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Abstract

Objective: To describe the therapeutic use of vasopressin in dogs with dopamine-resistant hypotension and
vasodilatory shock.

Series summary: We report the effects of intravenous vasopressin therapy on mean arterial blood pressure
and central venous pressure (CVP) in 5 dogs with dopamine-resistant hypotension from vasodilatory shock.
All subjects had documented hypotension and vasodilation, despite adequate intravascular volume and
catecholamine therapy. There was an increase in mean arterial pressure following vasopressin administration.
No cardiac arrhythmias were noted, nor were there clinically significant changes in CVP.

New information provided: Mean arterial blood pressure increased following vasopressin therapy in all of
the dogs. Vasopressin may prove useful in the treatment of vasodilatory shock, however further research is
warranted.
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Introduction

In animals with normal vasomotor tone, a decrease in

arterial blood pressure should trigger vasoconstriction
leading to pale mucous membranes (MM).1 During

septic shock, this vasoconstrictive response often fails

and inappropriate vasodilation known as vasoplegia

manifests clinically as red MM and warm extremities.2,3

In most patients, this type of vasodilatory hypotension

responds clinically to the administration of intravenous

fluids and catecholamines such as dopamine, dobuta-

mine, phenylephrine, norepinephrine, or epinephrine.
In severely affected animals, ‘catecholamine-resistant

vasodilatory shock’ is characterized by refractory hy-

potension despite intravascular fluid resuscitation and

catecholamine administration. Catecholamine-resistant

vasodilation is a potentially fatal complication of septic

shock, the systemic inflammatory response syndrome

(SIRS) and multiple-organ dysfunction syndrome

(MODS), and is a final common pathway of death in

patients that sustain severe, prolonged shock states of

any origin.

Catecholamine-resistant vasodilation is caused by

derangements of normal vasodilatory and vasocon-

strictor mechanisms, and occurs despite increased lev-

els of norepinephrine, endothelin, and angiotensin II.4

Elevated levels of nitric oxide and activation of the

smooth muscle ATP-sensitive potassium (KATP) chan-

nels and calcium-regulated potassium channels (KCa2þ )

are the primary causes of the inappropriate vasodila-

tion, but the lack of reflex vasoconstriction is not as

clearly understood.2,5 Other potential contributors to

vasoplegia include fatal injuries to the vascular endo-

thelial cells from prolonged hypotension, inadequate
oxygen extraction from the tissues, and an increase in

the activity of vasodilatory prostaglandins.6–8 An addi-

tional mechanism that may play a significant role in the

pathogenesis of refractory vasodilatory shock in both

small animals and humans is a deficiency of arginine

vasopressin (AVP), also known as antidiuretic hormone

(ADH).2,9 The vasoconstrictive effects of AVP are non-

adrenergic and mediated by direct and indirect effects
on arterial smooth muscle. In vitro, AVP is a more po-
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tent vasoconstrictor than angiotensin II, norepineph-

rine, or phenylephrine, and it also enhances the sensi-

tivity of the vascular endothelium to other pressor

agents.10–14

Humans with advanced vasodilatory shock have de-

creased AVP secretion and an enhanced sensitivity to

AVP-induced blood pressure changes.9,11,15 The serum
AVP levels are not always consistent with the hemo-

dynamic parameters, however.16,17 Preliminary studies

have demonstrated promising results in the manage-

ment of humans with refractory hypotension using in-

travenous infusions of AVP, and many human patients

can be weaned off catecholamine support by the addi-

tion of AVP therapy.18–21 A multicenter human clinical

trial is currently underway.
Although animal models of sepsis and hemorrhage

have demonstrated that there is initially a marked in-

crease in AVP levels, a rapid decline subsequently en-

sues.9,22,23 In dogs with experimentally induced septic

shock, AVP therapy caused an increase in mean arterial

pressure (MAP), oxygen delivery (DO2), cardiac output

(CO), renal blood flow, and survival, without any ad-

verse effects, although high-dose therapy may not re-
store intestinal blood flow and can result in a

hypercoagulable state in human plasma samples.24–27

The authors are unaware of any clinical veterinary re-

ports of AVP therapy in dopamine-resistant hypoten-

sion secondary to vasodilatory shock.

This paper describes the use of AVP to treat 5 dogs

with vasodilation and dopamine-resistant hypotension

at a university hospital. These cases constitute the first
report of administration of AVP to clinical canine pa-

tients with persistent hypotension following failure of

conventional therapy. Owners gave consent for therapy

with a non-standard drug because conventional thera-

py was not effective. The importance of this report is

that it documents an improvement in blood pressure in

response to AVP in critically ill dogs with dopamine-

resistant shock.

Case 1

A 12-year-old spayed female mixed breed dog weigh-

ing 22.4 kg was presented for evaluation of polyuria

and polydipsia (5-day duration), anorexia, and vomit-

ing (both of 1-day duration). At presentation, the dog

was alert but depressed with a rectal temperature of

35.8 1C (96.5 1F), and had a heart rate (HR) of 120 beats

per minute (BPM), respiratory rate of 40 breaths per
minute (bpm), pink, dry MM with a capillary refill time

