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Abstract

Objective: To systematically review available evidence to develop guidelines for diag-

nosis and treatment of transfusion-associated reactions in dogs and cats.

Design: Standardized and systemic evaluation of the literature (identified through

Medline via PubMed and Google Scholar searches) was carried out for identified
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transfusion reaction types in dogs and cats. The available evidencewas evaluated using

PICO (Population, Intervention, Comparison, Outcome) questions generated for each

reaction type. The evidence was categorized by level of evidence (LOE) and quality

(Good, Fair, or Poor). Guidelines, diagnostic, and treatment algorithms were gener-

ated based on the evaluation of the evidence. Consensus on the final guidelines was

achieved through Delphi-style surveys. Draft recommendations were disseminated

through veterinary specialty listservs for review and comments, whichwere evaluated

and integrated prior to final publication.

Results: Medline via PubMed and Google Scholar databases were searched. There

were 14 Population Intervention Comparison Outcome questions identified and cor-

responding worksheets were developed focusing on the diagnosis and treatment of

transfusion-associated reactions in dogs and cats. Fourteen guidelines and four algo-

rithmswere developedwith a high degree of consensus.

Conclusions: This systematic evidence evaluation process yielded recommended diag-

nostic and treatment algorithms for use in practice. However, significant knowledge

gaps were identified, demonstrating the need for additional research in veterinary

transfusionmedicine.

KEYWORDS

anaphylaxis, corticosteroids, fever, hemolysis, transfusion reactions

1 INTRODUCTION

Transfusions are lifesaving but their administration has risks. Reac-

tions to blood products can either be acute or delayed and can range

in severity from minor to life threatening. The prevalence of reac-

tions and complications in veterinary transfusion studies varies from

0–38%,1–3 depending on the species, reaction definitions, and blood

products used. There is limited information on the appropriate diagno-

sis and treatment of transfusion reactions in veterinary medicine.

In 2018, an international committee of veterinary specialists was

convened in partnership with the Association of Veterinary Hematol-

ogy and Transfusion Medicine (AVHTM) to develop consensus defi-

nitions and evidence-based recommendations for prevention, moni-

toring, diagnosis, and treatment of transfusion reactions in veterinary

patients.

2 METHODS

The consensus project was initiated through the AVHTM in 2018, as

described in part 1 of this series. The committee decided to limit the

project to definitions and guidelines involving transfusion reactions

secondary to redblood cells, plasma, andplatelet transfusions in canine

and feline patients.

Transfusion reactions were defined using evidence review and a

consensus process. Those definitions are presented in part 1. Rec-

ommendations for prevention and monitoring were also developed

based on evidence review and a consensus process and presented in

part 2.

Specific PICO questions were developed by the group around diag-

nosis and treatment strategies and assigned to transfusion reaction

worksheet authors. Comprehensive database searches were then per-

formed including review of both the human and veterinary literature.

Each PICOworksheet included search criteria, a review of the relevant

veterinary and human literature, and proposed guidelines. Literature

was assessed using levels of evidence and quality of evidence as dis-

cussed in previous veterinary consensus projects.4–6

Theproposed guidelineswere discussed as a committeewith oppor-

tunities for changes and suggestions. Delphi style anonymous surveys

were then used to refine the guidelines.7 These draft guidelines were

then presented to the AVHTM, American College of Veterinary Emer-

gency and Critical Care, and American College of Veterinary Internal

Medicine discussion boards for comments and suggestions. Guidelines

were further refined based on the input received.

Guidelines were characterized as either strong or weak based on 4

factors:

1. The availability and quality of the evidence

2. Balance of expected beneficial and harmful effects

3. Cost versus benefit

4. Agreement level of the consensus statementmembers.

Strong recommendations are written as “we recommend.” Weaker

recommendations are written as “we suggest.” If we could not find
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ODUNAYO ET AL. 191

F IGURE 1 Diagnostic and treatment algorithm for respiratory distress developing during or within 6 hours of transfusion.Abbreviations:
TACO, transfusion-associated circulatory overload; TRALI, transfusion-related acute lung injury; TAD, transfusion-associated dyspnea

evidence to answer the question, our guidelines start with “No

evidence-based recommendation can bemade regarding. . . ” Additional

recommendations are listed next. Diagnosis and treatment algorithms

for clinical signs associated with transfusion reactions were developed

by the group based on these guidelines.

3 DOMAIN 3: DIAGNOSIS

Transfusion reactions are commonly reported in veterinary practice

but there is a lack of consensus on how to diagnose specific types

of reactions. Systemic review of the current veterinary transfusion

reaction literature identifies large knowledge gaps and discordancy

in the diagnosis of specific transfusion reactions.2,3,8,9 Our consensus

panel outlined algorithms, based on evidence review, directed at unify-

ing diagnostic criteria for transfusion reactions (Figures 1–4). We also

identified 3 PICO questions focused on specific transfusion reactions

in dogs and cats.

