
Citation: Ferrari, F.; Carnevale, L.;

Brioschi, F.A.; Bassi, J.; Zani, D.D.;

Romussi, S.; Galimberti, L.; Stefanello,

D.; Rioldi, S.; Auletta, L. Potential

Factors Influencing Complete

Functional Recovery in Traumatized

Unowned Cats with Orthopedic

Lesions—A Cohort Study. Vet. Sci.

2024, 11, 59. https://doi.org/

10.3390/vetsci11020059

Academic Editor: Gerardo Fatone

Received: 19 November 2023

Revised: 22 January 2024

Accepted: 25 January 2024

Published: 1 February 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

veterinary
sciences

Article

Potential Factors Influencing Complete Functional Recovery in
Traumatized Unowned Cats with Orthopedic Lesions—
A Cohort Study
Francesco Ferrari 1, Liliana Carnevale 1, Federica Alessandra Brioschi 1 , Jessica Bassi 1, Davide Danilo Zani 1 ,
Stefano Romussi 1, Luigi Galimberti 2, Damiano Stefanello 1,* , Sara Rioldi 1 and Luigi Auletta 1

1 Department of Veterinary Medicine and Animal Sciences (DIVAS), University of Milano, Via dell’Università 6,
26900 Lodi, Italy; francesco.ferrari@unimi.it (F.F.); lilianacarnevale@tiscali.it (L.C.);
federica.brioschi@unimi.it (F.A.B.); jessica.bassi@unimi.it (J.B.); davide.zani@unimi.it (D.D.Z.);
stefano.romussi@unimi.it (S.R.); sara.rioldi@guest.unimi.it (S.R.); luigi.auletta@unimi.it (L.A.)

2 Agenzia di Tutela della Salute—ATS Città Metropolitana di Milano Distretto Veterinario Alto Lodigiano,
Sant’Angelo Lodigiano, 26900 Lodi, Italy; lugalimberti@ats-milano.it

* Correspondence: damiano.stefanello@unimi.it; Tel.: +39-02503-34555

Simple Summary: Unowned free-roaming cats are companion cats who are lost or abandoned and
who are living individually or in a feline group. The status of unowned cats influences the incidence
of pathology compared to owned cats. Trauma is one of the most frequent causes of hospitalization
in this population. Little is known regarding the outcome of traumatic orthopedic injuries in these
patients. The present study aimed to identify the factors that could influence the ability to move well
and maintain normal behaviors (complete functional recovery, CFR) in traumatized unowned cats
with orthopedic lesions. All cats referred by the veterinary public service to a veterinary teaching
hospital, over a three-year period, were enrolled. Various clinical variables were retrospectively
evaluated. Forty-eight unowned cats were included in the study, of which thirty-four had CFR.
Higher body weight and a longer time from trauma to therapeutic intervention were associated with
CFR. These results showed that lighter cats who survived to presentation experienced more severe
consequences following blunt trauma and emergency procedures were associated with a poorer
prognosis. Five of the fourteen patients who did not reach CFR died due to feline panleukopenia.
Overall, unowned cats with traumatic orthopedic injuries showed a good prognosis.

Abstract: The management of unowned cats is an emerging problem, with public institutions and
citizens’ concerns regarding their care and arrangement. Little is known regarding the outcome of
traumatic orthopedic injuries in these patients. Indeed, complete functional recovery (CFR) should
be the goal of treatment for return to their original location or adoption. The aim was to identify
clinical factors influencing CFR in traumatized unowned cats with orthopedic lesions. This category
of cats referred by the veterinary public service over three years was enrolled. Various clinical
variables were retrospectively collected from the medical records and evaluated by nominal logistic
analysis. Forty-eight unowned cats were enrolled, with a median estimated age of 24 (1–180) months
and a body weight of 3 (0.7–5) kg. Thirty-four (71%) patients reached CFR. Estimated age, body
weight, time from trauma to therapeutic intervention, spine involvement, presence of comorbidities,
hospitalization time, and the radiographic score results were significantly associated with CFR. A
longer time to therapeutic intervention seemed to be associated with a better outcome. Probably, cats
severely traumatized did not live long enough to be evaluated and treated. Lighter cats experienced
more severe consequences following blunt trauma. Younger and lighter cats bore a higher risk of
panleukopenia-related death.

Keywords: unowned cats; high energy trauma; traumatic orthopedic injuries; panleukopenia; functional
recovery
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1. Introduction

Unowned free-roaming cats are synanthropic animals, whose needs are directly or
indirectly supplied by humans, living near human-populated areas, individually or in
groups [1]. The Italian law regulates the management of unowned cats, recommending that
local public health veterinary services take care of unowned free-roaming cats, ensuring
their health status and survival conditions, and mandating euthanasia only in case of
untreatable pathology [2,3]. The Italian population intensely perceives the role of public
health service, feeling major concerns about unowned cats’ welfare and public health
issues [4]. In this context, the Veterinary Teaching Hospital of the University of Milan
(VTHUM) works as second opinion veterinary practice providing care and hospitalization
for traumatized unowned free-roaming cats, cooperating with the veterinary public service.

Trauma has been reported as a frequent cause of hospitalization and death in un-
owned free-roaming dogs and cats [5,6]. Indeed, it has been shown that acute dyspnea of
traumatic origin is significantly more frequent in unowned free-roaming than owned cats,
highlighting the marked differences in lifestyle and incidence of traumatic pathologies in
these two feline populations [7]. Nonetheless, owned cats were more frequently presented
for dyspnea due to different causes, e.g., cardiogenic and neoplastic, probably because of
the owners’ ability to identify early signs of illness [7].

Nevertheless, little is known about the clinical characteristics and outcome of traumatic
orthopedic injuries in the unowned feline population, in contrast to owned cats [8–10]. The
presence of pre-existing pathologies or comorbidities, generally undiagnosed and hence
untreated, in addition to concomitant traumatic soft tissue injuries, might influence the
response to treatment and the outcome of orthopedic lesions in traumatized unowned cats.

The destiny of unowned cats might depend on the final outcome after treating trau-
matic orthopedic injuries. A complete functional recovery (CFR) with only subtle disabili-
ties, but with the patients able to freely move and jump, without any difficulty in feeding,
urinating, and defecating, should be the desired outcome. After recovery, the possible
arrangement of unowned cats includes the return to their original location, introduction
into a shelter, or adoption. Return to the original location should be considered only for
those patients that experience CFR. Introduction in a shelter seems to be perceived as
a more ethical solution by people in comparison to returning to their original location.
However, in felines, immunosuppression has been associated with chronic stress from
living in shelters, and it is considered a significant factor leading to the development of
upper respiratory infections or reactivation of previous infectious agents [11]. Moreover,
the economic cost of their management constitutes a burden on the public administrations.
Anyhow, in the absence of CFR, introduction in a shelter or adoption seems to be the only
option. Adoption might be influenced by several factors, such as location, characteristics of
the cat, including behavioral issues, and previous interactions with humans [12,13], and it
is felt more unlikely, at least in Italy, for cats needing continuous management or medical
care [13,14].

Hence, improving the knowledge about the management of traumatized unowned
cats is paramount to minimize hospitalization costs, maximize the probability of CFR and
then guarantee their return to their original location or adoption. The present study aimed
to describe the clinical features of orthopedic lesions in traumatized unowned cats and
identify possible clinical prognostic factors leading to CFR.

2. Materials and Methods

The electronic medical records of all unowned cats referred by the veterinary public
service for trauma to the VTHUM between November 2020 and May 2023 were evaluated
for enrolment in this cohort study by one author (F.F.). Inclusion criteria were the presence
of at least one traumatic orthopedic lesion, medical records including signalment data,
trauma type, estimated time from trauma, type of traumatic orthopedic lesions, concomitant
traumatic non-orthopedic lesions, therapeutical approach, and stabilization procedures if
performed, date of discharge, and clinical report of the 30-, 60- and 90-day re-evaluation
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from the definitive treatment. Clinical reports of the 30-, 60- and 90-day re-evaluation
should have included at least the state of consciousness; data about usage and healing of
the anatomical region affected by the traumatic lesions; respiratory pattern; and data about
the ability of feeding, urinating and defecating. Exclusion criteria were cats referred by the
public health veterinary service as unowned, but subsequently identified as owned cats
via the presence of a microchip or owner claim; cats positive to antigenic tests for feline
immunodeficiency virus or feline leukemia virus; cats with medical records lacking the
30-, 60- and 90-day re-evaluations. All unowned cats referred at the VTHUM are routinely
tested for feline immunodeficiency virus, feline leukemia virus, and feline parvovirus.