(CRT) of 2 seconds, estimated dehydration of 6–8%, a

distended abdomen, and cranial organomegaly. The

dog’s MAP using a Dinamapa was 76 mmHg. Labora-

tory abnormalities included a neutrophilia with mild

toxic changes (17,600 cells/mL; reference interval, 5300–

19,800 cells/mL), a mild leukocytosis (16,500 cells/mL;

reference interval, 3100–14,400 cells/mL), thrombocyto-

sis (712,000/mL; reference interval, 177,000–398,000

cells/mL), hyperglycemia (658 mg/dL, reference inter-

val, 65–112 mg/dL), azotemia (BUN 86 mg/dL; refer-

ence interval, 9–33 mg/dL; creatinine 2.9 mg/dL;

reference interval, 0.7–1.8 mg/dL), hyperphosphatemia
(9.4 mg/dL; reference interval, 2.8–6.0 mg/dL), hyper-

natremia (158 mmol/L; reference interval, 140–150

mmol/L), increased liver enzymes (alanine amino-

tranferase 258 IU/L; reference interval, 16–91 U/L;

aspartate transaminase 88 IU/L; reference interval,

23–65 IU/L; alkaline phosphatase [ALKP] 2142 IU/L;

reference interval, 24–174 IU/L; and g-glutamyl trans-

ferase 267 IU/L; reference interval, 7–24 IU/L), hyper-
cholesterolemia (664 mg/dL; reference interval, 128–

371 mg/dL), and hypermagnesemia (3.3 mg/dL; refer-

ence interval, 1.6–2.5 mg/dL). Urine was obtained by

cystocentesis and a urinalysis revealed a pH of 6.0 with

a specific gravity of 1.017, 31protein, trace ketone bod-

ies, 11hemoglobin, 21bile pigments, 1–2 white blood

cells per high-power field (HPF), 1–3 red blood cells per

HPF, 8–12 epithelial cells per HPF, 0–1 fine granular
and coarse granular casts per HPF, and a large number

of gram-negative rod-shaped bacteria. A coagulation

screen was unremarkable. The dog was diagnosed with

diabetic ketoacidosis, a urinary tract infection, a hep-

atopathy (based on laboratory analysis) and pancreati-

tis (based on abdominal ultrasound findings). The dog

was treated with aggressive intravenous fluid therapy,

electrolyte supplementation, broad-spectrum antibio-
tics, antiemetic therapy, analgesics (buprenorphine,b

0.01 mg/kg, IV, every 4–6 hours), and regular insulin as

a continuous rate infusion. An arterial catheterc was

placed for direct pressure monitoring using a bedside

monitor.d After 24 hours of treatment, the dog’s HR had

increased to 140 bpm and the MAP had decreased to

50 mmHg. A total of 2255 mL of isotonic crystalloids

had been administered (approximately 94 mL/hr) and
approximately 600 mL of urine and vomitus had been

lost over this time period. The dog’s colloid osmotic

pressure was 16.4 mmHg. The MM remained pink and

the CRT was 1 second. Vasodilatory shock was diag-

nosed, presumptively caused by the SIRS associated

with pancreatitis and urosepsis. A multi-lumen cathe-

tere was placed in the jugular vein, allowing measure-

ment of the central venous pressure (CVP), which was
6 mmHg, and a urinary catheterf was placed for urine

output (UOP) monitoring. Dopamineg was given intra-

venously at 10mg/kg/min, but had no effect on the

MAP or HR. AVPh was added as an intravenous infu-

sion at 0.5 mU/kg/min. The MAP increased to

71 mmHg within 5 minutes. Forty minutes later, the

MAP was 80 mmHg, CVP remained at 6 mmHg, and
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the HR had decreased to 128 BPM. The AVP infusion

was continued at the same dose, and dopamine was

continued at 10mg/kg/min for 1 hour and 40 minutes

after starting the AVP, at which time the dog’s MAP

was 90 mmHg, the CVP was 7 mmHg, and the HR was

123 BPM. The dog’s MM were pink with a CRT of 1

second throughout this time period. The UOP remained
at 1.5 mL/kg/hr during the AVP infusion. Due to con-

tinued vomiting and concern for aspiration pneumonia,

the owners elected to euthanize the dog. A necropsy

examination confirmed multifocal, acute pancreatic ne-

crosis with inflammation and moderate to severe he-

patocellular fatty change.

Case 2

A 10-year-old spayed female Malamute weighing
42.8 kg presented to the referring veterinarian for eval-

uation of decreased appetite (1 week duration), poly-

dipsia, and vomiting (1 day duration). The dog was

diagnosed with septic peritonitis based on cytologic

analysis of an abdominocentesis fluid sample and was

referred for surgery. At presentation, the dog was de-

pressed but alert, had a rectal temperature of 40.9 1C

(105.6 1F), HR of 80 BPM, respiratory rate of 36 bpm, red
and tacky MM with a CRT of 1.5 seconds, and a dis-

tended and painful abdomen. The dog was given a bo-

lus of crystalloid fluids intravenously, broad-spectrum

antibiotics, and exploratory surgery was performed.

Septic peritonitis from a jejunal perforation secondary

to foreign body was diagnosed. A jejunal resection and

anastomosis was performed. The dog was stable

throughout the surgery and recovered uneventfully,
except for intermittent vomiting. Aggressive fluid ther-

apy was continued using balanced electrolyte replace-

ment solutions, natural (fresh frozen plasma), and

synthetic colloids. Antibiotic therapy was initiated us-

ing ampicillini (22 mg/kg, IV, q 8 h) and enrofloxacinj

(10 mg/kg, IV, q 24 h), pain was treated with an intra-

venous butorphanolk continuous rate infusion (CRI) at

0.2 mg/kg/hr.
The MAP was stable for 4 hours postoperatively, then

hypotension developed secondary to presumed septic

shock. A multi-lumen catheter was placed in the jugular

vein. The CVP was 4 mmHg, the MAP was 62 mmHg,

and the HR was 140 BPM. A urinary catheter was placed

to monitor UOP. The dog remained febrile with a rectal

temperature of 40 1C (104 1F) with red MM with a CRT of

1–2 seconds. The UOP averaged 1–1.5 mL/kg/hr. A CRI
of dopamine was started at 10mg/kg/min. At first, the

