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INTRODUCTION: 

This body of work represents initial efforts to justify the use of naturally occurring 

trauma in dogs as a translational model for improving trauma patient care in dogs and 

humans, alike (Figure 1, below). The idea for developing canine trauma as a translational 

model is a direct result of opportunities realized during participation in the Masters of 

Clinical Research program. The concept of evaluating naturally occurring diseases in 

dogs to enhance human patient care has become more prevalent in recent years, 

particularly in the fields of oncology
1
, epilepsy

2
 and gene therapy.

3 
A canine trauma 

model offers an opportunity to leverage information learned from experimental canine 

trauma models in concert with information from spontaneous (“natural”) canine models 

that occur in the clinical setting. The first manuscript represents a review of the 

veterinary and human trauma literature, drawing similarities between injury patterns in 

both populations and proposing the utilization of naturally occurring trauma in dogs as a 

model for human trauma (“Naturally occurring canine trauma: A model for early and 

late causes of human trauma morbidity and mortality”). Drs. Claire Sharp and 

Cynthia Adams contributed to the literature review and summary of articles included in 

the paper; generation of the manuscript involved all listed authors under the guidance and 

mentorship of Dr. Greg Beilman.  

 

The second manuscript (“A multi-center eight-week prospective cohort study of 315 

dogs sustaining trauma”) represents the initial efforts of the multicenter, 

multidisciplinary Spontaneous Trauma in Animals Team (STAT). The manuscript will be 
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submitted to the Journal of the Veterinary Medical Association (JAVMA). This group 

first formally met in January 2011 and established a primary goal to successfully plan, 

obtain funding for, and perform a multi-center prospective cohort study in anticipation of 

performing multi-center prospective clinical trials. The STAT infrastructure is designed 

in anticipation of performing future intervention studies. Study execution, expertise and 

resources are provided by the site investigator working group [Drs. Hall (UMN), 

Holowaychuk (OVC), Sharp (Tufts) and Reineke (UPenn)], Data Monitoring Committee 

[UMN: Drs. Byrnes (MD trauma surgeon), Beilman (MD trauma surgeon), Spector 

(pediatric epidemiologist), Leduc (biostatistician); UPenn: Dr. Otto (veterinary 

criticalists, translational researcher)] and Clinical Investigation Center [UMN: Kathy 

Stuebner (research coordinator)], respectively. Given the successful collaborative efforts 

of this first research project, the group is working toward obtaining funding for pre-Phase 

I and Phase II trials
 
utilizing this spontaneous model in order to efficiently evaluate 

therapeutic interventions (e.g., novel fluid therapies, early goal directed therapy, 

mesenchymal stem cell therapy) and/or non-invasive monitoring techniques to guide 

therapy and improve outcome (e.g., near-infrared spectroscopy, biomarkers). The group 

has recently expanded to add 2 additional research sites (The Ohio State University and 

Michigan State University) and is currently enrolling patients in a similarly designed 

study evaluating scoring systems and outcome in feline trauma. It is a privilege to 

function as the founder and lead facilitator of this collaborative working group. 
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The third and fourth manuscripts evaluate the application of two triage tools adapted 

from human emergency and critical care medicine in canine patients. “Tissue oxygen 

saturation (StO2) in dogs presenting for acute hemorrhage” assesses the InSpectra™ 

Tissue Spectrometer
a 
in a population of acutely hemorrhaging dogs and “Assessment of 

shock index in healthy dogs and dogs in hemorrhagic shock” evaluates the utility of 

shock index (heart rate/systolic blood pressure) in the same population. The first project 

was internally funded by College of Veterinary Medicine’s Small Companion Animal 

Grant, and co-lead by Drs. Sarah Gray and Kelly Hall (grant writing, case and data 

tracking, manuscript preparation). Dr. Sarah Gray presented the data at the International 

Veterinary Emergency and Critical Care Society conference in 2011 as part of her 

Emergency/Critical Care residency requirements. Drs. Schildt and Powell participated in 

classification of patient’s shock level and manuscript creation. Dr. Ann Brearley 

(Biostatistical Design and Analysis Center, UMN) performed the biostatistical analysis 

and contributed to manuscript creation. The manuscript will be submitted to the Journal 

of Veterinary Emergency and Critical Care. Dr. Katie Peterson presented the shock index 

data in abstract form at the International Veterinary Emergency and Critical Care Society 

conference in 2012 as part of her Emergency/Critical Care residency requirements and 

took the lead on data collection and manuscript generation. Dr. Brian Hardy performed 

the statistical analysis and participated in manuscript generation. The Journal of 

Veterinary Emergency and Critical Care has accepted this article with minor revisions. 
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In addition to the manuscripts presented here and the creation of the STAT group, I am 

honored to be leading a national effort through our specialty college (ACVECC, 

American College of Veterinary Emergency and Critical Care) to create a national 

veterinary trauma system. The members were initially a direct spin off from the STAT 

group who realized establishing infrastructure and resources in a more unified way across 

the country could allow for improved patient care, as well as the opportunity to create a 

trauma registry that could be utilized in future clinical research efforts. Since initial 

discussions in 2011, the group has expanded in membership to include critical care 

specialists from both private and university veterinary hospitals from all across the 

country, Canada and Australia. In September 2011, ACVECC formally created the 

Veterinary Committee on Trauma (VetCOT) of which I am the chair.  

 

VetCOT Vision: Creation of a network of lead hospitals that seed development of 

trauma systems. These hospitals will work collaboratively to define high standards of 

care and disseminate information that improves trauma patient management efficiency 

and outcome. There is strong consideration for development of a trauma registry in the 

future. 

 

Goals for creating a network of Veterinary Trauma Centers: 

1. Enhanced trauma patient care (e.g., improved survival, reduction of co-

morbidities and development of protocols to improve efficiency and 

outcomes) 
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2. Research collaborations (e.g., development of evidence based medicine 

protocols; evaluation of minimally invasive, cost-effective interventions; 

translational medical opportunities) 

3. Increased visibility of our associations/colleges (ACVECC, VECCS, 

AVECCT, VECCS, ACVS).  

4. Marketing advantages to designated veterinary trauma centers in regards 

to the surrounding veterinary and general public populations. 

 

This body of research and creation of two working groups regarding trauma patient 

research and care delivery (STAT, VetCOT, respectively) are a direct result of 

experiences obtained during Clinical Research Masters course work and collaborations 

with multiple enthusiastic, intelligent and supportive individuals. Additional research 

projects are already enrolling patients, and continued significant contributions to the 

veterinary literature, as well as continued efforts to have naturally occurring trauma in 

dogs contribute to improvements in human trauma care, are underway. 
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Figure 1: Spontaneous Trauma in Animals Team (STAT) concept 
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Project #1: 

Title: Naturally occurring canine trauma: A model for early and late causes of human 

trauma morbidity and mortality 

Hall KE, Sharp CR, Adams CR, Beilman G 

 

In human blunt trauma patients, early deaths result from hemorrhage and brain injury, 

whereas late deaths are the result of multi-organ failure (MOF) and sepsis. A variety of 

experimental animal models, including several species, have been developed to 

investigate the pathophysiology of traumatic injury. Similar to other experimental 

models, these trauma models cannot recapitulate conditions of naturally occurring 

trauma, and therefore therapeutic interventions based on these models are often 

ineffective. Pet dogs with naturally occurring traumatic injury represent a novel 

translational model for human trauma that could be used to assess novel therapies. Large 

scale, retrospective veterinary clinical reports of dogs with traumatic injury highlight the 

similarities between canine and human blunt trauma. The American College of 

Veterinary Emergency and Critical Care Veterinary Committee on Trauma has initiated 

the development of a national network of veterinary trauma centers to enhance uniform 

delivery of care to canine trauma patients. Additionally, the Spontaneous Trauma in 

Animals Team, a multi-disciplinary, multicenter group of researchers have created a 

clinical research infrastructure for carrying out large-scale clinical trials in canine trauma 

patients. Moving forward, these national resources can be utilized to facilitate multicenter 

prospective studies of naturally occurring canine trauma to evaluate therapies and 

interventions that have shown promise in experimental animal models, thus closing the 
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critical gap in the translation of knowledge from experimental models to humans, and 

increasing the likelihood of success in Phase I and Phase II human clinical trials. 

Introduction:   

Trauma is defined as tissue injury that occurs more or less suddenly and includes physical 

damage to the body caused by violence or accident.(1) Trauma is a major cause of 

morbidity and mortality in both human and veterinary patients.(2-4) In fact, unintentional 

injury, generally secondary to motor vehicle accidents, is the most common cause of 

death for individuals under the age of forty-five.(5) Each year over 45,000 people in the 

United States alone die from motor vehicle accidents, and almost 2.5 million people are 

injured resulting in medical costs of over $625.5 billion dollars annually.(6)  

Trauma-related mortality is trimodal, with most deaths occurring either prior to 

admission, early after hospital admission (within 48 hours), or late in the course of 

hospitalization (days to weeks following trauma). Most early trauma deaths are due to 

exsanguination/hemorrhagic shock (with blood loss of greater than 30% of blood 

volume) and central nervous system injury, while late deaths are the result of sepsis 

and/or multiple organ failure (MOF).(7) Recent epidemiologic data indicates that early 

mortality attributable to exsanguination has decreased dramatically over the last decade 

in people (from 25-15%) with the advent of the advanced trauma life support concept 

(ATLS ) in rescue systems, changes in resuscitation strategies, early goal-directed 

therapy in the emergency room, and improvements in hospital diagnostics, surgical 

techniques, and ICU care. Unfortunately however, there has been little change in 

mortality attributable to the later stage complications of polytrauma.(7,8) As such, it is 
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imperative that ongoing research be directed to furthering our understanding of the 

pathophysiology of these late stage complications and the development of novel 

interventions to improve outcome beyond patient stabilization in the emergency room. 

Despite advances in the management of trauma patients over recent decades, the 

morbidity and mortality that occur secondary to trauma remains unacceptably high. 

While translational research will remain the motor of medical advancement in trauma, 

there are growing barriers between clinical and basic science; in particular government 

regulations and financial constraints that make translation challenging.(9,10) Given that 

naturally occurring trauma in dogs mimics trauma in people, the use of a naturally 

occurring canine model has the potential to bridge this bench to bedside gap, while 

benefiting both the human and veterinary trauma patient.(3)  

The objective of this paper is to compare the clinical and pathophysiologic human and 

veterinary literature regarding trauma as an introduction to the potential utility of 

spontaneous canine trauma as a model of human trauma. 

Animal models currently used:   

Much of the current body of information regarding the body’s response to trauma has 

been elucidated in experimental rodent models.(11) Some large animal models involving 

dogs, sheep and pigs have also been evaluated.  Early trauma models tended to involve a 

single insult such as hemorrhage (with or without fluid resuscitation), surgical 

laparotomy, head injury,(12) femur fracture,(13) or isolated, blunt lower limb trauma. 

More recent models have combined two insults (so called “two-hit models”) with the aim 
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of better mimicking naturally occurring trauma in people,(11) but even these models are 

far from replicating human trauma.   

In hemorrhage models, animals are bled to a predetermined blood volume, arterial blood 

pressure, cardiac output or another physiologic endpoint.(14) Subsequently, fluid 

administration may be performed to create reperfusion injury, as would occur in the 

clinical setting. While this controlled hemorrhage creates a somewhat reproducible model 

and is sufficient alone to induce hyperinflammation and immunosuppression, it fails to 

mimic the clinical situation because injured patients rarely suffer from isolated 

hemorrhagic shock.(15) Acceptance of these limitations has led researchers to combine 

hemorrhage with tissue trauma, usually simulated by laparotomy. These combined 

hemorrhage plus trauma models have been demonstrated to intensify the hemorrhage-

induced derangement of the immune system in both rats and mice.(15-18) Laparotomy 

plus pressure-controlled hemorrhagic shock is probably the best studied animal model of 

multiple trauma; however, even this is still far from the clinical situation since surgical 

laparotomy is not the common tissue injury in multiple trauma patients, nor is 

hemorrhage controlled in the clinical setting. Uncontrolled hemorrhage models are most 

similar to what happens in naturally occurring trauma, but results are highly variable.(11) 

Femur fracture has been used in place of surgical laparotomy, in combination with 

hemorrhagic shock, and all three insults have also been combined to result in an even 

more severe pattern of immune derangement.(19) Given the significant limitations of 

experimental animal trauma models, more clinically relevant models of human trauma 

are urgently needed. Much of the data generated in experimental animal models of 
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trauma has not translated well to the clinical realm for many reasons, including the fact 

that experimental animals are anesthetized during the manipulations.  The success of 

human clinical trials has therefore been compromised.  Naturally occurring canine trauma 

is very similar to the syndrome in people, making dogs potentially an ideal model for 

human trauma.  

