Maia et al. BMC Veterinary Research (2025) 21:348 BMC Veterinary Research
https://doi.org/10.1186/512917-025-04758-0

Check for
updates

Evaluation of the safety and feasibility
of extracorporeal therapy: therapeutic plasma
exchange in dogs - report of five cases

Suellen Rodrigues Maia' ", Reiner Silveira de Moraes', Silvano Salgueiro Geraldes', Maria Gabriela Picelli de Azevedo',
Amanda Garcia Stefaniszen', Marcio Anténio Batistela Moreira, Angélica Afonso', Henry David Mogollén Garcia®,
Adriano Sakai Okamoto', Alessandra Melchert!, Maria Licia Gomes Lourenco', Regina Kiomi Takahira',

Fabiana Ferreira de Souza“, Rogério Giuffrida® and Priscylla Tatiana Chalfun Guimaraes Okamoto'

Abstract

Background Therapeutic plasma exchange (TPE) has been used in immunological diseases, conditions of
hyperviscosity, and the removal of protein-bound drugs and toxins. Although complications may be encountered, its
use has been reported to offer some degree of safety and clinical improvement for dogs. This case report aimed to
describe the feasibility and safety of TPE in dogs.

Case presentation Five dogs with immune-mediated hemolytic anemia (IMHA) and/or canine visceral leishmaniasis
(CVL) not responsive to immunosuppressive treatment underwent TPE by centrifugation. Physical, laboratory, and
cardiovascular parameters were assessed pre- and post-TPE. Although one dog presented with angioedema and
another dog presented with neurological signs (nystagmus) during the procedure, no other significant hemodynamic
or hemostatic complications were observed, and both the physical and cardiovascular parameters remained stable
post-TPE. Both angioedema and nystagmus were controlled at post-TPE. A tendency for a decrease in serum protein
and ionic calcium was the main laboratory finding.

Conclusions Centrifugation-based TPE is a safe and feasible therapy in dogs with IMHA and CVL. Attention should be
given to hypocalcemia, the tendency toward hypoproteinemia, and secondary complications such as the occurrence
of neurological signs.
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Background

Therapeutic plasma exchange (TPE) is an apheresis ther-
apy that enables the separation of blood components in
an extracorporeal circuit, followed by specific substi-
tution of the plasma [1, 2]. The therapy is indicated for
the removal of high-molecular-weight biological sub-
stances such as antibodies, immune complexes, and tox-
ins (which bind to plasma proteins). In most cases, it is
a very useful complementary therapy in the removal of
compounds resulting from immune-mediated disor-
ders. However, it does not prevent their production if the
underlying issue is not treated or resolved [3, 4]. Thus,
TPE is known to improve the response to standard treat-
ment for immune-mediated diseases, hyperviscosity syn-
drome, and intoxications, increasing the possibility of
recovery in veterinary [5-8] and human patients [3, 9,
10].

TPE has been advocated for hematological, nephro-
logical, neurological, and gastrointestinal disorders in
humans [11-14] and is a relatively safe and controlled
procedure [15]. In veterinary medicine, TPE is an emerg-
ing therapy, but it is understudied because of the high
cost of equipment and the need for specialized personnel
[8]. However, there may be limitations in the use of this
technique in very small animals due to excessive extra-
corporeal volume and very low blood flow rates [16]. It
has been recommended as an adjuvant treatment for
conditions resulting in hypergammaglobulinemia, auto-
immune and immune-mediated diseases, and those aris-
ing from immune complex deposition [17]. Most studies
describe the application of TPE in dogs via the filtration
technique for the treatment of hematological diseases
such as immune-mediated hemolytic anemia (IMHA)
and immune-mediated thrombocytopenia (IMT) [18—
20], neurological conditions (myasthenia gravis) [21],
immune-mediated disorders (systemic lupus erythema-
tosus) [22], vascular disease (cutaneous and renal glo-
merular vasculopathy) [23], hyperproteinemia secondary
to canine visceral leishmaniasis (CVL) [24], drug intoxi-
cation [6, 7], and hyperviscosity syndrome [25.26], with
its use also reported in cats for the latter condition [25].

