ANAPHYLAXIS (Greek – against protection)
· Definition: 
· Severe, life-threatening, systemic allergic reaction that occurs suddenly after contact with an allergy causing substance
· Spectrum of labeling – severe allergic reaction/hypersensitivity to anaphylaxis
· Many cases may be missed
Hypersensitivity reactions (4 types) “objectively reproducible symptoms or signs initiated by exposure to a defined stimulus at a dose tolerated by normal persons”:
· Type I – immediate / allergic reactions; IgE dependent
· Type II – cytotoxic; IgG, IgM dependent – antigen is associated with patient cells (IMHA, ITP, etc)
· Type III – complex mediated; IgG, IgM - Ag complex dependent
· Type IV – delayed; T lymphocyte dependent
Pathophysiology
· 2 distinct immunologic pathways
· Classic pathway = IgE mediated
· Alternative pathway= IgG + antigen mediated (no IgE)
· Non-immunologic pathway
· Physical factors (opioids, cold, heat, exercise)
· Key mediators
· Early (granules): histamine, tryptase, heparin, chymase, proteoglycans
· Mid (membrane): arachidonic acid, PAF
· Late (nucleus): cytokines/chemokines (IL3-6, 8, 10, 13; TNFa)
1. Classic – IgE Pathway
· [image: ]Initial exposure: IgE antibodies produced in response to initial antigen (“allergen”)  IgE Ab’s bind with high affinity to IgE receptor (FceRI) located on plasma membrane of mast cells and basophils  initial hypersensitivity reaction is silent

· Re-exposure: allergen forms bridge across 2 cell bound IgE Ab molecules and cross links them  cell membrane change ensues and activates cells  tyrosine kinase phosphorylates tyrosine residues  phospholipase C activates IP3  increase in intracellular Ca from SER  protein kinase phosphorylates myosin on secretory granules  granule exocytosis = release of preformed mediators
· PLC also activates PLA2 leading to cleavage of AA from membrane  production of mid phase mediators (leukotrienes, prostaglandins) and also precursors to PAF
· PLC also ultimately leads to upregulation / nuclear production of cytokines and chemokines in the late phase 
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· Cells recruited release more mediators and stimulate increased production of lipid derived mediators such as prostaglandins and leukotrienes leading to amplification of the allergic reaction
· IgE
· Low concentration in serum due to short half life (~2 days), binding to/sequestration on mast cells, low production
· Can recognize various epitopes of allergen
· Allergen is between 10-40kDa
· Individuals prone to allergies produce more CD4+ Th2 cells  increased production of IL13 and IL4  directs differentiation into B cell IgE secreting plasma cells 
2.Alternative pathway (non IgE)
· Mediated by IgG or complement
· Antigen-IgG complexes presumably form in blood and lymph before binding to FcγRIII on macrophage, neutrophils, basophils
· IgG mediated pathway requires more Ab than Ag
· High IgG and low allergen – can block IgE mediated reaction without inducing anaphylaxis via the alternative pathway
· No histamine released, but PAF is 
· Complement activation can be induced by the presence of IgG immune complexes  leads to release of C3a, C5a and C5b-9 which triggers activation of mast cells, basophils through binding of their specific receptors
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Non immunologic anaphylaxis
· Agents cause release of mast cell and basophil contents without help from immunoglobulins 
· Cold, heat, exercise, NSAIDs, opioids, ethanol, radiocontrast agents 
· Certain drugs (opioids, vancomycin, dextrans, neuromuscular blocking agents, quinolones) can directly stimulate mast cells (humans)
· This mechanism does not require sensitization, so hypersensitivity or anaphylaxis can occur upon the first exposure to an antigen
Chemical Mediators
· Severity and fatality of reaction due to amount and rapidity of mediators released
· A lot of redundancy in system
Preformed / early mediators – released within seconds of mast cell activation
· Histamine
· Synthesized by mast cells, basophils, platelets, histaminergic neurons, enterochromaffin cells  stored in vesicles and released upon stimulation
· Acts through H1, H2, H3 receptors  circulatory shock in anaphylaxis
· H1R – vasodilation (NO), increased permeability, decreases inotropy and chronotropy, cutaneous and respiratory signs
· Rhinitis, pruritus, bronchoconstriction, coronary vasoconstriction, cardiac depression
· Vasodilation  decreased venous return, cardiac collapse
· H2R – increases gastric acid secretion, coronary and systemic vasodilation, increases HR and contractility
· H3R – stimulation of receptor inhibits NE release from presynaptic terminals of sympathetic effector nerves in heart and vasculature  accentuating shock and preventing neural adrenergic stimulation and compensatory response
· H4R – may be involved with chemotaxis and mast cell release, may mediate pruritus
· Limited use as serum biomarker due to very short half life
· [image: ]Urine histamine or metabolite N-methylhistamine can be collected over 24 hours; not helpful in emergency setting