3.1 Respiratory transfusion reactions

When respiratory signs (tachypnea, increased respiratory effort,

cyanosis) develop during or within 6 hours of a blood transfusion, the

patient should be evaluated immediately for a possible transfusion

reaction (Figure 1). The transfusion should be stopped (if it is still ongo-

ing) and the patient’s vitals should be assessed. This should include a

pulse oximetry reading, if available.10 Arterial blood gas analysis may

be warranted in ambiguous or more severe cases. Oxygen should also

be supplemented in patients that might benefit from it. A point-of-

care ultrasound evaluation of the thorax (thoracic focused assessment

with sonography for trauma, triage, tracking [TFAST]) may also be per-

formed to identify pleural effusion, pericardial effusion, or ultrasound

lung rockets/B-lines (suggestiveof pulmonary infiltrates). Clinically sig-

nificant pleural or pericardial effusion should be removed by centesis

as soon as it is identified.

Thoracic radiographs should be obtained as soon as it is safe

enough for the patient. Thoracic radiographs may help eliminate non-

transfusion-related causes of respiratory disease including aspiration

pneumonia, metastatic pulmonary disease, pulmonary thromboem-

bolic disease. Animals with transfusion-associated circulatory over-

load (TACO) or transfusion-related acute lung injury (TRALI) gener-

ally have diffuse bilateral pulmonary infiltrates (TACO and TRALI),

and patients with TACO may have cardiomegaly, enlarged pulmonary

venous vasculature, or pleural effusion on thoracic radiographs.11,12

However, it is important to note that radiographic changes are non-

specific for both TRALI and TACO.12 When TRALI or TACO is sus-

pected, point of care ultrasound (TFAST and abdominal focused assess-

ment with sonography for trauma [AFAST]) may also be used to

try to differentiate between either reaction. Findings on TFAST and

AFAST suggestive for TACO can include an abnormal left atrial/aortic

(LA/Ao) ratio (> 2), enlarged caudal vena cava, or evidence of hep-

atic venous congestion.13–16 Other ways of differentiating between

TRALI and TACO were systemically reviewed in the following PICO

questions.

3.1.1 In dogs and cats with increased respiratory
effort during transfusion (P), is echocardiography (I)
compared to physical examination alone (C) useful in
differentiating TACO from TRALI (O)?

Guidelines

a. Expected findings in TACO may include evidence of increased car-

diac filling pressures as well as systolic or diastolic dysfunction.

b. We suggest that echocardiographic changes may help distinguish

between TACO and TRALI in dogs and cats.
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192 ODUNAYO ET AL.

F IGURE 2 Diagnostic and treatment algorithm for fever developing during or within 4 hours of transfusion.
Abbreviations: AHTR, acute hemolytic transfusion reaction. TTI, transfusion-transmitted infection; FNHTR, febrile non-hemolytic transfusion
reaction. *If unit is discolored or contains particulatematter, record findings and report reaction to issuing blood bank if commercially acquired
units have been used

Agreement: 13/13

Evidence summary

Echocardiography may provide critical information in the patho-

genesis of pulmonary edema after a blood transfusion. It offers a

non-invasive structural and functional cardiac assessment and may

reveal findings that were not recognized clinically.17 Echocardio-

graphic changes are expected in patients with TACO due to the patho-

physiology of circulatory overload. While this has not been exten-

sively evaluated in a randomized controlled study in human patients,

echocardiography is often used to distinguish between TACO and

TRALI.

Two studies that evaluated echocardiogram changes in people with

TACO were identified. In a prospective cohort study in 2009 (LOE 6,

poor), Li et al, documented reduced mean ejection fraction in patients

with TACO (ejection fraction mean 44%) compared to a group of

patients with TRALI (ejection fraction mean 60%).18 A secondary anal-

ysis of another prospective study (LOE6, poor) suggested that patients

with pre-existing left ventricular dysfunction had eight times the risk

of developing TACO compared to controls.19 However, this study did

not evaluate or compare echocardiographic changes in patients with

TRALI. There are no known studies in dogs and cats evaluating the use

of echocardiogram to distinguish between TRALI and TACO, however

echocardiogram may still be a useful tool to suggest circulatory over-

load in dogs and cats, pending its availability on an emergent basis.

There are no known studies in people evaluating echocardio-

graphic findings specifically in patients with TRALI. However, anec-

dotally, the echocardiogram is expected to be normal in patients

with TRALI type I. It is important to note that patients with TRALI

type II (TRALI patients with risk factors for Acute Respiratory Dis-

tress Syndrome (ARDS), previously called Possible TRALI) may have

evidence of cardiac dysfunction and elevated filling pressures, sup-

porting a permeability and hydrostatic pressure basis for pulmonary

edema.17

3.1.2 In dogs and cats with increased respiratory
effort during transfusion (P), is measurement of
natriuretic biomarkers such as NT-proBNP (I)
compared to physical exam alone (C) useful for
differentiating TACO from TRALI (O)?