The naturally occurring canine model:  

Trauma is a common cause of morbidity and mortality in dogs. While there is not yet a 

national database for veterinary patients, traumatic injuries involving dogs are known to 

be a frequent cause for seeking veterinary care. Large-scale epidemiologic studies show 

that trauma accounts for approximately 11-13% of all cases presenting to urban 

veterinary teaching hospitals (4,20,21). A recent prospective multi-center study 

documented 315 consecutive canine trauma admissions during an 8-week period of time 

at four academic veterinary hospitals.(22) In a study evaluating causes of death in over 

74,000 dogs, trauma was the second most common cause of death in juvenile and adult 

dogs, following infectious disease and neoplasia, respectively(23).  More recent studies 

have documented many of the similarities in injury pattern and mechanism between 

humans and dogs sustaining trauma, including patient demographics (age and sex 

distribution), patterns and mechanisms of trauma, frequency of polytrauma, development 

of MOF and predictive capabilities of injury scores.(3,24,25) An added benefit to using 

naturally occurring canine trauma over experimental rodent models is that naturally 

occurring trauma in canine patients would be treated in a manner very similar to that of 
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human trauma patients; importantly, patients experiencing real-life injuries would not be 

experimentally anesthetized when undergoing injury and treatment. 

Similarities in human and canine trauma morbidity and mortality (Table 1) 

Age- and gender-specific responses: Similar to the patient demographics seen in the 

human trauma literature,(14) dogs sustaining trauma are usually young to middle aged, 

and males predominate.(3,25) Additionally there is a significant subset of veterinary 

geriatric trauma patients, not unlike the human situation. This is of significance since it is 

well known that the nature of the inflammatory response varies according to age and sex. 

In human medicine it is widely accepted that elderly patients have increased morbidity 

and mortality associated with trauma. However, the reasons for this are largely 

unknown,(11) and currently there are few studies attempting to understand the 

mechanisms of systemic insults, such as trauma, in aged individuals. The National 

Trauma Institute has urged translational studies that focus on “the extremes of age” in a 

long list of traumatic injuries.(10) Naturally occurring canine trauma presents an 

attractive approach to studying this demographic, as 9% (22/239) of canine trauma 

patients were geriatric in a recent review.(25)
 
As with elderly human patients, these dogs 

had significant comorbidities including heart disease, endocrine disease (including 

diabetes mellitus), and chronic renal disease. Given the gross inadequacy of current 

experimental models for application to elderly human trauma patients, and the significant 

subset of geriatric dogs that sustain trauma, the canine model is particularly valuable. 

It is well recognized that the immune response to trauma is gender-dimorphic since sex 

steroids play a decisive role in the depression or maintenance of immune function 
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following injury.(26) In particular, estrogen is thought to confer a protective effect since 

immunosuppression in trauma patients is most severe in young males, ovariectomized 

females, and aged females.(26) The beneficial effects of estrogen and the deleterious 

effects of testosterone have been demonstrated experimentally with the use of 

gonadectomized animals as well as by treating animals with hormonal agonists and 

antagonists in trauma-hemorrhage models.(26) However, despite a wealth of recent 

literature in this field, more studies are needed to understand the precise mechanisms of 

the beneficial effects of estrogen. Dogs offer a unique opportunity to evaluate the effects 

of estrogen in trauma, in that we have a population of sexually intact female dogs that can 

be compared to ovariohysterectomized dogs and male dogs, and the effects of 

testosterone can be evaluated by comparing sexually intact male dogs to castrated male 

dogs. 

Hypovolemic shock secondary to major bleeding is often seen in polytrauma and 

accounts for much of the early in hospital mortality in trauma.(7) Evidence of 

hypoperfusion and hypovolemia is common in dogs presenting for evaluation of trauma. 

In a recent retrospective study of canine trauma, the presenting median lactate 

concentration in dogs requiring ICU admission was 3.5 mmol/L; mild uncompensated 

metabolic acidosis was also common.(3) While most dogs are treated with intravenous 

crystalloids for fluid resuscitation, a number of patients also require administration of 

blood products, as is the case in human medicine. In the aforementioned retrospective 

study, packed red blood cells (pRBCs) and fresh frozen plasma (FFP) were administered 

during initial resuscitation in approximately 5% of cases. A significant number of dogs 
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also required blood products later in hospitalization; overall 57/235 (24%) and 66/235 

(28%) received pRBCs and FFP respectively. In that study most patients were fluid 

responsive and only 3 required vasopressor support.(3) 

Thoracic injury: Dogs and humans have similar incidences of thoracic injury.  In human 

medicine, 42% of polytraumatized patients have therapy-relevant findings on thoracic 

imaging,(27) and chest injuries account for 20-30% of trauma-related deaths.(28) In dogs, 

the most common thoracic injuries are pulmonary contusions (38.7%,(29) 44%(30), 

58%(3)) and pneumothorax (17.5%(31), 21%(32), 24%(29), 47%(3)). Also seen are 

hemothorax, rib fractures, pneumomediastinum, diaphragmatic herniation, and flail 

chest.(3,29,33,34).  

Abdominal injury: Abdominal injury is also common in both dogs and people 

sustaining blunt trauma. Abdominal injury accounted for 6.9% of reported traumatic 

injuries in 2010.(28) Hemoperitoneum is reported commonly in dogs after blunt trauma, 

with prevalence ranging from 23%(3) to 38%.(32) Urinary tract rupture (2(32)-3(3)%) 

and abdominal hernias (5%) occur in fewer dogs but are nonetheless significant and 

require surgical intervention.(3) 

Point of care ultrasound (e-FAST exam)
 
allows for the detection of free intra-peritoneal, 

pelvic, pericardial and pleural fluid as well as pneumothorax and can be completed in < 5 

minutes with an overall accuracy of 90-98% for clinically significant intra-abdominal 

traumatic injuries in people.(35) Similarly, point of care ultrasound is considered 

standard of care in veterinary medicine improving efficiency and appropriate intervention 

in traumatized patients.(36) In one prospective study, 27% of canine trauma patients 
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presented with evidence of free abdominal fluid and patients with a higher FAST score 

(fluid in ≥3 of 4 sites evaluated) had an increased need for blood transfusion.(37) 

Orthopedic injury: Dogs and humans also share orthopedic injury as a significant cause 

of morbidity and potential mortality. The epidemiology of orthopedic injury in people 

with polytrauma is poorly described, although likely significant. One author documented 

that about 20% of the polytrauma patients in their hospital undergo damage control 

orthopedic surgery.(38) A large number of dogs experience orthopedic injuries as well, 

with common injuries including pelvic fracture (28%), femur fracture (16%), hip luxation 

(12%), distal limb fracture (8%), spinal fracture (10%), sacral luxation (9%), and sacral 

fracture.(3) Less common but still seen in dogs are thoracic limb orthopedic injuries 

including scapular fracture (7%), elbow luxation (3%) and radius fracture (2%).(3) 

Head injury: In human medicine, head injury and traumatic brain injury (TBI) account 

for 40-60% of trauma-related deaths.(39-42) Hyperglycemia, is particularly problematic 

in people and animals with head trauma.(43,44) Traumatic brain injury is often evaluated 

in isolation in experimental models, but TBI as part of a polytrauma syndrome is 

considerably more complex to manage, requiring a more clinically relevant model. Head 

injury occurs commonly in dogs and is associated with significant morbidity and 

mortality.(45-50)  

Multiple organ failure: Like people, dogs sustaining trauma develop a systemic 

inflammatory response, and this response underlies the development of MOF. Both 

canine and human trauma patients usually present with fever, tachycardia, tachypnea and 

leukocytosis.(3,8,51,52) Likewise, in both species the cytokine storm in the early 
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proinflammatory state following trauma results in increased plasma concentrations of 

inflammatory mediators. Various studies in human medicine have documented increased 

concentrations of tumor necrosis factor alpha (TNF- ), Interleukin (IL)-1 , IL-6 and 

chemokine ligand (CX-CL8).(53) Preliminary studies have also documented increased 

circulating concentrations of pro-inflammatory cytokines (TNF, IL-6 and CX-CL8) in 

dogs with trauma induced systemic inflammation.(54)  

Other organ dysfunctions of significance that can occur as a result of SIRS and have been 

documented in human and veterinary trauma patients include metabolic, renal, hepatic 

and gastrointestinal dysfunction.(25,55-58) 

Lung injury, in its most severe form manifesting as acute respiratory distress syndrome 

(ARDS), is one of the most frequent and severe sequela in people with post-traumatic 

systemic inflammatory response syndrome (SIRS). In SIRS, ARDS is precipitated by the 

cytokine storm, which damages alveolar epithelial and endothelial cells and is associated 

with an influx of activated neutrophils and protein-rich fluid into the alveoli.(57) Diffuse 

alveolar damage not only impairs gas exchange, but also reduces endogenous protective 

mechanisms such that these patients are at increased risk of developing pneumonia. In a 

large, prospective cohort study evaluating 4,020 human blunt trauma patients, 12% 

developed ARDS and the development of ARDS was associated with dramatically higher 

mortality (20% compared to 11.9% in patients without ARDS). Older people are also 

more likely to develop and succumb to ARDS following trauma.(59) Acute respiratory 

distress syndrome is also a recognized complication in veterinary trauma patients.(25,60) 

A recent retrospective study documented ARDS in 3% of patients (7/235). In addition to 
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these dogs, another 2 dogs in that study required mechanical ventilation due to the 

severity of pulmonary injury.(3) Only 1 of those 9 ventilated dogs survived to discharge, 

highlighting the potential for lung injury to contribute to late stage mortality in canine 

trauma patients. Survival rates for dogs ventilated for management of pulmonary 

contusions in another study was slightly higher (30%). While not discussed specifically, 

it appears that these dogs could be considered to have had ARDS based on a mean+/- 

standard deviation PaO2:FiO2 ratio of 77.49+/-24.8 prior to ventilation.(60)  

The coagulation system is activated concurrently with inflammation in the setting of 

severe trauma. Trauma results in vascular endothelial damage, resulting in exposure of 

tissue factor that initiates the coagulation cascade. There is also tight interplay between 

inflammation and coagulation such that each perpetuates the other. In addition to 

upregulation of procoagulant pathways, endogenous anticoagulants (such as antithrombin 

and protein C) are depleted. Both hyper- and hypo-coagulability have been described in 

trauma patients,(61,62) with up to 85% experiencing a hypercoagulable state.(63) A 

recent systematic review of the coagulopathy of trauma looked for relevant experimental 

models with which to study early traumatic coagulopathy concluded that there is an utter 

lack of relevant models and calling for models that more closely resemble human 

physiology.(64) Dogs and humans experience similar hemostatic changes associated with 

other inflammatory conditions, particularly sepsis,(65-71) therefore, dogs are a promising 

naturally occurring model of this post-traumatic coagulopathy. 

At this time there is no consensus definition of posttraumatic coagulopathy, and we are 

far from understanding its highly complex pathophysiology.(72,73) The correlation 



 

  18 

between traditional laboratory tests of coagulation and clinical signs of hemorrhage or 

thrombosis is poor. Conventional coagulation parameters, such as the prothrombin time 

(PT) and partial thromboplastin time (PTT) are inadequate alone to interpret a patient’s 

coagulation status. Thromboelastography is increasingly common and provides a more 

global evaluation of coagulation and a guide to transfusion therapy in hemorrhage.(74) In 

veterinary medicine there is a paucity of current literature describing the coagulopathy of 

trauma. A large retrospective canine study documented mild PT prolongation (25-50% 

greater than control) in 13.2% and mild PTT prolongation in 30.2% of cases.(3) Moderate 

PT prolongation (50-100% greater than control) was observed in 7.5% of dogs, and 

moderate PTT prolongation in 13.2%. An abstract presented on a more recent prospective 

study evaluating 40 canine traumatic injuries documented hypocoagulability in more 

severely injured dogs.(75) To the knowledge of the authors, there are no published 

reports objectively documenting hypercoagulability in veterinary trauma patients. 

Additional veterinary studies are required to elucidate the role of dysregulated 

coagulation in veterinary trauma.  

Scoring systems and clinical management.  A variety of trauma scoring systems are 

used in human medicine, of which the Trauma and Injury Severity Score (ISS) is the 

most widely accepted.(28,76) As in human medicine, scoring systems are used in 

veterinary medicine for patient stratification. The animal trauma triage (ATT) score has 

been statistically validated in dogs and cats,(77) and has been correlated with survival in 

multiple subsequent retrospective studies.(3,25)  The Glasgow coma scale (GCS) score 

has also been validated for use in dogs. (46) These scoring systems will allow 
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comparison of injury severity between study centers and of treatment effects across 

different subgroups of injury. 

Available canine clinical research infrastructure. 