[image: ]
· Tryptase
· Serine protease; used as biomarker (humans)
· Concentration assocated with severity of signs
· Not sensitive biomarker for food induced anaphylaxis 
· Activates complement, coagulation, kallikrein
· Causes hypotension, angioedema, thrombosis, DIC
· Heparin
· Modulates tryptase activity
· Opposes complement, prevents clot formation and plasmin activation
· Chymase
· Converts angiotensin I to angiotensin II independent of ACE
· Decreases severity of hypotension

Newly synthesized mediators - released within minutes

· Prostaglandin (PGD2) and leukotrienes
· Eicosanoids produced by release of arachidonic acid from phospholipid membranes by phospholipase A2  AA metabolized by lipoxygenase to produce leukotrienes and cyclooxygenase to produce prostaglandin PGH2
· Prostaglandin PGH2 further metabolized to thromboxane, prostaglandins, prostacyclin  prostaglandin PGD2
· PGD2 = potent bronchoconstrictor, pulmonary and coronary vasoconstrictor, peripheral vasodilator
· Lipoxygenase pathway yields slow reacting substances of anaphylaxis (SRS-A)  slower onset of action, 1000x more potent than histamine, longer duration of action
· Leukotrienes LTC4, LTD4, LTE4 increase bronchoconstriction, vascular permeability, airway remodeling 
· LTB4 – chemotactic agent, contributed toward late phase and protracted reactions

· PAF
· Targets heart, pulmonary vessels, microcirculation – key mediator in hypotension
· Binds PAF receptor  incites secondary messenger system to increase intracellular calcium  vasodilation
· Also activates PLA2  increase in prostaglandins and leukotrienes 
· Also activates PI3 kinase -> inducing increased eNOS  increase NO  vasodilation via increasing guanylyl cyclase and cGMP
· Uncontrolled eNOS can lead to refractory hypotension 
· PAF/PI3/NOS pathway also results in myocardial depression
· Activates platelets
· PAF-acetyl hydrolase (PAF-AH) is the key enzyme for deactivating PAF
· Patients who are low in PAF-AH are more likely to have anaphylaxis (increased PAF = more severe reaction)
· Dysregulation of PAF cascade is a large part of the mechanism for anaphylaxis in humans
· Attempting to use PAF/PAF-AH as biomarker – not available in vet med
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Cytokines/chemokines – released within hours
· IL4, IL5, IL6, IL8, IL9, IL13, IL33, TNFa
· Leading to shock, vasodilation, permeability, hypovolemia, impaired cardiac function occur; cardiovascular collapse, respiratory compromise, circulatory shock
· TNFa recruits effector cells and activates neutrophils, increases cytokine synthesis
· IL4, IL13 very important
· IL4  3-6x increase in cellular responsiveness to inflammatory and vasoactive mediators (esp histamine, leukotriene, PAF)
Concurrent pathways activated
· Complement and kallikrein-kinin systems = coagulation and fibrinolytic systems
· Complement activated by generation of C3a (anaphylatoxin)  leads to mast and basophil degranulation, increased vascular permeability, smooth muscle contraction 
· Kallikrein  production of bradykinin  vasodilator; also activates FXII  intrinsic coagulation pathway clot formation and clot lysis through plasmin formation 
· Plasmin can also activate complement 
· Decreases in FV, FVIIII, fibrinogen, DIC = coagulation cascade activation

