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Retrospective Evaluation of Clinical and Neurological

Ferda TURGUT &2 Findings in Cats with High-Rise Syndrome: 174 Cases
Latif Emrah YANMAZ 2 ° This retrospective study aimed to identify predictors of neurological status, assessed using the
S'_t_k'ca" QKUR % Modified Glasgow Coma Scale (MGCS), and predictors of complication development in cats
Miimin Gokhan SENOCAK®° presented after falls from height. Archived medical records of cats admitted to the Atatiirk
Ugur ERSOZ % ¢ . University Faculty of Veterinary Medicine Animal Hospital were reviewed. Of 420 suspected high-
Ayse GOLGELI BEDIR 3f rise fall presentations, 174 cases met inclusion criteria requiring documented fall height, complete
Yakup KOCAMAN 49 admission MGCS component scores, and sufficient clinical and diagnostic information.
Omer Tarik ORHUN 5:h Demographic variables (age, sex, neuter status, breed category, body weight), environmental
Gaglar OZKAL|P(;| 31 variables (landing surface), and fall height (floors) were retrieved. Multivariable linear regression
) ) analysis was used to evaluate independent associations with admission MGCS score, and
! Gukurova Un|v_er5|ty, o multivariable logistic regression analysis was used to determine risk factors for the presence of 21
Faculty of Veterinary Medicine,  complication. The median fall height was 4 floors (range 1-8), and the median MGCS score was 18
Department of Surgery, (range 3-18); 85.1% of cats had moderate neurological impairment. Complications were recorded
Adana, TURKIYE in 87.4% of cats and most commonly seen complications were hindlimb fractures (37.9%),
respiratory abnormalities (29.3%), and head trauma (27.6%). No demographic or environmental
variables were significantly associated with MGCS score, and fall height showed only a non-
significant trend toward lower MGCS (B = -0.29, p=0.10). In contrast, fall height was the sole
independent predictor of complication development (OR= 1.62, 95% CI 1.14-2.31, p=0.008). In
conclusion, the fall height primarily predicts overall injury burden rather than neurological
impairment, supporting comprehensive trauma evaluation regardless of apparent neurological
stability.
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X o Yiksekten Diisme Sendromlu Kedilerde Klinik ve Norolojik Bulgularin Retrospektif
Yozgat Bozok University, Degerlendirilmesi: 174 Olgu

Faculty of Veterinary Medicine,

Department of Surgery,

neor Bu retrospektif calismanin amaci, Modifiye Glasgow Koma Olgegi (MGKS) kullanilarak
Yozgat, TURKIYE

degerlendirilen norolojik durumu ve yulksekten disme sonrasi getirilen kedilerde komplikasyon
gelisimi igin ongoruct faktérleri belirlemektir. Atatiirk Universitesi Veteriner Fakiltesi Hayvan
Hastanesi'ne kabul edilen kedilerin arsivienmis tibbi kayitlar incelendi. Sipheli 420 ylksekten
disme vakasindan, belgelenmis diigsme yuksekligi, eksiksiz MGKS bilesen puanlari ve yeterli klinik-
tanisal bilgi gerektiren 174 vaka dahil edilme kriterlerini karsilamistir. Demografik degiskenler (yas,
cinsiyet, kisirlastirma durumu, irk kategorisi, vicut agirhgr), cevresel degiskenler (distugu zemin)
ve dusme ylksekligi (kat sayisi) bilgileri kaydedildi. Kabul edilen MGKS skoru ile bagimsiz
degiskenler arasindaki iligkilerin degerlendiriimesinde ¢ok degiskenli dogrusal regresyon analizi, 21
komplikasyonun varligina iliskin risk faktorlerinin belirlenmesinde ise c¢ok degiskenli lojistik
regresyon analizi yapildi. Medyan dusme yiksekligi 4 kat (aralik 1-8) ve medyan MGKS skoru
18'di (aralik 3-18); kedilerin %85.1'inde hafif norolojik bozukluk vardi. Komplikasyonlar kedilerin
%87.4'Uinde kaydedildi ve en sik gorllenler arka bacak kiriklar (%37.9), solunum anormallikleri
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(%29.3) ve kafa travmasi (%27.6) idi. MGKS skoruyla higbir demografik veya cevresel degisken
anlamli bir iligki gostermedi ve disme yuksekligi yalnizca daha disik MGKS'ye dogru anlamli
olmayan bir egilim gésterdi (B = —0.29, p=0.10). Buna karsilik, disme yiksekligi komplikasyon
gelisimi igin tek bagimsiz 6ngéricliydi (OR= 1.62, %95 ClI 1.14-2.31, p=0.008). Sonug¢ olarak,
disme yuksekligi noérolojik bozukluklardan ziyade genel yaralanma yukinid 6ngdrmekte olup,
gorunirdeki norolojik stabiliteye bakilmaksizin kapsamli travma degerlendirmesinin yapilmasi
gerektigini destekler.

