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Purpose: To assess if severity of creatine kinase (CK) elevation in veterinary trauma patients is associated with overall patient 
morbidity (need for blood products or surgery, prolonged hospitalization) and mortality.
Patients and Methods: Five hundred and eight-three dogs and cats experiencing trauma with an admission CK > 1000 U/L over 
a 15-year period were included in this study. The population was further stratified based on severity of CK elevation to include 161 
dogs and 133 cats with admission CK > 5000 U/L, and 211 dogs and 78 cats with admission CK between 1000 and 5000 U/L. These 
groups were then compared for likelihood of trauma-associated morbidity, including increased need for blood products, surgical 
intervention, and/or hospitalization time. The likelihood of mortality was also compared between groups.
Results: The need for packed red blood cell transfusion and length of hospitalization were significantly increased in traumatized dogs 
and cats with CK > 5000 U/L. Higher CK was not associated with increased surgical needs. Dogs with CK > 5000 U/L had 
significantly higher mortality rate compared to <5000 U/L.
Conclusion: A higher degree of CK elevation is associated with need for blood products and prolonged hospitalization in dogs and 
cats and higher mortality in dogs. Evaluation of the severity of CK levels on presentation, and serial evaluation of the same, may aid in 
the assessment of trauma severity and prognosis in veterinary trauma patients.
Keywords: blood transfusion, muscle injury

Introduction
Rhabdomyolysis, characterized by skeletal muscle dissolution and subsequent myoglobin release, can occur secondary to trauma. 
While myoglobinemia is pathognomonic for rhabdomyolysis, it is not always present due to the short half-life of this enzyme 
(two to three hours in people and five to nine minutes in dogs).1–3 Creatine kinase (CK) is a key enzyme in energy transport and 
utilization mechanisms, reversibly catalyzing the transfer of phosphocreatine to adenosine diphosphate in several different 
mammalian tissues, including skeletal muscle, heart, and brain.4 The highest concentration of CK is within skeletal muscle, and 
elevations commonly accompany traumatic injury.5 Therefore, CK serum activity is preferentially measured in human trauma 
patients, and has been studied as a marker of muscle injury and a predictor of morbidity and mortality.5–7 Increased CK activity is 
not specific for trauma; nontraumatic causes of high CK in people and/or animals include caval and arterial thrombosis, cardiac 
disease, seizures, surgical intervention, toxin exposure, polymyositis, and immune-mediated myopathies.2,3,8–11

Perhaps, the most significant complication of rhabdomyolysis in people is the development of myoglobinuria, pigment 
nephropathy, and subsequent acute kidney injury (AKI). In human trauma patients, serum CK elevation is predictive of the 
development of AKI, and those patients with AKI are less likely to survive.6,7,12–16 While there is no specific CK value that is 
definitively associated with outcome in people, a serum CK level ≥5000 U/L has been widely used to evaluate increased risk of 
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death in human trauma patients.6,17,18 The McMahon Score, which evaluates severity of illness in human rhabdomyolysis, 
includes CK to predict AKI, need for renal replacement therapy, and in-hospital mortality.19,20 Additional human trauma studies 
have shown that patients with a higher CK have higher illness severity scores (ISS) and that CK alone is an independent predictor 
of mortality.7,13

Few small animal veterinary studies have evaluated CK elevations.21–24 In one study of 601 critically ill cats, traumatized 
cats were more likely to demonstrate severely increased serum CK activity. In this study, regardless of cause, mild CK 
elevations were an inaccurate predictor of outcome; however, cats with a higher serum CK (>7500 U/L) had longer 
hospitalization times and higher treatment costs, as well as increased mortality.24 In dogs, studies have reported CK elevations 
with inflammation, infectious, neurologic or cardiac disease/injury, post-operatively, and post-exercise.4,24–32

Creatine kinase is commonly incorporated into bloodwork obtained in sick small animal patients. However, while higher 
CK elevations are predictive of mortality in human trauma patients, little is reported on the clinical utility of evaluating this 
enzyme in small animal trauma patients. The current investigation retrospectively assessed the severity of elevation of CK in 
small animal trauma patients. In this patient group, we also assessed for associations among the severity of CK elevation, an 
increased need for blood products or surgical intervention, prolonged hospitalization, and mortality.

Materials and Methods
The electronic medical record system was searched over a 15-year period for dogs and cats with a serum CK value ≥1000 U/L. 
Animals were then included if they experienced trauma. A moderate elevation (≥1000 U/L) was required for inclusion in the 
study to automatically exclude animals with mild, artifactual CK elevations (hemolysis, muscle penetration during blood draw) 
from the search. Patients were then divided into two groups based on severity of admission CK elevation: CK < 5000 U/L (range: 
1000–5000 U/L) and CK ≥ 5000 U/L (range: 5000 to >120,000 U/L).