Clinical Manifestations
· The more rapidly the symptoms manifest, the more severe a reaction will be and the more likely it is to progress to being life threatening
· 4 categories:
· Cutaneous – precursor to more severe reaction; erythema, urticaria, pruritus, facial angioedema, rhinorrhea 
· May not be seen in patients with anaphylaxis
· Respiratory – bronchospasm, stridor, tachypnea, cough; laryngeal and pharyngeal edema, bronchoconstriction, increased mucus production
· Cardiovascular – hypotension, vasodilation = erythema of skin, pale MM, prolonged CRT, depressed mentation; rapid CV collapse
· Vasodilation + increased permeability = mixed distributive-hypovolemic shock pattern
· Increased permeability  up to 35% of intravascular volume shifts into extravascular space 
· Tachycardia most likely though bradycardia from increased vagal stimulation can also occur
· GI – nausea, v/d
· Direct effect of inflammation, secondary to portal hypertension 
· Other – weakness, syncope, seizures, conjunctival injection, lacrimation

· Organ systems affected directly relate to the distribution of the largest mast cell population
· Specie differences due to variations in immune response, location and distribution of smooth muscle, rate of Ag degradation, responsiveness to inflammatory mediators
· Dog – GIT, liver; cutaneous
· Cats – respiratory
· Humans – lungs, heart 
[image: ]

· Dogs:
· Degree of severity of shock directly proportional to the degree of congestion of the liver and gallbladder
· Histamine released from mast cells in GIT  circulates to portal vein  causes hepatic arterial vasodilation leading to increase in hepatic blood flow within seconds  ALSO constriction of hepatic venous sphincter at junction of CdVC and hepatic veins  ↑↑↑ vascular resistance (220% within 12 sec)  blood supply out of liver compromised   ↓ CO (decreased preload)
· Increased ALT, gallbladder edema (halo, striations)
· Hepatocellular congestion and necrosis
· Hemoabdomen (ooze through liver capsule)
· Portal hypertension  v/d, hemorrhagic enteritis 
· Cats:
· Severe respiratory distress (open mouth breathing), ptyalism, facial swelling, pruritus, v/d, shock
· Case report on BNP ophthalmic ointment 


· Biphasic reactions – 1-72 hours later (most 8-10 hours)
· Late phase reactions, thought to increase risk of fatal reactions
· Results from the release of inflammatory mediators by T-cells, endothelial cells, neutrophils, and macrophage attracted by mast cell chemotactic factors
· Protracted reactions also possible

· Serum sickness / Type III hypersensitivity 
· Days to weeks later
· IgG binds to Ag  soluble Ag-Ab complexes in the presence of Ag excess  binds complement  C3a produced mast cell degranulation
· Complexes lodge in glomerulus, endothelium, synovium  leads to vasculitis, IMPA, proteinuria, myocardial lesions
Diagnosis
· Clinical dx based largely on history and clinical findings; pattern recognition and probability
· Hx: new foods, medications, vaccines, insect bites
· Ddx: severe asthma, pheochromocytoma, systemic mastocytosis, vasovagal event

· [image: ]2005 NIH and FAAN delineated clinical characteristics that would diagnose anaphylaxis
· Help identify anaphylaxis in 95% of cases

· Biomarkers: 
· Humans: tryptase and histamine concentrations – however not sensitive or specific, assays not universally available, not able to be performed on an emergency basis
· Not available in vet med
· PAF / PAF – AH
· Decrease in PAF-AH = more severe anaphylaxis