Guidelines

a. The utility of natriuretic biomarkers in differentiating TACO versus

TRALI seems promising in people.

b. While there are no studies evaluating the PICO question in dogs

and cats, NT-proBNP has been shown to be useful in differentiat-

ing other cardiac and non-cardiac causes of respiratory distress in

dogs and cats.

c. We suggest that high concentrations of natriuretic pep-

tides in a veterinary patient with acute respiratory

distress following a transfusion may be suggestive of

TACO.
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ODUNAYO ET AL. 193

F IGURE 3 Diagnostic and treatment algorithm for tachycardia and/or hypotension developing during or within 1 hour of stopping transfusion.
Abbreviation: HyTR, hypotensive transfusion reaction. *If unit is discolored or contains particulate matter, record findings and report reaction to
issuing blood bank if commercially acquired units have been used

F IGURE 4 Diagnostic and treatment algorithm for vomiting occurring during or within 4 hours of transfusion. *If unit is discolored or contains
particulate matter, record findings, and report reaction to issuing blood bank if commercially acquired units have been used
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Agreement: 13/13

Evidence summary

B-type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-

proBNP) are cardiac neurohormones specifically secreted from the

ventricles in response to volume expansion and pressure overload.

They may represent an attractive and non-invasive way to diagnose or

excludeTACOafter a transfusion.20 TRALI occurs in the absenceof vol-

ume and pressure overload and is not expected to cause an increase in

BNP andNT-proBNP.

There were no studies identified that evaluated the utility of

natriuretic peptides in diagnosing TACO or differentiating TACO from

TRALI in dogs and cats. Two publications (LOE 6, fair) compared the

use of natriuretic peptides in differentiating TACO from TRALI in

people. The first was a prospective cohort study, where natriuretic

peptides did not reliably distinguish between TACO, type I, and type

II TRALI.18 In that study, high levels of BNP and NT-proBNP did not

rule out TRALI, especially in patients that were critically ill.18 The

study concluded that natriuretic peptides seem to be unreliable in

critically ill patients with concurrent transfusion complications, and

therefore should only be considered in cases of mild to moderate

severity. However contradictory results were reported in a prospec-

tive observational study by Roubinian et al. 21 In that study, there

were only very small increases in BNP concentrations in patients with

TRALI and this mild increase was not different compared to those of

transfused controls without pulmonary edema. BNP had a sensitivity

of 88%, specificity of 81%, and positive and negative predictive values

of 85% in the differential diagnosis of TACOversus TRALI. For a subset

of patients with TRALI type II, BNP concentrations were increased

relative to controls and patients with TACO. However, a BNP con-

centrations > 1000 pg/mL was useful in differentiating patients with

TACO from TRALI type II.

Two additional prospective studies (LOE 6, fair to good) support

the use of natriuretic peptides in aiding in the diagnosis of TACO.20,22

Both studies report high sensitivity and specificity in the use of natri-

uretic peptides in the diagnosis of TACO. However, neither of these

studies enrolled patients with TRALI. To summarize their findings,

a post/pre-transfusion NT-proBNP ratio >1.5 supports the diagno-

sis of TACO. In blood samples taken within 24 hours after the

administration of transfusion, a BNP concentration <300 pg/mL or

a NT-proBNP concentration <2000 pg/mL makes TACO an unlikely

diagnosis.21 23 Cut-off values excludingTACOas adiagnosis are not yet

clear.23

NT-proBNP has been investigated in dogs and cats to differenti-

ate cardiac fromnoncardiac causes of respiratorydistress.24–27 Plasma

NT-proBNP concentrations>270pmol/L in catswith respiratory signs

support congestive heart failure as the probable cause with approxi-

mately 93% sensitivity and 87% specificity.27,28 Diagnostic accuracy is

improved when NT-proBNP is used in conjunction with point of care

ultrasound, as well as the history, physical exam, electrocardiogram,

and radiographs.25,28 A plasma concentration of <800 pmol/L in dogs

with respiratory signs strongly decreases the likelihood of congestive

heart failure and suggests a noncardiac cause.28–30 While there are

currently no studies utilizing NT-proBNP in differentiating TACO from

TRALI in dogs and cats, it is likely to be a helpful biomarker in the diag-

nosis of veterinary patients.

3.2 Febrile reactions

Fever is one of the most common clinical signs of transfusion reac-

tion seen in dogs and cats.2,3,9,31–36 Although many of these reac-

tions are febrile nonhemolytic transfusion reactions (FNHTR), it is

crucial to recognize and treat more serious causes of fever including

acute hemolytic reactions and sepsis secondary to bacterial contam-

ination of blood products, a type of transfusion-transmitted infection

(TTI). Figure 2 presents the panel’s recommended approach to an ani-

mal who develops a fever during or within 4 hours of a transfusion.

Patients with septic transfusion reactions may also develop other clin-

ical signs prior to or in addition to fever including vomiting, diarrhea,

respiratory distress, tachycardia, and hypotension.37,38 A specific algo-

rithm for patients with hypotension and tachycardia was also created

(Figure 3).

3.2.1 In a dog or a cat with a suspected septic
transfusion reaction due to bacterial blood component
contamination (P) is PCR (I) superior to blood culture
(C) to determine if the blood unit is the source of the
infection (O)?