In TPE, the removal of target substances can be per-
formed through centrifugation or membrane separation
(filtration) [3, 26], with both methods being designed
primarily to remove high-molecular-weight substances
(>15.0 kDa). The centrifugation-based separation
method relies on the substance density and gravitational
force, whereas filtration relies on the membrane pore size
and molecular substance size [2, 9, 10, 27]. Regardless of
the removal process, it occurs nonselectively, removing
both pathological and nonpathological components, such
as albumin and coagulation factors, from the plasma.
Thus, apheresis should be complemented with simultane-
ous infusion of replacement solutions, which may include
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fresh frozen plasma (FFP), albumin, colloid fluids, and
crystalloids, aiming to maintain the colloid osmotic pres-
sure and compensate for losses, ensuring the patient’s
volume status [9, 28].

In this apheresis technique, the volume of exchange
per session and the frequency of the procedure must be
defined on the basis of factors that directly influence the
removal efficiency, such as the molecular weight of the
target substance, the volume of distribution, and bind-
ing to plasma proteins [2]. In humans, a volume of 1 to
1.5 plasma generally achieves satisfactory removal of the
target substance under most conditions [28], and larger
exchange volumes progressively become less efficient and
more challenging [29].

The utilization of this therapeutic modality in veteri-
nary medicine requires visibility and technical recogni-
tion, given the potential to enhance the treatment of
immunological diseases. In light of this perspective, this
prospective study aims to document the effects of a ses-
sion of TPE on the physical, laboratory, and cardiac char-
acteristics of five dogs diagnosed with immune-mediated
hemolytic anemia (IMHA) and/or canine visceral leish-
maniasis (CVL) that did not respond to conventional
therapy, highlighting the feasibility and safety of this
apheresis therapy.

Cases presentation

Materials and methods

Data from five dogs undergoing TPE via centrifuga-
tion were evaluated, including procedure details, physi-
cal examination findings, laboratory results, and cardiac
imaging. The history of the animals and subsequent
indications for the apheresis procedure included the
diagnosis of IMHA and/or CVL refractory to immu-
nosuppressive treatment. For animals with IMHA, the
diagnosis was determined on the basis of the ACVIM
consensus statement on the diagnosis of immune-medi-
ated hemolytic anemia in dogs and cats [30] and on sero-
logical tests for those with CVL.

Central vascular access was obtained via the Seldinger
technique [31, 32], with a double-lumen catheter in the
right jugular vein and the distal end of the catheter posi-
tioned at the junction of the cranial vena cava with the
right atrium. Catheters of 8 Fr x 12.5 cm (Joline®, Joline
GmbH & Co., Hechingen, Baden-Wiirttemberg, Ger-
many) or 11 Fr x 20 cm (Joline®, Joline GmbH & Co.,
Hechingen, Baden-Wiirttemberg, Germany) were used
for animals up to 10 kg and over 10 kg, respectively.
Radiographic examination was performed to confirm the
correct positioning of the catheter. The removal of the
double-lumen catheter was performed 24 h after the end
of the procedure.

In all five dogs, TPE sessions were performed via the
Spectra Optia® system (Terumo BCT Inc., Lakewood,
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CO, USA) set to achieve an exchange volume correspond-
ing to one time the plasma volume of each animal. Con-
sidering the total blood volume (TBV) of each animal, the
extracorporeal circuit (141 mL) was initially filled with a
priming fluid: 0.9% NaCl solution or red blood cell con-
centrate (according to the patient’s weight) from a com-
patible donor for blood transfusion. The choice of the
priming solution to be used was based on the extracorpo-
real volume considering the circuit volume of 141 mL and
the volume of the channel (10 mL), which must respect a
proportion of < 15% of the hematic volume. The choice of
red blood cell concentrate should respect both the extra-
corporeal volume below 141 mL and the volume of the
channel lower than 15%. Otherwhise, NaCl 0.9% can be
used as a priming solution to remove air from the circuit.
A regional citrate anticoagulation bag (2200 mg/100 mL
of sodium citrate) was used to prevent coagulation of the
system (JP Industria Farmacéutica S.A., Ribeirdo Preto,
Séo Paulo), with a ratio of 10:1 required by the manufac-
turer. Simultaneously, with plasma removal, the infusion
of replacement solution was composed of FFP (at least
50%) and 0.9% NaCl

Equipment parameters represented by fluid balance,
plasma volume to be withdrawn and session time were
individually configured on the basis of total blood volume
(TBV =weight (kg) x 0.08), hematic volume (HV=TBV
(mL) x hematocrit (%)) and plasma volume (PV=TBV
(mL) - HV). During the procedure, the dogs were physi-
cally restrained on a stainless steel table.