· ALT: increases in <12 hours, peaks at 24-48hr, returns to normal over 2-3 weeks (Se 85%, Sp 98%)
· Gallbladder halo / striations (wall >3mm thick and striations) almost immediate after onset of signs (Se 94%, Sp 98%); indicative of GB inflammation independent of GB disease and is associated with impaired venous drainage
· ATL increase + GB striations correlate significantly with anaphylaxis

· Skin allergy testing – does not predict anaphylaxis


Treatment
· Epinephrine - #1 treatment for anaphylaxis with shock / CV compromise 
· Stimulates beta and alpha adrenergic receptors (a1 = vasoconstriction – increase vasc resistance / BP, coronary artery perfusion, reduce airway mucosal edema; b1 = positive inotrope, chronotrope; b2 = bronchodilation, suppresses release of mast cell mediators by binding beta receptors on mast cells, relieves urticaria)
· Phosphorylates and inactivates PAR receptors
· Studies have shown no beneficial effect when given as a bolus during maximal hypotension; need CRI 
· Administration: 
· Bolus 0.01mg/kg (1:1000 – 1mg/mL solution) IM – max 0.3mg in dogs <40kg, 0.5mg > 40kg q5-15min PRN
· If shocked then CRI 0.05mcg/kg/min and titrate up
· EpiPen 0.15mg, 0.3kg IM – difficult to dose in patients <15kg; short needle – difficult to get through coat or if high BMI through SQ to muscle; short half life (12-18mo)
· Alternative – prefilled syringes from DVM – but short half life (3-4mo)
· Antihistamines
· Used to downregulate allergic response, minimize histamine release
· H1 antihistamines (diphenhydramine, cyproheptadine, hydroxyzine) – inverse agonist with high affinity for inactive state of H1R, non competitive antagonist – stabilize receptors in this conformation and shift equilibrium to inactive state
· First generation cross BBB and cause drowsiness, GI signs
· Second generation safer but not available injectable (cetirizine, loratadine)
· Good in localized reactions and less severe systemic reactions
· Relieves cutaneous and nasal symptoms, but do not prevent or relieve more serious signs 
· No high-quality evidence for or against use in anaphylaxis shock
· H2 antihistamines (famotidine, randitine, cimetidine)
· Inverse agonist 
· May help with cutaneous signs when used with H1
· Considered ancillary treatment and should not be used in place of epi
· 1-4mg/kg PO or IM dogs; 0.5-2mg/kg PO or IM cats
· Slowly IV 0.5-1mg/kg in dogs (max 50mg)
· Glucocorticoids
· Does not relieve initial symptoms and should not be first line
· Onset of action takes 4-6 hours
· Down regulates late phase Eo response 
· Switches off transcription of pro-inflammatory cytokines and blocks AA cascade and may prevent biphasic reaction
· Pretreatment with antihistamines and GC will not prevent anaphylaxis from happening but may blunt physiologic response
· Bronchodilators
· Albuterol to relieve bronchospasm and respiratory signs
· Aminophylline - PDEi increasing cAMP and release of endogenous epi, inhibits release of histamine and SRS-A; relaxes bronchial smooth muscle and pulmonary vasculature
· Fluids
· Aggressive resuscitation – extravasation of blood volume and vasodilation = decrease in effective circulating volume (distributive and hypovolemic shock)
· Oxygen
· Vasopressors (refractory anaphylaxis)
· Dopamine, NE, vasopressin to overcome vasodilation if epi and fluids are not enough to maintain SBP
· New methylene blue
· New methylene blue
· Histamine induces eNOS  increased NO production
· NO causes vasodilation indirectly by increasing the activation of guanylyl cyclase  GC increases the concentration of smooth muscle cGMP  cGMP causes relaxation of vascular smooth muscle
· NMB inhibits guanylyl cyclase  increasing vascular resistance, counteracting NO pathway
· Human literature – consider in anaphylaxis with vasopressor refractory hypotension
· Side effects to consider: hemolysis, MetHb, interference with pulseOx
· Glucagon
· Ionotropic and chronotropic effects independent of catecholamine, bypasses beta receptors – useful in patients on beta blockers and in an anaphylactic crisis
· Inhibits production of iNOS and thereby NO
· Anticholinergics
· Sometimes needed for patients on beta blockers for persistent bradycardia 
· Humans: Ab for IgE  to help prevent IgE binding to FceRI on mast cell
· PAF antagonists – currently being researched in humans