Guidelines

a. We suggest that blood culture (both aerobic and anaerobic) is supe-

rior to PCR in determining if the blood unit is the source of infection

in a dog or cat suspected of having a septic transfusion reaction.

b. PCR can be used to confirm the identity of bacterial strains iso-

lated from the patient and the transfused blood unit or to identify

an unexpected virus or parasite in the recipient that is suspected to

come from the blood unit.

Agreement: 13/13

Evidence Summary

No veterinary studies specifically addressed the relevant PICO ques-

tion and hence multiple studies and transfusion guidelines from

human medicine (LOE 6, good) were extrapolated to generate this

guideline.39–43 Bacterial culture is considered the gold standard for

assessing the presence of bacterial contaminants in blood units and

blood recipients at most human blood centers and in human trans-

fusion guidelines and hemovigilance system.41,44 In a survey (LOE

6, good) of representative Canadian human hospitals to determine

clinical triggers and general procedures used in the investigation of

suspected transfusion-transmitted bacterial contamination, the most

frequent laboratory investigations performed were aerobic blood

cultures of recipients and the residual component.45 Based on review

and research articles, human guidelines issued by the Public Health

Agency of Canada and the FDA recommend that in order to eval-

uate bacterial blood contamination, blood from the component and
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ODUNAYO ET AL. 195

recipient should be inoculated into a set of aerobic and anaerobic blood

culture bottles, and a direct slide should also be prepared for Gram

staining and microscopic examination.39,42,43 If the same bacterium is

isolated from both the patient and the blood component, the labo-

ratory should attempt to confirm the identity of the strains by using

methods such as antimicrobial susceptibility, serotyping, or molecular

typing.43,45,46

The US Centers for Disease Control (CDC)’s National Hemovigi-

lanceModule recommends that suspected bacterial, mycobacterial, or

fungal pathogen in a blood recipient should be identified by cytology,

culture, or othermethod, while identification of an unexpected virus or

parasite in the transfusion recipient should be identified by using cul-

ture, direct fluorescent antibody, or PCR.47

Visual evaluation of blood in blood units and microscopic examina-

tion of a drop of blood fromdark or black units for bacteriamay be use-

ful in evaluating suspected blood bacterial contamination of a blood

unit.48 It is also recommended that a small amount of blood is saved

fromevery available bloodunit so that it could beutilized to investigate

any adverse transfusion reactions related to transfusion transmissible

infection (TTI).

4 DOMAIN 4: TREATMENT

Therapeutic intervention is an important step in determining the out-

come of patients with transfusion reactions. There are many evidence-

based guidelines in people that outline specific recommendations

for treating transfusion reactions.49 The absence of evidence-based

treatment recommendations makes treating transfusion reactions

in veterinary medicine challenging. Our consensus panel performed

systematic based reviews to identify therapeutic recommendations

for dogs and cats experiencing transfusion reactions. We identified

12 PICO questions specifically targeted to this goal and used this

evidence for construction of our treatment guidelines and algorithms.

4.1 Allergic transfusion reactions

4.1.1 In dogs and cats that undergoing an allergic,
non-anaphylactic transfusion reaction (P), does
treatment with an antihistamine (I) versus no
treatment (C) prevent or reduce the severity of the
reaction (O)?

Guidelines

We suggest that antihistamine therapy is used to treat canine and

feline allergic transfusion reactions.

Agreement: 13/13

Evidence summary

There are no randomized controlled trials in people or animals evaluat-

ing the efficacy of antihistamines in the treatment of cutaneous allergic

transfusion reactions. One experimental canine study (LOE 3, fair) sug-

gests cetrazidine may be of use in allergic reactions caused by a non-

blood product trigger50 but another similar study (LOE 3, Fair) found

no benefit in the use of diphenhydramine.51 However, both studies

looked solely at the drugs’ effects on cutaneous wheal formation and

not pruritus.

Similarly, there is evidence in people supporting the use of anti-

histamines in other allergic reactions, for example, human atopic der-

matitis, however, the use of antihistamines in the treatment of allergic

transfusion reactions appears to be based on a translation from their

utility in other allergic diseases. It should be noted that the use of anti-

histamines is the standard of care for treating allergic transfusion reac-

tions in both human and veterinarymedicine.49,52

TheBritishCommittee for Standards inHaematology (BCSH) guide-

lines on the investigation and management of acute transfusion reac-

tions state that there are no known trials specifically evaluating

the treatment of cutaneous allergic transfusion reactions during a

transfusion.49 However, clinical experience suggests that patients with

skin reactions (pruritus or rash) with no other clinical symptoms can

continue to receive the transfusion. According to the BCSH guidelines,

reducing the transfusion rate and administration of an antihistamine

may be helpful in those patients.49 In patients with anaphylactic reac-

tions, human guidelines suggest that antihistamines may decrease the

severity of cutaneous signs but are not rapid in onset and are ineffec-

tive in the treatment of cardiovascular and respiratory signs.53 There-

fore, although they may be beneficial, therapy with epinephrine and

supportive care should be prioritized for patients with anaphylaxis.