The CFR was defined by the authors modifying a previous orthopedic subjective
clinical outcome evaluation [15] as the absence of any disability that would prevent the
patients from freely moving and jumping. As routinely performed for evaluating unowned
cats, whenever needed, patients were freed in a dedicated consult room, and they were
observed by one of the authors behind a one-way mirror. Moreover, CFR was considered
not reached if mental status alterations, sight deficits, clinical or reported straining to
urinate or defecate or inability to properly posture for these functions, inability to properly
feed due to malocclusion, presence of any alteration in the respiratory pattern, or presence
of cutaneous sores were detected at the clinical evaluation.

Variables collected for each patient were breed; estimated age—on the basis of the
anamnestic and clinical information from the caregivers/public veterinary service, and
on the evaluation of dentition; body weight; sex and neutering status; body condition
score—BCS—on a nine-points scale [16]; trauma type, penetrating or blunt; estimated time
from trauma to case referral, defined as the time elapsed from the first identification by
the public veterinary service of an unowned cat symptomatic for trauma to its referral at
the VTHUM; acute orthopedic lesions, categorized as fracture, luxation or fracture and
luxation; if present, chronic orthopedic lesions were recorded, as well; orthopedic lesions
were assigned to the acute or chronic category according to the clinical and radiographical
evaluation; concomitant soft tissues and neurological traumatic lesions; anatomical region
at which trauma was located, divided into head, spine, forelimb, hindlimb, pelvis, thorax
and abdomen—sacro-iliac fracture and luxation were included in the spine region; whether
traumatic lesions were localized to a single or multiple regions; presence of non-traumatic
comorbidities; estimated time from trauma to therapy; type of therapy, classified as surgical
or conservative; when surgical, whether internal of external fixation was used; need for
blood transfusion pre- and post-surgery; application of esophagostomy feeding tube;
hospitalization length; clinical re-evaluation performed 30, 60 and 90 days post-treatment;
and whether the patient was adopted, returned to their original location or sheltered. If not
already neutered, all patients were sterilized after complete recovery from the traumatic
events, prior to adoption or returning. According to the Italian regulation, approximatively
5 mm of the ear tip was removed in all unowned cats undergoing neutering.

The clinical re-evaluations at 30 and 60 days post-treatment were considered positive
when there was an improvement of clinical signs associated with the traumatic lesions
identified at the presentation. A negative clinical evaluation was assigned in all other
cases, and in particular when there was no improvement, e.g., usage of the affected limb;
moreover, any possible post-surgical complication, such as surgical site infections, was also
scored as negative. Results of ancillary tests performed, e.g., radiographic evaluation, were
included in the definition of positive or negative 30- and 60-day re-evaluations. The CFR
was evaluated at 90 days post-treatment, or previously whenever a clear negative outcome
was recorded, i.e., death of the patient, as well as an obvious positive CFR.

Cause of death was assessed by means of necroscopy if available; otherwise, the possi-
ble cause of death was estimated based on the medical report. A presumptive diagnosis of
panleukopenia as the cause of death was emitted based, at least, on appropriate clinical
signs and a fecal parvovirus antigenic ELISA test, performed either at the investigating
institution or by the shelter veterinarian [17], but in the absence of a possible clinical
correlation to the traumatic event as well as the therapeutic intervention.
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2.1. Radiographic Scores

Plain radiographies in two orthogonal projections of any anatomical region clinically
involved or the total body were evaluated. To summarize radiographic lesions and to
test them as possible predictors of the CFR, 3 different scores were developed or adapted
from previous scales. A skeletal score, ranging from 0 to 3 points, was generated by the
authors (two experienced radiologists—J.B., D.D.Z—and one experienced clinician—F.F.)
by evaluating the radiographic study. In particular, one point was assigned if at least a
fracture or luxation affected the axial skeleton, one point was assigned if at least a fracture
or luxation affected the appendicular skeleton, and one point was assigned if there was
involvement of any joint. A thoracic score, spanning from 0 to 4 points, was adapted from
Sigrist and coll. [18]. One point was assigned for the presence of each of the following
abnormalities: pneumothorax or pneumomediastinum, pulmonary contusion, pleural
effusion and chest wall or diaphragmatic lesion. Likewise, an abdominal score, spanning
from 0 to 3 points, was developed by the authors (two experienced radiologists—J.B.,
D.D.Z—and one experienced clinician—F.F.) by assigning one point to each of the following
abnormalities: the presence of peritoneal effusion, peritoneal gas and herniations with the
exclusion of diaphragmatic hernia. The sum of the aforementioned radiographic scores
created a ten-point scale, named total trauma radiographic score (TTRS). All scores were
assigned by the same operator, an experienced radiologist (J.B.).

2.2. Statistical Analysis

Data were recorded on an electronic spreadsheet before being imported in a dedicated
commercial software (JMP Pro, v. 16.0, SAS Institute, Cary, NC, USA). For descriptive
statistics, continuous data are reported as mean ± SD when normally distributed and
median (range) when non-normally distributed; categorical data are reported as numbers
(% of the total). A probability test about proportion according to sex and neutering status
was performed, hypothesizing that each of the four categories (i.e., intact male, neutered
male, intact female, spayed female) were evenly represented (probability of 25%).

Cats were classified first in two outcomes (CFR vs. no-CFR) labelled as 2-CFR through-
out the manuscript, then in four outcome groups (CFR, no-CFR, death from panleukemia,
death from comorbidities) labelled as 4-CFR throughout the manuscript. To evaluate
the effect of clinical variables and radiographic scores on the CFR, a univariate nominal
logistic regression was applied. In particular, the dependent variable was the outcome
(i.e., CFR and no-CFR; then CFR, no-CFR, death from panleukemia, death from comorbidi-
ties) whereas the independent variables tested were estimated age; body weight; sex; BCS;
type of acute orthopedic lesions; the presence of chronic orthopedic lesions; concomitant
soft tissues and neurological traumatic lesions; anatomical region at which trauma was
located—for data analysis each body region was singularly labeled as yes or no according
to their involvement; whether traumatic lesions were localized to a single or multiple
regions; presence of non-traumatic comorbidities; estimated time from trauma to therapy;
type of therapy; internal or external fixation; need for blood transfusion; application of
esophagostomy feeding tube; hospitalization length; clinical re-evaluation results at 30 and
60 days post-treatment. At the univariate nominal logistic, each independent variable was
tested singularly.

All variables with p < 0.10 at the univariate nominal logistic regression were further
tested with the following post hoc analysis considering the 2-CFR. Receiver operator char-
acteristic (ROC) tables were analyzed to obtain a cut-off value, according to the Youden
index J; such variables were then categorized in two groups, accordingly (i.e., for body
weight < 3.3 kg and > 3.3 kg). The following tests are referred to post hoc in the Results sec-
tion. Categorical variables were tested with contingency tables and chi-square or Fisher’s F
test, and the odds ratio (O.R.) and the corresponding 95% confidence intervals (95%CI) were
calculated, as well. Continuous variables were compared between the 2-CFR categories
with Student’s t test or Mann–Whitney’s U test, according to data distribution.
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When considering the 4-CFR, the independent variables were compared between the
four outcomes (CFR, no-CFR, death from panleukemia, death from comorbidities) with an
ANOVA or a Kruskal–Wallis’s test; post hoc, a Tukey’s HSD test was applied.

Furthermore, the variables with p < 0.10, excluding the 30- and 60-day re-evaluations,
were introduced in a multivariable logistic regression to evaluate their independent ability
to predict the CFR [19](considering both the 2-CFR and 4-CFR). In the multivariable model,
all significant variables were tested together. The R2 and the p-value of the whole model,
and the lack-of-fitness (LoF) p-value were reported as an estimate of the model fit [20].