Signalment data recorded included: gender; age; weight; and breed when available. Type (blunt versus penetrating) 
and cause of trauma were also recorded. Evidence of traumatic brain injury (including seizures) and the presence of 
a pre-existing myopathy were noted. Patient creatinine level, packed cell volume (PCV) and total solids (TS) were also 
recorded on admission. The administration of packed red blood cells and/or fresh frozen plasma (including volumes 
transfused, when available) and need for surgical treatment were documented. Patient length of stay and clinical outcome 
(ie, survived, died, or euthanized) were also documented.

Given the retrospective nature of this study, all investigations and treatments were performed with owner consent. 
The authors confirm compliance with the journal’s ethical guidelines and adherence to best practices of veterinary care. 
Also due to the retrospective observational nature of this study, further ethical permission to utilize the above information 
was not required by the internal IUCAC committee of the Caspary Research Institute of the Schwarzman Animal 
Medical Center. The data utilized for this study were done so with confidentiality.

Statistical Analysis
All comparative statistics were run separately for feline and canine patients. Continuous variables were assessed for normality 
using the Shapiro–Wilk test for normality, which revealed that all continuous variables were not normally distributed. 
Accordingly, all descriptive statistics report medians and range rather than mean and standard deviation. Comparisons of 
continuous variables between groups were done with Wilcoxon rank-sum test and comparisons of discrete variables were 
performed by chi-square analyses. A p-value of less than 0.05 was deemed significant. Data were analyzed using Stata 15.

Results
Six hundred and twenty-six traumatized animals were eligible for enrollment, including 223 cats and 403 dogs. Forty- 
three animals did not have CK measured on admission and were excluded, leaving 583 animals (372 dogs [63.8%] and 
211 cats [36.2%]) for study inclusion. One hundred and sixty-one dogs and 133 cats had a CK ≥ 5000 U/L and 211 dogs 
and 78 cats had CK values between 1000 and 5000. For the remainder of data analyses, groups were labeled as CKLC for 
dogs with a CK between 1000 and 5000 U/L, CKHC for dogs with a CK ≥ 5000 U/L, CKLF for cats with a CK between 
1000 and 5000 U/L, and CKHF for cats with a CK ≥ 5000 U/L. The sample sizes, median CK and CK range for each 
group are listed in Table 1.
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Patient signalment is summarized in Table 2. Common dog breeds included chihuahua (37/372), Staffordshire Terrier 
(33/372), and Shih Tzu (33/372). The remainder was of mixed and other purebreds. Most cats were domestic shorthairs 
(167/211). Blunt (versus penetrating) trauma was experienced by 84.4% (314/372) and 80.3% (169/211) of included dog 
and cat patients, respectively.

There was no difference in creatinine or PCV between higher and lower CK groups on admission for dogs or cats 
(Table 3). Total solid measurements were significantly lower in the high CK groups compared to the low CK groups in 
both dogs and cats. In dogs, median TS for CKHC versus CKLC were 6.5 g/dL (range: 3.2–10.2 g/dL) and 6.8 g/dL 
(range: 3.6–10.2 g/dL; p < 0.05), respectively. In cats, median TS for CKHF versus CKLF were 7 g/dL (range: 4–11g/dL) 
and 7.5 g/dL (range: 5–12g/dL; p < 0.01), respectively.

Twenty-one of 161 (13%) of CKHC dogs and 12/211 (5.7%) CKLC dogs required packed red blood cells (pRBCs) (p < 0.05) 
and 25/133 (18.8%) of CKHF cats and 6/78 (7.7%) of CKLF cats required pRBCs (p < 0.03). Ten of 161 (6.2%) of CKHC dogs and 
15/211 (7.1%) CKLC dogs required fresh frozen plasma (FFP) (p > 0.05) and 7/133 (5.3%) of CKHF cats and 1/78 (1.3%) of CKLF 

cats required FFP (p > 0.05). Both dogs and cats with CK ≥ 5000 were more likely to require pRBCs than their lower CK 
counterparts, but there were no dog or cat group differences in the need for fresh frozen plasma. Sixty-eight of 133 (51%) cats in 
the CKHF group required surgery, which was significantly less than cats in the CKLF group (51/78, 65%; p < 0.05). No difference 
in need for surgery was seen between dog groups.