· Anaphylaxis can also resolve spontaneously within minutes to hours if there is sufficient endogenous production of compensatory mediators, such as epinephrine, angiotensin II, and endothelin
Monitoring
· Ideally, closely monitored for 3 days for biphasic reaction

Prognosis
· Individualized based on severity and progression of reaction
· Recent retrospective (JAVMA 2020) showed 14.9% non-survival for dogs with severe anaphylaxis (multi-systemic reaction with life threatening effects – cardiovascular, respiratory)
· Factors associated with non-survival included:
· Hypothermia – body temperature was significantly lower in patients that died
· Histamine implicated owing to heat loss directly due to peripheral vasodilation and indirectly to negative effects on CO, shock
· Histamine has central effects in hypothalamus causing hypothermia
· Hyperphosphatemia – 40% of patients that died had values > 12.0 mmol/L. 
· Release from hepatocytes due to necrosis and impaired hepatic uptake and utilization of phosphates
· Potentially from rhabdomyolysis resulting in release of cellular phosphates
· Elevated PT; PT/aPTT > 50% of reference range
· Possibly due to DIC or activation of the intrinsic coagulation system via complement (C3a, C5a), bradykinin, FVIII, and FXII
· Hypoglycemia (<80mg/dL) and dextrose administration and hypoglycemia within 6 hours, especially if refractory hypoglycemia
· Possible sequela of increased cellular utilization or a decrease in hepatic production or mobilization of glucose
· Possibly as the result of sepsis induced by bacterial translocation brought on by compromised gastrointestinal mucosal defenses (portal hypertension, shock gut)
· Gallbladder wall edema was evident in 84.5% of patients in this study that had AUS
· Peritoneal effusion was noted in 65.5% of the patients that had AUS  most were characterized as hemorrhagic effusions, the others were considered protein-rich transudates with a hemorrhagic component (PCV > 2%)

[image: ]
[image: ]
· Related to polysorbate 80 solvent in the old formulation
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A simplified grading scale of anaphylaxis severity adapted for dogs. Severity grades for anaphylaxis in dogs are assigned on the basis
‘of the clinical signs of the most saveraly affected organ system.
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Table 1: Clinical criteria for diagnosing anaphylaxis'=%-%

Anaphylaxis is highly ikely when any 1 of the following 3 criteia is
ulflled:

1. Acute onset of an iliness (minutes to several hours) with involvement
of the skin, mucosal tissue, or both (eg, generalized hives; pruritus
or flushing; swollen fps, tongue, vulva)

And atleast 1 of the following:

a. Respiratory compromise (eg, dyspnea, wheeze/bronchospasm,
stridor, reduced peak expiratory flow [PEF], hypoxemia)

b. Reduced blood pressure (BP) or associated symptoms of
‘end-organ dysfunction (eg, collapse, syncope, incontinence)

2. Two or more of the following that occur rapidly after exposure to a

likely allergen (minutes to several hours):

2. Involvement of the skin/mucosal tissue (eg, generalized hives,
prurits, flushing)

b. Respiratory compromise (eg, dyspnea, wheeze/bronchospasm,
stridor, reduced PEF; hyporemia)

. Reduced BP or associated symptoms of end-organ dysfuncion
(eg, collapse, syncope, incontinence)

d. Persistent gastrointestinal symptoms (eg, abdominal pain,
‘vomiting)

3. Reduced BP after exposure to a known allergen (minutes to several
hours):

a. Infants and children: low systolic BP or > 30% decrease in systolic
3

b. Adbils: systolic BP < 90 mm Hg or > 30% decrease from their
baseline
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: 67 cases (2016-2018)

OBJECTIVE
o determine mortaliy rates for dogs with sovera anaphylaxis and idenfy
potantil prognostic factors.