A blood sample from the left jugular vein was col-
lected for a complete blood count (CBC) and serum bio-
chemical analysis before and after each session. The red
blood cell count was performed manually with the aid
of a hemocytometer, while the platelet and leukocyte
counts were quantified via a Poch-100iV Diff analyzer.
The determination of total plasma protein was performed
manually via a portable refractometer. The serum bio-
chemical analysis included the determination of urea,
creatinine, alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyl transferase (GGT),
total protein, albumin, globulin, calcium, and phosphorus
concentrations. These parameters were confirmed via a
Roche Cobas Mira Plus enzymatic analyzer following the
manufacturer’s instructions and the available commercial
kits (Bioclin®, Roche Diagnostic, Belo Horizonte, Minas
Gerais, Brazil). Another sample was collected for venous
blood gas analysis to evaluate the blood pH, partial pres-
sure of carbon dioxide (PCO,), base excess, sodium
bicarbonate, ionized calcium (iCa), sodium, and potas-
sium. Blood gas and electrolyte assays were conducted in
a portable device (i-Stat 1 Handheld, Abbott, USA).

Electrocardiographic and echocardiographic exami-
nations were performed and interpreted by the Veteri-
nary Cardiology Service of Sdo Paulo State University
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(UNESP)- Botucatu— SP- Brazil immediately before
and after TPE sessions. Computerized electrocardiogra-
phy was used, and the results were evaluated via the TEB
ECG-PC VET*, Sdo Paulo, Sdo Paulo, Brazil. Alligator
clip-type electrodes were placed on the skin surface of the
humero-radial-ulnar and femoro-tibial-patellar joints.
The three bipolar leads (I, II, and III) and augmented uni-
polar leads (aVR, aVL, and aVF) were recorded at a speed
of 25 mm/second and calibrated so that one centimeter
equaled 1 mV. For electrocardiographic interpretation,
heart rate (HR), morphological analysis, polarity, dura-
tion and amplitude of P waves, QRS complexes, and T
waves, as well as the duration of the PR and QT intervals,
were measured via lead II.

Echocardiography (GE Healthcare device, LOGIQ,
GE Medical Systems (China) CO. LTD., Jiangsu, China)
was performed via 6 S and 3 S probes according to the
animal’s weight. The examination included transthoracic
evaluation in 2D mode, M mode, and Doppler. The ani-
mals were positioned in right and left lateral decubitus
using manual restraint, without sedation or anesthesia, to
perform the transthoracic echocardiographic examina-
tion in two-dimensional, M-mode and Doppler modes.
The reference echocardiographic values used were
according to the patients’ body weight [33].

To prevent any adverse reactions to the procedure,
the dogs included in the study received 2 mg/kg diphen-
hydramine subcutaneously and 50 mg/kg hydrocortisone
intravenously thirty minutes before the beginning of the
session. Physical and clinical evaluations of the dogs were
conducted in the pre, trans- (30, 60, and 90 min after the
start of the session), and postsession periods. Data on
systolic blood pressure (SBP), rectal temperature (RT),
heart rate (HR), and respiratory rate (RR) were recorded.

The collected data are presented descriptively, and con-
sidering the low number of observations, they are repre-
sented by median and interquartile ranges (Q1 and Q3),
with comparisons between parameters before and after
TPE by the nonparametric Wilcoxon test for paired data.

Results

Four females and one male dog were subjected to the
procedure, with a median weight of 6.8 kg (range, 5.1-
14.7) and an age of 7.4 years (range, 3.5-11.2), from four
different breeds (Schnauzer, Bull Terrier, German Spitz,
and two Pugs). Two Pugs had disorders associated with
immune complex deposition due to CVL, Leishmania
infantum infection confirmed by serological tests, and
two (Schnauzer and Bull Terrier) had IMHA (anemia,
positive saline agglutination, reticulocytosis, and sphe-
rocytosis). The fifth dog (German Spitz) presented a
simultaneous picture of the CVL and IMHA. All dogs
were refractory to clinical treatment for the underlying
disease. None of the dogs improved with conventional
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Table 1 Demographic and clinical characteristics of the five
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Table 3 Median (range) of biochemical parameters at pre- and