The association between the final destiny of each cat, i.e., adoption, releasing or
sheltering, and the 2-CFR was explored using contingency tables and a chi-square test. The
patients who died before reaching the CFR were excluded from this case scenario. Overall,
the significance was set at p < 0.05.

3. Results

In total, 60 unowned cats were referred for trauma during the 3-year study period, and
a total of 346 unowned cats were referred for various medical conditions; 8 patients were
excluded because only soft tissue traumatic injuries were observed and no traumatic acute
nor chronic orthopedic lesions were detectable, 3 patients were subsequently identified as
owned cats, and 1 cat was positive for feline immunodeficiency virus. The final sample
included 48 cats, all European shorthairs; the median estimated age was 24 (1–180) months
and the median body weight was 3 (0.7–5) kg. Included in the sample were 22 (46%)
intact males, 10 (21%) neutered males, 12 (25%) intact females, and 4 (8%) spayed females;
intact males were overrepresented (p = 0.003). Cats had a BCS of 3/9 in 6 cases (13%),
4/9 in 28 cases (58%), 5/9 in 8 cases (17%), 6/9 in 5 cases (10%) and 7/9 in 1 case (2%).
Signalment data for each patient are summarized in Supplementary Table S1. All traumas
were considered blunt, since in no cases penetrating wounds were detected clinically and
after surgical wound exploration. Similarly, one (2%) complete transection of the distal
hindlimb from the tarsus was considered the effect of a blunt trauma according to the
clinical evaluation.

The median estimated time from trauma to referral was 3 (0–60) days. Among the
acute traumatic orthopedic lesions, fractures alone were detected in 25 (52%) cats, fractures
associated with luxation in 11 (23%) cats, luxations alone were detected in 7 (14%) cats,
whereas no acute orthopedic lesions were detectable in 5 (10%) cats. Chronic orthopedic
lesions were diagnosed in 6 (12%) cats: 5 (10%) cats displayed signs of previous fracture
and 1 (2%) had fractures associated with luxation; 3 (6%) had concomitant chronic and
acute orthopedic lesions. Concomitant soft tissue and neurological lesions were detected in
22 (46%) cats: in particular, 8 (17%) patients displayed neurological signs, either central or
peripheral; 6 (12%) had cutaneous bruises, excoriations and superficial lacerations; 5 (10%)
had diaphragmatic hernia; and 1 (2%) each with urethral avulsion, abdominal hernia, and
evisceration. In total, 25 (52%) patients were traumatized at a single anatomical region,
whereas 23 (48%) showed multiple regions involved. Comorbidities were diagnosed in
15 cats (31%). Clinical data for each patient are summarized in Supplementary Table S2.

The median time from trauma to therapeutical intervention was 7 (0–60) days. Surgical
therapy was applied in 38 (79%) cats, conservative management was applied in 9 (19%),
whereas 1 (2%) cat underwent euthanasia for renal failure unresponsive to medical treat-
ment. Among the surgical-treated orthopedic lesions, 24/38 (63%) were treated by internal
fixation, 5/38 (13) were treated by external fixation, whereas other surgical treatments
(e.g., limb amputation, open reduction luxation and stabilization, hemipelvectomy) were
applied in 9/38 (24%). None of the enrolled patients needed blood transfusion pre-surgery,
and only 1 (2%) needed it post-operatively. In total, 8 (17%) cats required the application
of an esophagostomy feeding tube. Post-therapy complications were detected in 7 (15%)
cats, both during hospitalization or at the clinical re-evaluation; in particular, 4 (8%) cats
had failure of orthopedic implants, and 3 (6%) cats had surgical site infections [21]. Median
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hospitalization time was 14 (1–90) days. Clinical data for each patient are summarized in
Supplementary Table S2.

In total, 46 (96%) patients underwent radiographic examination; the 2 (4%) patients
who did not undergo diagnostic imaging both displayed partial or total transection of a
distal hindlimb. Of these two cats without imaging, one cat underwent immediate surgical
treatment with amputation, whereas the severity of the clinical presentation of the second
patient prevented performing diagnostic imaging. In total, 34 (71%) cats had thoracic
radiographs performed and 36 (75%) had abdominal radiographs. Radiographic scores for
each patient are summarized in Supplementary Table S3.

A total of 8 (17%) patients died before the first check at 30 days; 5 (10%) died from
panleukopenia, and the remaining 3 (6%) due to comorbidities unrelated to the trauma
[death from severe renal failure (1, 2%); post-mortem signs compatible with feline infectious
peritonitis (1, 2%); and post-mortem signs compatible with cardiac failure for hypertrophic
cardiomyopathy (1, 2%)]. At the 30-day clinical re-evaluation, 34 (71%) patients were
considered positive and 6 (8.4%) were considered negative, whereas at the 60-day clinical
re-evaluation, 35 (73%) patients were considered positive and 5 (10%) were considered
negative, according to the grading system described. All the patients classified as positive
at the 30-day re-evaluation had the same judgment at the 60-day reevaluation. The CFR was
considered to be reached for 34 (71%) patients, and not reached for 14 (29%) patients. One
patient classified as “positive” at the 60 days reevaluation, due to progressive improvement,
did not meet the criteria to be classified as having reached the CFR. Among the patients
experiencing the CFR, 3/34 (9%) were judged to have reached the CFR at a median of
58 (57–62) days. The remaining 31/34 (91%) were finally evaluated and classified as having
reached CFR at a median of 93 (84–105) days. Concerning patients not reaching CFR,
8/14 (57%) died before the 30-day re-evaluation (median 19; 12–29 days), and the remaining
6/14 (43%) were finally evaluated at 92 (median 86–102) days. Clinical and radiographic
variables significantly associated with the 2-CFR, and the relative statistical results, are
summarized in Table 1. Non significantly associated variables and corresponding p values
are summarized in Table 2.

The body weight cut-off resulted in 3.3 kg at ROC analysis with 2-CFR. The median
body weight of cats experiencing CFR (3.15, 0.7–5) was significantly higher (p = 0.036;
Supplementary Figure S1) than cats with a negative outcome (1.6, 0.9–4.1).

The time from trauma to therapeutic intervention cut-off resulted in 7 days at ROC
analysis with 2-CFR. The median days elapsed for cats experiencing CFR (8, 0–60) were
significantly longer (p = 0.039; Supplementary Figure S2) than for cats with no CFR (4, 0–31).
Moreover, median days elapsed from trauma to therapeutic intervention for cats with
(5, 0–60) and without concomitant lesions (9, 0–60) were compared, and no significant
difference could be detected (p = 0.10).

The skeletal score cut-off resulted in a score of 2 at ROC analysis with 2-CFR. Nonethe-
less, no significant differences in the median skeletal score could be detected between cats
experiencing and not experiencing CFR (p = 0.13).

Due to the absence of either thoracic or abdominal radiographs, the TTRS was obtained
for 30 patients. The TTRS cut-off resulted in a score of 1 at ROC analysis with 2-CFR; the
association between the TTRS categories (≤1 vs. ≥2) and CFR did not result significant
(p = 0.11).

Due to the lower number of patients with a TTRS, the multivariable analysis with
2-CFR was repeated with and without this effect. When the TTRS was included, the
goodness of fit of the multivariable model was highly significant (R2 = 0.84, p = 0.0004; LoF
p = 0.99), and the variables significantly associated with the CFR were BCS (p = 0.004), the
skeletal score (p < 0.0001) and the TTRS itself (p = 0.008). When the TTRS was excluded,
the goodness of fit of the multivariable model was non-significant (R2 = 0.34, p = 0.052;
LoF p = 0.53), and no independent predictors of the CFR could be detected.
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Table 1. Variables significantly associated with the 2-CFR categories (CFR vs. no-CFR).