A multi-disciplinary, multi-institutional group: Spontaneous Trauma in Animals Team 

(STAT) has been created with a primary goal to improve trauma patient outcome through 

comparative and translational medicine. The group’s first project enrolled 315 

consecutive canine trauma cases at four centers over an 8-week period of time utilizing a 

web-based data capture system.(78) Blunt trauma (motor vehicle accident, fall) occurred 

most commonly (55%) followed by penetrating (34%, gun shot wound, animal 

interaction, etc.) and unknown (11%) trauma. A majority of the animals (91%) survived 

to discharge. Admission variables including injury severity scores [Animal Trauma 

Triage (ATT, range 0-18), Modified Glasgow Coma Score (MGCS, range 3-18)] and 

lactate were associated with non-survival [ATT score ≥ 5 (AUC 0.91), MGCS ≤ 17 

(AUC 0.87), lactate ≥ 4.0 (AUC=0.79)]. Surgery was required in 50% of the cases with a 

majority (70%) being soft tissue procedures, 28% orthopedic procedures and 3% 

requiring neurologic surgery.(22) The STAT infrastructure has been designed in 

anticipation of performing future intervention studies. Study execution, expertise and 

resources for current and future projects will be provided by the site investigator working 

group made up of veterinary critical care specialists, a data monitoring/advisory 

committee made up of human trauma surgeons, epidemiologist, biostatistician and 

veterinary critical care specialists and individual center veterinary clinical research 

organizations (e.g., Clinical Investigation Center, University of Minnesota) which 
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provide research coordinators and clinical research technicians to ensure efficient study 

logistics. All centers involved require Institutional Animal Care and Use Committee 

(IACUC) approval for clinical research on client owned animals. Informed client (pet 

owner) consent with IACUC approved consent forms are required for all veterinary 

clinical research projects performed at veterinary teaching hospitals. 

The concept of evaluating naturally occurring diseases in dogs to enhance human patient 

care has become more prevalent in recent years, particularly in the fields of 

oncology(79), epilepsy(80) and gene therapy(81). All of these areas have successfully 

obtained NIH funding to advance the care of humans and animals, alike. Regarding 

trauma research, specifically, the opportunities to evaluate light weight, effective and 

practical interventions for severely traumatized soldiers (and occasionally their working 

dogs) is a driver for many government funded projects (DoD, USSOCOM); in fact, some 

of the military government agencies have funding available specifically for canine trauma 

studies (USSOCOM). Finally, veterinary trials in other areas (e.g., oncology, spinal 

injury, etc.) have obtained funding from industry partners and private companies 

interested in interventional trials that are inserted as pre -Phase I or Phase II human 

clinical trials guiding “go/no go” decisions. The infrastructure provided by the STAT 

group will maximize the ability to facilitate and carry out intervention studies sponsored 

by the government, industry and foundation partners, alike.  

In addition to the clinical and translational research driven STAT group, the American 

College of Veterinary Emergency and Critical Care Society (the veterinary critical care 

specialty college) has created the Veterinary Committee on Trauma (VetCOT) which has 
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established Guidelines for Veterinary Trauma Centers 

(https://sites.google.com/a/umn.edu/vetcot/) and is creating a network of lead hospitals 

that seed development of trauma systems. These hospitals will work collaboratively to 

define high standards of care and disseminate information that improves trauma patient 

management uniformity, efficiency and outcome. The VetCOT is also developing a 

canine trauma registry to allow a large database of information that will be accessible to 

clinical researchers. 

Conclusions:  

The clinical management of canine trauma patients presenting to tertiary referral 

hospitals, such as the authors’ institutions, is very similar to that in human medicine. 

While pre-hospital treatment in veterinary medicine is generally very limited, most 

patients are seen by a primary veterinarian within a short interval after the trauma. 

Emergency room treatment is very similar, involving intravenous fluid resuscitation from 

shock, administration of blood products, emergency diagnostics, imaging as needed, and 

screening blood work. These similarities in patient management will allow data gathered 

in a canine model of naturally occurring trauma to have translational application. A 

limiting factor in delivery of available clinical resources to clinical canine trauma patients 

is cost of care. The option to pet owners for euthanasia in veterinary medicine is a 

difference in clinical patient approach; however, because many similar clinical resources 

are available to the patient, investigation of interventions through funded clinical trials 

would help minimize this factor. Additional study design and statistical methods can be 

employed to minimize the impact of this factor, as well. 

https://sites.google.com/a/umn.edu/vetcot/
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The canine trauma model offers an opportunity to leverage information learned from 

experimental canine trauma models in concert with information from naturally occurring 

canine trauma models that occur in the clinical setting.  From this, we can gain a better 

understanding of the physiologic alterations that occur during traumatic injury and the 

subsequent development of SIRS, sepsis and MOF. Prospective, multicenter studies at 

high volume veterinary medical centers would enable interventional trials that could be 

inserted as pre-Phase I or Phase II human clinical trials to guide “go/no go” decisions for 

groups developing therapeutic strategies to improve outcome for human trauma patients 

thereby benefiting human and veterinary patients, alike.
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 Human Canine 

Age and 

gender 

Mostly young – middle aged males(14)
 

 

Need for studies in “extremes of age”(10) 
 

Evidence of estrogen protective effects, unknown 

mechanism(26) 

Mostly young – middle aged males(3,25) 

 

Geriatric population with co-morbidities (9%)(25) 
 

Population of intact and gonectamized animals for 

hormonal comparisons (3)(4,20,25) 

Hypovolemic 

shock 

Cause of early hospital mortality(15) Median lactate at admission 3.5 mmol/L(3) 

Most cases crystalloid fluid responsive(3) 

Use of blood product (pRBCs 24%, FFP 28%)(3) 

Thoracic 

injury 

Overall incidence 10.7%(28) 

 

Therapy relevant thoracic injuries in polytrauma 

patients: 42%(27) 

 

Trauma-related deaths: 8.6%(28) 

Pulmonary contusions  (38.7-58%)(3) (29,30) 

 

Pneumothorax (17.5-47%)(3,29,31,32)
 

 

Other injuries: hemothorax, rib fractures, 

pneumomediastinum, diaphragmatic herniation, 

flail chest.(3,29,33,34)
 

Abdominal 

injury 

Overall incidence 6.9%(28) 

 

Incidents with AIS≥3: 6.3%(28) 

 

Trauma-related deaths: 7.8%(28) 

Point of care ultrasound (e-FAST) for rapid 

detection of fluid and air(35) 

Common injuries: 

Hemoperitoneum (23%(3) -38%(32)) 

Urinary rupture (2%(32) -3(3) %) 

Abdominal hernia (5%)(3) 

 

Point of care ultrasound (A-FAST, T-FAST, C-

FAST) for rapid detection of fluid and air(36) 

Orthopedic 

injury 

Epidemiology poorly described 

Reported: 20% of the polytrauma undergo damage 

control orthopedic surgery(38) 

Fractures and luxations: 87%(4) 

Common injuries:  

Pelvic fracture (28%), femur fracture 

(16%), hip luxation (12%), spinal (10%), 

distal limb (8%), sacral luxation (9%), 
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 Table 1: Trauma epidemiology: Human and canine comparison 

scapular fracture (7%), elbow luxation 

(3%), radius fracture (2%)(3) 

Head injury Overall incidence 17.6(28) 

Incidents with AIS≥3: 35%(28) 

Trauma-related deaths: 40-60% (39-42)
 

Hyperglycemia associated with head trauma(43) 

Head injuries common; associated with significant 

morbidity and mortality (45-50) 

 

Hyperglycemia associated with head trauma(44) 

SIRS/Multipl

e organ failure 

Present with fever, tachycardia, tachypnea and 

leukocytosis(8,51,52) 

Increased concentrations of TNF- , IL- , IL-6 and 

CX-CL8(53) 

Metabolic, renal, hepatic and gastrointestinal 

dysfunction reported(55-58) 

Present with fever, tachycardia, tachypnea and 

leukocytosis(3) 

Increased concentrations of pro-inflammatory 

cytokines(54) 

Metabolic, renal, hepatic and gastrointestinal 

dysfunction reported(25) 

Lung injury 12% developed ARDS(59) 3% developed ARDS(3) 

Coagulation 

system 

Acute Coagulopathy of Trauma-Shock well 

described; interventions being studied(72) 

 

13.2% cases mildly prolonged PT and 30.2% with 

mildly prolonged PTT(3) 

 

7.5% cases moderately prolonged PT and 13.2% 

with moderately prolonged PTT(3) 

 

Hypocoagulability associated with more severe 

injury and poorer outcome(75) 

Scoring 

systems 

Trauma and Injury Severity Score (TISS)(28,76) 

 

Glascow Coma Scale Score 

Animal trauma triage score (ATT)(77) 

 

Modified Glascow Coma Score (mGCS) validated 

in dogs(46) 
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Project #2: 

Title:  A multi-center eight-week prospective cohort study of 315 dogs sustaining 

trauma 
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Study data were collected and managed using REDCap electronic data capture tools 

hosted at University of Minnesota. REDCap (Research Electronic Data Capture) is a 

secure, web-based application designed to support data capture for research studies, 

providing: 1) an intuitive interface for validated data entry; 2) audit trails for tracking 

data manipulation and export procedures; 3) automated export procedures for seamless 

data downloads to common statistical packages; and 4) procedures for importing data 

from external sources.(Harris, PA) 

Address correspondence to Dr. Kelly Hall at wilke022@umn.edu 

Objective: To characterize admission variables in dogs sustaining trauma with emphasis 

on scoring systems (Animal Trauma Triage (ATT), Modified Glasgow Coma Scale 

(MGCS), and Acute Patient Physiologic and Laboratory Evaluation (APPLE) scores) and 

their ability to predict outcome. 

Design: Prospective, multicenter, cohort study 

Animals: 315 client-owned dogs  

Procedures: Using a web-based data capture system (REDCap), trained personnel 

prospectively recorded admission ATT, MGCS, and APPLE scores, clinical and 

laboratory data, and outcome from dogs presenting following trauma to four veterinary 

teaching hospitals. 

mailto:wilke022@umn.edu
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Results: Blunt trauma occurred most commonly (173/315, 54.9%) followed by 

penetrating (107/315, 34.0%) and unknown (35/315, 11.1%) trauma. 90.5% (285/315) of 

dogs survived to hospital discharge. When dogs euthanized due to cost were excluded 

(16/315, 5.1%), dogs with blunt trauma were less likely to survive, compared to dogs 

with penetrating trauma (P=0.021, OR=0.118).  ATT (median 2, range 0-14, P<0.001) 

and MGCS (median 18, range 3-18, P<0.001) scores at admission were predictive of 

outcome. Lactate was recorded in 118 dogs (median 2.0, range 0.6-14.0 mmol/L) and was 

a risk factor for non-survival (P=0.005, OR=1.488). Surgical procedures were performed 

in 49.8% of dogs and were predictive of survival to hospital discharge (P=0.006, 

OR=7.092). Sex (female 43.5%, male 56.5%), age (median 3.5, range 0.15-16.3 years), 

body weight (median 11.8 kg, range 1.0-60.4) and body condition score (median 5, range 

3-9) were not associated with outcome. 

Conclusions and Clinical Relevance: ATT and MGCS scoring systems are useful to 

predict non-survival following trauma in dogs.  Penetrating trauma, decreased admission 

blood lactate, and performance of surgical procedures during hospitalization predicted 

survival to hospital discharge in this population.  
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Introduction 

Trauma, defined as tissue injury that occurs more or less suddenly and includes physical 

damage to the body caused by violence or accident,
1
 is a common cause of morbidity and 

mortality in dogs. Large-scale epidemiologic studies show that trauma accounts for 

approximately 11-13% of all cases presenting to urban veterinary teaching hospitals. 
2,3

 

In a recent study evaluating causes of death in over 74,000 dogs, trauma was the second 

most common cause of death in juvenile and adult dogs, following infectious disease and 

neoplasia, respectively.
4
 Multiple large retrospective studies have documented the injury 

pattern, as well as clinical and laboratory variables in dogs sustaining trauma including 

patient demographics, mechanism of trauma, frequency of polytrauma, development of 

multiple organ failure, and prognostic indicators.
2,5-8

  Predictors of non-survival in dogs 

determined retrospectively include cardiac arrhythmias, body wall hernias, severe soft 

tissue injuries, head trauma, vertebral fractures, and recumbency at hospital admission.
5,6

  

Scoring systems have also been investigated in dogs following trauma and have both 

clinical and research applications. From a clinical standpoint, scoring systems can be 

incorporated into protocols developed to improve triage, guide therapeutic and diagnostic 

interventions, or benchmark performance.
9
 In clinical research, scoring systems can be 

used to measure effectiveness of randomization and facilitate patient stratification in 

order to decrease bias and confounding variables.
9
 The Animal Trauma Triage (ATT) 

score was validated in a small population of dogs and cats and has been associated with 

survival in multiple subsequent retrospective studies.
5,6,10,11

 In a retrospective study of 
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dogs with head trauma, the Modified Glasgow Coma Scale (MGCS) score predicted a 

50% non-survival rate within 48 hours of the injury.
12

 Most recently, the Acute Patient 

Physiologic and Laboratory Evaluation (APPLE) score was validated as a user-friendly 

scoring system for dogs admitted to an intensive care unit.
3
  

While previous veterinary studies have investigated different variables and scoring 

systems on hospital admission after trauma, they have been retrospective in nature or 

limited to single-center populations of dogs. The objective of the present multi-center 

study was to prospectively characterize admission variables in dogs sustaining trauma 

with particular emphasis on scoring systems (ATT, MGCS, and APPLE scores) and their 

ability to predict outcome.  We aimed to achieve this using a multi-center consortium and 

online database to secure the framework and collaborative mechanisms required for 

future multi-center prospective clinical trials investigating canine trauma patients.  