Anahtar Kelimeler: Acil durum, degerlendirme, prognoz, stabilizasyon, travma

Introduction

High-rise syndrome (HRS) describes the constellation of traumatic injuries
sustained by cats following falls from windows, balconies, or other elevated structures,
most commonly defined as falls from the second floor or higher in urban environments
(1-3). HRS has been recognized as a frequent cause of polytrauma in cats, particularly
in cities characterized by high-density housing and widespread indoor—outdoor living
conditions (4). The underlying causes of falls are largely behavioral and include prey-
chasing behavior, exploratory activity, sudden loss of balance, or slipping while walking
along narrow window sills or balcony railings (1).

Epidemiological data indicate that falls from height represent one of the leading
causes of traumatic injury in cats, ranking second only to traffic-related accidents in
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some regions (5). Multiple studies have reported that
younger cats are disproportionately affected, particularly
those under two years of age which has been attributed
to increased activity levels, play behavior, and limited
experience with environmental hazards (6, 7). A
pronounced seasonal distribution has also been
consistently observed, with a higher incidence of HRS
during warmer months when windows and balconies are
more frequently left open, thereby increasing exposure
to fall-related risks (8, 9).

Clinically, HRS is associated with a broad spectrum
of injuries involving multiple anatomical systems.
Extremity fractures are among the most commonly
reported findings, with hind limb and femoral fractures
occurring more frequently than forelimb injuries (10).
Thoracic trauma, including pulmonary contusions and
pneumothorax, as well as head injuries, abdominal
lesions, and spinal trauma, have also been widely
documented (1, 11). Importantly, life-threatening
conditions such as hemorrhagic shock and traumatic
brain injury may be present even in cats that appear
clinically stable at initial presentation (12).

The relationship between fall height and injury
severity remains controversial. Some authors have
proposed a linear increase in trauma severity with
increasing fall height (13-15), whereas others have
reported a curvilinear association (2, 12), suggesting that
falls from lower heights may result in more severe head
and spinal injuries due to insufficient time for postural
adjustment during descent (16). Conversely, higher falls
have been more frequently associated with limb
fractures, potentially reflecting the effects of terminal
velocity and landing biomechanics (8). These conflicting
findings underscore the complex interaction between
biomechanical, environmental, and behavioral factors
involved in feline falls and highlight the importance of
analytical approaches capable of evaluating multiple
variables simultaneously.

Head trauma and altered levels of consciousness
have been identified as important determinants of
outcome in feline trauma patients, with several studies
reporting an association between neurological
impairment and increased mortality (17, 18). The
Modified Glasgow Coma Scale (MGCS), adapted for use
in veterinary medicine, provides a structured and
reproducible method for assessing neurological function
through the evaluation of motor activity, brainstem
reflexes, and level of consciousness (19). Although
MGCS has been widely applied in small animal trauma,
its use in cats with HRS has more often been
incorporated as part of general trauma assessment
rather than examined as a primary outcome measure,
and data regarding factors independently associated
with MGCS scores in this specific population remain
limited.

Therefore, this study aimed to retrospectively
evaluate the cats presented after high rise falls in order
to identify trauma severity indicators and initial clinical
variables associated with neurological status as
assessed by the MGCS and with the development of
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complications during hospitalization. We hypothesized
that indicators reflecting trauma severity and early
clinical condition at presentation would be independently
associated with neurological impairment and the
occurrence of complications, whereas demographic
characteristics including age, sex, neuter status, and
breed category would not demonstrate significant
associations when analysed concurrently.

Materials and Methods

Research and Publication Ethics: The protocol
applied for the management of cats has been approved
by the Atatirk University Local Animal Experiments
Ethics Committee (Decision No: 19, Decision Period:
2022/1). This retrospective study analyzed archived
clinical records of cats presented to the Atatirk
University Faculty of Veterinary Medicine Animal
Hospital, Erzurum, Turkey, following high-rise falls
between January 2020 and January 2022.

Medical records were retrieved from the hospital’s
electronic and paper-based archive system and included
emergency admission forms, clinical examination
records, diagnostic imaging reports, laboratory data, and
discharge or outcome notes. Only cases in which the
traumatic event was explicitly recorded as a fall from an
elevated structure, including windows, balconies, or
similar heights, were considered for evaluation. Each
case was reviewed individually, and the data extraction
was performed using a standardized data collection form
to ensure consistency across the records.