Variable CFR (N, %) No-CFR (N, %) Univariate
(p-Value) Youden’s J Fisher’s F (p-Value,

O.R., 95%CI)
Multivariable

(p-Value)

Body weight 0.027 0.36 0.047; 4.7; 0.9–24.5
≤3.3 kg 19 (40%) 12 (25%)
≥3.4 kg 15 (31%) 2 (4%)

BCS 0.043 0.16 n.s. 0.004
TTI 0.054 0.36 0.030; 4.6; 1.1–19.7

≤7 days 15 (31%) 11 (23%)
≥8 days 19 (40%) 3 (6%)

Spine 0.09 0.08 n.s.
Yes 3 (6%) 4 (8%)
No 31 (65%) 10 (21%)

Comorbid. 0.08 0.09 n.s.
Yes 8 (17%) 7 (14.5%)
No 26 (54%) 7 (14.5%)

Skeletal s. * 0.055 0.28 0.018; 0.07;
0.01–0.71 <0.0001

≤2 32 (67%) 9 (19%)
=3 1 (2%) 4 (8%)

TTRS * 0.02 0.40 0.11 n.s. 0.008
≤1 13 (27%) 2 (4%)
≥2 8 (17%) 7 (15%)

30 days * 0.02 0.03; 12; 1.5–95.0
positive 32 (80%) 2 (5%)
negative 2 (5%) 4 (10%)
60 days * 0.003 0.008; 33; 2.6–423.0
positive 33 (82.5%) 2 (5%)
negative 1 (2.5%) 4 (10%)
Outcome 34 (71%) 14 (29%)*

Adopted ‡ 22 (46.2%) 4 (8.4%)
Sheltered ‡ 3 (6.2%) 2 (4%)
Returned ‡ 9 (19%) 0 (0%)

CFR: complete functional recovery; O.R.: odds ratio; age: estimated age; BCS: 9-points scale body condition
score [16]; n.s.: non-significant; TTI: time to therapeutic intervention; Comorb.: presence of comorbidities;
Skeletal s.: skeletal score—*: 2 missing values, 1 from the CFR group (2%) and 1 from the no-CFR group (2%);
TTRS: total trauma radiographic score—*: 18 missing values, 13 (27%) from the CFR group, 2 (4%) from the
no-CFR group, 1 (2%) from the death from comorbidities group, 2 (4%) from the death from panleukemia group.
The 30 days and 60 days: re-evaluations—*: 8 missing values, 3 (6.2%) from the death from comorbidities
group, 5 (10%) from the death from panleukemia group. Outcome *: includes the 8 patients who died prior
to the 30-day re-evaluation. ‡: these three rows should be summed, plus the who 8 patients died prior to the
30-day re-evaluation.

Due to a relatively high percentage of patients not reaching the 90-day evaluation due
to death from panleukopenia (5, 10%) or other causes (3, 6%), previously included in the
not-reached CFR category, a further statistical evaluation was performed with the 4-CFR.
Clinical and radiographic variables significantly associated with the 4-CFR categories, and
the relative statistical results, are summarized in Table 3. Non-significantly associated
variables and corresponding p-values are summarized in Table 2.

The Kruskal–Wallis analysis on the 4-CFR identified that cats dying from panleukope-
nia were younger compared to all other outcome classes (p = 0.04; Figure 1a), and lighter
than cats experiencing CFR (p = 0.01; Figure 1b); death not related to panleukopenia resulted
in being significantly associated with the presence of comorbidities (p = 0.032)—indeed,
from the 3 cats not deceased from panleukopenia, 1 was diagnosed with renal failure, 1 with
feline infectious peritonitis, and 1 with cardiac failure for hypertrophic cardiomyopathy.
The TTI did not differ between the 4-CFR (p = 0.16). The involvement of the spine did not
result in being associated with the 4-CFR (p = 0.06). The TTRS did not differ between the
4-CFR (p = 0.06).
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Table 2. Variables non-significantly associated with CFR. On the left, 2-CFR; on the right, 4-CFR.

CFR vs. No-CFR CFR vs. No-CFR vs. Comorbidities vs. Panleukemia

Variable p Value Variable p Value

Estimated age 0.43 Estimated age sig.
Sex 0.31 Sex 0.20
BCS sig. BCS 0.13

Estimated time from trauma to
referral 0.21 Estimated time from trauma to

referral sig.
Type of acute orthopedic

lesions 0.16 Type of acute orthopedic lesions 0.27

Presence of chronic orthopedic
lesions 0.11 Presence of chronic orthopedic

lesions 0.32

Single or multiple traumatic
lesions 0.65 Single or multiple traumatic

lesions 0.93

Interaction of acute and
chronic orthopedic lesions 0.30 Interaction of acute and chronic

orthopedic lesions 0.37

Involvement of head 0.57 Involvement of head 0.88
Involvement of forelimb 0.97 Involvement of forelimb 0.19
Involvement of hindlimb 0.79 Involvement of hindlimb 0.57

Involvement of pelvis 0.52 Involvement of pelvis 0.87
Involvement of thorax 0.36 Involvement of thorax 0.13

Involvement of abdomen 0.17 Involvement of abdomen 0.44
Interaction of involved regions 0.87 Interaction of involved regions 0.75

Concomitant soft tissues or
neurological traumatic lesions 0.31 Concomitant soft tissues or

neurological traumatic lesions 0.30

Blood transfusion post-therapy 0.11 Blood transfusion post-therapy 0.21
Esophagostomy feeding tube 0.77 Esophagostomy feeding tube 0.49

Type of therapeutic
intervention 0.28 Type of therapeutic intervention 0.68

Internal or External fixation 0.81 Internal or External fixation 0.79
Post-therapy complications 0.97 Post-therapy complications 0.52

Hospitalization time 0.12 Hospitalization time 0.23
Skeletal radiographic score sig. Skeletal radiographic score 0.52
Thoracic radiographic score 0.82 Thoracic radiographic score 0.36

Abdominal radiographic score 0.43 Abdominal radiographic score 0.53
CFR: complete functional recovery; sig.: statistically significant, refer to Table 1; BCS: 9-points scale body condition
score [16].
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Figure 1. Graphic representation of the mean ± standard deviation of the variables significantly
associated with death from panleukopenia. In (a), age in months in the four classes (CFR vs. no-CFR
vs. death from panleukopenia vs. death from comorbidities). In (b), body weight in kilograms in the
four classes (CFR vs. no-CFR vs. death from panleukopenia vs. death from comorbidities).

In the multivariable model on the 4-CFR, the goodness of fit was highly significant
(R2 = 1.0, p < 0.0001; LoF p = 1.00), and body weight, time to therapeutic intervention, spine
involvement, hospitalization time and TTRS retained their significance as independent
predictors for the association with the specified four outcomes (p < 0.0001), whereas
estimated age and presence of comorbidities were no longer significant.
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Table 3. Variables significantly associated with 4-CFR categories (CFR vs. no-CFR vs. death from
comorbidities vs. death from panleukemia).

Variable CFR (N, %) No-CFR (N, %) Comorbidities
(N, %)

Panleukopenia
(N, %)

Univariate
(p-Value)

Multivariable
(p-Value)

Age 0.07
Body weight 0.003 <0.0001

≤3.3 kg 19 (40%) 6 (13%) 1 (2%) 5 (10%)
≥3.4 kg 15 (31%) 0 (0%) 2 (4%) 0 (0%)

TTI 0.10 <0.0001
≤7 days 15 (31%) 4 (8.4%) 3 (6.2%) 4 (8.4%)
≥8 days 19 (40%) 2 (4%) 0 (0%) 1 (2%)

Spine 0.09 <0.0001
Yes 3 (6.2%) 3 (6.2%) 0 (0%) 1 (2%)
No 31 (64.8%) 3 (6.2%) 3 (6.2%) 4 (8.4%)

Hospital. 0.014 <0.0001
Comorbid. 0.03

Yes 8 (17%) 3 (6.2%) 3 (6.2%) 1 (2%)
No 26 (54%) 3 (6.2%) 0 (0%) 4 (8.4%)

TTRS * 0.02 <0.0001
≤1 13 (27.3%) 1 (2%) 1 (2%) 0 (0%)
≥2 8 (17%) 3 (6.2%) 1 (2%) 3 (6.2%)

30 days * 0.006
positive 32 (67.4%) 2 (4%) 0 (0%) 0 (0%)
negative 2 (4%) 4 (8.4%) 0 (0%) 0 (0%)
60 days * 0.004
positive 33 (69.4%) 2 (4%) 0 (0%) 0 (0%)
negative 1 (2%) 4 (8.4%) 0 (0%) 0 (0%)
Outcome 34 (71%) 6 (29%) 3 5

CFR: complete functional recovery; O.R.: odds ratio; age: estimated age; n.s.: non-significant; TTI: time to
therapeutic intervention; hospital.: hospitalization length; comorb.: presence of comorbidities; TTRS: total trauma
radiographic score—*: 18 missing values, 13 (27.3%) from the CFR group, 2 (4%) from the no-CFR group, 1 (2%)
from the death from comorbidities group, and 2 (4%) from the death from panleukemia group. The 30 days and
60 days: re-evaluations—*: 8 missing values, 3 (6.2%) from the death from comorbidities group, 5 (10%) from the
death from panleukemia group. Outcome *: includes the 8 patients died prior to the 30-day re-evaluation.