ANIMALS
67 dogs with suspected anaphylaxis graded as savare

PROCEDURES
Dogs were classfied on the basis of outcome as survivors and nonsurvivors.
Medical records wore reviewed, and data were extracted including signal-
ment. examination findings, time to hospital adrmission from onsat of clinical
signs, CBC results, serum biochemical analysis results, coagulation testing
results, and findings on abdominal ultrasonography. Iitial treatment wihin
the first 6 hours after hospital admission was racordod for analysis, spo-
cficall including the use of epinephrine, diphenhydramine, corticosteroids,
antimicrobils, resh-frozen plasma, and supplomental dextrose

RESULTS
The overall mortaliy rate was 149% (10/67) for dogs with anaphylaxis graded
assevere. Serum phosphorus concentration and prothrombin time (PT) were
signifcantly hgher in nonsurvivors, compared with survivors. Nonsurvivors
had lower presening body temperatures than survivors. Serum phosphorus
concentration > 12.0 mmollL. hypoglycemia within 6 hours after hospital
admission, high PT value, concurrently high PT and partal thromboplasin
time (PTT) values > 50% above the reference range limit, and the need for
supplemental dextrose were associated with death. The incidences of coagu-
Topathy and poritonaal ffusion woro uncxpactacly high (85.25% and €5.5% of
dogs.respecively) but were not indictive o survival

CONCLUSIONS AND CLINICAL RELEVANCE
Despita th poor presenting clinial condition seen in dogs with severe
anaphylaxis,the rate of survival with treatment was faly high. Coagulopa-
thy and the presence of peritonea effusion were common findings in dogs
with savara anaphylaxis. Serum phosphorus concentration > 120 mmol/L.
high PT value, concurrent ncreases of PT and PTT values > 50% above
roforenca ranga limits. hypoglycamia within & hours after hospital admis-
sion. and the neod for supplomental dextroso ware associated with death,
(JAm Vet Med Assoc 2020:256:1137-1144)
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Adverse Effects of Intravenous Amiodarone in 5 Dogs

R.E. Cober, K.E. Schober, N. Hildebrandt, E. Sikorska, and S.C. Riesen
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Anaphylaxis to Ophthalmic

Medication in a Cat
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Director of Medicine
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Phoenix, AZ 85021

Summary

There is an increasing incidence of anaphylactic reactions in cats due to the administration of
ophthalmic bacitracin, neomycin, polymyxin medications. Most of the reported cases have been
fatal. This s the report of a cat that survived the initial episode only to develop renal failure and
cardiomyopathy. This lead to euthanasia seven days later. Dr. Kathryn Meyer of the U.S. Pharma-
copeia and Dr. Signe Plunkett of the Emergency Animal clinic in Phoenix are conducting an ongo-
ing study, and they are interested in the reports of any additional cases. (Vet Emerg Crit Care,
10:169-171, 2000)
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Anaphylactic events observed within 4 h of ocular
application of an antibiotic-containing ophthalmic
preparation: 61 cats (1993—2010)
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‘This study describes signalment, history, antibiotic administered, clinical signs
observed, therapy, and outcome of anaphylactic events within 4 following,
ophthalmic administration of an antibiotic to cats. Data came from survey
responses (15 cats) or Federal Drug Administration reports (16 cats). Cat age
(7 weeks—19 years), breed, and gender ranged widely. Most were healthy (57%)
prior to anaphylaxis. Ophthalmic antibiotics commonly were administered for
conjunctival (65%) or comeal (11%) disease, or ocular lubrication (7%) and
contained bacitracin, neomycin, and polymyxin B (%), or oxytetracycline and
polymyxin B (21%). Polymyxin B was present in all cases. Vaceines or other
drugs were also administered o 51% of cats.In 56% cases, anaphylaxis occurredd
within 10 min of drug application. Most (82%) cats survived. Although a causal
association was not proved, ophthalmic antibiotic administration preceded
anaphylaxis in al cats. Like other drugs, ophthalmic antibiotics should be used
only when indicated.
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Anaphylactoid reaction in a heartworm-infected

dog undergoing lung lobectomy

Jennifer E. Carter, pvw, pacw; Guillaume Chanoit, by, pio, pacvs; Cheryl Kata

Case Description—A 7-yearold 23-kg (50.6-b) spayed female Border Collie with a history.
of heartworm disease was evaluated for fespiratory distress.