dogs that underwent centrifugal-based TPE post-TPE
Characteristic Dog Parameter Pre-TPE Post-TPE p
1 2 3 4 5 Urea (mg/dL) 32 44 (27.5-266) 0313
Gender Female Female Female Male Female (22.5-267.5)
Breed Pug Schnauzer Bull Spitz Pug Creatinine (mg/dL) 0.7 (0.6-4.4) 0.7 (0.6-44) 0438
Terrier Alemao Alanine aminotransferase (Ul/L) 101 (85-169.5) 163 0438
Age (year) 34 12.2 10.2 74 35 (55.5-163.0)
Weight (kg) 74 49 221 54 6.8 Alkaline phosphatase (Ul/L) 422 165 0.063
Disease L IMHA  IMHA  CVLand CVL (1785-781.5)  (89.5-3490)
IMHA Gamma-glutamyltransferase 10(34-32.7) 36(1.9-152) 0.063
Immunosup-  Cortico-  Cortico-  Cortico-  Cortico-  Cor- /o
pressive treat-  therapy'  thera- thera- thera- tico- Total protein (g/dL) 7.1 (5.2-9.8) 5.8(44-6.5) 0.063
ment +others py' +Mi-  py'+Cy-  py'+Mi-  thera- Albumin (g/dL) 23(3-3.1)  21(1,9-26) 0058
copheno- clospo-  copheno-  py' Globulin (g/dL) 39(30-72)  3.2(25-42) 0063
late? rine’ late® Calcium (mg/dL) 98(93-103)  82(62-99) 0.250
Blood transfu-  No 2X(red  2X(red  3X(red  No Phosphorus (mg/dL) 50(43-53) 54 (46-58) 0581
sion therapy f('fﬁrf_e” E(‘)Oniinc_eu E‘Ooniinc_e” Sodium (mEg/L) 131 1495 0125
trate) trate) trate) (128.3-148) (132.3-168.3)
Potassium (mEg/L) 4.7 (3.9-5.0) 39(3.2-4.2) 0.197

CVL, canine visceral leishmaniasis; IMHA, immune-mediated hemolytic anemia;
12 mg/kg/once a day; 210 mg/kg/twice a day; 310 mg/kg/once a day

Table 2 TPE session parameters for the treatment of the five

dogs
Parameter Dog

1 2 3 4 5
Session time (minute) 113 123 78 108 98
Total blood volume (mL) 600 400 1,760 424 560
Plasma volume (mL) 444 328 1566 301 381
Extracorporeal volume (%) 235 353 80 333 252
Removed plasma volume (mL) 396 304 941 292 356

Plasma volume exchange per TPE 09 10 06 .11
session

Replacement solution - NaCl 0.9% (%) 30 20 0 30 30
Replacement solution— FFP (%) 70 80 100 70 70
Volume of anticoagulant infused (mL) 23 21 16 26 28
Priming with red blood cell Yes Yes Non Yes Yes
concentrate

TPE, therapeutic plasma exchange; FFP, fresh frozen plasma

medical treatment for the underlying disease. The demo-
graphic and clinical characteristics of the participants are
summarized in Table 1.

Given the objective of the study in evaluating the fea-
sibility and safety of the apheresis therapy in dogs, each
dog underwent only one session of TPE. The parameters
established for each dog are described in Table 2. Dog
3 did not reach the previously established volume for a
plasma exchange, as the session had to be interrupted
owing to the occurrence of neurological signs (lateral
nystagmus and decreased responsiveness to environ-
mental stimuli). Additionally, dog 1 did not achieve the
prescribed exchange volume, even though there were no
complications and the session was completed.

The median and range for each biochemical param-
eter, considering all five dogs (urea, creatinine, ALT, ALP,