MAP responded to the dopamine and remained

470 mmHg for the next 12 hours, with a HR that ranged

from 104–142 BPM. After 12 hours of dopamine therapy,

the MAP decreased to 60 mmHg, the CVP remained at

4 mmHg, and the HR was 140 BPM. The blood pressure

was not responsive to an IV bolus of 10 mL/kg of syn-

thetic colloids administered over 30 minutes. Therefore,

an AVP CRI was initiated (in addition to the dopamine) at

0.5 mU/kg/min intravenously. Within 30 minutes, the

MAP increased to 67 mmHg and the HR decreased to

117 BPM. UOP remained unchanged. Within 30 minutes

of increasing the AVP CRI dose to 0.6 mU/kg/min, the
MAP increased further to 72 mmHg, the CVP increased

to 8 mmHg, and the HR was 108 BPM. The UOP in-

creased to 1.17–2.48 mL/kg/hr during this time. Be-

cause the MAP intermittently decreased to the mid-

high 60’s, the AVP CRI was gradually increased by

0.1 mU/kg/min over the next 3 hours, to a maximum

dose of 1 mU/kg/min. The UOP ranged from 1.67–

1.82 mL/kg/hr over this period. At this AVP dose, the
MAP was improved at 77 mmHg, the CVP remained at

8 mmHg, and the HR was 130 BPM. The dog remained

on AVP and dopamine infusions for the next 6 hours, at

which point the MAP decreased again to 64 mmHg. The

UOP over this 6 hour period was 1.5–3.85 mL/kg/hr.

The dopamine was increased to 12 mg/kg/min, result-

ing in an increase of the MAP to 70 mmHg, with a CVP

of 7 mmHg, and a HR of 145 BPM. The UOP remained
at 3 mL/kg/hr. The owners elected to euthanize the

dog due to continued vomiting and expense. The total

duration of AVP therapy was 12 hours. A necropsy was

performed and severe peritonitis secondary to multifo-

cal chronic intestinal perforations with fibrous omental

adhesions were found throughout the small intestine.

The anastomosis site was leaking, and additional per-

forations were present that had not been appreciated at
the time of surgical exploration.

Case 3

A 10-year-old spayed female Labrador Retriever weigh-

ing 27 kg was presented for evaluation of progressive

ataxia and apparent cervical pain of 2 weeks duration.

Physical examination revealed normal vital signs, a

short-strided thoracic limb gait, pelvic limb ataxia with

conscious proprioceptive deficits, and apparent pain
when the neck was moved dorsally or to the left. All

laboratory tests were unremarkable and no abnormal-

ities were observed on thoracic radiographs. The dog

was anesthetized for a lumbosacral cerebrospinal fluid

(CSF) tap, survey cervical radiographs, and myelo-

gram. The CSF was clear with a total protein of 90 mg/

dL and a nucleated cell count of 3 cells/mL. A mild

mononuclear pleocytosis was present. An extradural
lesion at C7-T1 resulting in spinal cord compression

due to intervertebral disc disease was present on the

myelogram. A ventral slot was performed at the site.

The dog was stable under anesthesia. The dog was

treated with hydromorphonel (0.1 mg/kg, IM, q 4–6 h)

and deracoxibm (3 mg/kg, PO, q 24 h) for pain after
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surgery. Postoperatively, the dog had a mild Horner’s

syndrome on the right and was intermittently gagging, but

was ambulatory and demonstrated neurological improve-

ment. Two days after surgery, the dog became lethargic,

developed a fever (39.4 1C, 103 1F), tachycardia (140 BPM),

and tachypnea (40 bpm) with an increased respiratory rate

and effort. Chest radiographs revealed an alveolar pattern
in the right cranial, right middle, and left cranial lung

fields, and a normal cardiac silhouette. A transtracheal

wash was performed and suppurative inflammation with

bacterial rods was present in the cytologic sample. A bac-

terial culture was subsequently positive for Escherichia
coli. A complete blood count (CBC) was performed and

a leukopenia (493 cells/mL; reference interval, 5300–

19,800 cells/mL) with marked toxic changes noted, ne-
utropenia (334 cells/mL; reference interval, 3100–14,400

cells/mL), lymphopenia (113 cells/mL; reference interval,

900–5500 cells/mL), and thrombocytopenia (168,000 cells/

mL; reference interval, 177,000–398,000 cells/mL) were pres-

ent. The dog was treated with ampicillin (22 mg/kg, IV, q

8 h), enrofloxacin (10 mg/kg, IV, q 24 h), and amikacinn

(15 mg/kg, IV, q 24 h) for the pneumonia. Famotidineo

(0.5 mg/kg, IV, q 12 h) and metoclopramidep (1 mg/kg/
day CRI) were also administered for the vomiting.