Clinical Findings—Compued tomography of the thorax revealed possble pulmonary bulae of
blebs, and on the basis of these findings,  tentative diagnosis of bullous emphysema was made.
Treatment and Outcome—Exploratory median stemotomy revealed gross pathological le-
sions in the right caudal lung lobe; the most peripheral portion appeared discolored (pale
pink], and a clear ine of demarcation was observed. Upon excision of the affected lung lobe,
2 worm segment was noticed both on the remaining stump of the lung lobe in the dog and
in the removed lobe. At this time, the dog had an anaphylactoid reaction. The reaction was
successfull treated with fuid therapy, anthistamines, and corticosteroids. Lung lobectomy
of the right caudal lobe restted in clinical esolution of the biateral pneumothorax. However,
during the postoperative period, the dog developed a hemothorax and was returmed 0 Sur-
gery. As no obvious caus for the hemathorax was Seen at the second surgery, the dog was
reated for a potential coagulopathy with fresh frozen piasma, which provided ciiical resolu-
tion of the hemathorax. Parasitological examination of the worm segment confirmed a Diro-
filaria immitis nfection. The dog was discharged 5 days after surgery and treated with doxy-
cycline for 30 days and monthly administration of heartworm preventative was prescribed.
Clinical Relevance—Hoartworm infection should be a differential diagnosis in dogs with
‘spontaneous pneumathorax. Anaphylactoid reactions associated with accidental dissection
of adult heartworms shoid be managed with treatment aimed at cardiovascular stabilza-
tion. (J Am Vet Med Assoc 2011:238:1301-1304)
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Elevation of alanine transaminase and gallbladder
wall abnormalities as biomarkers of anaphylaxis in
canine hypersensitivity patients

Jonnie E. Quantz, DVM; Macon S. Miles, DVM, DACVIM; Ann L. Reed, DVM, DACVR and
George A. White, DVM, DACVECC

Abstract

Objective  The purpose of the study was to evaluate alanine transaminase (ALT) and gallbladder wall
abnomalities a5 posible biomarkers for anaphylaxis in dogs presented for acute by persersitivity reactions.
Design - ilot study.

Setting - A private practce, small animal, 24-hour emergency and specialty bospital.

Animals  Ninety-six dogs presenting 101 times cn an emergency basis for hypersensitvity reactions from.
March 2007 through March 2009

Interventions - Veterinarians acquired a history, physical exam, serum chemistry panel, blood pressure, and
ultrasound image of the gallbladder.

Messurements and Main Results - Dogs were then divided into 2 groups: dogs fulfiling the definition for
anaphylaxis (moderate and severe systemic hypersensitiviy) and dogs that did not fulil the defnition and
swere clasified as allergic reactions (ocal hypersensitivity and mild systemic hypersersitivity). Flevated ALT
was significantly associated with anaphylaxis (P <0.00). Increased gallbladder wall thickness and a striated
wall patter were significantly associated with anaphylaxis (P<0001) and these changes were readily
apparent to Arstresporder vebrinariars. Decreased body temperature (P<0001) and hypothermia
(P=0006) were significantly associated with anaphylas. There was no significant difforence between
groups reganding age, heart rate, or prosence of respiratory sgns. Lower blood pressure was significantly
asociated with anaphylaxis (P<0.001) but hypotension was not significantly different (P =0.9) between
groups. Cutancous signs wore significanty associated with the allergic reactions group (P <0.001) and, when
Seen with anaphylaxs, were subtke

Condusions - This stdy showed an clevated ALT and an sbrommal gallbladder wall to be biomarkers
Significantly associated with anaphylaxis in dogs with acute hypersensitivity resctiors.

