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Abstract :A 14-year-old castrated male ShihTzu diagnosed with chronic kidney disease (CKD) 6 months prior was
referred to our clinic. The patient had been experiencing symptoms such as vomiting, poor appetite and hind limbs
weakness. Hematology tests showed that he had a non-regenerative anemia. With aggressive treatment, the patient’s
state had gotten worse. He showed ragged breath, vomiting blood and loss of consciousness temporarily. Hematocrit
maintained low level. Gastric hemorrhage was strongly suspected by hematemesis. Whole blood transfusion was
performed and heparin was used as an anticoagulant. Prior to transfusion, the blood cross matching between donor
and patient was performed and the result was compatible. After the transfusion was stabilized, 1 mg of protamine
sulfate for each 100 units of heparin was prepared and given intravenously over 3 minutes to reverse the effects of
heparin. Immediately after protamine injection, the patient conducted severe anaphylactic shock. Protamine sulfate is
used to reverse the anticoagulant action of heparin in dogs and humans. The adverse reaction of protamine sulfate
range from mild reaction to fetal cardiac arrest. When using protamine sulfate as heparin neutralization, it can lead
to the death of a patient cause of anaphylactic shock. For this reason, the protamine sulfate should be injected slowly
with antihistamine and the clinician should carefully monitor patients. 
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Introduction

Protamine sulfate is administered for the neutralization of

heparin in both dogs and humans and has been known to

cause variety of adverse reactions such as allergic reactions

and systemic hypotension (2,9,14). Although the mechanisms

of these adverse reactions by protamine sulfate have not yet

been clarified, histamine mediated anaphylactic reaction is

possible cause (14). This case report describes the applica-

tion of protamine sulfate for heparin neutralization in a dog

receiving a blood transfusion and an anaphylactic shock

immediately after protamine injection. 

Case

A 14-year-old castrated male ShihTzu with anorexia, de-

pression and hind limb weakness was referred to Kyungpook

National University Veterinary Medical Teaching Hospital.

The patient had been diagnosed with chronic kidney disease

(CKD) 6 months previously, but showed no clinical symp-

toms thereafter. The patient had been experiencing symptoms

such as vomiting, poor appetite, and hind limb weakness for

approximately 5 days. Thereafter, the owner took him to a

local animal hospital where a complete blood count and

serum biochemistry profile were performed. Hematology tests

showed a decreased hematocrit (Hct) at 26.4% (reference

index [RI]: 37-55%) and a slightly increased neutrophil count

at 14.24 × 109/L (RI: 2-12 × 109/L). Serum chemistry showed

azotemia with blood urea nitrogen (BUN) levels at 130 mg/

dL (RI: 7-2), creatinine at 7.3 mg/dL (RI: 0.5-1.8) and hyper-

phosphatemia (16.1 mg/dL; RI: 2.5-6.8 mg/dl). He was hos-

pitalized and given intravenous fluids and routine treatments

for CKD. However, the levels of BUN, creatinine and phos-

phorus increased steadily during hospitalization. 

During the patient’s first visit to our animal hospital, he

was quiet but responsive, and had a pale mucous membrane.

Thoracic auscultation revealed normal heart and lung sounds,

with a heart rate of 150 beats per minute and a respiratory

rate of 20 breaths per minute. Hematology, serum chemistry

and routine urinalysis were performed. The hematology tests

revealed anemia with Hct of 14.2% (RI: 36.9-55.0%), while

serum chemical analysis showed elevated levels of BUN

(173 mg/dL, RI: 9.2-29.2 mg/dL), creatinine (7 mg/dL, RI: 0.4-

1.4 mg/dL) and phosphorous (20 mg/dL, RI: 1.9-5.0 mg/dL)

levels. Urinalysis results were unremarkable aside from a

urine specific gravity of 1.012.

The treatments initiated were aggressive fluid therapy with

intravenous normal saline (7-10 mL/kg/h) and famotidine (0.5

mg/kg). Oral medications included metoclopramide (0.4 mg/

kg), a routine gastric protective agent and adsorbents. Darbe-

poetin (0.3 µg/kg) was applied subcutaneously. 

The following day, the patient’s condition worsened. The

owner reported that he was breathing raggedly, vomiting with
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hemorrhage and lost his consciousness temporarily overnight.