An arterial blood gas and stat chemistry was ana-

lyzed and detected hypoxemia (PaO2 60 mmHg; refer-

ence interval, 85–100 mmHg), hypocarbia (PaCO2

25.7 mmHg; reference interval, 34–40 mmHg), an eleva-

tion of the alveolar–arterial gradient (61.7; reference in-

terval, o15), a normal pH (pH 7.37; reference interval,

7.35–7.45), metabolic acidosis (HCO3 15 mmol/L; refer-
ence interval, 20–24 mmol/L), elevated base excess

(� 10 mmol/L; reference interval, � 5 to 0) an in-

creased lactate (5.0 mmol/L; reference interval,

o2.0 mmol/L), hypoglycemia (40 mg/dL; reference in-

terval, 65–112 mg/dL), and normal electrolyte (sodium,

potassium, chloride, calcium, magnesium) concentra-

tions. Oxygen was administered (2.5 L/min) through

nasal prongs, and 0.25 g/kg of dextrose was adminis-
tered IV. A direct blood pressure was measured and the

MAP was 55 mmHg with a HR of 128 BPM. Multiple

isotonic crystalloid and synthetic colloid boluses (total-

ing 50 and 10 mL/kg, respectively) were administered

intravenously. The dog’s MAP did not improve follow-

ing aggressive fluid resuscitation and the lactate in-

creased to 12.3 mmol/L over the following 4 hours. A

CRI of dopamine was initiated at 10 and subsequently
increased to 15 mg/kg/min IV. The dog had bright pink

MM, a CRT of 1 second, and a rectal temperature of

38.4 1C (101.2 1F) 1 hour later, and was diagnosed with

septic shock secondary to presumptive aspiration pneu-

monia. The MAP did not improve and in fact decreased

to 38 mmHg, with a HR of 135 BPM. At that time the

lactate had increased to 13.3 mmol/L.

AVP was administered at 0.5 mU/kg/min IV because

of the drop in MAP in the face of dopamine therapy,

and the MAP increased to 54 mmHg and HR decreased

to 128 within 5 minutes. Fifteen minutes later, the dose

of the AVP infusion was increased to 0.75 mU/kg/min

and the MAP increased to 61 mmHg and the HR de-

creased to 118 BPM. The lactate also decreased to
12.6 mmol/L. The AVP was increased in further incre-

ments of 0.1–0.25 mU/kg/min every 15–20 minutes to a

maximum rate of 1.25 mU/kg/min at which point the

MAP increased to 71 mmHg, the HR decreased to

105 BPM, and lactate decreased to 11.4 mmol/L. The

dog vomited several times and the dyspnea worsened.

Mechanical ventilation was recommended, but the

owners declined. Five hours after initiating AVP ther-
apy, the dog’s PaO2 was 43 mmHg with an inspired

oxygen concentration of approximately 60%, the PaCO2

was 33 mmHg, and the lactate was 13.3 mmol/L. A re-

spiratory arrest occurred and mechanical ventilation

was initiated with permission from the owners. During

the arrest, the HR decreased to 50 BPM and 0.05 mg of

atropineq was administered IV. The hypoglycemia per-

sisted and further dextrose boluses were necessary. The
dog was placed on fentanylr (1 mg/kg/min) and diaze-

pams (0.25 mg/kg/hr) IV in order to maintain en-

dotracheal intubation and mechanical ventilation with

positive end-expiratory pressure. The MAP decreased

to 45 mmHg following the arrest and the AVP infusion

was increased to 5 mU/kg/min. The MAP increased to

51 mmHg, at which point the owners elected to

euthanize the dog due to the poor prognosis and fi-
nancial constraints. A necropsy confirmed the presence

of severe, multifocal to coalescing, suppurative, and

necrotizing bronchopneumonia with intrabronchial for-

eign material (consistent with aspiration pneumonia)

and multifocal, peracute myelomalacia at segments

C8-T1.

Case 4

An 8-year-old castrated male Jack Russell Terrier
weighing 14.3 kg was presented for evaluation of pro-

gressive respiratory distress of 5 weeks duration and

anorexia of 2 days duration. The dog was depressed,

but responsive at presentation. The rectal temperature

was 39.2 1C (102.6 1F), the HR was 132 BPM with weak,

synchronous femoral pulses, and the respiratory rate

was 52 bpm with an increase in inspiratory effort and

stridor. A bilateral clear nasal discharge from thick-
ened, hyperpigmented nares was present. The MM

were red with a CRT of 1 second. The oxygen saturation

measured by pulse oximetry was 92% on room air and

an indirect MAP was 55 mmHg. Initial laboratory an-

alyses revealed a nonregenerative anemia (hematocrit

33.4%; reference interval, 40.3–60.3%; absolute ret-
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iculocyte count 8000 cells/mL; reference interval for

regeneration, 480,000 cells/mL) and a lymphopenia

(479 cells/mL; reference interval, 900–5500 cells/mL). Al-

though the total white blood cell count was normal,

there were 3200 band neutrophils/mL with marked

toxic change. The BUN and phosphorous were mildly

elevated (36 mg/dL; reference interval, 9–33 mg/dL
and 7.3 mg/dL; reference interval, 2.8–6.1 mg/dL, re-

spectively) and the ALKP was also increased (683 IU/L;

reference interval, 24–174 IU/L). Urinalysis was unre-

markable. Rickettsial disease and Aspergillus sp. titers

were negative. Thoracic radiographs were unremark-

able and hepatomegaly was evident on abdominal ra-

diographs. An abdominal ultrasound was performed

and revealed multiple nodules within the liver and bi-
lateral adrenomegaly. A fine needle aspirate of the liver

nodules revealed a mild vacuolar hepatopathy with

evidence of extramedullary hematopoiesis. The dys-

pnea appeared to be secondary to an upper airway ob-

struction based on the inspiratory stridor. The

hemodynamic status was consistent with distributive

shock, although a source of sepsis or systemic inflam-

mation was not immediately evident.
Isotonic crystalloids and synthetic colloid boluses

were administered and the MAP increased to

74 mmHg. Broad spectrum antibiotic therapy was ini-

tiated. Intermittent hypoglycemia was treated with

dextrose supplementation. Approximately 24 hours af-

ter presentation, the MAP decreased to 50 mmHg and

was unresponsive to additional fluid therapy. Dopa-

mine was administered at 5mg/kg/min IV. The dose
was gradually increased to 20mg/kg/min over 4 hours