Materials and Methods 

Trained personnel at four veterinary teaching hospitals (University of Minnesota 

Veterinary Medical Center, Tufts University Foster Hospital for Small Animals, Ontario 

Veterinary College Health Sciences Center, University of Pennsylvania Ryan Veterinary 

Hospital) prospectively recorded information from all dogs presenting after a witnessed 

or suspected traumatic incident between June 27, 2011 and August 22, 2011. Trauma was 

defined as any tissue injury that occurred more or less suddenly as a result of an external 

force including but not limited to: blunt force injury (e.g., motor vehicle accident, fall 

from height), penetrating injury (e.g., gunshot, laceration, impalement, animal altercation, 
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porcupine quills), or crushing injury. Dogs were excluded if they presented for acute 

lameness highly suspected or ultimately determined to be a cruciate ligament rupture, 

non-traumatic acute paresis (e.g., intervertebral disc disease, fibrocartilaginous 

embolism) or minor superficial bite wounds limited to 1 limb. Standard owner consent 

regarding data use from the medical record was obtained at hospital admission. 

Data was transcribed to a paper worksheet and then entered into an online database 

(REDCap)
13

 and retrospectively verified with the completed medical record. The 

following variables were recorded for each dog: ATT score,
10

 MGCS score,
12

 age, sex, 

body condition score (BCS), body weight, time and cause of the injury, veterinary care 

prior to arrival, whether or not the trauma was witnessed, pre-existing medical 

conditions, blood product administration, performance of cardiopulmonary resuscitation 

(CPR), total cost of the visit, as well as the number and type (soft tissue, orthopedic, or 

central nervous system) of surgical events (which may have included 1 or more surgical 

procedures) and surgical procedures (defined as surgical repair of tissues in one region) 

performed and where they took place (Emergency room (ER) or operating room (OR)). 

Time from injury to hospital admission was calculated and cause of the injury was further 

categorized into one of three groups: blunt (e.g., motor vehicle accident, fall, other), 

penetrating (e.g., bite wounds, penetrating non-bite wounds), or unknown.  Age was also 

categorized as young, middle, or old with correction for body weight.
14

 For dogs 

discharged from the hospital after the initial trauma visit that returned for trauma-

associated wound management, the total cost of the visit was only recorded for the initial 
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visit; however, surgical procedures were included in the number of surgeries if they were 

a result of the initial traumatic injury.  

Additional data was recorded if obtained at the discretion of the attending clinician 

including: values for calculation of the APPLE score (i.e., serum creatinine, albumin, and 

total bilirubin, blood lactate concentration, white blood cell count (WBC), pulse oximetry 

(SpO2), mentation score, respiratory rate, and fluid score)
3
 and Focused Assessment using 

Sonography for Trauma (FAST) Abdominal Fluid Score (AFS).
15

 Outcome was recorded 

as survived to hospital discharge, euthanized, or died. Time of death was recorded and 

categorized into < 2, 2-6, 6-12, 12-24, 24-72 or > 72 hours after presentation to the 

hospital. For dogs that were euthanized, information regarding the reason (cost vs. grave 

prognosis) was also recorded after speaking with the attending clinician. Dogs euthanized 

for financial reasons were excluded from outcome analyses. 

Statistical Analyses 

Continuous variables were analyzed for standard normal distribution with a Shapiro Wilk 

test. Descriptive statistics were recorded as mean and standard deviation (normal 

distribution) or median and range (non-normal distribution). Depending on normal 

distribution, a Pooled Student or Wilcoxon Mann-Whitney test was used to assess 

differences in the mean or median for clinical and laboratory parameters between 

surviving and non-surviving dogs. Univariate exact conditional logistic regression was 

used to assess categorical variables including sex, age category, trauma category, 

previous illness, surgery, blood product administration, positive fluid score or FAST 
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AFS, and whether or not the trauma was witnessed as risk factors for non-survival. 

Univariate exact conditional logistic regression was also used to assess continuous 

variables including age, BCS, body weight, time from injury to hospital admission, 

MGCS score, ATT score, serum albumin, serum total bilirubin, serum creatinine, lactate, 

SpO2, WBC, and total cost of the visit as risk factors for non-survival.  Receiver 

operating characteristic (ROC) curve analysis was performed to determine the area under 

the curve (AUC) and select the optimum cut-off value that maximized the Youden’s J 

statististic (sensitivity + specificity-1) for sensitivity and specificity reporting. Data 

analysis was performed by use of computer software (SAS OnlineDoc 9.1.3, SAS 

Institute, Cary, NC).  A P-value < 0.05 was considered significant for all comparisons.   

Results 

Animals – Data was initially recorded for 327 dogs. Twelve dogs met exclusion criteria 

and were censored: single small puncture wound to an extremity (n=6), chronic 

orthopedic disease or anterior cruciate ligament rupture (n=4), chemical burn (n=1) and 

hemivertebrae causing spinal cord injury (n=1). Data analysis was performed on the 

remaining 315 dogs enrolled at Tufts University (107/315, 34.0%), University of 

Pennsylvania (101/315, 32.1%), University of Minnesota (73/315, 23.2%), and Ontario 

Veterinary College (34/315, 10.8%). Female dogs (137/315, 43.5%) were mostly spayed 

(95/137, 69.3%) and male dogs (178/315, 56.5%) were mostly castrated (109/178, 

61.2%). Dogs were categorized when possible (312 dogs) as young (208/312, 66.7%), 
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middle-aged (81/312, 26.0%), and old (23/312, 7.4%). Of the dogs, 52 (16.5%) were 

being treated for a previous illness.     

Trauma – Causes of trauma included motor vehicle accidents (94/315, 29.8%), bite 

wounds (84/315, 26.7%), falls (57/315, 18.1%), other (35/315, 11.1%), unknown 

(25/315, 7.9%), penetrating non-bite wounds (12/315, 3.8%), and porcupine quills 

(9/315, 2.9%). Blunt trauma (173/315, 54.9%) occurred most commonly, followed by 

penetrating (107/315, 34.0%), and other (35/315, 11.1%) trauma. Trauma was witnessed 

for 220 (69.8%) of dogs and 217 (70.7%) dogs presented within 24 hours of the injury.   

 

Treatments and Procedures – Some dogs (101/315, 32.1%) presented to another 

veterinarian prior to hospital admission where treatment included crystalloids (35/101, 

34.7%), colloids (2/101, 2.0%), hypertonic saline (4/101, 4.0%), steroids (10/101, 9.9%), 

non-steroidal anti-inflammatory drugs (NSAIDs) (30/101, 29.7%), or both steroids and 

NSAIDs (2/101, 2.0%). A surgical event was required in 157 (49.8%) of dogs that had a 

total of 164 surgical events. Most dogs required only 1 surgical event (151/157, 96.2%); 

however, 6 dogs (3.8%) required 2 or more surgical events. Eight-four (84/164, 51.2%) 

surgical events were performed in the ER and 80 (48.8%) surgical events were performed 

in the OR. A total of 174 surgical procedures were performed including 114 (65.5%) soft 

tissue surgical procedures, 55 (31.6%) orthopedic surgical procedures, and 5 (2.9%) CNS 

surgical procedures. A FAST was performed in 37/315 (11.7%) of dogs, the majority of 

which were negative (32/37, 86.5%). A fluid score was recorded in 54/315 (17.1%) of 

dogs and was 0 in most of the dogs (42/54, 77.8%). Only 7/315 (2.2%) of dogs received 
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blood products (n=3 plasma, n=1 packed red blood cells, n=3 plasma and packed red 

blood cells).  

 

Outcome – 285 (90.5%) of dogs survived to hospital discharge.  Of the 30 dogs that did 

not survive, 5 dogs (16.7%) died, 9 dogs (30.0%) were euthanized for a grave prognosis, 

and 16 dogs (53.3%) were euthanized for financial reasons. Of the 30 non-survivors, 19 

deaths were within 2 hours of presentation to the hospital (3 died, 16 euthanized), 5 were 

euthanized 2-6 hours after presentation, 3 were euthanized 12-24 hours after presentation, 

and 1 was euthanized and 2 died 24-72 hours after presentation. CPR was performed in 5 

dogs (1.6%) and none of those dogs survived to discharge (4 died, 1 euthanized).  

 

Scoring Systems and Prognostic Indicators – APPLE score was only calculated for 13 

dogs (4.1%) due to insufficient data available in the medical record, whereas ATT 

(312/315, 99.0%) and MGCS (310/315, 98.4%) scores were calculated for almost all 

dogs. ATT score (P<0.001, OR 2.0, CI 1.6-2.7), MGCS score (P<0.001, OR 0.47, CI 

0.30-0.69), and blood lactate concentration (P=0.005, OR 1.5, CI -1.1-2.0) were 

predictive of non-survival (Table 1). Blunt trauma, when compared to penetrating trauma, 

was more likely to result in non-survival (P=0.021, OR 8.5, CI 1.2-333.3) as 92.9% 

(13/14) of non-surviving dogs sustained blunt trauma, compared to 53.0% (151/285) of 

surviving dogs (Table 2). Requirement for surgery was predictive of survival (P=0.006, 

OR 7.1, CI 1.5-66.7) as 54.4% (155/285) of surviving dogs had surgery, whereas only 

14.3% (2/14) of non-surviving dogs had surgery (Table 2). Other laboratory and clinical 
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variables including sex, BCS, age, age category, previous illness, blood production 

administration, presentation to another veterinarian first, time from injury to admission, 

whether or not the trauma was witnessed, and total cost of the visit were not predictive of 

survival (Tables 1 and 2).   

ROC curve analysis – The usefulness of blood lactate concentration, MGCS score, and 

ATT score for predicting non-survival were evaluated using ROC curve analysis. A 

lactate  4.0 mmol/L predicted non-survival with 80% sensitivity and 56% specificity 

(AUC=0.785). A MGCS score  17 predicted non-survival with 82% sensitivity and 87% 

specificity (AUC 0.913). ATT score was the best predictor of mortality; an ATT score  

5 predicted non-survival with 83% sensitivity and 91% specificity (AUC 0.913). 

Discussion 

In this multicenter population of canine patients, blunt trauma (54.9%) was the most 

common cause of injury, followed by penetrating (34%) and unknown injury (11.1%). 

There was an overall 90.5% survival to discharge and 8% of the animals were euthanized 

(poor prognosis (2.9%) and financial reasons (5.1%)). Higher ATT score and blood 

lactate levels and lower MGCS score predicted non-survival. Patients sustaining 

penetrating trauma (vs. blunt trauma) and those requiring surgical intervention were more 

likely to survive to discharge. A majority of  animals were young (66.7%) and male 

(56.5%). 

The ATT score evaluates 6 categories (perfusion, cardiac, respiratory, 

eye/muscle/integument, skeletal, and neurologic) on a scale of 0-3 (0: little to no injury; 
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3: severe injury; total range 0-18), and is easy to use with little requirement for data 

beyond physical exam findings and radiographic detection of fractures.
10

 As with 

previous retrospective and single-center studies, ATT score was associated with outcome 

(p<0.001) and strongly predictive of non-survival.
6,10,11

 With an ATT score  5 having 

83% sensitivity and 91% specificity for predicting non-survival to discharge 

(AUC=0.913), this large prospective study validates the utility of this score in canine 

trauma patients.  

The MGCS score was previously evaluated retrospectively in dogs sustaining blunt head 

trauma to assess for traumatic brain injury and determine the score’s ability to predict 

outcome.
12

 The score evaluates 3 categories (motor activity, brain stem reflexes, level of 

consciousness) on a scale of 1-6 (6: little to no abnormalities, 1: severe abnormalities) 

with a total score possible ranging from 3-18.  The score is also easy to calculate using 

only physical exam findings. In the present study, the MGCS score was associated with 

outcome (p<0.001) and a score  17 predicted non-survival with 82% sensitivity and 87% 

specificity (AUC=0.87). This finding is consistent with previous studies that have found 

head trauma to be a negative prognostic indicator for survival.
5,12

 Unfortunately, the 

MGCS score has its limitations as evidenced during the study when assigning a score to 

dogs with spinal cord injuries. Because these dogs had altered motor activity, but often no 

evidence of traumatic brain injury, they were assigned a lower MGCS score than other 

non-head injured dogs. Further consideration regarding the best method for applying 

MGCS score to dogs with spinal cord injury may be warranted in larger scale trials.  
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In order to calculate the APPLE score, nine data points are required from each dog: 

serum creatinine, albumin, total bilirubin and lactate, WBC, SpO2, mentation score, 

respiratory rate, and fluid score.
3
 Although the score was created from a population of 

hospitalized dogs using values obtained within the first 24 hours of admission, the present 

study attempted calculation of the score using variables from traumatized dogs available 

at presentation. As this was an unfunded study and tests required for calculation of the 

APPLE score were performed at the discretion of the primary clinician, only 13 dogs 

(4.1%) had enough data available to calculate the APPLE score. Future investigation of 

the APPLE score in dogs following trauma might confirm its prognostic ability and 

enable stratification of dogs in subsequent analyses based on disease severity. 