TPE, therapeutic plasma exchange

Table 4 Median (range) of hematological parameters at pre-TPE
and post-TPE

Parameter Pre-TPE Post-TPE p

Red blood cells (10%/uL) 4.1 (26-4.2) 6.3 (3.2-7.0) 0.125
Hemoglobin (g/dL) 9.2 (5.9-9.5) 14.4 (7.5-15.5) 0.125
Hematocrit (%) 28 (15.3-31.0) 445 (22.5-485) 0.125
MCV (fL) 68.2 (66.9-74.8)  70.0 (66.7-72.8)  1.000
MCHC (%) 33.8(29.4-34.3) 32.8(31.2-33.7) 1.000
Plasma protein (g/dL) 9.7 (6.5-11.4) 6.4 (53-7) 0.125
RDW (%) 18.3(14-19.2) 16.5(14.2-16.6)  0.500
Platelets (><1O3/uL) 354 (86-662) 301 (98-617) 0.500
Metarubrocytes (/100) 7(1.3-26.3) 4(0.5-12.0) 0.250
Total leukocytes (xWO3/pL) 182 (11.6-29.6) 21.0(19.3-29.7) 0625
Segmented (1 03/ul) 15.3 (94~ 26.5) 189 (173-26.6) 0375
Lymphocytes (1 03/uL) 1.300 (1.2-1.3) 0.85(045-1.3) 0.250
Eosinophils (103/pL) 0.1(0.0-0.2) 0.0 (0.0-0.150) 1

Monocytes (1 03/ul) 1.6 (0.7-4.3) 1.6(0.73-2.3) 0.789

TPE, therapeutic plasma exchange; MCV, mean corpuscular volume; MCHC,
mean corpuscular hemoglobin concentration; RDW, red cell distribution width

GGT, total protein, albumin, globulin, calcium, phos-
phorus, sodium, and potassium) at pre- and post-TPE
are presented in Table 3. Although no significance was
reached, the plasma protein content tended to decrease
post-TPE.

In Table 4, the results of the hemograms (red blood
cells, hemoglobin, hematocrit, mean corpuscular vol-
ume (MCV), mean corpuscular hemoglobin concen-
tration (MCHC), red cell distribution width (RDW),
platelets, metarubricytes, plasma protein, leukocytes,
lymphocytes, eosinophils, and monocytes) are described.
Although no significance was reached, a tendency toward
an increase in red blood cells, hemoglobin, and hemato-
crit was observed post-TPE.
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The results obtained pre- and post-TPE for venous
blood gas and electrolytes (pH, PCO2, sodium, bicar-
bonate, base deficit, potassium, and ionized calcium) are
summarized in Table 5. The dog that developed neuro-
logical signs (previously described) after the interruption
of the session presented a decrease in ionized calcium
values between the pre- and post-TPE periods, requiring
supplementation with this electrolyte (10% calcium glu-
conate — 1.5 mL/kg).

All animals presented electrocardiographic parameters
within the normal range in the pre- and post-TPE peri-
ods. Heart rate (HR), duration, and amplitude of electro-
cardiographic parameters did not significantly change.
No ventricular or supraventricular arrhythmias, conduc-
tion disturbances, or sinus pauses/blocks were detected.

In the pre- and post-TPE Doppler echocardiogram,
there were no clinically relevant alterations in the ana-
tomical or hemodynamic parameters. Systolic and dia-
stolic functions were preserved, and blood flow in major
vessels and valves was within normal limits.

Physiological parameters such as HR, respiratory rate
(RR), rectal temperature (RT), and systolic blood pres-
sure (SBP) remained within the species’ reference values
during and after TPE (Fig. 1). One dog developed angio-
edema after the administration of FFP, which quickly

200
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Table 5 Median (range) of hemogasometric and electrolytic
parameters at pre- and post-TPE

Parameter Pre-TPE Post-TPE p

Blood pH 7.37 (7.35-7.40) 7.34(7.29-7.36) 0438
PCO, (mmHg) 35.6 (26.5-36.0) 33.8(27.3-452) 0313
Sodium (nmol/L) 143 (142-148) 143 (1425-151.5) 0423
Bicarbonate (mmol/L) 19.1 (15-22.5) 17.7 (148-23.2) 0813
Base excess (mmol/L) -54(-9.5--25) -7.2(-99--3) 0.197
Potassium (mmol/L) 4.1 (3.6-43) 34(3.2-4.1) 0.188
lonized calcium (mmol/L) 1.3 (1.2-1.4) 09(0.7-1.2) 0.058

TPE: therapeutic plasma exchange

resolved after the administration of hydrocortisone
(50 mg/kg).