Concerning the arrangement considering the 2-CFR, 26 patients (22 CFR and 4 no-CFR)
were adopted after the discharge. In total, 5 patients were received in a shelter (3 CFR and
2 no-CFR). The remaining 9 patients, all with CFR, were reintroduced in a feline group.
No association could be detected between the CFR and the final destiny of the patients
enrolled in this study (p = 0.13).

4. Discussion

The aim of our study was to describe the clinical features in traumatized unowned
cats, and their influence on the CFR. Despite the several variables recorded and examined
in this peculiar sample population, those resulting independent predictors of the CFR at
the multivariable analysis when considering the 2-CFR were BCS, the skeletal score and
the TTRS, whereas when considering the 4-CFR, they were body weight, estimated time
from trauma to the therapeutic intervention, spine involvement, hospitalization time and
the TTRS.

Considering the epidemiology within this unowned cat population, intact male cats (46%)
were over-represented, as previously reported in the traumatized feline patient [6,22–24]. This
finding might be justified by the behavioral habits of these cats; indeed, compared to the
other sex categories, intact males are less likely to settle down in a defined territory and
tend to roam in search of resources or females for mating [25]. These movements expose
them to the possibility of being traumatized by road traffic accidents or to bite wounds
injuries [6,9,26].



Vet. Sci. 2024, 11, 59 10 of 15

In our study, we found a significant association between the animal’s body weight
and the outcome considering the 4-CFR as previously reported for feline patients affected
by bite wounds [27]. The small size of the feline patients predisposed them to multiple
and more severe injuries following a traumatic event [28]. On the contrary, heavier cats
were less likely to survive from high-rise syndrome in a recent study [29]. Probably, the
forces generated by the traumatic impact from road traffic accidents are distributed over
the body surface and larger animals can absorb and dissipate forces more than smaller
ones [28], whereas heavier cats falling from a height produces a stronger impact force when
they reach the landing surface [29]. Hence, our results reinforce the hypothesis that smaller
and lighter subjects suffer from more severe traumatic injuries, which are more complex to
manage and jeopardize the possibility of restoring an acceptable function of the affected
organs. On the other hand, it might not be excluded that heavier cats might not be referred
due to more severe lesions leading to death, possibly linked to less agility [29].

In our cohort, unowned cats undergoing surgery within 7 days after trauma showed a
4.6 times less chance of reaching CFR considering the 4-CFR. Even though the impact of
surgical timing on the CFR was not evaluated as such, it is possible that longer surgical
timing should be applied in polytraumatized cats. Studies debating over timing of surgical
intervention in traumatized cats with diaphragmatic hernia showed no effect of timing on
complications and outcome [30,31]. On the other hand, surgical timing is a turning point
in the management of polytraumatized human patients. Indeed, it has been discussed if
a delayed or early definitive surgical treatment is the best approach, with both bearing
pros and cons [32]. Early definitive surgery has been gradually replaced with damage
control surgery, aimed at controlling bleeding and contamination [32,33]. The optimal
timing of surgical intervention for orthopedic procedures among small animal patients
suffering trauma is currently unknown. Primary insult, surgical burden, i.e., operative
intervention and second hit phenomena, and the response of the immune system occur
in polytraumatized patients. Nowadays, these conditions are considered critical factors
directly affecting the clinical outcome in humans and should also be considered important
for small animal patients [34].

Variables significantly associated with the CFR, but without any significance at the
post hoc analysis were BCS and the skeletal radiographic score considering the 2-CFR, and
lesions involving the spine considering the 4-CFR. It may be hypothesized that the lack
of association between the BCS and the CFR is linked to the subjectivity of this score, as
previously discussed by other authors [29]. Moreover, the number of classes represented
among the nine levels of the BCS might be responsible for some data scattering, with each
class including not enough subjects to reach significance at the post hoc analysis.

The skeletal score was associated with the CFR at the univariate and multivariable
analysis, but no association could be detected at the post hoc evaluation. As expected, the
skeletal score showed an association with a better outcome in terms of improved mobil-
ity. The thoracic score applied in our study was modified from a previously published
radiographic score [18], which showed a similar lack of association with outcome. The
TTRS was available for a smaller subgroup within our sample. Nonetheless, it resulted as
an independent predictor of the CFR. The radiographic examination represents a widely
accessible diagnostic tool in the emergency setting and bears the pros of being cheaper
compared to other advanced diagnostic imaging modalities, even though computed tomog-
raphy has been demonstrated to be more accurate for the evaluation of polytraumatized
cats [35]. The skeletal, thoracic, abdominal, and total radiographic scores were proposed to
quantify and summarize the radiographic abnormalities identifiable in the feline patients
included, and they were not intended to simplify the complexity of lesions that may occur
in polytraumatized patients. Nonetheless, they might be applied in the clinical setting to
help the clinicians in estimating the return of the patient to a good quality of life.

Lesions of the spine were recorded in 15% of the patients, similar to what was pre-
viously reported [8]. Spine involvement has been shown as a negative prognostic factor
on survival after trauma [9,36]. Spine involvement did not reach significance at the post
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hoc statistical evaluation. It is important to underline that, in the present study, cats with
sacroiliac fracture-luxation were included in the spinal involvement category. It might
be hypothesized that the relatively low number of patients experiencing spine involve-
ment in our sample, as well as the inclusion of the less severe aforementioned lesions, has
influenced the marginal association with CFR.

The results from the 30- and 60-day clinical re-evaluations, graded as positive or
negative according to the clinical improvement of the affected regions, were significantly
associated with the 2-CFR. These variables should not be regarded as influencing the
outcome, but rather as predictive of it. Indeed, according to our results, a negative score
at the 30- and 60-day clinical re-evaluations should alert the clinician to further deepen
the patient’s assessment, such as with additional examinations, continued diagnostics,
or clinical-metabolic monitoring. On the other hand, in our experience, the absence of
post-therapy complications led to an uneventful recovery and thus to a higher probability
of a good return to function, even in this peculiar feline population.

The definition of CFR proposed by the authors was conceived according to a previous
orthopedic subjective clinical outcome evaluation [15]. This latter clinical outcome was
defined as full, acceptable, or unacceptable [15]. Starting from this idea, in order to
classify our therapeutic results, we developed a two-category subjective clinical outcome,
CFR vs. no-CFR, with the intent to easily classify traumatized unowned cats bearing
orthopedic injuries as with or without permanent disabilities, i.e., the patient could—or
could not—return to free-roaming life. The time-point for the CFR evaluation was set at
90 days post-treatment to balance the need to give enough time for recovery from traumatic
orthopedics injuries, e.g., bone fractures, and the need to have a reliable evaluation for the
final arrangement decision making. It has been reported that the time to function could
vary from 21 to 182 days with a median time from 42 to 53 days in cats who sustained
a humeral fracture [37]. Thus, the 90-day evaluation seems to be a good compromise to
appreciate the impact of the therapy on traumatized cats.