4.1.2 In dogs and cats experiencing an allergic
transfusion reaction (P), does treatment with a
corticosteroid (I) compared to no specific treatment
(C) prevent or reduce the severity of the reaction (O)?

Guidelines

We suggest that the treatment of canine and feline allergic transfusion

with corticosteroids should be avoided.

Agreement: 12/13

Evidence summary

There is a dearth of evidence evaluating the use of corticosteroids for

the treatment of allergic and anaphylactic reactions in both people and

veterinary species. There are individual case reports describing theuse

of corticosteroids in the treatment of dogswith allergic and anaphylac-

tic reactions, and studies examining the efficacy of long-term corticos-

teroid therapy for atopic dogs, but the former are not controlled and

the latter, although studying a type I hypersensitivity reaction, describe

a disease that differs markedly in the presentation.

A review by Hirayama suggests that people with severe urticarial

reactions may require methylprednisolone or prednisolone therapy.54

However, corticosteroid therapy is not recommended by the BCSH

guidelines or the American Academy of Allergy, Asthma & Immunol-

ogy and the American College of Allergy, Asthma & Immunology

guidelines.49,55,56
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196 ODUNAYO ET AL.

A large 2020 systemic reviewon anaphylaxis and aCochrane review

investigating the use of corticosteroids to treat anaphylaxis stated that

evidence was lacking to support their use.53,57 Although earlier review

articles suggest corticosteroids may be of use in decreasing the likeli-

hood of bi-phasic anaphylactic reactions, this is also nowno longer sup-

ported due to lack of evidence and due to documented adverse effects

of corticosteroids.58 There are no studies evaluating the role of corti-

costeroids in the treatment of transfusion-associated allergic reaction

in people and animals.

4.1.3 In dogs and cats experiencing an
anaphylactic transfusion reaction (P), does treatment
with epinephrine (I) versus no treatment (C) prevent
or reduce the severity of the reaction (O)?

Guidelines

We recommend the immediate use of epinephrine in the treatment of

anaphylactic transfusion reactions in dogs and cats.

Agreement: 13/13

Evidence summary

There are no randomized controlled studies examining the use of

epinephrine in the treatment of transfusion induced anaphylaxis in

people, cats, or dogs, and, in part, this is due to its rarity. However,

studies of experimentally induced anaphylaxis in both dogs and cats

suggests that epinephrine is beneficial for the treatment of anaphy-

laxis in dogs and cats, by increasing stroke volume, cardiac output,

and blood pressure as well as decreasing airway constriction.59–62

Although these non-clinical studies do not involve blood product trig-

gers, it seems reasonable to assume that epinephrine would also be

useful in transfusion mediated anaphylaxis. It should be noted that

epinephrine’s effects are short lasting and that a continuous rate infu-

sion is recommended.59,63 Epinephrine administration is also recom-

mended for anaphylaxis in people.53 For anaphylaxis in dogs and cats,

epinephrine is dosed at up to 2 boluses of 0.1 to 0.2mg/kg IM followed

by a constant rate infusion at 0.05 to 0.1 µg/kg/min IV.64

4.1.4 In dogs and cats experiencing a
non-anaphylactic allergic transfusion reaction while
receiving a blood product transfusion (P), is slowing
the transfusion rate (I) versus no change in rate (C)
indicated to prevent or reduce the severity of the
clinical signs (O)?

Guidelines

a. There is insufficient evidence to recommend for or against slowing

the transfusion rate after amild canine or feline allergic transfusion

reaction

b. It should be noted that the transfusion should be stopped, and the

patient carefully assessed after detection of an allergic transfusion

reaction, to assess the severity of the reaction.

Agreement: 13/13

Evidence summary

While the practice of slowing down the rate of transfusion is often

utilized in managing transfusion reactions in human and veterinary

medicine,49 evidence for this practice after a mild allergic transfu-

sion is lacking. One prospective case-controlled study (LOE 6, Fair)

in people did not demonstrate a difference in the rate of transfusion

betweenpatients that experiencedanallergic transfusion reactiondur-

ing platelet transfusions and those that did not.65 However, this study

did not address the specific PICO question of interest.

Therefore, no evidence-based conclusion can be made about

whether a transfusion should be stopped or slowed if a dog or cat

experiences a mild allergic transfusion reaction. However, human

guidelines based on clinical experience suggest that a transfusion

may be continued in this situation and that slowing of the trans-

fusion may be considered.49 If an anaphylactic transfusion reaction

occurs, the transfusion should be stopped and not re-started at any

rate.

4.1.5 In dogs and cats experiencing a mild FNHTR
while receiving a blood product transfusion (P), is
slowing the transfusion rate (I) versus no change in
rate (C) indicated to prevent or reduce the severity of
the clinical signs (O)?

Guidelines

There is no evidence evaluating the effect of slowing the trans-

fusion compared to any other treatment on outcome for dogs

and cats with FNHTR, therefore the practice of slowing the

transfusion can neither be recommended or opposed.