(] Vet Emerg Crit Care 2009; 19(6): 536-544) dai: 10.1111/i.1476-4431 2009.00474.x
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Spontaneous hemoperitoneum and
anaphylactic shock associated with
Hymenoptera envenomation in a dog

Dana J. Caldwell, DVM; Kaelyn E. Petras, DVM; Brandi L. Mattison, DVM, DACVECC;
Raegan J. Wells, DVM, MS, DACVECC and Victoria L. Heffelman, DVM, DACVR

Abstract

Objective - To describe the clinical presentation of  dog with spontaneous hemoperitoneum associated with
anaphylactic shock from Hymenapters envenomation.

Case Summary - An B-year-old female neutered Beagle presentad as an emergency for acute anset o collapse,
hematemesis, and hematochezia. The dog was tachycardic, tachypncic, and hypotensive. Inital assessment
revealed ahemoperitoneum with documentation ofa nonclotting sanguincous pertonealcffusion with PCV 1%
and total protein concentration 65 /L (63 g/dL). No obvious masses were appreciated ultrasonographically
durin original presentation and cytology of the peritoncal effusion was unremarkable. Peripheral PCV wwas.
7% and total plasma protein concentration was 72 /1. (72 /dL). A bee stinger was located inthe right upper.
i after presentation and was postulated to be the inciting trigger for the abdominal hemorshage and shock.
‘The patient was medically stabilized and ultimately made an uneventéul recovery. Abdominal ultrasound
performed 3 days afer discharge revealed 3 single 0.5 cm hyperechoic liver nodule. Follow-up evaluation
3t 6 and 18 months after presentation documented a normal physical examination, unremarkable thoracic
radiographs, and no change in the original hyperechoic liver nodule.

New or Unique Information Provided - This report details an unusual clinical presentation of anaphylactic
Shock due to Hymenoptera envenomation in a dog, To the authors knowledge, spontaneous hemoperitoneurm
‘associated with anaphylaxis and bee envenomation has not been documented in the veterinary lterature.

Vet Emerg Crit Care 2015; 28(5): 476-482) dot: 101111 fc 12751
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Role of nitric oxide production in anaphylaxis
and its relevance for the treatment of

anaphylactic hypotension with methylene blue
Paulo R. B. Evora, MD, PhD* and Michael R. Simon, MDf

Objective: To review the role of nitric oxide production in anaphylaxis.

Data Sources: We performed MEDLINE scarches of the lierature. In addition, some references known to the authors but not
listed in MEDLINE, such as abstracts and a CD-ROM, were included. Finally, additional clinical details of the cases were
provided by one of the authors.
tudy Selection: Primary reports were preferentially selected for inclusion. However, some secondary publications are also cited.

Results: Histamine along with other mediators, such as leukotrienes, tmor necrosis factor, and platelet-activating factor,
induce the production of nitric oxide. Nitric oxide can inhibit the release and effects of catecholamines. Sympathetic amines may
inhibit production of nitric oxide. Studics in animals have demonsirated the gencration of nitric oxide during anaphylaxis.
Inhibition of nitric oxide synthase improves survival in an animal model of anaphylaxis. Nitric oxide causes vasodilation
indirectly by increasing the activation of guanylyl cyclase, which then causes smooth muscle relaxation by increasing the
concentration of smooth muscle cyclic guanosine monophosphate. Methylene blue is an inhibitor of guanylyl cyclase, which
increases systemic vascular resistance and reverses shock in animal studies. The previously reported successul treatment with
methylene blue of 11 patients with anaphylactic hypotension is reviewed.

Conelusion: Nitric oxide plays  significant role in the pathophysiology of anaphylaxis. Treatment with methylene blue should
be considered in patients with anaphylactic hypotension that has not responded 1o other interventions.

Ann Allergy Asthma Immiunol. 2007:99:306-313.
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