Discussion and conclusions

The present study successfully conducted TPE therapy in
five dogs that did not respond properly to conventional
immunosuppressive drug therapy. Although angioedema
has been observed in one dog and nystagmus in another
dog, a single TPE session seemed to be safe in dogs, with
no reports of major complications such as hypovole-
mia, hypotension, and/or hemodilution. To the best of
the authors’ knowledge, these major risks were avoided
because of the use of blood priming in these animals, a

45
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Fig. 1 Median (range) of physical parameters before and during therapeutic plasma exchange. HR (heart rate), RR (respiratory frequency), RT (rectal

temperature) and SBP (systolic blood pressure)
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procedure that limits the extracorporeal blood volume to
less than 20% of the patient’s TBV [20].

In human medicine, TPE is commonly used to treat
Guillain—Barré syndrome, Goodpasture syndrome, myas-
thenia gravis, IMHA, IMT, and acute liver failure before
liver transplantation [19]. In veterinary medicine, the use
of TPE has been reported in IMHA [20, 34], IMT [20],
myasthenia gravis [21], systemic lupus erythematosus
[22], cutaneous and renal glomerular vasculopathy [23],
hyperviscosity syndrome [35, 36], and toxicity caused by
protein-bound solutes [6, 7]. Falling into this spectrum
of immunological diseases, the dogs in this report were
diagnosed with IMHA and/or CVL, making them can-
didates to benefit from the described apheresis therapy.
The pathophysiology of both CVL and IMHA involves an
exacerbated immune response, leading to excessive pro-
duction of immunoglobulins and antigen-antibody com-
plexes [37-40]. These components can be detrimental to
the patient’s clinical condition, as they trigger a dysfunc-
tional immune response and increase the risk of normal
cell destruction, particularly in the case of IMHA [39].
Additionally, immune complexes may deposit in various
tissues (particularly in the case of CVL) [40, 41], inducing
a deleterious inflammatory response. Thus, by removing
these substances and promoting a potential immuno-
modulatory effect, TPE may offer a relevant therapeutic
approach in these specific cases, helping to mitigate com-
plications arising from the exaggerated immune response
[2, 24, 34].

In this study, a combination of FFP (comprising at least
70% of the total replacement volume) and crystalloid
solution (0.9% NaCl solution) was used as replacement
fluids. Even after preprocedure administration of diphen-
hydramine and hydrocortisone, one dog experienced
angioedema after the use of FFP. In this case, the animal
quickly recovered after the administration of hydro-
cortisone, and TPE was continued. A similar condition
was also described by Francey and Schweighauser [16].
Given the above, to minimize the potential occurrence
of transfusion-related allergic reactions in a larger num-
ber of animals undergoing TPE, the use of premedication
should be considered, particularly in protocols where FFP
is included as one of the replacement fluid components.
This is because, even in protocols where FFP does not
constitute the entirety of the replacement fluid (as in the
present study), multiple units of this blood component,
derived from different donors, are required in each TPE
session to achieve the necessary volume, thereby increas-
ing the risk of transfusion reactions associated with this
therapy [42].

FFP or albumin are widely used replacement solu-
tions in human medicine because they provide desired
properties, such as volume of replacement, maintenance
of oncotic pressure, and replenishment of coagulation
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factors [19]. However, the use of FFP has been associ-
ated with greater adverse effects, causing human albu-
min diluted in saline solution to be commonly employed
as a replacement solution in people [43]. Conversely, in
veterinary medicine, replacement solutions have been
based on previously described options for dogs and cats,
including FFP and/or human albumin and/or crystalloid
solutions (such as 0.9% saline) and/or synthetic colloids
[16, 20, 23, 34]. This knowledge is based on the replace-
ment solution’s choice applied to the five dogs in this
study.

As described by de Back et al. [28], a volume of 1 to 1.5
exchanges per session predicts an approximately 60—80%
reduction in the pathogenic substance(s), respectively.
Larger exchange volumes are proportionally less effi-
cient due to the exponential kinetics of the procedure
and require larger volumes of replacement solutions
[28, 29]. In the present report, although the prescrip-
tion was made to achieve at least the volume of 1 plasma
exchange in all dogs, this volume was actually achieved in
3 animals. The reason why dog 1 did not reach this mini-
mum exchange volume may be that the effective volume
of plasma removed did not match the volume of plasma
processed [44]. Therefore, prescriptions exceeding the
volume of one exchange may be necessary to achieve
the required removal efficiency. On the other hand, dog
3 did not reach the prescribed exchange volume because
its session was interrupted due to neurological clinical
complications. Despite this, this animal also presented a
trend toward a decrease in total protein and globulin val-
ues posttreatment.