Upon examination, the patient’s mucous membrane was still

pale, and he had been panting. Hct remained at 14.9, but gas-

tric hemorrhage was suspected. In addition, the patient’s

mental and respiratory states worsened in comparison to the

previous day; therefore, we decided to perform a blood trans-

fusion. Prior to blood transfusion, blood cross matching

between the donor and patient was performed and the result

was compatible. We, then, prepared 150 mL of whole blood

(with Hct of 54%) with heparin (500 IU per 50 mL of blood)

as an anticoagulant. Pretreatment with dexamethasone (0.5

mg/kg) and diphenhydramine (1 mg/kg) was administered

intravenously to help minimize adverse reactions. After trans-

fusion, the state of the patient was stable. Since the patient

had gastric hemorrhage, 1 mg of protamine sulfate per 100

units of heparin was prepared and administered intrave-

nously over 3 minutes to reverse the effects of heparin.

Within several seconds after protamine infusion, the patient

showed open-mouthed breathing for a few seconds and loss

of spontaneous breathing and pupillary light reflex. He then

went into cardiac arrest. Cardiopulmonary resuscitation and

intubation were performed immediately and epinephrine (0.02

mL/kg, three times, repeated every 2-3 minutes) was admin-

istered intravenously. Approximately 10 minutes later, the car-

diac and respiratory efforts were restored but the patient did

not regain consciousness. After 30 minutes, the patient showed

a myoclonic status, and the owner decided to discontinue fur-

ther treatments.

 

Discussion

Protamine sulfate is used to reverse the anticoagulant action

of heparin in both dogs and humans. However, it can cause a

variety of adverse reactions (2,9,14). Human studies have

shown that 0.06-10.7% of people react to protamine sulfate,

and the severity of the patients’ reactions range from mild

allergic reactions to fatal cardiac arrests (14). The major sys-

temic reaction is hypotension, which can lead to cardiovascu-

lar collapse.

Studies on the usage and toxicity of protamine in dogs

appear as early as 1900, but are fewer than in humans (1,3,6,

8,10,16-18). According to these studies, an injection of prot-

amine in dogs changes the cardiovascular environment and

pulmonary circulation. First, systemic blood pressure and sys-

temic vascular resistance decreased after protamine adminis-

tration (3,6,8,10,18). Jaques demonstrated a drop-in blood

pressure to 30 mmHg that occurred 30 seconds after a prota-

mine injection (10). In addition, protamine increases pulmo-

nary artery pressure and pulmonary vascular resistance (3,8). 

Although the exact mechanisms by which protamine sul-

fate produces these adverse reactions are unknown, anaphy-

lactic and/or anaphylactoid reactions are possible causes (14).

Both of these reactions are attenuated by the administration

of histamine antagonists (13,14). Therefore, prophylactic ad-

ministration of antihistamines is often used to reduce cardio-

vascular complications. Protamine and/or the protamine-hep-

arin complex may elicit a release of histamine and stimulate

vasodilation and hypotension (7). Histamine receptor block-

ers compete with histamine at receptor sites and attenuate

any hemodynamic responses, although different studies have

reported varying degrees of their efficacy (11,13).

To further reduce the risk of adverse reactions, it is impor-

tant to inject protamine slowly (4,9,10,12,14). Several stud-

ies have shown that rapid injection increases protamine’s

cardiovascular effects. Thus, according to the current standard

rate of slow infusion, protamine is administered over 5 to 15

minutes in humans (14).

While a slow rate of protamine infusion and antihistamine

administration reduce some of the adverse reactions associ-

ated with protamine, they do not prevent all of them. These

adverse reactions are usually dramatic and often life-threaten-

ing. In the present case, the veterinarian pretreated the patient

with diphenhydramine and administered protamine cautiously,

but the patient still went into an emergency state. A pro-

longed state of hypoperfusion, related to cardiopulmonary

collapse, may lead to tissue ischemia, necrosis, and multiple

organ failure. Therefore, when treating patients with prota-

mine, their vital signs, hemodynamic parameters, respiratory

function, and mental status should be carefully monitored. 

There are currently no alternatives to protamine sulfate for

neutralizing the anticoagulant effects of heparin. Toluidine

blue and hexadimethrine bromide could be potential candi-

dates, but both have significant side effects (5,15). In addi-

tion, not many sufficient animal studies have been performed

regarding the use of these agents. Thus, protamine sulfate

will continue to be used for reversing the anticoagulant activity

of heparin after blood transfusion or cardiopulmonary surgery. 

Some guidelines only describe that protamine should be

slowly administered to dogs. However, dogs are more sensi-

tive to protamine than humans; therefore, administration of

protamine to dogs requires special attention (10,18). We rec-

ommend that an antihistamine should be administered to

minimize any adverse reactions prior to using of protamine

sulfate; thereafter, protamine sulfate should be injected very

slowly. A safe administration method involves dividing the

total dose of protamine in half and administering each half

after an interval of 30-minutes. In addition, clinicians should

carefully monitor the patient for the presence of any side

effects. 
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