Agreement: 13/13

Evidence summary

There is no evidence from peer-reviewed original research in either

human or veterinary medicine that slowing the transfusion compared

with any other treatment improves outcome, for any transfusion reac-

tion or FNHTR specifically. Four studies were evaluated as part of

the systematic review that evaluated associations between transfusion

infusion rate and transfusion reactions. Although this did not directly

address the PICO question, they were included given the lack of other

evidence.

The only veterinary study that loosely addressed the PICO ques-

tion was a retrospective case series (LOE 5, poor).9 This manuscript

showed that the administration rate of pRBCs was slower in patients

with febrile transfusion-related complications (P < 0.0001), and

administration duration was longer in animals with any transfusion-

related complication (3.1 h) than in animals without signs of com-

plications (2.6 h; P = 0.001). The authors suggest 2 possible rea-

sons for this observation, either the documentation of a reac-

tion led to a slowing of the rate, or slower administration facili-

tated more thorough identification and documentation of transfusion

reactions.
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4.2 Vomiting

4.2.1 In a dog or cat that vomits during a
transfusion (P), does stopping the transfusion (I)
versus not stopping the transfusion (C) improve any
outcome (recurrent vomiting, other signs of a
transfusion reaction) (O)?

Guidelines

a. In dogs and cats that vomit during a transfusion, we suggest

stopping the transfusion temporarily and assessing the patient

for evidence of a serious transfusion reaction (fever, hypotension,

hemolysis). The transfusion may be restarted at a slower rate if

the patient appears to be stable and the reaction is assessed to be

mild.

b. In patients with evidence of cardiovascular or respiratory insta-

bility accompanied by vomiting, we suggest discontinuing the

transfusion, assessing the unit for bacterial contamination as

well as assessing both the unit and the patient for evidence of

hemolysis.

Agreement: 13/13

Evidence summary

Vomiting is a common clinical sign of a transfusion reaction in dogs and

cats3,66–68 as well as in people.37,69,70 There are no prospective or ret-

rospective studies specifically evaluating the effect of stopping a trans-

fusion in dogs, cats, and people after vomiting occurs. Although vomit-

ing may occur due to a transfusion reaction, it may also be because of

the patient’s underlying disease.

In one retrospective veterinary study (LOE 4, fair), vomiting was

considered a standalone transfusion reaction by itself, without associ-

ating it as a clinical sign of the more commonly described transfusion

reactions (ie, AHTR, FNHTR or an acute hypersensitivity reaction).3

However, about one-third of the vomiting cases in that study occurred

with fever and the authors suggested that the vomiting noted in

their study population may represent part of the broader FNHTR

syndrome.3 The effect of stopping or slowing down the transfusionwas

not evaluated in this study.

In another retrospective study (LOE 4, fair) evaluating the effect of

red blood cell age on acute transfusion-related complications in dogs,

vomiting or regurgitation was noted in 9 dogs during the transfusion

and in 2 dogs within 2 hours after completion of the transfusion.9

Of the 11 dogs with vomiting, 8 of them showed signs of another

transfusion-related complication including collapse, hyperthermia, and

tachycardia. Finally, in a prospective study (LOE 1, fair) evaluating

platelet transfusions in thrombocytopenic dogs, 2/37 dogs in the

study, had an episode of vomiting attributed as a manifestation of

a transfusion-related adverse reaction.68 No further investigations

into interventions after the vomiting events were reported in either

study.

In people, the standard of care for all types of transfusion reactions,

including the reactions that cause nausea and vomiting, is to stop the

transfusion (at least temporarily- dependingon the severityof the reac-

tion). While this is a common guideline in practice, there are no stud-

ies specifically evaluating the effect of stopping or slowing down the

transfusion after clinical symptoms of vomiting. Thus, this recommen-

dation, while widespread, appears to be anecdotal. Once the transfu-

sion has been stopped, venous lines should bemaintainedwith isotonic

fluids and supportive care initiated to address the patients cardiac, res-

piratory, or renal function, as necessary after vitals are obtained (Fig-

ure 4).37,49,69 It is also recommended that the blood product label-

ing and patient identification is rechecked to ensure that the patient

received the intended product and the reaction should be reported to

the blood transfusion laboratory or blood bank to discuss additional

testing.37,49 The patient and the blood unit should also be evaluated

for signs of hemolysis .49,69 If the reaction is severe or life-threatening,

the transfusion should be entirely discontinued, although this decision

should be made cautiously in anemic patients where hypotension may

be associated with blood loss and continuing the transfusion may be

lifesaving.49

4.3 Febrile transfusion reactions

4.3.1 In dogs and cats with FNHTR (P), are
antipyretics (I) compared to no specific treatment (C)
effective and safe for treatment of fever (O)?

Guidelines

a. There is no evidence regarding whether antipyretics compared to

any other treatment are safe or effective for the treatment of fever

in dogs and cats with FNHTR.

b. We suggest that the fever in dogs and cats with FNHTR is

self-limiting and does not require treatment with antipyr-

etics.

c. Acetaminophen should never be given to cats based on evi-

dence of exquisite sensitivity to its hepatotoxic effects, as well

as occurrence of methemoglobinemia and Heinz body hemolytic

anemia.