Table 1 Creatine Kinase Values in Trauma Patients

Patient Population N Median CK (U/L) Range (U/L)

CKLC 211/372 (56.7%) 2136 1000–4999

CKHC 161/372 (43.3%) 10,605 5046 – >120,000

CKLF 78/211 (37%) 2154 498–4859

CKHF 133/211 (63%) 15,405 5085 – >120,000

Notes: CKLF includes cats with a CK between 1000–5000 U/L; CKHF includes cats with a CK ≥ 
5000 U/L; CKLC includes dogs with a CK between 1000–5000 U/L; and CKHC includes dogs with 
a CK ≥ 5000 U/L. 
Abbreviations: N, sample size; CK, creatine kinase.

Table 2 Summary of Signalments of Included Patients

Intact Female Spayed Female Intact Male Neutered Male Median Age (mos) Median Weight (kg)

Cats 31 56 31 90 29 4.49

Dogs 59 80 110 123 48.5 10.69

Table 3 Summary of Admission Biochemical Data

Parameter CKHC 

(Median, 
Range)

CKLC 

(Median, 
Range)

N (Dogs) P-value 
(Canine)

CKHF 

(Median, 
Range)

CKLF 

(Median, 
Range)

N (Cats) P-value 
(Feline)

Creatinine (mg/dL) 0.7, 0.2–4.2 0.7, 0.2–6.9 372 0.17 1.0, 0.3–5.6 1.0, 0.4–3.7 211 >0.05

PCV (%) 46, 22–68 46, 23–73 303 >0.05 40, 15–60 36, 9–55 167 >0.05

TS (g/dL) 6.5, 3.2–10.2 6.8, 3.6–10.2 302 0.01 7, 4-11 7.5, 5–12 167 <0.05

Notes: CKLF includes cats with a CK between 1000–5000 U/L; CKHF includes cats with a CK ≥ 5000 U/L; CKLC includes dogs with a CK between 1000–5000 U/L; and 
CKHC includes dogs with a CK ≥ 5000 U/L. 
Abbreviations: N, sample size; CK, creatine kinase.
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Length of hospitalization for both dogs and cats with CK values ≥5000 U/L was significantly longer than for those with 
CK < 5000. Dogs in the CKHC group were hospitalized for a median of 72 hours (range: 2–672 hours) while CKLC dogs 
were hospitalized for a median of 49 hours (2–432 hours; p < 0.001). Cats in the CKHF group were hospitalized for a median 
of 66 hours (range: 4–1536 hours) versus 48 hours (range: 1–192 hours) for CKLF cats (p < 0.01). Thirty of 372 dogs (8%) 
and 18/211 cats (8.5%) either died or were euthanized. Twenty out of the 30 nonsurviving dogs (60.6%; p < 0.01) and 15/19 
nonsurviving cats (78.9%; p > 0.05) had admission CK values ≥5000 U/L. More severe CK elevation was significantly 
associated with increased mortality in dogs, but there was no difference in mortality between groups in cats.

Discussion
Approximately 50% of the small animal trauma victims in the current study had a plasma CK ≥ 5000 U/L at the time of hospital 
admission. As is seen in people after a traumatic event, more severe elevations in CK in dogs were associated with a higher 
mortality. This association was not observed in cats. However, both cats and dogs with more severe CK elevations had longer 
hospitalization times and higher pRBC transfusion requirements, both representing trauma-associated morbidity in our patient 
cohort.

There are several postulated mechanisms for the observed link between severe muscle tissue damage (as indicated by 
higher CK level) and mortality following traumatic injury.6,33–35 These mechanisms include induction of SIRS, 
immunoparesis, and free iron-mediated oxidative injury.19,20,35,36 Extensive tissue damage triggers production of 
cytokines and other inflammatory mediators.19,20,36 Damage-associated molecular patterns (DAMPs or alarmins) released 
during trauma may also lead to complement activation and non-specific immune reactions, which decrease innate 
immune responses (traumatic immunoparesis) and increase the risk of secondary microbial infections.19,20,37 Heme- 
containing proteins (like myoglobin) can release iron, which is normally tightly regulated in the body because of its 
pivotal role in generation of reactive oxygen species and oxidative damage. Excess free iron is linked to reduced defense 
mechanisms against microbial colonization and higher infection rates in traumatized people.36,38–40

Severe muscle tissue injury and subsequent rhabdomyolysis can also negatively impact kidney function. This occurs via 
several mechanisms, including direct tubular damage from pigment casts, ischemia-reperfusion injury, and iron-mediated 
cytotoxicity.41–43 The reported incidence of AKI in people with rhabdomyolysis ranges from 13% to 40%.10,44,45 While severe 
elevation in CK was associated with mortality in dogs, there was no evidence of increased creatinine in traumatized dogs and cats 
with more severe CK elevations on presentation in this study. Future veterinary studies utilizing serial measurement of both 
creatinine and CK over time in hospitalized trauma patients may help elucidate an association between CK and AKI in this 
population.