Because scoring systems are developed from populations of dogs, caution must be 

exercised when using each dog’s individual score to assist owner decisions regarding 

whether or not to pursue therapy. More appropriate uses of the individual scores might 

instead include decision-making during triage or determining the resources required for 

patient care.  For example, an ATT score > 5 may require activation of a trauma team or 

an MGCS score < 17 may necessitate involvement of a neurologist.  Similarly, a dog with 

a higher ATT score might require longer hospitalization, requirement for surgical 

intervention, and a higher estimated cost of care, all important client communication 

points at patient presentation. From a clinical research perspective, scoring systems can 

be utilized for patient screening and study enrollment, as well as reducing bias in multi-

arm clinical trials. The ease with which ATT and MGCS scores can be calculated at 
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admission, as well as their association with outcome, suggests that this data be recorded 

as part of a minimum data base on all trauma cases.   

Elevated blood lactate levels have been documented in canine patients in multiple 

disorders including shock, low cardiac output states, acute liver failure, severe sepsis, 

neoplasia, seizures, poisoning, and drug therapy.
16

 Most analyzers that measure lactate 

levels require a very small volume of blood, and are typically available as a bedside 

diagnostic test, making it an easily accessible parameter to inform patient care. In this 

population of dogs, elevated lactate levels were associated with non-survival with a 

lactate level  4.0 mmol/L having 80% sensitivity and 56% specificity (AUC=0.785) for 

non-survival. While single time point lactate level has prognostic capabilities in this 

population, it is recognized that lactate clearance may be a better method for predicting 

outcome and guiding therapy in hyperlactatemic patients.
16

 

Blunt trauma, defined as motor vehicle accident, fall or crush injury, was the most 

common cause of injury in the present study population (54.9%) and is slightly lower 

than previously reported in a large retrospective population (61.7%).
2
 Similar to other 

studies, motor vehicle accident was the most common cause of blunt trauma.
2,5

 

Penetrating injuries (34%) were more common than previously described (23.3%)
2
 and 

bite wounds made up the majority of penetrating wounds (26.7%). Conversely, bite 

wounds comprised only 10.2% of injuries in a previous general canine trauma 

population.
2
 Differences in the distribution of types of injuries that occurred in previous 

studies could be explained by differences in geography, time of data collection, and 
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definition of trauma between studies. Kolata et al. included burn (1.3%) injuries and was 

a single site retrospective study of 1000 dog and cats, whereas Simpson et al. 

retrospectively evaluated only dogs sustaining blunt trauma at a single teaching 

hospital.
2,5

  

In this population, blunt injury was more likely to result in non-survival when compared 

to penetrating injury (P=0.021, OR 8.5, CI 1.2-333.3). There is sparse veterinary 

literature regarding penetrating injury patterns in small animals, and no large population 

description of survival patterns in dogs. Animal interaction (10.2%), sharp object (11%) 

and weapon (2.1%) injuries are described in the canine population (203/871, 23.3%) 

reported in Kolata’s 1974 study, but survival data for this subpopulation of penetrating 

injuries is not reported.
2
 A 1997 study evaluated 84 cats and dogs with gunshot wounds 

and reported an 80.5% survival to discharge, compared to an 85-88% survival to 

discharge noted in blunt trauma literature.
2,5,6,17

 As this is the first report of a survival 

advantage in canine penetrating injury (when compared to blunt trauma), further 

validation in additional large-scale trials as well as further evaluation into differences in 

severity scores, resources utilized, hospital time and therapies required are necessary to 

better explain this finding. 

Surgical intervention occurred in approximately half (49.8%) of the dogs in the present 

study, similar to that reported in a large population of severe blunt trauma patients 

(50%).
5
 Interestingly, the distribution of soft tissue versus orthopedic injuries was 

reversed: 65.9% soft tissue procedures in the current study versus 36.5% in the Simpson 
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study, and 31.6% orthopedic procedures in the current study versus 63.5% previously 

reported (Simpson 2009).
5
 In this study, requirement for surgery was associated with 

survival (P=0.006, Table 2) with a significant odds ratio of 7.1 (CI 1.5-66.7). While 

definitive explanation for this finding is unknown, it is possible that owner willingness to 

pursue therapy (including surgery) in the population of surviving dogs (vs. electing to 

euthanize due to cost of surgical fixation) may influence this finding. Alternatively, 

perhaps increased monitoring (many surgeries require hospitalization) and pain control 

contributed to the higher survival rate in this sub-population of patients. 

A secondary objective of this study was to obtain population data to plan future clinical 

research and trials in canine trauma. The overall survival to discharge rate in this study 

(90.5%) was slightly higher than previously reported in large populations (85-88%).
2,5,6,8

 

There are many possible reasons for this, including the prospective design of the present 

study, which likely captured less severe cases that would have been missed in a 

retrospective record review, as well as inclusion of all types of trauma (i.e., penetrating, 

blunt and other). Given the high survival to discharge rate in this population of animals, 

future intervention studies aimed at improving outcome in this population of animals may 

require consideration for alternative primary outcomes, e.g., decreased frequency of co-

morbidities (e.g., development of multiple organ failure, coagulopathic bleeding, etc.), 

length of hospital stay, and cost of care. This initial study has demonstrated the feasibility 

of tracking a limited number of epidemiologic data points at multiple centers in order to 

inform future intervention study design and track resource use for local centers.  
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One persistent challenge in veterinary clinical research is the influence of euthanasia on 

clinical studies. During this prospective study, efforts were made to document the 

estimated cost and prognosis provided to owners by attending clinician at the time of 

euthanasia. This additional data was obtained in order to more accurately exclude cases 

euthanized due to cost from analysis (vs. interpreting reason for euthanasia from 

retrospective review of medical record). One challenge in recording this data surrounded 

the prognosis given for spinal injuries; while the prognosis for survival to discharge 

recorded for many of these dogs was good, prognosis for return to function was not 

recorded and may have influenced owner decision. In future trauma studies, prognosis for 

return to function for patients with brain or spinal injury should be recorded, in addition 

to prognosis for survival to discharge. Unfortunately, euthanasia confounded evaluation 

of timing of death from presentation. Most animals (19/30) died or were euthanized 

within 2 hours of presentation to the hospital, 16 of which were euthanized (84%). Of the 

patients that died (5/30), 3 were within 2 hours of presentation and 2 were 24-72 hours 

after presentation. Although the numbers are too small to draw definitive conclusions, 

this distribution is somewhat similar to human trauma mortality where by a majority of 

patients die within hours of their trauma, and an additional “spike” in mortality is noted 

days later.
18

 

In this multi-center, prospective population of canine trauma cases, ATT and MGCS 

scores, blood lactate concentrations, need for surgical intervention and type of injury 

(blunt v. penetrating) were associated with outcome.  Overall survival to discharge was 

excellent. The present study successfully established a multi-center collaborative group 
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that used a secure web-based data-capture system{{ 178 Harris,Paul A. 2009;}} to enable 

collection of data from a large group of dogs during a short time period.  Although there 

was significant investment in volunteer time and many individuals to obtain data on all 

cases presenting to each site over an 8-week period of time, the ability to obtain data on > 

300 cases in a relatively short period of time (8 weeks) supports the use of similar 

collaborations and data capture systems to enable future, large-scale clinical trials 

investigating trauma in veterinary medicine. 
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Table 1: Clinical and laboratory variables from surviving and non-surviving dogs following trauma. 

 Survivors Non-survivors  

N Mean ± SD Median (Range) N Mean ± SD Median (Range) P-value 

Age (years) 283 4.1 ± 3.6 3.3 (0.2-16.3) 14 5.2 ± 3.6 4.8 (0.8-15.0) 0.238 

BCS 214 5.3 ± 1.1 5 (3-9) 7 5.7 ± 1.0 6 (4-7) 0.420 

Body weight (kg) 275 17.2 ± 13.5 12.0 (1.0-60.4) 10 19.5 ± 14.6 16.0 (3.5-42.9) 0.598 

Time from injury to hospital 

presentation (days) 

278 1.4 ± 6.7 0 (0-98) 13 0.5 ± 1.4 0 (0-5) 0.655 

Time from injury to rDVM 

presentation (days) 

88 0.8 ± 4.4 0 (0-41) 7 0 ± 0 0 (0) 0.396 

MGCS score 283 17.8 ± 0.7 18 (10-18) 11 15.3 ± 3.4 17 (6-18) <0.001 

ATT score 284 2.1 ± 1.7 2 (0-9) 12  7.9 ± 3.9 8.5 (2-14) <0.001 

Albumin (g/dL)* 54 3.1 ± 0.7 3.0 (1.7-4.5) 5 3.0 ± 0.9 2.9 (1.9-4.3) 0.772 

Bilirubin  (mg/dL) 50 0.2 ± 0.2 0.2 (0-0.9) 5 0.1 ± 0.1 0.1 (0.1-0.2) 0.377 

Creatinine (mg/dL) 121 1.0 ± 0.7 0.9 (0.4-6.4) 8 1.1 ± 0.5 1.0 (0.6-2.0) 0.299 

Lactate (mmol/L) 106 2.8 ± 1.9 2.0 (0.6-10.6) 5 6.5 ± 5.2 4.5 (2.0-14.0) 0.005 

SpO2 (%) 30 95.2 ± 6.2 97 (72-100) 2 94.5 ± 0.7 94.5 (94-95) 0.605 

WBC (×10
3
/ μL) 56 14.2 ± 5.6 13.7 (4.9-28.6) 5 10.7 ± 3.3 12.8 (6.2-13.4) 0.168 

Cost ($) USD 285 1491.53 ± 

2213.00 

586.00 (37.10-

21865.40) 

14 1393.00 ± 

1598.14 

449.00 (120.00-

4961.29) 

0.869 

LOH (days) 284 1.5 ± 2.3 1 (0-21) 14 0.7 ± 1.1 0 (0-3) 0.208 

BCS – body condition score; rDVM – referring veterinarian; MGCS = Modified Glasgow Coma Scale; ATT = Animal Trauma 

Triage; APPLE – Acute Patient Physiologic and Laboratory Evaluation; SpO2 – pulse oximetry; WBC – white blood cell count; USD 

= United States Dollars; LOH – length of hospitalization   *Normally distributed 
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 Table 2: Proportions of categorical variables from surviving and non-surviving dogs following trauma. 

 Survivors Non-survivors P-value 

Witnessed trauma 35.1% (100/285) 71.4% (10/14) 1.000 

Previous illness 17.9% (51/285) 7.1% (1/14) 0.530 

Surgery performed 54.4% (155/285) 14.3% (2/14) 0.006 

Blood product administered 2.1% (6/285) 7.1% (1/14) 0.575 

Visited rDVM prior to arrival 25.2% (72/285) 50.0 % (7/14) 0.255 

Blunt trauma  53.0% (151/285) 92.9% (13/14) 0.021 
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Project #3: 

Title: Tissue oxygen saturation (StO2) in dogs presenting for acute hemorrhage 

Hall, K and Gray S (Co-first authors), Brearley A, Schildt J, Powell L, Beilman G  

Objective – To evaluate initial tissue oxygenation (StO2) readings in dogs presenting to 

the Emergency Room (ER) for acute hemorrhage.  It was hypothesized that ER measured 

StO2 levels would differentiate levels of shock. 

Design – Prospective, observational study  

Setting – Veterinary teaching hospital 

Animals – Thirty-eight dogs with acute hemorrhage and 78 healthy dogs 

Interventions – Tissue oxygen readings were obtained at enrollment on patients 

presenting to the ER for acute hemorrhage. Baseline clinicopathologic (CBC, chemistry, 

PT/PTT) and physiologic (lactate, blood gas, blood pressure, SpO2) data were 

documented on all patients. An ER clinician blinded to StO2 readings guided patient 

management and resuscitation. Patients were followed to determine survival to discharge 

status. Once data collection was complete, three emergency/critical care clinicians 

blinded to the StO2 data retrospectively classified patients into 1 of 4 shock categories (no 

shock, mild, moderate or severe). 

Measurements and Main Results – Thirty-eight patients were enrolled. Seventy-eight 

patients from a previous observational study in normal dogs were included to represent 

shock level 1 (“no shock”). The “no shock” category (1) StO2 levels differed significantly 

from the other three categories (mild, moderate and severe, p-values: 0.0006, <0.0001 
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and 0.0018 respectively); however, there was no statistical difference in pairwise tests 

between the other levels (mild, moderate, severe).  

 

Conclusions –   In canine patients, StO2 levels as measured by near-infrared 

spectroscopy are able to differentiate a population of canine patients in hemorrhagic 

shock from those without perfusion abnormalities. 