Agreement: 13/13

Evidence summary

There are no peer-reviewed original studies that address the impact

of antipyretic therapy on outcome with patients with FNHTR. While

it has been described that people with FNHTR commonly respond

to acetaminophen administration, there is no evidence support-

ing that finding.71 A seminal veterinary review article72 suggests

that acetaminophen is contraindicated in veterinary patients due to

hepatotoxicity although recent clinical trials in dogs suggest that

safety in this species is less of a concern.73,74 However, experi-

mental evidence identifies unique risks of acetaminophen toxicity in

cats due to impaired hepatic glucuronidation and sulfation and thus

cats should never be treated with acetaminophen for any purpose

(Figure 2).75
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4.4 Respiratory transfusion reactions

4.4.1 In dogs and cats with TACO (P), is
furosemide (I) compared to no specific treatment (C)
effective in the treatment of respiratory distress (O)?

Guidelines

a. A single dose of furosemide is unlikely to be harmful in veterinary

patients with acute respiratory distress after blood transfusion.

b. We suggest that judicious diuretic therapy be considered for the

treatment of TACO in dogs and cats.

Agreement: 13/13

Evidence summary

There are no randomized controlled studies in veterinary medicine

that provide evidence recommending the use of diuretic therapy in the

treatment of TACO. To date, prospective randomized controlled trials

(LOE6, good) in people evaluating pre-transfusion loop diuretic admin-

istration in efforts to mitigate TACO have failed to show significant

benefit. 76–78 The recommendation for the provision of diuretic ther-

apy in the treatment of TACO seems to be based on consensus reviews

of the treatment of hydrostatic pulmonary edema and decompensated

heart failure, and is therefore used empirically in cases of TACO.79 It is

suggested that the use of furosemide for TACO should be less aggres-

sive thanwould be typical for the treatment of congestive heart failure

in dogs and cats, and that close monitoring of vital signs (specifically

respiratory rate, respiratory effort, hydration, and blood pressure) be

performed (Figure 1). An initial dose of 1–2 mg/kg intravenously could

be considered.

4.4.2 In dogs and cats with respiratory distress
where TRALI is a possible diagnosis (P), is furosemide
(I) compared to no diuretic (C) likely to improve any
outcome (O)?

Guidelines

a. A single dose of furosemide is unlikely to be harmful in veterinary

patients with acute respiratory distress after a blood transfusion.

b. We suggest that once TRALI is diagnosed, furosemide treatment

should be avoided due to lack of evidence of benefit and potential

for harm.

Agreement: 13/13

Evidence summary

There are no known randomized controlled trials evaluating the use of

furosemide for treating TRALI, compared to no diuretics, in people or

veterinary patients. A few case reports in people were identified in the

systematic review (LOE 6, poor) that describe the use of furosemide in

patients with TRALI. 80,81 In these case reports, furosemide was given

while the patientwas being evaluated and a diagnosiswas still pending.

Since patients with TACO look clinically similar to patients with TRALI,

it is reasonable to consider administration of furosemide until a diag-

nosis of TACO or TRALI is made (Figure 1). This is because patients

with TACOmay benefit from furosemide administration since the pul-

monary edema in that case is a result of circulatory overload.82 In a sur-

vey of Dutch intensive care fellows, 94.6% (35/37) reported initiating

furosemide to treat patients with TACO.23

The routine use of furosemide or other diuretics is not recom-

mended in human patients once a diagnosis of TRALI has beenmade as

diuretics may worsen the patient outcome secondary to intravascular

volume depletion.83,84 Supportive care, utilizing oxygen, intravenous

fluids, vasopressor support, and mechanical ventilation, if required, is

the mainstay of therapy for patients with TRALI. Glucocorticoids are

often administered empirically in people although there is little evi-

dence to support their use.84 Since treatment of TRALI is limited to

supportive care, the focus in people is on preventative strategies such

as identifying blood products at the highest risk for causing TRALI.84

4.4.3 In dogs and cats with TRALI (P), are lung
protective ventilation strategies (I) compared to
traditional mechanical ventilation (C) associated with
improved outcomes (duration of ventilation, improved
survival to discharge) (O)?

Guidelines

Although there is no evidence on ideal ventilator settings in

patients with TRALI, we recommend that lung-protective

strategieswith low tidal volumes shouldbeutilized indogs and

cats with TRALI if mechanical ventilation is required for their

care.

Agreement: 13/13

Evidence summary

Thereareno randomized controlled trials evaluating ventilation strate-

gies in people or veterinary patients with TRALI. In people, many

sources recommend that protective lung strategies be utilized for all

patientswithARDSorALI fromany cause.85,86 TheARDSnetwork ran-

domized controlled study concluded that for people with acute lung

injury, ventilationwith lower tidal volumes (6mL/kg), improves survival

compared to ventilation with conventional tidal volumes (12 mL/kg).