and the MAP increased to 70 mmHg with a HR of

120 BPM. A multi-lumen jugular catheter was placed

and the CVP was 5 mmHg. Six hours later, the MAP fell

again to 50 mmHg. The CVP was 7 mmHg, the HR was

100 BPM, and the MM were pink with a CRT of 1 sec-

ond. AVP therapy was added to the dopamine therapy

at a dose of 0.5 mU/kg/min and the MAP increased to
80 mmHg. The dopamine infusion was gradually de-

creased to 10 m/kg/min and the MAP was 82 mmHg,

the CVP was 8 mmHg, and the HR was 82 BPM. The

dog remained on the AVP and dopamine for 9 hours

with stable hemodynamic indices. Thereafter, the MAP

decreased again to 57 mmHg, the HR increased to

104 BPM and the CVP increased to 9 mmHg. The AVP

infusion was increased to 0.6 mU/kg/min and the
MAP increased to 71 mmHg, the CVP decreased to

8 mmHg, and the HR decreased to 83 BPM. Fourteen

hours after increasing the dose to 0.6 mU/kg/min (and

23 hours after starting AVP therapy), the dog was anes-

thetized for nasal computerized tomography (CT). An

aggressive osteolytic lesion was present, originating

from the caudal aspect of the left nasal passage and

invading the brain through the cribiform plate. Twenty-

six hours after starting AVP therapy, the owner elected

to euthanize the dog based on the poor long-term

prognosis. At the time of euthanasia, the MAP was

88 mmHg, the CVP was 15 mmHg, and the HR was

100 BPM. A necropsy examination was performed and

a nasal adenocarcinoma with erosion of the cribiform
plate and the left frontal bone was confirmed. Addi-

tionally, acute multifocal hepatitis and nephritis with

multiple renal interstitial abscesses were present. Se-

vere myeloid hyperplasia was found in the bone mar-

row.

Case 5

An 11-year-old spayed female Golden Retriever weigh-

ing 35 kg was presented for evaluation of anorexia,
lethargy, and regurgitation of phlegm for 4 days. The

dog was alert and responsive at presentation. A phys-

ical examination revealed a rectal temperature of

38.9 1C (102 1F), a HR of 160 BPM, and panting with a

mild to moderate increase in respiratory effort. A CBC,

biochemical profile, and urinalysis were unremarkable.

A large cranial mediastinal mass that displaced the

heart caudally and a megaesophagus were observed on
thoracic radiographs. An abdominal ultrasonographic

examination was unremarkable and a thoracic ultra-

sonographic examination revealed a cystic, septated

cranial mediastinal mass. An acetylcholine receptor an-

tibody test was submitted. A positive result for my-

asthenia gravis was reported following death of the

patient. The dog was anesthetized and a thoracic CT

was performed. The mediastinal mass appeared to
compress the esophagus on the CT. A median sterno-

tomy was performed and the mass was resected (final

histopathological diagnosis was mediastinal adenocar-

cinoma). A partial lobectomy of the left cranial lung

lobe and a left phrenic nerve transection were per-

formed to facilitate removal of the tumor. During an-

esthesia, the dog received multiple fluid boluses,

dopamine (7 mg/kg/min, IV) and phenylephrinet (0.2–
0.3mg/kg/min, IV) for hypotension, and atropine

(0.02 mg/kg, IV) for bradycardia. Surgical blood loss

was minimal.

Following surgery, the dog was hypotensive with a

MAP of 43 mmHg and a CVP of 10 mmHg while on

7mg/kg/min of dopamine. The dopamine was in-

creased to 10mg/kg/min and the MAP improved to

78 mmHg. The dog was also hypoventilating, with an
increased abdominal effort and minimal chest wall

movement. The PaCO2 was 77 mmHg and the PaO2

was 195 mmHg while breathing 100% oxygen. The dog

was mechanically ventilated, and fentanyl and diaze-

pam CRIs were initiated for sedation. Over the next 4

hours, the dopamine was weaned off and the dog re-
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mained normotensive but continued to require me-

chanical ventilation. Every 12 hours an attempt was

made to wean the dog from mechanical ventilation, but

the dog continued to hypoventilate and weaning at-

tempts were unsuccessful. Therefore, the dog remained

anesthetized and intubated on a ventilator. Twenty-nine

hours after discontinuing the dopamine, the dog be-
came hypotensive again with a MAP of 53 mmHg, a

CVP of 11 mmHg, and a HR of 95 BPM. Vasodilatory

shock secondary to ventilator-acquired or aspiration

pneumonia was suspected.

Dopamine was reinstituted at 5mg/kg/min and

gradually increased to 14 mg/kg/min over the ensuing

12 hours. Despite the dopamine therapy, the MAP re-

mained at 60 mmHg with a CVP of 8 mmHg and a HR
of 150 BPM. The dog continued to require anesthesia for

mechanical ventilation and the MM were pink with a

CRT of 1 second and the rectal temperature was 37.3 1C

(99.2 1F). Arterial blood gases remained within the nor-

mal range with mechanical ventilation and an FiO2 of

0.3–0.4. AVP therapy was added at 0.5 mU/kg/min and

the MAP increased to 69 mmHg within 15 minutes and

increased further up to 80–85 mmHg for the next 3
hours, the CVP increased to 10 mmHg, and the HR de-

creased to 118–148 BPM. The MAP then decreased to

66 mmHg, therefore the AVP CRI was increased to

0.6 mU/kg/min. The MAP increased to 103 mmHg

within 30 minutes and the dopamine dose was de-

creased to 10mg/kg/min from 14 mg/kg/min. The

MAP decreased to 70 mmHg after this change. The

owner elected to euthanize the dog at that time due to
the histopathologic diagnosis of adenocarcinoma (pos-

sibly originating from thyroglossal duct remnants). The

dog received AVP for a total of 4 hours. A necropsy

examination was performed and severe, multifocal, fi-

brinohemorrhagic pleuritis and necrosis was present, as

well as severe, multifocal, peripancreatic fat necrosis

with saponification. The lungs had moderate conges-

tion with mild, multifocal, alveolar histiocytosis and
mild, focal fibrinous pleuritis. The left cranial lung lobe

had severe, focally extensive pleural hemorrhage with

compression and alveolar histiocytosis. Bacterial pneu-

monia was not identified, and vasodilatory shock is

presumed to have been caused by pancreatitis and

pleuritis.