The overall mortality in this study was 17%, but no patient died from injuries directly
related to the trauma, in contrast with other studies [9,36], even if in our peculiar sample
of unowned cats, the most severe cases might be hypothesized to die before referral. Co-
morbidities, which showed a subtle association with the lack of functional recovery only
at the univariate analysis considering the 2-CFR, were detected in 31% of the patients in
our sample and determined the death of three of them. Such a fatal outcome, recorded in
6% of the cats included, might explain the association of comorbidities with no-CFR. The
other five cats died from panleukopenia; cats dying from panleukopenia were younger
compared to all other outcome classes, and lighter than cats experiencing CFR considering
the 4-CFR. Indeed, a higher risk of dying has been reported in sheltered kittens with lighter
body weight, with low BCS, and those diagnosed with panleukopenia [17]. Moreover,
it has been previously reported that panleukopenia is a common cause of mortality in
kittens and young cats [6], both among unowned and owned feline patients [38]. Whereas
a multi-patient environment, such as during hospitalization or sheltering, and an incom-
plete or absent vaccination protocol has been demonstrated a predisposing factor for the
development of panleukopenia [39]; we supposed that death of these patients from feline
panleukopenia should not be considered entirely independent from the traumatic event.
Indeed, it has been widely demonstrated that a series of biochemical events take place
following trauma in human patients, which lead to a state of uncontrolled inflammation
and immunosuppression that continues for some time after the trauma [40]. Furthermore,
because of this condition, the patient bears a higher risk for the systemic inflammatory
response syndrome, accompanied by the compensatory anti-inflammatory response syn-
drome and a subsequent dysfunction of the immune system, which is unable to protect the
subject from possible secondary infections [41,42].

Our study inherits some limitations. First, due to its retrospective nature, we could
not apply previously validated scales, such as the animal trauma triage score (ATTs) or the
modified Glasgow coma scale (mGCS) [43,44], since data records did not always include
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all the variables requested for their computation. Few studies calculated the ATTs from
retrospectively collected data [10,26], and it resulted with an association with the need for
transfusion and hospital discharge in cats with pelvic injury [10], whereas most research
evaluated retrospectively previously recorded ATTs [9,27,43,45]. On the other hand, the
mGCS had been only evaluated retrospectively from data collected on arrival [27,36,45,46].
It would be interesting to explore the performance of our TTRS in comparison to the other
already validated scales, and eventually identify their predictive cut-offs on the CFR.

It is possible that some cats classified as no-CFR considering both the 2-CFR and 4-CFR
would have had further improvement of the clinical symptomatology leading to a CFR
with a follow-up longer than 90 days. Moreover, when considering the 2-CFR, patients
who died within 90 days post-therapy were classified as no-CFR. It has been reported that
approximately 75% of feline deaths related to trauma, with the exclusion of euthanasia
for economic reasons, occurs in the first 24 h post-trauma [36]. In our population, the
median estimated time from trauma to referral was 3 days, which seems longer than the
prompt referral of owned cats. In these circumstances, patients are first evaluated by
the public veterinary service, and they are referred to the VTHUM thereafter. Only in a
minority of cases, citizens carry the traumatized unowned cats immediately to VTHUM.
It might be hypothesized that the most severe cases died before referral to our facility
or were not discovered at all. On the other hand, it might be possible that only severely
affected unowned cats were referred, whereas those bearing slight injuries might be directly
treated or not recognized. Hence, our sample should not be considered representative of
all traumatized unowned cats.

Estimation of age might also be seen as a limitation. Indeed, after completion of
permanent dentition [47] it is hard to objectively and precisely estimate age based on
dentition. In such cases, information from the caregivers and the veterinary public service,
when available, represent the only source available.

In Italy the economic burden of the management of unowned cats is supported by
the public health system and to a lesser extent by non-profit associations. It would be
interesting to obtain precise data about the veterinary expenses, i.e., diagnostic, treatment,
and hospitalization costs, of traumatized unowned cats and whether the CFR differs in
terms of cost from the no-CFR. Eventually, the cheaper practices not influencing the CFR
might be chosen, with equal effectiveness. In this perspective, our analysis was not able
to detect any significant difference between the use of internal vs. external fixation, and
most of the acute orthopedic lesions were treated by internal fixation. This choice was
dictated by the consideration that internal fixation needs less post-operative care compared
to external fixation. Even though internal fixation has a higher initial cost, the overall
expense should be evaluated taking into account the post operative management, but
further data should be collected to answer this point. Finally, the lack of association
between 2-CFR and adoption rate, sheltering, and return to their original location in a
feline group could have been influenced by the low number of patients in the no-CFR class
once dead patients were removed. Even if non-significant, a larger proportion of no-CFR
patients were sheltered, compared to unowned cats experiencing CFR, and none of them
were returned to their original location. A larger sample is needed to properly evaluate
the real lack of association between CFR and all non-significant variables. The relative low
number of patients included in the present study might have caused a lack of statistical
power, leading to non-significant results.

5. Conclusions

The management of traumatized unowned cats with orthopedic injuries lead to a
good percentage of CFR. The timing for therapeutic intervention should be tailored to
the specific case, considering that stabilization procedures and clinical classification are of
paramount importance in the management of traumatized patients. Radiographic evalu-
ation should always be considered, possibly including the whole patient for a complete
radiographic assessment, and not only the most clearly traumatized region. Traumatized
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unowned kittens have an increased risk of death from panleukopenia infection, possibly
due to immunodepression secondary to the traumatic event. Moreover, the presence of
comorbidities, even if not influencing the possibility of a CFR, might lead to the death
of the patients. Hence, caregivers and veterinarians should be warned that younger and
lighter cats, the presence of comorbidities, multiple lesions and spine involvement may all
lead to a guarded to poor prognosis.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/vetsci11020059/s1, Table S1: Signalment and anamnestic data for
each patient subdivided in the four outcome classes (CFR vs. no-CFR vs. death from panleukemia vs.
death from comorbidities); Table S2: Clinical data for each patient subdivided in the four outcome
classes (CFR vs. no-CFR vs. death from panleukemia vs. death from comorbidities); Table S3:
Radiographic scores for each patient subdivided in the four outcome classes (CFR vs. no-CFR vs.
death from panleukemia vs. death from comorbidities); Figure S1: Graphic representation of the
two-level statistic to explore the association between body weight and CFR. In (a), body weight,
represented as mean ± SD, was significantly higher in cats experiencing CFR (CFR yes) than those
with no-CFR (CFR no). In (b), the ROC curve of the body weight to obtain a cut-off value. In (c),
graphic representation of the cut-off value for the body weight over the plotted values in the two
classes (CFR vs. no-CFR). In (d), graphic representation of the number of patients experiencing
CFR (in blue) or not-experiencing CFR (in red) in the two body weight classes (≤3.3 kg on the left,
≥3.4 kg on the right); Figure S2: Graphic representation of the two-level statistic to explore the
association between the estimated time from trauma to therapeutic intervention and CFR. In (a), time
to therapeutic intervention represented as mean ± SD was significantly longer in cats experiencing
CFR (CFR yes) than those with no-CFR (CFR no). In (b), the ROC curve of the time to therapeutic
intervention to obtain a cut-off value. In (c), graphic representation of the cut-off value for the time to
therapeutic inter-vention over the plotted values in the two classes (CFR vs. no-CFR). In (d), graphic
representation of the number of patients experiencing CFR (in blue) or not-experiencing CFR (in red)
in the two time-to-therapeutic intervention classes (≤ 7 days on the left, ≥ 8 days on the right).

Author Contributions: Conceptualization, F.F., S.R. (Stefano Romussi) and D.S.; methodology, F.F.,
J.B., D.D.Z., D.S. and L.A.; formal analysis, F.F. and L.A.; investigation, F.F., F.A.B. and L.C.; resources,
F.A.B., L.C., J.B., D.D.Z., L.G. and S.R. (Sara Rioldi); data curation, F.F. and L.A.; writing—original
draft preparation, F.F., F.A.B., D.S. and L.A.; writing—review and editing, F.F., F.A.B., L.C., J.B., D.D.Z.,
S.R. (Stefano Romussi), L.G., D.S., S.R. (Sara Rioldi) and L.A. All authors have read and agreed to the
published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study
since animals included were treated according to the best veterinary practices on a case-by-case basis
and no changes in the therapeutical protocols were made for the present study.

Informed Consent Statement: Written informed consent for the treatment of the patients and use of
data for scientific purposes was signed by the public veterinary officer.