Acknowledgements - Philippe Gaillard (BDAC statistician) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  48 

Introduction 

A primary goal, and challenge, for veterinarians that care for urgent and emergent patient 

populations is the early identification of patients that are in shock. Shock is defined as 

inadequate cellular energy production and clinically this leads to tissue hypoxia.
 
Near-

infrared spectroscopy (NIRS) is emerging as a technology that may help clinicians not 

only identify patients with occult shock,
1-3

 but aid in directing therapy to resuscitate such 

patients (e.g., early goal directed therapy)
4-6 

by measuring oxygen saturation at the level 

of the tissues.  

 

The InSpectra™ Tissue Spectrometer
a
 is a portable, non-invasive, continuous data output 

NIRS device that measures tissue hemoglobin oxygen levels (StO2) when placed over a 

muscle body.
1
 Having established normal StO2 levels (93±7%) in healthy dogs with this 

device,
7
 the next reasonable step is to determine if StO2 correlates well with the 

parameters currently used in veterinary medicine for determining shock.
8
 StO2 levels in 

human trauma patients have been shown to perform similar to base excess (BE) in 

predicting development of multiple organ dysfunction or death.
9
 In models of 

hemorrhagic shock in the pig, StO2 levels showed excellent correlation with global 

oxygen delivery
10

 and were a significant predictor of mortality when compared with 

conventional measures.
3
 

 

The purpose of this study is to determine if StO2 measurements can differentiate a 

population of normal dogs from a population of canine patients that have presented to the 
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emergency room (ER) for acute hemorrhage. We hypothesize that ER measured StO2 

levels will differentiate levels of shock (none, mild, moderate or severe) in the 

hemorrhage population. This study is modeled directly from a human study that 

evaluated this tool for identifying patients in occult shock.
2
 

 

Materials and Methods 

The study protocol was reviewed and approved by the Institutional Animal Care and Use 

Committee (IACUC), and informed consent was obtained from the owner of each dog 

enrolled. 

 

Acute hemorrhage population: Canine patients presenting to the University of Minnesota 

emergency room ER with evidence of acute hemorrhage between July 2009 and October 

2010 were enrolled. Exclusion criteria included inability to obtain access to the sartorius 

or digital extensor muscle bodies for tissue oxygenation readings or owner refusal to have 

their pet enrolled. Following enrollment, investigators obtained StO2 and tissue 

hemoglobin index (THI) readings from either the sartorius or the digital extensor muscle 

during a 2-5-minute interval after enrollment while the patient was in the ER and 

receiving clinician directed therapy. The clinician managing the patient was blinded to 

StO2 readings. When obtaining StO2 readings, an attempt was made to use sites without 

pigmentation. If pigmentation was noted, an estimated amount of pigmentation where the 

probe was placed was recorded (0, <25%, 26-50%, 51-75%, >75%). Patient positioning 

during readings was also recorded. 
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At the time of StO2 measurement, patient vitals (temperature, pulse, respirations) were 

recorded. Additional data obtained at enrollment included blood lactate,
b
 blood pressure 

(Dinamap or Doppler),
c,d

 blood oxygen saturation (SpO2) via pulse oximetry,
e
 arterial 

blood gas,
f 
complete blood count,

g
 chemistry profile,

h
 prothrombin time and partial 

thromboplastin time.
i
 Patient demographics including age, sex, neuter status and weight 

were recorded. Finally, time in ER, hospitalization time, survival to discharge, diagnosis 

and hospital bill were also recorded.  

 

Once data collection was complete, patients were retrospective classified by 

emergency/critical care specialists (KH, LP, JS) blinded to StO2 data into 1 of 4 shock 

classifications. Two clinicians performed the classification individually, and a third 

criticalist was used as a tiebreaker if the level of classification differed. If all three 

criticalists disagreed, then a discussion of the case was performed and a consensus 

determined.  Classification levels used were as follows: Level 1: no shock- patients with 

no tachycardia, hypotension, normal BE, and minor or insignificant co-morbidities; Level 

2: mild shock-patients with mild tachycardia, no hypotension, normal BE, and only minor 

co-morbidities; Level 3: moderate shock - patients with hypotension, tachycardia 

responsive to fluid resuscitation, decreased BE, and major co-morbidities. Level 4: severe 

shock patients-severe hypotension, marked tachycardia, decreased BE, and severe co-

morbidities.  
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Level 1 (no shock): As no animals presenting for acute hemorrhage were classified as no 

shock, the data from a previous study evaluating 78 normal canines StO2 values
7
 were 

utilized as level 1. 

 

Statistical Analysis 

Because the tissue oxygen levels were not normally distributed, the StO2 levels in the 

four shock categories and the StO2 levels in the three outcome categories (survival to 

discharge, died or euthanized) were compared using the non-parametric Kruskal-Wallis 

rank sum test. Pair-wise tests were conducted to determine which categories differ, using 

the Kruskal-Wallis test but adjusting for multiple comparisons (alpha= 0.05/6 = 0.0083). 

Additionally, using linear regression, the association of StO2 to time in hospital and cost 

of stay was determined. A receiver operating characteristic (ROC) curve was used to 

determine the area under the curve (AUC) and 

select the optimum cut-off value that maximized the Youden’s J statistic (sensitivity + 

specificity-1) for sensitivity and specificity reporting. For the purposes of sensitivity and 

specificity reporting, dogs without shock (level 1) were considered true negatives and 

dogs with shock (levels 2-4) were considered true positives. A p value of less than 0.05 

was considered significant. All analysis was done in SAS 9.2.
j
 

Results 

Between July 2009 and October 2010 there were a total of 39 dogs that were assessed for 

enrollment that met inclusion criteria for the acute hemorrhage population. Only one dog 

that was assessed by investigators that met inclusion criteria was excluded due to lack of 



 

  52 

client consent. The remained 38 dogs were enrolled and included in the analysis. The 

median age was 8.5 years (range 0.58-13.58 years). There were 20 females and 18 males 

enrolled; of the females, 2 were intact and remainder were neutered; of the males 3 were 

intact, and the remainder were neutered. The median weight was 29.1kg (range: 4.1-

53.6kg).  There were 7 Labrador Retrievers (or mixes), 5 Golden Retrievers (or mixes), 

and 4 German Shepard Dogs (or mixes). The remaining breeds were not represented 

more than twice. The most common cause of hemorrhage was secondary to an intra-

abdominal mass (n= 20). Other causes of hemorrhage included vehicular trauma (n=5), 

penetrating trauma (n=3), gastrointestinal hemorrhage (n=3), pericardial effusion (n=2), 

coagulopathy (n=2), other penetrating injury (n=1), and unknown etiology (n=2).   

 

Thirty (79%) of the initial StO2 readings were obtained from the sartorius muscle body 

and eight (21%) from the digital extensor muscle body. Twenty-three (61%) of the initial 

readings were performed with the patient in lateral recumbancy and 15 (39%) were 

obtained with the patient in sternal recumbancy. Degree of pigmentation on the skin was 

noted in 37/38 patients with no pigmentation in 17/37 (46%), 1-25% pigmentation noted 

in 17/37 (46%), 26-50% pigmentation noted in 1/37 (3%), and > 50% pigmentation noted 

in 2/37 (5%). The median THI readings (an indicator of signal strength) were 11.4 (range 

4-20.6), 8.3 (range 2.6-15.9), 12.4 (single value) and 11.9 and 15.9 (2 values), in the 

categories of no pigmentation, 1-25%, 26-50% and > 50%, respectively.  
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The median StO2 values (range) were 94% (56%-99%), 89% (34%-94%), 84% (23%-

94%), and 83% (63%-94%) for levels 1 (no shock), 2 (mild shock), 3 (moderate shock) 

and 4 (severe shock) respectively (Table 1, Figure 1). The distribution of StO2 in shock 

category 1 (no shock) differs significantly from that the other three categories (p-values 

0.0006, <0.0001 and 0.0018 respectively); the remaining pair-wise differences are not 

significant (p-values 0.3607, 0.6050 and 0.9227). When StO2 values with a THI≤5 were 

removed from analysis (3/78 in no shock group, 2/15 in mild shock group and 2/15 in 

moderate shock group), the distribution of StO2 in shock category 1 (no shock) remained 

significantly different from that the other three categories (p-values 0.0018, <0.0001 and 

0.0008 respectively); the remaining pair-wise differences also remained not significant 

(p-values 0.2804, 0.2456 and 0.6370). StO2 values (range) with THI≤5 readings removed 

are listed in Table 1 and presented in Figure 2. ROC curve analysis for shock status as a 

function of StO2 revealed an AUC=0.824 (Figure 3). Patient vitals, biochemical data and 

patient outcome by shock code are also reported in Table 1. 

 

Of the 38 clinical patients enrolled, no patients were categorized as a level 1; there were 

15 categorized as level 2, 15 categorized as level 3, and 8 categorized as level 4. Blinded 

clinician agreement on shock categorization was present in 26 cases. Nine cases had 

different classification on initial independent review, and were classified based on 

agreement between 2 of 3 reviewers after independent review by the third clinician. 

There were 3 cases for which there was no independent agreement as to level of shock 

and all three reviewers openly discussed those cases and a consensus was determined.  
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The overall survival rate of the acute hemorrhage group was 63.2% (n=24). Of the non-

survivors, 2 died and 12 were euthanized. Based on medical record review, 7 patients 

were euthanized due to quality of life issues and 5 patients were euthanized due to 

progression of their disease.  In this population of patients the initial presenting StO2 

value was unable to predict survival (p-value 0.3866). The median duration of 

hospitalization was 21.5 hours (range 1-140 hrs) and the median cost of hospitalization 

was $1916.50 (range $914-14,432). There was no correlation found between StO2 levels 

at presentation and hospital stay or cost of hospitalization (P=0.3).  

 

Discussion 

The primary purpose of this study was to determine if tissue oxygen levels, as measured 

by the InSpectra™ Tissue Spectrometer,
a
 is able to differentiate a population of normal 

dogs from a population of dogs with hemorrhagic shock presenting to the emergency 

room, as well as compare initial (presentation) tissue oxygen levels with clinician 

assessment of degree of shock. The current study was modeled after a previous study 

whereby degree of shock in a population of human trauma patients was determined by a 

panel of three traumatologists and compared to StO2 levels.
2
 The normal reference 

interval for human StO2 is 87%±6.
1
 In the Crookes paper, the StO2 levels were 83%±10, 

83%±10, 80%±12 and 44%±26 in the no shock (n=98), mild shock (n=19), moderate 

shock (n=14) and severe shock (n=14) populations, respectively, with significant 

differences reported between normal and all 4 classifications of shock, as well as 
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significant differences between severe shock and all other categories (p < 0.05). In our 

study, StO2 readings were significantly different between the normal population of dogs 

and each of the shock levels, respectively, but did not reach statistical significance in 

differentiating the various clinician determined levels of shock; however, there is 

evidence of a trend of lower StO2 readings as the level of shock increases (Figure 1). 

These conclusions persist when StO2 values with a THI<5 are removed from analysis 

(Table 1, Figure 2). 

 

In the initial study evaluating StO2 readings in normal dogs, the sartorius muscle body 

was the most consistent sight for obtaining readings (100%).
7
 In the current study, initial 

StO2 readings were always attempted at the sartorius muscle, but if THI levels were < 5 

and/or a reading was not obtained within 60 seconds, the investigator moved to the digital 

extensor muscle. It is unclear why obtaining readings from the sartorius muscle in this 

population of dogs was less consistent than the normal population. One possibility could 

be amount of time in recumbancy prior to obtaining readings. In human medicine, 

vascular occlusion testing (VOT) utilizing the tissue oxygen monitor has been 

investigated as another method for determining patient perfusion.
11

 In this scenario, a cuff 

is used to occlude blood flow to the limb for a short period of time, and the degree with 

which StO2 readings rebound is evaluated as an assessment of perfusion. All readings 

obtained in the normal population of dogs and the hemorrhage population of dogs were 

obtained in either sternal or lateral recumbancy; however, due to clinical status, the 
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hemorrhage population may have been in recumbancy for a longer period of time, 

effectively decreasing blood flow to the dependent limb where readings were attempted. 

 

In the hemorrhage population, obtaining readings from regions where there was little to 

no skin pigmentation present was attempted based on subjective findings that 

pigmentation may affect ability to obtain a reading.
1,7

 In humans, the THI is an indicator 

of signal strength, and StO2 readings obtained with a THI level < 5 are not considered 

accurate.
1
 A majority of the readings (92%) in the hemorrhage population were obtained 

from sites with minimal pigmentation (<25%); however, the 3 readings obtained from 

sites with >26% pigmentation had THI levels of 11.9-15.9 (considered a strong signal). 

Given the very small number of values obtained in patients with skin pigmentation, 

conclusions regarding degree of interference cannot be made; however, the authors still 

suggest obtaining readings where there is limited pigmentation until further studies 

evaluating degree of interference from pigmentation are pursued. 