Discussion

To the authors’ knowledge this is the first report of the

clinical use of AVP infusions for the treatment of

hypotension in 5 critically ill dogs with dopamine-

resistant hypotension and vasodilatory shock. The dogs

in this study all had refractory vasodilatory shock and

all were unresponsive to standard medical manage-

ment including aggressive fluid resuscitation and do-

pamine CRIs at doses � 10 mg/kg/min. Our intent in

presenting these cases is to provide examples of doses

and responses to therapeutic AVP administration to

dogs with persistent hypotension despite conventional

therapy, rather than to discuss specific case manage-

ment before the use of AVP.
SIRS can be initiated by sepsis, by severe sterile in-

flammatory processes such as pancreatitis, or by ne-

oplasia, all of which can cause vasodilation and

hypotension. Three of the dogs in this report had a

known septic process: septic peritonitis (Dog 2), bacte-

rial pneumonia (Dog 3), and probable urosepsis (in ad-

dition to neoplasia)(Dog 4). Dog 1 had a hepatopathy,

pancreatitis, and possible urosepsis and Dog 5 had se-
vere pleuritis, pancreatitis, and neoplasia. All of the 5

dogs had evidence of vasodilation based on physical

examination (pink or red MM and normal to increased

rectal temperature), despite severe hypotension (MAP

o60 mmHg). Before initiation of AVP therapy, volume

expansion and cardiovascular resuscitation was at-

tempted with IV fluids. In 4 of the dogs the CVP was

documented to be greater than 4 mmHg. CVP was not
measured in one dog because it did not have a central

venous catheter, but Dog 3 had received aggressive

crystalloid and synthetic colloid boluses (totaling 50

and 10 mL/kg, respectively) with no improvement in

blood pressure. All of the dogs were hypotensive (MAP

o60 mmHg) despite dopamine therapy at 10–20 mg/

kg/min. Thus, these dogs were all suffering from SIRS,

with dopamine-resistant hypotension and vasodilatory
shock. Typically, patients failing this type of standard

resuscitation are considered to be in an extremely mor-

bid (even terminal) condition, and a high mortality rate

is predicted.

In retrospect, some additional management strategies

might have proven useful in this group of dogs. For all

of the dogs, evaluation of the cardiovascular system

using a pulmonary artery catheter might have enabled
a more accurate assessment of their intravascular vol-

ume status by measurement of pulmonary artery

wedge pressure. In addition, the CO and systemic vas-

cular resistance before and during vasopressin therapy

could have been monitored and any deleterious effects

on CO recognized. More frequent monitoring of UOP,

lactate measurements, and central venous oxygen sat-

uration would have been useful in these patients. Ide-
ally, recurrence of septic peritonitis might have been

diagnosed more rapidly in Dog 2 if a drain had been in

place postoperatively. The hemodynamic status of Dog

3 might have been accurately assessed with either a

central venous or pulmonary artery catheter, but jug-

ular catheter placement was not possible due to the

surgical incision in the neck. In Dog 4, a CT scan was
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initially postponed because the animal was not deemed

stable for general anesthesia, but in fact, earlier diag-

nosis of the osteolytic lesion would have assisted in

decision-making for that dog. In Dog 5, the adminis-

tration of pyridostigmine might have facilitated wean-

ing from mechanical ventilation, but the result of the

acetycholine receptor antibody titer was not yet avail-
able, and hypoventilation was tentatively attributed to

surgical resection of the phrenic nerve. Myasthenia

gravis in this case was documented to be a paraneo-

plastic syndrome associated with a cranial medistinal

adenocarcinoma rather than the more common cause of

thymoma.

AVP is a potent vasoconstrictor peptide, synthesized

in the hypothalamus and stored in the posterior pitu-
itary.28 Normally, it is released into the circulation in

response to an increase in the serum osmolality (sensed

in the brain) or a reduction in plasma volume (sensed

by baroreceptors in the left atrium, aortic arch, and

carotid sinus).13,29 In addition, plasma AVP levels com-

monly increase in response to pain, nausea, hypoxia,

hypercarbia, hypoxemia, drugs or chemicals (i.e., ace-

tylcholine, dopamine, angiotensin II, prostaglandins),
certain malignant tumors, and mechanical ventila-

tion.30–33

The cellular effects of AVP are mediated by interac-

tions of the hormone with 2 principal types of recep-

tors: V1 and V2.30,34,35 V1 receptors, previously known

as V1a receptors, are predominantly located in the gas-

trointestinal tract and vascular smooth muscle, and

these receptors primarily mediate the vasoconstrictive
response to the hormone. In addition, when present in

high concentrations, AVP causes the HR-arterial pres-

sure baroreflex curve to shift leftwards by interacting

with V1 receptors in the brain.10,36,37 In contrast, V2 re-

ceptors are primarily found in the principal cells of the

renal cortical and medullary collecting ducts, and these

receptors primarily mediate the antidiuretic effects of

the hormone.38 AVP also blunts the accelerated synthe-
sis of nitric oxide following LPS and IL-1b stimulation

