed
out that RCA is a feasible strategy to avoid premature extra-
corporeal circuit clotting without adverse clinical manifesta-
tions or significant electrolyte imbalances. We believe this
strategy might be particularly suitable for patients with
thrombocytopenia, hypofibrinogenemia, active bleeding, in
the postoperative course, or immediately after central intra-
venous access placement where the use of heparin is
prohibitive.

List of Abbreviations

ANCA, antineutrophil cytoplasmic antibody; CRRT, continuous
renal replacement therapy; cTPE, centrifugal therapeutic plasma
exchange; FFP, fresh frozen plasma; mTPE, membrane therapeutic
plasma exchange; RCA, regional citrate anticoagulation; sCr,
serum creatinine.
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