Data Availability Statement: Most of the raw data used in this study have already been reported in the
supplementary tables. All data are available from the corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Zito, S.; Walker, J.; Gates, M.C.; Dale, A. A Preliminary Description of Companion Cat, Managed Stray Cat, and Unmanaged

Stray Cat Welfare in Auckland, New Zealand Using a 5-Component Assessment Scale. Front. Vet. Sci. 2019, 6, 40. [CrossRef]
2. Legge 14 agosto 1991, n. 281, legge quadro in materia di animali di affezione e prevenzione del randagismo. Gazzetta Ufficiale

Della Repubblica Italiana, 1991.
3. Legge Regionale 30 dicembre 2009, n. 33, testo unico delle leggi regionali in materia di sanità. Banca Data Delle Leggi Regionali, 2009.
4. Slater, M.R.; Di Nardo, A.; Pediconi, O.; Villa, P.D.; Candeloro, L.; Alessandrini, B.; Del Papa, S. Free-roaming dogs and cats in

central Italy: Public perceptions of the problem. Prev. Vet. Med. 2008, 84, 27–47. [CrossRef]
5. Ballocco, I.; Deiana, R.; Pes, A.; Visco, S.; Erriu, S.; Strina, A.; Pintore, E.; Evangelisti, M.A.; Pinna Parpaglia, M.L.; Masala, G.; et al.

Le lesioni traumatiche negli animali randagi: Analisi retrospettiva. Veterinaria 2014, 5, 17–22.

https://www.mdpi.com/article/10.3390/vetsci11020059/s1
https://www.mdpi.com/article/10.3390/vetsci11020059/s1
https://doi.org/10.3389/fvets.2019.00040
https://doi.org/10.1016/j.prevetmed.2007.10.002


Vet. Sci. 2024, 11, 59 14 of 15

6. Grieco, V.; Crepaldi, P.; Giudice, C.; Roccabianca, P.; Sironi, G.; Brambilla, E.; Magistrelli, S.; Ravasio, G.; Granatiero, F.; Invernizzi,
A.; et al. Causes of Death in Stray Cat Colonies of Milan: A Five-Year Report. Animals 2021, 11, 3308. [CrossRef]

7. Mills, D. Causes of acute dyspnoea in 323 owned and stray cats presented to RSPCA hospitals. In Proceedings of the BSAVA
CONGRESS, Birmingham, UK, 7–10 April 2016; pp. 480–481.

8. Nascimento, D.C.; Costa Neto, J.M.; Solca, M.S.; Estrela-Lima, A.; Barbosa, V.F. Clinicoepidemiological profile and risk factors
associated with mortality in traumatized cats admitted to a veterinary teaching hospital in Brazil. J. Feline Med. Surg. 2022, 24,
381–388. [CrossRef]

9. Lee, J.A.; Huang, C.M.; Hall, K.E. Epidemiology of severe trauma in cats: An ACVECC VetCOT registry study. J. Vet. Emerg. Crit.
Care 2022, 32, 705–713. [CrossRef]

10. Gant, P.; Asztalos, I.; Kulendra, E.; Lee, K.; Humm, K. Retrospective evaluation of factors influencing transfusion requirements
and outcome in cats with pelvic injury (2009–2014): 122 cases. J. Vet. Emerg. Crit. Care 2019, 29, 407–412. [CrossRef] [PubMed]

11. Tanaka, A.; Wagner, D.C.; Kass, P.H.; Hurley, K.F. Associations among weight loss, stress, and upper respiratory tract infection in
shelter cats. J. Am. Vet. Med. Assoc. 2012, 240, 570–576. [CrossRef]

12. Kilgour, R.J.; Flockhart, D.T.T. Direct and Indirect Factors Influencing Cat Outcomes at an Animal Shelter. Front. Vet. Sci. 2022,
9, 766312. [CrossRef]

13. Murphy, M.D.; Larson, J.; Tyler, A.; Kvam, V.; Frank, K.; Eia, C.; Bickett-Weddle, D.; Flaming, K.; Baldwin, C.J.; Petersen, C.A.
Assessment of owner willingness to treat or manage diseases of dogs and cats as a guide to shelter animal adoptability. J. Am. Vet.
Med. Assoc. 2013, 242, 46–53. [CrossRef]

14. Lepper, M.; Kass, P.H.; Hart, L.A. Prediction of adoption versus euthanasia among dogs and cats in a California animal shelter.
J. Appl. Anim. Welf. Sci. 2002, 5, 29–42. [CrossRef]

15. Cook, J.L.; Evans, R.; Conzemius, M.G.; Lascelles, B.D.; McIlwraith, C.W.; Pozzi, A.; Clegg, P.; Innes, J.; Schulz, K.; Houlton, J.;
et al. Proposed definitions and criteria for reporting time frame, outcome, and complications for clinical orthopedic studies in
veterinary medicine. Vet. Surg. 2010, 39, 905–908. [CrossRef]

16. Laflamme, D. Development and validation of a body condition score system for cats: A clinical tool. Feline Pract. 1997, 25, 13–18.
17. Dolan, E.D.; Doyle, E.; Tran, H.R.; Slater, M.R. Pre-mortem risk factors for mortality in kittens less than 8 weeks old at a dedicated

kitten nursery. J. Feline Med. Surg. 2021, 23, 730–737. [CrossRef]
18. Sigrist, N.E.; Doherr, M.G.; Spreng, D.E. Clinical findings and diagnostic value of post-traumatic thoracic radiographs in dogs

and cats with blunt trauma. J. Vet. Emerg. Crit. Care 2004, 14, 259–268. [CrossRef]
19. Gilliver, S.; Valveny, N. How to interpret and report the results from multivariable analyses. Med. Writ. 2016, 25, 37–42.
20. Katz, M.H. Multivariable analysis: A primer for readers of medical research. Ann. Intern. Med. 2003, 138, 644–650. [CrossRef]
21. Horan, T.C.; Gaynes, R.P.; Martone, W.J.; Jarvis, W.R.; Emori, T.G. CDC definitions of nosocomial surgical site infections, 1992:

A modification of CDC definitions of surgical wound infections. Infect. Control Hosp. Epidemiol. 1992, 13, 606–608. [CrossRef]
[PubMed]

22. Rochlitz, I. Clinical study of cats injured and killed in road traffic accidents in Cambridgeshire. J. Small Anim. Pract. 2004, 45,
390–394. [CrossRef]

23. Adamantos, S.; Corr, S. Emergency care of the cat with multi-trauma. Practice 2007, 29, 388–396. [CrossRef]
24. Evangelisti, M.A.; Deiana, R.; Ballocco, F.; Cubeddu, M.; Manunta, M.L. Analisi retrospettiva in 63 animali randagi con trauma

cranico. Veterinaria 2015, 5, 63–72.
25. Liberg, O.; Sandell, M.; Pontier, D.; Natoli, E. Density, spatial organization and reproductive tactics in the domestic cat and

other felids. In The Domestic Cat: The Biology of its Behaviour, 2nd ed.; Turner, D.C., Bateson, P., Eds.; Cambridge University Press:
Cambridge, UK, 2000; pp. 119–148.

26. Lyons, B.M.; Ateca, L.B.; Otto, C.M. Clinicopathologic abnormalities associated with increased animal triage trauma score in cats
with bite wound injuries: 43 cases (1998–2009). J. Vet. Emerg. Crit. Care 2019, 29, 296–300. [CrossRef] [PubMed]

27. Tinsley, A.T.; Oyama, M.A.; Reineke, E.L. Animal Trauma Triage Score, Modified Glasgow Coma Scale, age, and weight were
associated with outcome in feline bite wounds (1,065 cases): A VetCOT registry study. J. Am. Vet. Med. Assoc. 2023, 261, 881–887.
[CrossRef] [PubMed]

28. Kolata, R.J. Trauma: Epidemiology and mechanism. In Textbook of Small Animal Surgery, 3rd ed.; Slatter, D.H., Ed.; Saunders:
Philadelphia, PA, USA, 2003; Volume 1, pp. 137–141.