 

One of the goals for evaluating the ability for StO2 levels to predict level of shock in 

patients is the immediate, non-invasive and continuous information that can be obtained 

with the device. In contrast, other shock parameters (lactate, base excess, blood pressure, 

cardiac output, etc.) either require blood sampling (delay in results being reported, non-

continuous values) or invasive device placement (arterial line, pulmonary arterial 

catheter). The assignment of degree of shock was made by retrospective evaluation of 

prospectively obtained clinical data to ensure clinicians had the entire patient picture 
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available, including outcome. The ultimate goal being to determine if the immediate 

readings obtained by the tissue oxygen monitor were comparable to critical care 

specialists with access to all patient data points available for review (including those not 

available immediately). While the gold standard for sensitivity and specificity testing was 

the classification of degree of shock by three critical care specialists, it is recognized that 

this assignment still carries a degree of subjectivity, even with well-defined criteria for 

each level of shock, and this level of subjectively could results in mis-classification of 

cases. While not statistically significant, it is noted that StO2 readings did trend toward 

lower values as the degree of shock level increased.  

 

When utilizing survival to discharge as an outcome in clinical research, one of the 

persistent challenges in veterinary medicine is dealing with the fact that patients may be 

euthanized due to cost or perceived prognosis that may otherwise survive to discharge. In 

this particular study population, 12/38 (32%) of the hemorrhage patients were euthanized, 

making interpretation of StO2 readings as a predictor of non-survival problematic. 

Additionally, duration and cost of hospitalization will be skewed for patients euthanized 

early in the course of treatment, also affecting statistical analysis of StO2 readings at 

admission with those respective outcomes. Future studies which prospectively track 

reason for euthanasia may assist with more accurately determining if StO2 levels predict 

outcome when animals definitively euthanized purely for cost are removed from 

statistical analysis. 
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There are a number of limitations in the current study. Firstly, there were no dogs in the 

hemorrhage population that were identified as “no shock”. This is likely due to the fact 

that evidence of hemorrhage was required for inclusion, and patients with gross evidence 

of hemorrhage will at least be in compensatory shock. Because client consent was 

required for enrollment in the study, one of the challenges noted by the authors were 

“missed cases” that were ultimately determined to be hemorrhaging, but diagnosis was 

delayed until after initial therapy and diagnostics due to low clinical suspicion of 

hemorrhage by the primary clinician.  

These missed opportunities actual enhance the argument for utilization of StO2 readings 

as a triage tool.  

 

Another limitation is the degree of clinical difference between the populations. Because 

the hemorrhage population included only dogs with evidence of gross hemorrhage, those 

patients with occult shock were likely not included. Further evaluation of StO2 levels 

measured on all patients presenting to the Emergency Room would expand the patient 

population and allow for more effective evaluation of the device’s ability to detect shock 

in a diverse patient population, including those in occult shock. Future studies evaluating 

this non-invasive, continuous read device will include evaluation of its application in 

other emergency room populations, as well as its used as an endpoint in early goal 

directed therapy.  
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In conclusion, StO2 readings, as measured by the InSpectra™ Tissue Spectrometer, are 

able to differentiate a population of normal dogs from a population of dogs with 

hemorrhagic shock. In this population, StO2 readings did not correlate statistically with 

degree of shock as assigned by critical care specialists, but as degree of shock increased, 

there was a trend in reduced StO2 values in each of the shock populations. 

 

Footnotes: 

a. InSpectra Tissue Spectrometer, Hutchinson Technology Inc, BioMeasurement 

Division, Hutchinson, MN. 

b. Accutrend lactate, Sports resource group, Hawthorne, NY 

c. Parks Medical Model #811B, Parks Medical, Aloha, OR. (Doppler) 

d. BCI Advisor, Smiths Group, London, England. (Dinamap) 

e. Nonin Model #8500AV, Nonin Inc, Plymouth, MN. (SpO2 monitor) 

f. i-STAT 1 analyzer, EG7 cartridge, Abbott Laboratories, East Windsor, NJ. 

g. Cell-Dyn 3500, Abbott, Chicago, IL.  

h. Olympus AU400, Olympus America Inc, Center Valley, PA.  

i. STA Compact, Stago, Parsippany, NJ. 

j. SAS version 9.2, SAS Institute, Inc., Cary, NC. 
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Variable Shock code 

 1 (n=78) 2 (n=15) 3 (n=15) 4 (n=8) 

StO2 (%) 94 (56-99) 89 (34-94) 84 (23-94) 83 (63-94) 

StO2 (%),  

THI≤5 removed 

94 (60-99) 

(n=3) 

90 (66-94) 

(n=2) 

85 (38-94) 

(n=2) 

83 (63-94) 

(n=0) 

Temperature (˚F) 101.7 (99.5-

103.9) 

100.9 (97.9-

102.3) 

101.3 (97-104) 99 (96-102.7) 

Pulse (bpm) 110 (80-150) 150 (120-180) 140 (100-180) 170 (122-211) 

pH 7.382  

(7.310-7.459) 

7.436  

(7.345-7.460) 

7.406  

(7.316-7.485) 

7.282  

(6.962-7.390) 

HCO3
-
 (mmol/L) 20 (16.3-25.7) 20.8 (16.5- 

22.9) 

16.9 (8.6-22.1) 12.6 (7.9-

21.2) 

BE (mmol/L) -5 (3, -9) -3 (-1, -9) -8 (-2, -16) -15 (-5, -18) 

Lactate 

(mmol/L) 

1.0 (0.4-3.0) 3.1 (0.7-5.2) 5.4 (2.3-10.3) 9.9 (8.5-12.7) 

SBP (mmHg) 122 (85-180) 140 (90-182) 110 (53-168) 68 (46-111) 

SpO2 (%) 98 (92-100) 97 (88-100) 95 (89-100) 99 (95-100) 

PT (sec) NA 7.6 (6.7-120) 8.2 (6.9-14) 10.2 (8.4-

86.3) 

PTT (sec) NA 13.5 (9.5-58.2) 15 (11-20.1) 16.3 (13.7-

37.5) 

Time in ER 

(min) 

NA 145 (0-390) 122.5 (0-190) 142.5 (0=255) 

Hospital time 

(hrs) 

NA 25 (6-89) 21 (6-140) 4.5 (1-52.5) 

Cost of stay ($) NA 2005 (1208-

6710) 

1877 (1100-

14432) 

1687 (914-

4515) 

Survival (%) 78 (100%) 11 (73%) 10 (67%) 3 (38%) 

 

Table 1: Values reported as median (range); StO2=tissue oxygen saturation levels, HCO3
-
 

= bicarbonate, BE =base excess, SBP=systolic blood pressure, SpO2=pulse oximeter 

oxygen saturation, PT=prothrombin time, PTT=partial thromboplastin time, 

ER=Emergency Room, Survival=survival to discharge 
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Figure 3: Tissue Oxygen Levels, by Shock Code.
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Figure 1: Tissue oxygen levels by shock category. Q2=median value; tissox=StO2 
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Figure 3B: Tissue Oxygen Levels, by Shock Code.
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Figure 2: Tissue oxygen levels by shock category with THI ≤ 5 removed. Q2=median 

value; tissox=StO2 
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Figure 3: Receiver operating characteristic curve comparing the diagnostic sensitivity and 

1-specificity of StO2 for differentiating dogs without shock (Level 1) from dogs with 

shock (Levels 2-4). AUC=0.824 
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Project #4: 

Title: Assessment of shock index in healthy dogs and dogs in hemorrhagic shock 

Peterson K, Hardy B, Hall KE 

 

Objective – Compare shock index in a population of healthy dogs to a population of dogs 

with confirmed hemorrhagic shock. 

Design – Retrospective study using prospectively collected data from 2 previous studies 

Setting - University teaching hospital 

Animals – 78 healthy control dogs enrolled in a study to establish a reference interval for 

a tissue oxygen monitor; 38 confirmed hemorrhagic shock dogs enrolled in a study to 

evaluate the tissue oxygen monitor in hemorrhagic shock.  The heart rate and systolic 

blood pressure obtained during the respective studies were used to calculate the shock 

index. 

Interventions – None 

Measurements and Main Results - Shock index was significantly higher in the 

hemorrhage group (median 1.37, range 0.78 to 4.35) than the control group (median 0.91, 

range 0.57 to 1.53); 92% of the hemorrhage dogs had a shock index of > 0.91.  

Hemorrhage dogs had significantly lower body temperatures (hemorrhage median 

38.3°C, range 35.6 to 39.9°C; control median 38.7°C, range 37.5 to 39.9°C), higher heart 

rate (hemorrhage median 150 bpm, range 120 to 220 bpm; control median 110 bpm, 

range 80-150 bpm), lower systolic blood pressure (hemorrhage mean 112 mmHg, SD +/- 

35.8 mmHg; control mean 125 mmHg, SD+/- 21.5 mmHg), higher lactate levels 
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(hemorrhage median 0.51 mmol/L, range 0.078 to 1.41 mmol/L; control median 0.11 

mmol/L, range 0.033 to 0.33 mmol/L), and lower hemoglobin (hemorrhage median 81 

g/L, range 56 to 183 g/L; control median 162.5 g/dL, range 133 to 198 g/L) than control 

dogs. 

Conclusions: Shock index is a simple and easy calculation that can be used as an 

additional triage tool for emergency doctors and should prompt further investigation for 

hemorrhage if the value is above 0.9. 

 

Key words: triage, emergency, heart rate, blood pressure 

 

Abbreviations:  

ER: emergency room 

HR: heart rate 

SI: shock index  

SBP: systolic blood pressure 

StO2: tissue oxygen saturation 
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Introduction 

Patients presenting to the emergency room (ER) in shock are common and the ability to 

recognize and characterize patients in shock continues to be a challenge for veterinarians.  

Vital signs such as heart rate (HR), respiratory rate, and blood pressure when evaluated 

alone often lack sensitivity and specificity and scoring systems are often cumbersome in 

the emergent setting.  Shock index (SI) is a tool that can be utilized in the emergency 

room and is calculated by dividing HR by the systolic blood pressure (SBP), i.e., 

SI=HR/SBP.  This calculation may provide a more objective measure of shock than HR 

and SBP alone, especially in patients with compensated or early hypovolemic shock and 

can be used in conjunction to clinician assessment of the patient’s perfusion parameters.
1-

3
   

Shock index has been evaluated in people, with a normal range of 0.5 to 0.7.
1  

It has been 

shown to correlate with acute blood loss in healthy donors
1
 and may be a useful triage 

tool in patients with acute myocardial infarction,
4
 trauma,

2,3,5
 tubal or ectopic 

pregnancy,
6,7

 ICU transfer,
8
 community acquired pneumonia,

9-11
 gastrointestinal bleeding 

during angiography,
12

 and pulmonary thromboembolism.
13

  Utility of SI has been 

conflicting in trauma patients
14,15

 and not significantly useful in evaluation of critically ill 

patients with sepsis.
16,17

    

Shock index has not been extensively studied in the veterinary literature.  In a rat animal 

model with traumatic brain injury and blood loss, SI had linear correlation with the 

degree of hemorrhage in the control and the mild brain injury animals but this 

physiologic response was blunted in the moderate brain injury group.  The authors 
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concluded in the study that SI should be used with caution in animals with traumatic 

brain injury.
18

  Similarly in a pig model of acute hemorrhage, as the degree of 

hemorrhage increased, SI also increased and an SI > 3 indicated impending 

cardiovascular collapse.  Shock index had an inverse correlation with oxygen delivery.
16

  

To our knowledge, SI has not been evaluated in clinical veterinary patients.  In addition 

to establishing a normal reference interval for canine shock index, this study compares SI 

in normal healthy dogs to dogs with known hemorrhage.  Our hypothesis is that SI will 

differentiate a population of dogs with hemorrhagic shock from healthy controls. 

Materials and methods  

This is a retrospective study using prospectively collected information from two previous 

studies to compare SI in healthy dogs to dogs with confirmed hemorrhagic shock.  The 

control group (healthy dogs) consists of 78 client, student, and staff owned dogs brought 

into the small animal clinic that were used to validate the use of a tissue oxygen monitor 

in dogs.
a
  The complete materials and methods have been previously published for this 

study.
19

  Inclusion criteria were body weight > 9 kg, normal physical exam, normal 

complete blood count (CBC)
b
, chemistry profile,

c
 and SBP.

d
  Blood lactate

e
 was also 

evaluated in these dogs.  Heart rate and SBP obtained by certified veterinary technician 

staff members utilizing standard emergency room equipment
 d, f

 are used for calculation 

of SI for the current study.   