This guideline is generally used for people with TRALI.86

In a prospective study performed in mice with induced TRALI (LOE

6, Good), mechanical ventilation with low tidal volumes (7.5 mL/kg)

aggravated pulmonary injury as evidenced by the increased neu-

trophil influx, increased pulmonary and systemic levels of cytokines,

and worse lung histopathological changes compared to unventi-

lated controls. In the same study, the use of high tidal volumes

(15 mL/kg) resulted in a further increase in protein leakage and pul-

monary edema.87 The authors of this study concluded that while

mechanical ventilation appears to aggravate the course of TRALI,

the use of low tidal volumes in patients with ARDS is a rational

approach.87
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4.5 Post-transfusion purpura

4.5.1 In dogs with post-transfusion purpura (PTP)
(P), does treatment with corticosteroids or
intravenous immunoglobulins (IVIG) (I) compared to
no treatment (C) improve thrombocytopenia (O)?

Guidelines

Although controlled studies are lacking, we suggest that corticos-

teroids or IVIG be used as a treatment for PTP.

Agreement: 13/13

Evidence summary

There are no original studies comparing the use of corticosteroids

or IVIG to placebo in people or veterinary patients. The majority

of reported PTP cases in people involve antibodies directed against

the human platelet antigen (HPA)-1a.88,89 Intravenous immunoglobu-

lins are considered the first line of treatment,89–91 although corticos-

teroids alone,92 or both corticosteroids and IVIG93,94 have been used.

One case report of PTP in a dog has been documented (LOE5, poor).

The dog developed severe thrombocytopenia (10,000 platelets/µL) 8
days after a whole blood transfusion, and platelet-binding IgG was

present in the dog’s serum. The platelet count increased to 267,000

platelets/µL 6 days after the initiation of prednisone therapy.95

4.6 Citrate toxicity

4.6.1 In dogs and cats receiving massive
transfusion (P), does supplementing calcium when the
patient becomes hypocalcemic (I) compared to
prophylactic calcium supplementation (C) improve any
outcome (prevent signs of reaction or improve
hospital survival) (O)?

Guidelines

a. In patients receiving massive transfusion, we recommend that cal-

cium supplementation should be provided when the patient’s ionized

calcium is≤0.9mmol/L.However, based on the patient’s clinical status,

evidence of clinical signs, and severity of comorbidities, intravenous

calcium can be consideredwhen the ionized calcium> 0.9mmol/L.

b.We suggest that empirical supplementationof calciumcanbe con-

sidered duringmassive transfusion.

Agreement: 13/13

Evidence summary

There are no human and veterinary studies that specifically address

the PICO question on outcomes when calcium is supplemented pro-

phylactically versus administering only if the patient is hypocalcemic

duringmassive transfusion.Massive transfusion in veterinarymedicine

is defined as a transfusion of a volume of blood products in excess

of half the patient’s blood volume in 3 hours or greater than a full

blood volume in 24 hours.96 There are also no widely accepted pub-

lished guidelines for the ideal calcium supplementation protocol due

to citrate toxicity when patients undergo massive transfusion.97 In

human studies (LOE 6, good), calcium supplementation protocols have

been reported both based on the severity of hypocalcemia and also

based on the volume of blood administered regardless of the severity

of hypocalcemia.98,99 Although a potential complication, hypocalcemia

is not consistently reported during massive transfusions in dogs and

cats.96,100,101 Hypocalcemia is not reported during auto-transfusion

as long as the blood administered does not contain citrate as an

anticoagulant.102,103

Both intravenous calcium gluconate and calcium chloride (5-

15 mg/kg elemental calcium, slowly over 20–30 minutes; may also

utilize constant rate infusion of 2.5-3.5 mg/kg/h of elemental cal-

cium) havebeenusedeffectively to supplement calciumduringmassive

transfusions (LOE 3–5, poor to good).96,104,105 In people, it is recom-

mended to supplement calcium when the ionized calcium falls below

0.9 mmol/L.97 In an experimental study (LOE 3, good) using healthy

dogs, clinical signs of hypocalcemia were observed in one dog when

the ionized calcium was 0.91 ± 0.03 mmol/L.106 If calcium supple-

mentation is required, a second IV line should be used, and the cal-

cium should not be administered through the same line as the anti-

coagulated blood product. Depending on the volume of blood prod-

ucts infused, hypocalcemia can be severe and potentially life threat-

ening. Fortunately, patients appear to respond well to calcium supple-

mentation and, when possible, stopping the transfusion.

5 CONCLUSIONS AND FUTURE DIRECTIONS

This sectionof the consensus statementhasprovidedguidelines for the

treatment of transfusion reactions in dogs and cats. In performing the

systematic review utilized to generate these guidelines, it has become

is evident that there are large knowledge gaps central to the identifi-

cation and treatment of transfusion reactions. The establishment of a

central international veterinary transfusion reaction database would

be an important first step in collecting information and collaborating

for much needed multi-institutional studies. The members of the con-

sensus panel believe that thedefinitions of transfusion reactions estab-

lished in the guidelines will provide universal standards for identifying

transfusion reactions. Until further studies are performed, treatment

recommendations identified in the consensus statementmay serve as a

reference for the treatment of dogs and cats and potentially also serve

as a basis for future studies.
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