In this study, as previously described, all animals
were subjected to a prescription of a volume of plasma
exchange, which decreased the concentration of immu-
noglobulins by 60% in a single procedure [9]. This thera-
peutic benefit may, in part, explain the trends toward a
decrease in globulin levels observed in the animals in this
study. Additionally, part of this outcome may be attrib-
uted to plasma hemodilution caused by the small amount
of 0.9% NaCl solution (20-30%) used to compose the
replacement solution. Despite this, considering the distri-
bution volume and recovery rate of the target substance,
the vast majority of the conditions already described in
humans require additional sessions in a short period of
time or even daily for better results [9, 12], which tends
to be extrapolated to veterinary medicine as well.

Indeed, most electrolytes, venous blood gases, and
complete blood counts remained stable after treatment.
In four dogs, normocytic normochromic anemia rapidly
reversed after blood transfusion, justifying the results
observed in the post-TPE hemogram. The decrease in
protein concentration in the hemogram, total plasma
proteins, and globulins in serum biochemistry observed
post-TPE is consistent with findings in dogs in other



Maia et al. BMC Veterinary Research (2025) 21:348

studies [16, 19, 24]. However, the assessment of a specific
group of proteins, including the immunoglobulin group,
tended to be decreased by the procedure, which could be
complemented through the use of electrophoresis and/or
proteomics and/or specific assays [36, 45, 46].

The acid-base balance of the dogs remained within
the expected range for the species, although hypocalce-
mia was observed shortly after the session in all patients.
This finding corroborates findings in dogs described
by Crump and Seshadri [19] and Francey and Sch-
weighauser [16]. This alteration is commonly observed in
patients undergoing TPE, as the use of citrate as an anti-
coagulant binds to ionized calcium to inhibit the coagu-
lation cascade [47]. For this reason, with the prospect of
hypocalcemia during the procedure, intravenous calcium
supplementation throughout TPE has been described
[16, 19, 20]. Only one dog experienced complications
during the procedure, with rapid recovery after interven-
tion (procedure interruption, blood return to the patient,
and administration of 10% calcium gluconate). Potassium
replacement has also been described in humans because
of the possibility of similar reductions in this electrolyte
and hypokalemia during the procedure [48]. Although
angioedema and nystagmus have been observed in one
dog each, it is reliable to state that, overall, the dogs pre-
sented clinical stability, and vital signs remained within
the expected range for the species during the procedure.
Thus, on the basis of the results described and evaluated
in this study, along with previously reported descriptions
[16, 19, 20], prophylactic supplementation with calcium
gluconate during the TPE procedure, aimed at preventing
hypocalcemia and its secondary clinical manifestations,
should be considered an essential practice in protocols
that use sodium citrate as an anticoagulant for the extra-
corporeal circuit and fresh frozen plasma as part of the
replacement fluid.

From a cardiac examination perspective in the ani-
mals of this pilot study, TPE resulted in stability for the
dogs undergoing the procedure, as cardiac exams were
observed within the expected interval for the species.

One limitation of this study is the small number of ani-
mals evaluated, which may not have captured all the pos-
sible adverse effects. Additionally, the number of animals
limited our assessments to descriptive data. Further-
more, the therapeutic evaluation of TPE for the diseases
in question was not the focus of this report, so only one
session of TPE was evaluated. After the TPE session, the
animals returned for follow-up during clinical treatment.

In conclusion, therapeutic plasma exchange by centrif-
ugation is a feasible and rapid extracorporeal technique
that is safe (during delivery and immediately after the
procedure) when used in dogs with IMHA and/or CVL.
Special attention should be given to possible transfu-
sion reactions and the occurrence of signs secondary to
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hypocalcemia during the procedure. To avoid or mini-
mize the consequences of hypocalcemia, the choice of
the fluid used for replacement needs special attention,
and adequate proportions must be used for each patient
individually. Although no significant results were found,
a tendency toward a decrease in serum protein was
observed after TPE in the dogs reported here. The thera-
peutic effect of TPE on this specific tendency toward the
reduction of target molecules has not been evaluated.
Therefore, further studies are needed to complement the
therapeutic action of centrifugation-based TPE in vet-
erinary patients affected by potentially immunological
conditions.
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