In human trauma, CK has been utilized as both a component of ISS and as a standalone biomarker to predict outcome. The 
McMahon Score is a risk-prediction tool that incorporates CK (along with serum bicarbonate, phosphate, creatinine, patient 
sex and age, and origin of CK elevation) to more accurately determine risk of AKI development, need for renal replacement 
therapy, and mortality in human rhabdomyolysis patients (the majority of whom were post-traumatic injury).15,16 And when 
CK was assessed independently in other human studies, both higher CK at admission, as well as more rapid rate of increase of 
CK during hospitalization, were linked with increased mortality rates in trauma patients.5–7,13

Creatine kinase has been infrequently evaluated as a prognostic indicator in small animals. In 100 dogs with chronic kidney 
disease, elevated CK on presentation was associated with decreased survival to discharge, and in 25 dogs with parvovirus, 
a significant reduction in CK at 72 hours had a 95% positive predictive value for survival.25,46 In dogs with intervertebral disc 
disease, a lower cerebral spinal fluid CK level was associated with a 35-fold increase in the return of ambulation.47 Lastly, the 
previously referenced feline study found that a severely elevated CK was a negative prognostic indicator for survival.24

Traumatized dogs and cats with more severely elevated CK (≥5000 U/L) were more likely to require pRBC transfusion than 
were those in the lower CK groups. Patients with more severe traumatic injury may experience increased bleeding from muscle 
(and other soft tissue) trauma and/or concurrent orthopedic injuries. These patients also may have more frequent blood sampling 
during a prolonged hospital stay, and they may receive higher crystalloid volumes leading to hemodilution. Trauma-induced 
coagulopathy (TIC) may also contribute to transfusion needs in veterinary trauma patients. The main two factors associated with 
TIC occurrence are shock severity and degree of underlying tissue damage, the latter of which could be indicated by degree of 
CK elevation.47 The current study did not evaluate for the presence of coagulopathy and therefore cannot comment on the 
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presence of TIC. However, there was no difference in the need for fresh frozen plasma between CK groups. The decrease in TS 
observed in dogs and cats with CK ≥ 5000 in the current study is consistent with increased blood loss and/or hemodilution. 
Admission CK may therefore be useful to include in the arsenal of predictors of transfusion in this patient population.

An association between higher presenting CK values and need for surgical intervention was not found. One possible 
explanation is that more severe CK elevations may have occurred in severe soft tissue injuries that were amenable to 
more conservative, medical therapies. Additionally, blunt trauma is overrepresented in the current study, which may be 
associated with more substantial tissue injury not necessarily surgical intervention. Lastly, those patients with elevated 
CK requiring surgery may not have survived to surgical intervention. Further investigation is warranted to evaluate the 
degree of CK elevation and factors influencing the decision to pursue surgical intervention.

This study has various limitations, starting with its retrospective, observational nature which prevented us from addressing 
most of the confounding factors that can affect CK. Another major limitation was the lack of evaluation of serial blood 
parameters, including CK and creatinine. Serial CK measurements to evaluate trends in trauma patients may aid in the utility 
of this parameter as a prognostic tool. Concurrent serial creatinine measurements may improve ability to identify AKI in 
veterinary trauma patients with severe muscle injury. Lastly, based on the limitations of the electronic medical record system 
and the retrospective nature of the study, a trauma population with a normal CK could not be identified for comparison. Future, 
prospective studies are needed to further evaluate CK as a prognostic tool in veterinary trauma patients.

Conclusion
In dog and cat trauma patients, degree of CK elevation is associated with a longer hospitalization period and higher 
transfusion needs. Additionally, in dogs with traumatic injury, a more severe elevation in CK is associated with higher 
mortality compared to less severe elevations in CK. Though further investigation into the prognostic value of CK in cats 
is necessary, given the findings of the current study, measurement of admission CK levels in small animal trauma victims 
seems prudent. The findings of this preliminary study suggest that the degree of CK elevation may aid in assessing the 
degree of tissue injury, transfusion requirements, length of hospital stay, and outcome in veterinary trauma patients.

Disclosure
The authors report no conflicts of interest in this work.
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