in sepsis, and also reduces the vasodilatory effects of

nitric oxide, thereby preventing the nitric oxide-medi-

ated vasodilation that occurs in sepsis.39,40

After initiation of the continuous infusion of AVP in

the dogs in this report, an increase in MAP was ob-

served in all 5 dogs within the first 15 minutes of ther-

apy. This case series therefore suggests that exogenous
AVP can act as a potent vasoconstrictor in dogs with

refractory vasodilatory shock. The starting dose

(0.5 mU/kg/min) of AVP was extrapolated from a

low-dose AVP protocol used in human medicine

(0.04 U/min or 0.57 mU/kg/min for a 70 kg human).19

Only Dog 1 responded adequately to the initial dose of

0.5 mU/kg/min and remained normotensive on this

dose for 140 minutes. Dogs 4 and 5 required 0.6 mU/

kg/min, one after 9 hours and the other after 3 hours of

starting the drug at 0.5 mU/kg/min. Dog 4 remained

on the 0.6 mU/kg/min dose for the remaining 14 hours

of life. The remaining 2 dogs required higher doses of

AVP, although the reasons for these dose requirements

are uncertain. Their doses were titrated up to maximum
doses of 1 and 5 mU/kg/min, however the dog that

was given 5 mU/kg/min of AVP had shown an a pos-

itive response to 1.25 mU/kg/min until an acute epi-

sode of vomiting and aspiration occurred, after which

the dog experienced respiratory arrest and needed the

higher dose. In one human study comparing the effects

of high-dose (mean 0.36 U/min [5.1 mU/kg/min in a

70 kg human], range 0.1–0.9 U/min) versus low-dose
(mean 0.057 U/min [0.81 mU/kg/min in a 70 kg hu-

man], range 0.03–0.08 U/min) AVP infusions in patients

with septic shock, no difference in MAP was seen at 6

hours, although the dose of norepinephrine (a concur-

rently administered vasopressor) was significantly low-

er in the high-dose group.u The potential adverse

effects of high-dose vasoconstrictor therapy were con-

sidered when choosing the dose for the dogs reported
in this study, and efforts were made to minimize the

dose as much as possible while maintaining the im-

provement in MAP. Species differences may exist, how-

ever, as we found that our patients required higher

doses of AVP than most humans in order to see a sat-

isfactory improvement in MAP. In human patients, cat-

echolamine requirements often decrease upon initiating

AVP therapy, possibly because of sensitization at the
catecholamine receptors.41 The dopamine dose was de-

creased in 2 of the dogs after starting AVP, but the dose

remained the same in the other 3 dogs receiving the

AVP infusion.

The CVP was 4–8 mmHg before starting the AVP in-

fusion in the 4 dogs in which it could be measured. The

CVP increased following AVP therapy in the 4 dogs

with a central catheter; by 1–2 mmHg in Dogs 1 and 5,
by 3–4 mmHg in Dog 2, and by 8 mmHg in Dog 4. There

were no major changes in fluid therapy or measured

alterations in UOP that might have affected the CVP

value during AVP therapy in Dog 4. Therefore, we

speculate that this increase may have occurred second-

ary to central pooling of the blood volume and a de-

crease in CO due to the increase in afterload, although

this finding was not reproduced in an experimental ca-
nine study.24 During the AVP infusion, we did not ob-

serve any brady- or tachyarrhythmias in the dogs.

The global hemodynamic effects of AVP are interest-

ing. Concerns exist that AVP may increase afterload

secondary to vasoconstriction, thereby decreasing CO.

In human clinical cases, there was an 11% decrease in

cardiac index, an 18% increase in MAP, and no signifi-
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cant change in pulmonary vascular resistance during

AVP treatment.42 There is evidence that V1 receptors are

present on cardiac myocytes and that stimulation of

these receptors leads to an increase in intracellular cal-

cium concentrations and positive inotropic effects,

which might contribute to an increase in CO and blood

pressure.24,43–45 There is evidence in dogs that stimu-
lation of the V2 receptor can cause peripheral vasodi-

lation, and this may account for the initial decrease in

systemic vascular resistance (SVR) seen in some exper-

imental studies.46,47 This decrease in SVR in conjunc-

tion with an increase in cardiac index was also reported

by Minecci et al. in a study of septic dogs.24

Experimental canine studies have also shown de-

creases in pulmonary, coronary, and vertebrobasilar ar-
terial resistance following AVP administration.43,48–54

This vasodilation may be secondary to activation of

endothelial oxytocin receptors (OTRs) that trigger acti-

vation of endothelial isoforms of nitric oxide synthe-

tase. Although these local changes in blood flow would

not significantly affect the systemic blood pressure,

they are theoretically desirable in order to prevent va-

soconstriction to these vital organs. There is one canine
study, however, that showed coronary artery vasocon-

striction and ischemia in response to AVP administra-

tion.55 In rats, AVP has been shown to increase renal

blood flow by inducing renal vasodilation, and to stim-

ulate the release of prostacyclin in cardiac myocytes.56

The use of AVP did not alter sublingual microcircula-

tory (MC) perfusion measurements, but did increase

MAP, in a man with refractory shock following cardiac
bypass, although terlipressin worsened sublingual MC

in another patient.57,58 Using intravital microscopy, a

non-septic hamster model demonstrated selective va-

soconstriction of large arterioles, but not small vessels,

during an AVP infusion.59 In summary, it appears that

AVP causes vasoconstriction as well as vasodilation,

depending on the species, vascular bed studied, the

receptor density of V1 receptors versus OTRs, the dose
of AVP used, and the duration of exposure to the hor-

mone.60 As none of our clinical patients had a pulmo-

nary artery catheter in place, the cardiac index, SVR,

and pulmonary vascular index were not measured.