29. Girol-Piner, A.M.; Moreno-Torres, M.; Herreria-Bustillo, V.J. Prospective evaluation of the Animal Trauma Triage Score and
Modified Glasgow Coma Scale in 25 cats with high-rise syndrome. J. Feline Med. Surg. 2022, 24, e13–e18. [CrossRef] [PubMed]

30. Gibson, T.W.; Brisson, B.A.; Sears, W. Perioperative survival rates after surgery for diaphragmatic hernia in dogs and cats: 92 cases
(1990–2002). J. Am. Vet. Med. Assoc. 2005, 227, 105–109. [CrossRef]

31. Legallet, C.; Thieman Mankin, K.; Selmic, L.E. Prognostic indicators for perioperative survival after diaphragmatic herniorrhaphy
in cats and dogs: 96 cases (2001–2013). BMC Vet. Res. 2017, 13, 16. [CrossRef]

32. Pape, H.C.; Giannoudis, P.; Krettek, C. The timing of fracture treatment in polytrauma patients: Relevance of damage control
orthopedic surgery. Am. J. Surg. 2002, 183, 622–629. [CrossRef] [PubMed]

33. Weber, D.G.; Bendinelli, C.; Balogh, Z.J. Damage control surgery for abdominal emergencies. Br. J. Surg. 2014, 101, e109–e118.
[CrossRef] [PubMed]

https://doi.org/10.3390/ani11113308
https://doi.org/10.1177/1098612X211028027
https://doi.org/10.1111/vec.13229
https://doi.org/10.1111/vec.12852
https://www.ncbi.nlm.nih.gov/pubmed/31218799
https://doi.org/10.2460/javma.240.5.570
https://doi.org/10.3389/fvets.2022.766312
https://doi.org/10.2460/javma.242.1.46
https://doi.org/10.1207/S15327604JAWS0501_3
https://doi.org/10.1111/j.1532-950X.2010.00763.x
https://doi.org/10.1177/1098612X20974960
https://doi.org/10.1111/j.1476-4431.2004.04024.x
https://doi.org/10.7326/0003-4819-138-8-200304150-00012
https://doi.org/10.2307/30148464
https://www.ncbi.nlm.nih.gov/pubmed/1334988
https://doi.org/10.1111/j.1748-5827.2004.tb00253.x
https://doi.org/10.1136/inpract.29.7.388
https://doi.org/10.1111/vec.12831
https://www.ncbi.nlm.nih.gov/pubmed/31012275
https://doi.org/10.2460/javma.22.11.0531
https://www.ncbi.nlm.nih.gov/pubmed/36913392
https://doi.org/10.1177/1098612X221080903
https://www.ncbi.nlm.nih.gov/pubmed/35293820
https://doi.org/10.2460/javma.2005.227.105
https://doi.org/10.1186/s12917-016-0926-y
https://doi.org/10.1016/S0002-9610(02)00865-6
https://www.ncbi.nlm.nih.gov/pubmed/12095590
https://doi.org/10.1002/bjs.9360
https://www.ncbi.nlm.nih.gov/pubmed/24273018


Vet. Sci. 2024, 11, 59 15 of 15

34. Peterson, N.W.; Buote, N.J.; Barr, J.W. The impact of surgical timing and intervention on outcome in traumatized dogs and cats.
J. Vet. Emerg. Crit. Care 2015, 25, 63–75. [CrossRef]

35. Sepuya, R.G.; Dozeman, E.T.; Prittie, J.E.; Fischetti, A.J.; Weltman, J.G. Comparing diagnostic findings and cost of whole body
computed tomography to traditional diagnostic imaging in polytrauma patients. J. Vet. Emerg. Crit. Care 2022, 32, 334–340.
[CrossRef]

36. Hickey, M.C.; Gray, R.; van Galen, G.; Ward, M.P. Distribution of mortality patterns in cats with naturally occurring trauma: A
Veterinary Committee on Trauma registry study. Vet. J. 2021, 278, 105765. [CrossRef]

37. Gall, N.; Parsons, K.; Radke, H.; Comerford, E.; Mielke, B.; Grierson, J.; Ryan, J.; Addison, E.; Logethelou, V.; Blaszyk, A.; et al.
Analysis of feline humeral fracture morphology and a comparison of fracture repair stabilisation methods: 101 cases (2009–2020).
J. Feline Med. Surg. 2022, 24, e19–e27. [CrossRef] [PubMed]

38. Cave, T.A.; Thompson, H.; Reid, S.W.; Hodgson, D.R.; Addie, D.D. Kitten mortality in the United Kingdom: A retrospective
analysis of 274 histopathological examinations (1986 to 2000). Vet. Rec. 2002, 151, 497–501. [CrossRef] [PubMed]

39. Rehme, T.; Hartmann, K.; Truyen, U.; Zablotski, Y.; Bergmann, M. Feline Panleukopenia Outbreaks and Risk Factors in Cats in
Animal Shelters. Viruses 2022, 14, 1248. [CrossRef] [PubMed]

40. Faist, E.; Mewes, A.; Baker, C.C.; Strasser, T.; Alkan, S.S.; Rieber, P.; Heberer, G. Prostaglandin E2 (PGE2)-dependent suppression
of interleukin alpha (IL-2) production in patients with major trauma. J. Trauma Acute Care Surg. 1987, 27, 837–848. [CrossRef]
[PubMed]

41. Gentile, L.F.; Cuenca, A.G.; Efron, P.A.; Ang, D.; Bihorac, A.; McKinley, B.A.; Moldawer, L.L.; Moore, F.A. Persistent inflammation
and immunosuppression: A common syndrome and new horizon for surgical intensive care. J. Trauma Acute Care Surg. 2012, 72,
1491–1501. [CrossRef]

42. Vanzant, E.L.; Lopez, C.M.; Ozrazgat-Baslanti, T.; Ungaro, R.; Davis, R.; Cuenca, A.G.; Gentile, L.F.; Nacionales, D.C.; Cuenca,
A.L.; Bihorac, A.; et al. Persistent inflammation, immunosuppression, and catabolism syndrome after severe blunt trauma.
J. Trauma Acute Care Surg. 2014, 76, 21–29; discussion 29–30. [CrossRef]

43. Lapsley, J.; Hayes, G.M.; Sumner, J.P. Performance evaluation and validation of the Animal Trauma Triage score and modified
Glasgow Coma Scale in injured cats: A Veterinary Committee on Trauma registry study. J. Vet. Emerg. Crit. Care 2019, 29, 478–483.
[CrossRef]

44. Rockar, R.A.; Drobatz, K.S.; Shofer, F.S. Development of A Scoring System for the Veterinary Trauma Patient. J. Vet. Emerg. Crit.
Care 1994, 4, 77–83. [CrossRef]

45. Fisher, C.J.; Cavanagh, A.A.; Liss, D.; Adams, T.; Marvel, S.J.; Hall, K.E. Surgical interventions and outcome in a population of
feline trauma patients. J. Vet. Emerg. Crit. Care 2023, 33, 337–347. [CrossRef]

46. Gregory, C.W.; Davros, A.M.; Cockrell, D.M.; Hall, K.E. Evaluation of outcome associated with feline trauma: A Veterinary
Committee on Trauma registry study. J. Vet. Emerg. Crit. Care 2023, 33, 201–207. [CrossRef] [PubMed]

47. Orsini, P.; Hennet, P. Anatomy of the mouth and teeth of the cat. Vet. Clin. N. Am. Small Anim. Pract. 1992, 22, 1265–1277.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/vec.12279
https://doi.org/10.1111/vec.13189
https://doi.org/10.1016/j.tvjl.2021.105765
https://doi.org/10.1177/1098612X221080600
https://www.ncbi.nlm.nih.gov/pubmed/35254143
https://doi.org/10.1136/vr.151.17.497
https://www.ncbi.nlm.nih.gov/pubmed/12430997
https://doi.org/10.3390/v14061248
https://www.ncbi.nlm.nih.gov/pubmed/35746719
https://doi.org/10.1097/00005373-198708000-00001
https://www.ncbi.nlm.nih.gov/pubmed/2956432
https://doi.org/10.1097/TA.0b013e318256e000
https://doi.org/10.1097/TA.0b013e3182ab1ab5
https://doi.org/10.1111/vec.12885
https://doi.org/10.1111/j.1476-4431.1994.tb00118.x
https://doi.org/10.1111/vec.13291
https://doi.org/10.1111/vec.13277
https://www.ncbi.nlm.nih.gov/pubmed/36636787
https://doi.org/10.1016/S0195-5616(92)50126-7

	Introduction 
	Materials and Methods 
	Radiographic Scores 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