The hemorrhage group consists of 38 dogs diagnosed with acute hemorrhagic shock that 

presented to the emergency service.  The dogs were enrolled in a study to evaluate the 

use of a tissue oxygen monitor
a
 for identification of shock in dogs compared with 
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clinician assessment of shock.
20

  Hemorrhage was confirmed based on identification of 

blood within the respective area involved.  Hemorrhage dogs had a variety of underlying 

etiologies including hemorrhaging intra-abdominal mass (n= 20), vehicular trauma (n=5), 

penetrating trauma (n=3), gastrointestinal hemorrhage (n=3), pericardial effusion (n=2), 

coagulopathy (n=2), other penetrating injury (n=1), and unknown etiology (n=2).  At the 

time of presentation, patient vitals (temperature and HR) were recorded.  Additional data 

obtained at enrollment included body weight, StO2,
a
 blood lactate,

e
 blood pressure,

d, f
 

CBC,
b
 and chemistry profile.

c
 Three board certified emergency critical care clinicians 

blinded to StO2 results retrospectively classified all patients into one of four levels of 

shock using the following criteria: Level 1: no shock- patients with no tachycardia, 

hypotension, normal BE, and minor or insignificant co-morbidities; Level 2: mild shock-

patients with mild tachycardia, no hypotension, normal BE, and only minor co-

morbidities; Level 3: moderate shock - patients with hypotension, tachycardia responsive 

to fluid resuscitation, decreased BE, and major co-morbidities. Level 4: severe shock 

patients-severe hypotension, marked tachycardia, decreased BE, and severe co-

morbidities.
21

  All patients enrolled in the study were ultimately classified as >2 by the 

investigators, consistent with at least mild hemorrhagic shock.  Heart rate and SBP 

obtained at presentation by the emergency room certified veterinary technician staff 

members utilizing standard emergency room equipment
d, f 

are used for calculation of SI 

for the current study.   
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Statistical methods 

Statistical analysis was performed using a commercially available software 

program.
g
  Data was tested for normality with the Kolmogorov-Smirnov test, and all data 

were found to be non-normally distributed except body weight and SBP.   The Fisher’s 

exact test was used to compare age, temperature, HR, lactate, StO2, hemoglobin, pH and 

SI between normal dogs and dogs in the hemorrhage group.  Student’s t-test was used to 

compare body weight and SBP between the normal dogs and dogs with hemorrhage.  

Spearman rank correlation was performed to evaluate for relationships between SI and 

SBP, HR, body weight, age, temperature, lactate, StO2, hemoglobin, and pH for all 

patients and duration of hospitalization for dogs in the hemorrhage group.  Logistic 

regression was used to determine the ability of SI to predict euthanasia or death.  A p-

value of <0.05 was used to determine statistically significance.  Sensitivity and specificity 

for determining hemorrhagic shock were calculated using 3 SI cut-off points. 

Results 

Data from each population (healthy controls and hemorrhage) are presented in 

Table 1.  The two groups were similar in weight, but the hemorrhage dogs were 

significantly older than the healthy control dogs. Shock index was significantly higher in 

the hemorrhage group than the healthy control group. Hemorrhage dogs had significantly 

lower body temperatures, SBP, StO2 and hemoglobin than healthy control dogs. 

Hemorrhage dogs had significantly higher HR and lactate level than the healthy control 

dogs. The pH values were not statistically different between groups.  
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For all dogs, correlations between shock index and measured parameters are 

reported in Table 2.  There was no correlation between SI and weight of the patient.  

There was a direct linear correlation between SI and age, SI and lactate and shock index 

and pH.  An inverse linear correlation was noted between SI and body temperature, SI 

and StO2, and SI and hemoglobin.  Because the SI is calculated from the HR and SBP, 

there is an expected direct and inverse relationship respectively between these 

measurements and SI.  For hemorrhage dogs only, there was no correlation between SI 

and the length of hospital stay.  Based on logistic regression analysis, there was not an 

increased risk of mortality (death or euthanasia) with increasing SI (OR 0.953, 95% CI 

0.418 - 2.172) in dogs with hemorrhage.  

Sensitivity and specificity was evaluated for several cut off values of SI (Table 3).  

For a value of > 0.8 the sensitivity was 0.95 with a specificity of 0.36.  If that value is 

increased to > 0.9, which is a value used in many human studies, the sensitivity decreases 

slightly to 0.92 with an increase in specificity of 0.5. 

Discussion 

Shock index is a simple calculation done by dividing the HR by the SBP.  This 

can be done within minutes of a patient’s arrival and may provide another triage tool for 

ER doctors.  This study is a retrospective evaluation of patients from two previous study 

populations and compared the SI between normal healthy dogs and dogs with confirmed 

hemorrhagic shock.  From this study, normal SI for dogs ranges from 0.57 to 1.53 with a 

median of 0.91.  Although some of the hemorrhage dogs had an SI within the normal 

range, the median values were significantly different between groups and 92% of the 



 

  71 

hemorrhage dogs had an SI of > 0.91.  When using an SI cut off value of 0.9, there is 

high sensitivity but low specificity as a triage tool.  Therefore, if the SI is > 0.9, further 

evaluation for hemorrhage should be performed.  Similar to other triage tools or scoring 

systems, SI should be used in addition to clinical evaluation rather than a definitive tool 

for creating treatment and diagnostic plans or determining prognosis for patients.  

Median heart rates and blood pressures were significantly different between the 

control and hemorrhage dogs.  Despite this, the median values for systolic blood pressure 

in both populations were within the normal reference interval for dogs.  Normal SBP is a 

typical physiologic response in early hemorrhage until greater than 15 to 30% of blood 

volume is lost. Due to individual patient variation, mild changes in heart rate and systolic 

blood pressure values in early compensatory shock may be altered from the patient’s 

baseline, yet remain in the normal reference interval for the population of a given species. 

By creating a ratio of the two values, SI compares the changes in heart rate and blood 

pressure together in an attempt to identify subtle changes in both parameters and detect 

early hypovolemia.
22

  While the data in this study do not justify shock index as a superior 

tool to SBP or HR, the data support its ability to differentiate a normal population from a 

hemorrhagic shock population. Further prospective evaluation of its application as a 

triage tool in comparison to other presenting triage variables in patient’s in shock is 

currently underway. 

 There was a direct correlation of SI with age when evaluating the whole 

population of dogs.  This correlation is likely due to an older population of dogs in 

hemorrhagic shock, rather than a direct cause and effect related to age and shock index.  
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Although not evaluated in our study, older dogs may have concurrent disease processes 

that can contribute to HR and SBP abnormalities including primary cardiovascular 

disease, renal disease, Cushing’s disease, and thyroid disease, which may affect SI.  Aged 

matched controls for future studies would be needed to attempt to rule out confounding 

factors associated with aging.  In one human study, this has been addressed by including  

the patient’s age in elderly patients when calculating the SI.
5
  This was not done in our 

study but can be considered in future studies to determine if this additional calculation is 

necessary in geriatric veterinary patients.  Our study did not include a significant number 

of puppies and values for very young dogs, especially those in shock, may be 

significantly different from adult dogs.  Further investigation in neonates and puppies 

should be evaluated to determine a normal SI for these populations.              

Both patient populations were similar in body weight and there was no correlation 

between SI and weight.  The mean body weights for the populations were 27.1 kg and 

26.3 kg, which would be considered medium to large breed dogs.  The SI values of our 

study may not be representative of giant and toy breed dogs and further study in these 

patient populations may be warranted to establish normal values.     

An unexpected finding in this study was that the SI had linear correlation with the 

pH.  This correlation looked at the population of dogs as a whole and both groups had 

median pH values within normal reference range.  With multiple contributing factors to 

pH (ie. respiratory, metabolic, strong ions, etc.), we were unable to elucidate the cause of 

this correlation but it is unlikely to be a clinically relevant finding from this study.        
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Blood pressure technique should be considered when evaluating SI.  Blood 

pressure measurements were all indirect in this study but were not standardized with both 

Doppler and oscillometric used in the hemorrhage population.  Blood pressures were 

performed in the emergency room and although the technique is typically done according 

to recommended blood pressure measurement guidelines, blood pressure measurements 

were not standardized to a specific limb or cuff size measurement in the hemorrhage 

study.
23

  Doppler blood pressure measurement is often used in smaller or unstable 

patients and the blood pressure value obtained in dogs has been more closely correlated 

to SBP so this technique may be preferred.
24

  Additionally, no indirect blood pressure 

monitoring device is validated for use in veterinary patients and there have been 

conflicting results when comparing indirect devices to other indirect devices as well as to 

direct arterial blood pressure measurement.
25-29

  Although direct measurements are 

impractical in the emergency room setting, this technique could be used in ICU, during 

anesthesia, or in post-operative patients to calculate SI and evaluate for acute blood loss.  

A prospective study comparing direct arterial, Doppler, and oscillometric devices could 

be performed to evaluate the use of these devices compared to the gold standard in 

calculating SI.  If monitoring trends in SI, the same technique should be used so that the 

value is consistent between measurements.  

Because the data was evaluated retrospectively, there are limitations to the study.  

The healthy control dogs were younger than the hemorrhage population.  Ideally there 

should be age matched controls to decrease the effect that age and potential co-

morbidities may have on the HR and blood pressure.  As previously discussed, this may 
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be addressed by incorporating the patient’s age into the calculation and can be considered 

in future studies to determine if this is necessary in veterinary patients.  Control dogs 

were studied in a different room within the hospital and not in the emergency room.  

Despite this, these dogs were still in a hospital setting, in a room off a busy hallway in the 

hospital, had blood drawn, blood pressure evaluation and tissue oxygenation 

measurements done, which for some dogs was very stressful per the author of that study.  

Although the environment (a quiet room versus busy ER, with or without the owner) 

needs to be taken into consideration when evaluating patients to account for the effect on 

heart rate and blood pressure values, both populations were evaluated within the hospital 

and therefore the study location should not be a significant factor in our study.
23

      

The lactate analyzer used in the study has not been validated for use in dogs but is 

a common instrument used in veterinary clinics.  In one study evaluating its use in dogs, 

it had good precision for use but did not correlate with another method for lactate 

measurement.
30

  Because of this, as with other blood work, lactate values should only be 

compared if using the same instrument.  Finally, our study only evaluated normal dogs 

and dogs with hemorrhage.  Further investigation is needed in other populations of sick 

patients. 

Conclusions:  

Despite the limitations of the study, shock index is a simple and easy calculation 

that can be used in the emergency setting.  Although there is some overlap of SI between 

normal dogs and the hemorrhage population, the calculation can be used as an additional 

triage tool for emergency doctors and may prompt further investigation for hemorrhage if 
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the value is above 0.9.  Additionally, SI may be valuable as enrollment criteria for 

clinical studies,  as a baseline characteristic for clinical trial arms to assess appropriate 

randomization, and for evaluating response to interventions in hemorrhagic shock 

patients.   

Footnotes: 

a. InSpectra Tissue Spectrometer, Hutchinson Technology Inc, BioMeasurement 

Division, Hutchinson, MN. 

b. Cell-Dyn 3500, Abbott, Chicago, IL. 

c. Olympus AU400, Olympus America Inc, Center Valley, PA.  

d. Parks Medical Model #811B, Parks Medical, Aloha, OR. 

e. Accutrend lacate, Sports resource group, Hawthorne, NY 

f. BCI Advisor, Smiths Group, London, England. 

g. SAS version 9.2, SAS Institute, Inc., Cary, NC. 
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Table 1. Comparison of parameters between hemorrhagic shock (n=38) and healthy 

control dogs (n=78).   

Parameter Hemorrhagic shock Healthy p-value 

Body weight* (kg) 27.1 (11.7) 26.3 (9.8) 0.7 

Age (years) 8.5 (0.58 – 13.58) 4.3 (1.4-8.5) <0.001 

Temperature (⁰ C) 38.7 (35.6- 39.9) 38.7 (37.5 - 39.9) <0.001 

Heart rate (bpm) 150 (120 – 220) 110 (80 – 150) <0.001 

SBP* (mmHg) 112.2 (35.8) 124.6 (21.5) <0.02 

Lactate (mmol/L) 0.51 (0.078 - 1.41)  0.11 (0.033 to 0.33)  <0.001 

StO2 (%) 84 (23 – 94) 94 (56 – 99) <0.001 

Hemoglobin (g/L)  81 (56 – 183) 162.5 (133 – 198) <0.001 

pH 7.401 (6.962 – 

7.485) 

7.382 (7.310 – 

7.459) 

0.15 

SI 1.37 (0.78 – 4.35) 0.91 (0.57 – 1.53) <0.001 

*Normally distributed data: reported as mean (standard deviation), other data reported as 

median (range). 
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Table 2. Correlation between SI and evaluated parameters in all dogs (n=116). 

Parameter R
2
 p-value 

Body weight 0.01 0.29 

Age 0.044 0.026 

Temperature 0.07 0.0046 

Heart rate 0.48 <0.001 

Systolic blood pressure 0.51 <0.001 

Lactate 0.39 <0.001 

StO2 0.077 0.003 

Hemoglobin 0.21 <0.001 

pH 0.037 0.04 

Duration of hospitalization 

(hemorrhage only) 

0.033 0.274 

 

Table 3: Sensitivity and specificity for SI at 3 cut points 

Shock index Sensitivity Specificity 

>0.8 0.95 0.36 

>0.9 0.92 0.50 

>1.0 0.79 0.69 
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