Further studies, with standardized treatments such as

fluid therapy and other vasopressors, are needed to

accurately understand the effects of AVP therapy on

cardiac index and blood flow to vital organs in clinical
canine patients.

Human studies have shown a 79% increase in UOP

during AVP therapy.42 Neonates with hypotension and

acute renal injury also showed a positive response to

AVP treatment.61 This seems paradoxical as ADH’s ac-

tion on V2 receptors in the kidney leads to an increase

in free water resorption and decrease in UOP. Possible

mechanisms for the increase in UOP following AVP

therapy include an increase in MAP and subsequent

renal perfusion, downregulation of the V2 receptor,

nitric-oxide mediated afferent arteriolar vasodilation,

selective efferent arteriolar vasoconstriction, and OTR-

activated natriuresis.62–64 Although no conclusions can

be made about the UOP in Dogs 1 and 2, it evident that
the urine production was maintained, if not increased,

following AVP therapy. UOP was not assessed in the

other dogs of this report, as the short timeline preclud-

ed its accurate analysis during AVP administration.

Further studies in dogs are warranted to elucidate the

effects of AVP infusions on UOP.

At the time of euthanasia, 4 of the dogs were norm-

otensive with MAP � 70 mmHg. Dog 3 had just been
resuscitated from a respiratory arrest and was mori-

bund. We documented no obvious side effects from the

AVP treatment, but it might have been difficult to ap-

preciate mild changes due to the drug, and it is difficult

to determine whether any end-organ damage might

have resulted from the AVP therapy. We recognize that

blood pressure by itself does relate directly to outcome

or perfusion and organ blood flow, but it is one mea-
sure of perfusion that is readily available in the clinical

setting. Although the dogs in this report were all eu-

thanized, the outcome if therapy was continued is un-

known. For all dogs, the decision to euthanize was

made based on the severity of the clinical condition in

spite of aggressive treatment, poor long-term progno-

sis, and expense.

There are several potential limitations to this case
series. First, the number of animals reported is small.

Second, pulmonary artery catheter monitoring in the

dogs would have been ideal, as pulmonary capillary

wedge pressure would have given a more accurate es-

timate of the adequacy of intravascular volume loading

than CVP; other hemodynamic parameters could have

been monitored. Finally, the medical therapy of the

dogs was not controlled and we did not standardize or
regulate the administration of fluid boluses, blood

products, analgesics, or anesthetics that might contrib-

ute to changes in MAP, HR, and CVP independent of

the AVP infusion. Despite these limitations, this is the

first report of the use of AVP infusions to successfully

treat dopamine-resistant hypotension in clinical canine

patients. Based on these cases, dogs with hypotension

despite fluid resuscitation and conventional vaso-
pressor therapy may benefit from treatment with an

AVP infusion.

Conclusion

The development of adrenergic hyposensitivity in crit-

ically ill animals poses a clinical challenge. AVP ap-
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pears to be a novel adjunct to conventional vasopressor

therapy for dopamine-resistant hypotension due to

vaso-dilatory shock in dogs and this therapy warrants

continued investigation. Fortunately, AVP is not pat-

ented and is therefore affordable for clinical and re-

search use. Future studies might investigate the use of

AVP in a larger number of dogs with refractory hypo-
tension, in comparison with catecholamines, using a

randomized, controlled, blinded study design. In addi-

tion, it would be beneficial to measure the serum AVP

or copeptin (a precursor of AVP) levels before, during,

and after AVP administration.65 If possible, necropsies

should be performed on all dogs in future studies. Ad-

ditional variables that should be investigated include

effects on UOP, the hypothalamic-pituitary-axis, coag-
ulation, CO, and systemic vascular resistance. This ad-

ditional information will help to better understand the

potential uses and side effects of this drug in veterinary

patients.
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Footnotes
a Dinamap, Model 1846 SX, Critikon Inc., Tampa, FL.
b Buprenorphine hydrochloride, Hospira Inc., Lake Forest, IL.
c Insyte 22 gauge catheter, Becton Dickinson, Franklin Lakes, NJ.
d Escort II1, Medical Data Electronics, Arleta, CA.
e Triple lumen venous catheter, Arrow International Inc., Reading, PA.
f Bardex Foley Catheter, C.R. Bard Inc., Covington, GA.
g Dopamine hydrochloride, American Regent Inc., Shirley, NY.
h Vasopressin Injection, USP, American Regent Inc.
i Ampicillin, Sandoz Inc., Broomfield, CO.
j Enrofloxacin, Bayer, Shawnee, KS.
k Butorphanol tartrate, Fort Dodge Animal Health, Fort Dodge, IA.
l Hydromorphone hydrochloride, Baxter Healthcare Corp., Deerfield, IL.
m Deracoxib, Novartis Animal Health Inc., Greensboro, NC.
n Amikacin sulfate, The Butler Co., Columbus, OH.
o Famotidine, Baxter Healthcare Corp., Deerfield, IL.
p Metoclopramide, Baxter Healthcare Corp.
q Atropine sulfate, Butler Animal Health Supply, Dublin, OH.
r Fentanyl, Hospira Inc.
s Diazepam, Hospira Inc.
t Phenylephrine hydrochloride, American Regent Inc., Shirley, NY.
u Browning L, Piekos K, Bander J, et al. Conventional versus high-dose

titratable vasopressin infusions in the treatment of vasopressor
dependent septic shock. Crit Care Med 2002; 30:A106 (abstract).
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