The Case Selection: Inclusion and Exclusion
Criteria: An initial screening identified 420 feline trauma
presentations associated with suspected or documented
falls from height. The cases were included if they met alll
of the following criteria: (i) documentation of high-rise fall
as the primary trauma mechanism; (ii) recorded fall
height expressed as number of floors or sufficient
descriptive information allowing conversion to floor
number; (iii) a complete neurological assessment at
admission with all components of the MGCS, including
motor activity, brainstem reflexes, and level of
consciousness; (iv) documented clinical, radiographic, or
ultrasonographic findings enabling identification of
traumatic injuries or complications; and (v) availability of
essential demographic and physical data, including age,
sex, and body weight.

Cases were excluded if one or more of the
following conditions were present: incomplete MGCS
component data or recording of only a total MGCS score
without individual sub scores; absence of documented
traumatic findings or complication records; duplicate
entries related to the same fall event; trauma etiologies
other than falling, including traffic accidents, blunt force
trauma, crush injuries, penetrating injuries, or unknown
causes; or substantial missing clinical data precluding
reliable analysis. Duplicate records were identified by
cross-referencing patient identification, admission date
and time, trauma history, and clinical findings, and only
the initial presentation for each fall event was retained.
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Demographic and Clinical Variables: For each
included case, the demographic variables extracted from
the records included age (months), sex (male or female),
neuter status (neutered or intact), breed classification,
and body weight (kg) measured at admission. Breeds
were grouped into four categories: Tabby, British,
Scottish, and Other breeds. Environmental variables
included fall height expressed as the number of floors
and the ground type at the impact site, categorized as
concrete, soil, asphalt, or other surfaces based on
owner-reported  history or  emergency intake
documentation.

Neurological Assessment: Neurological status at
presentation was assessed using the MGCS adapted for
veterinary patients. Three components of neurological
function are assessed and rated on a scale from 1 to 6:
brainstem reflexes, motor activity, and consciousness
level. A cumulative score is computed on a scale from 3
to 18, with a diminished score signifying increased
trauma severity. The Animal Trauma Triage Score (ATT)
is a veterinary metric employed to assess the severity of
trauma. The grading system has six categories:
perfusion, cardiac, respiratory, eye/muscle/integument,
skeletal, and neurological. Each category receives a
score between 0 and 3, resulting in a total score that
ranges from 0 to 18. Based on total scores, neurological
impairment was categorized as good (15-18), guarded
(9-14), or grave (3-8). A higher score signifies more
severity of injury (20).

Definition and Classification of Complications:
Complications were defined as the presence of one or
more clinically relevant traumatic abnormalities identified
during the initial diagnostic evaluation. Documented
complications included forelimb fractures, hind limb
fractures, spinal injuries, head trauma, abdominal
findings, respiratory system abnormalities, and clinical
signs consistent with shock. For regression analyses,
complication status was recorded as a binary variable
indicating the presence or absence of at least one
complication. Additionally, the anatomical distribution of
complications was recorded for descriptive analysis.

Statistical Analyses: All statistical analyses were
performed with SPSS, version 27.0 (SPSS Inc; IBM
Corp). The distribution of continuous variables was
evaluated with the Shapiro-Wilk test. Normally
distributed variables were summarized as mean *
standard deviation, whereas non-normally distributed
variables were reported as median (minimum-—
maximum). Categorical variables were expressed as
frequencies and percentages. Prior to regression
analyses, model assumptions were evaluated. For the
multivariable linear regression model assessing factors
associated with MGCS score, normality of residuals was
examined using visual inspection of residual plots and
normal probability plots, and homoscedasticity was
assessed using residuals versus fitted value plots.
Linearity between continuous predictors and the
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dependent variable was evaluated graphically. A
multivariable linear regression model was constructed to
identify independent factors associated with the MGCS
score. Age (months), body weight, sex, neuter status,
breed category (Tabby, British Shorthair, Scottish Fold,
Other), ground type at the impact site (Concrete, Soil,
Asphalt, Other), and fall height (number of floors) were
included as predictor variables. Model coefficients,
standard errors, and corresponding p-values were
reported.

Independent risk factors for the development of
complications were evaluated using multivariable logistic
regression. The binary complication variable was defined
as the presence of at least one clinically relevant
abnormality, including forelimb or hind limb fractures,
spinal injury, head trauma, abdominal findings,
respiratory abnormalities, or clinical signs of shock. The
same predictor variables used in the MGCS model were
included. Linearity of continuous predictors with the logit
was assessed graphically, and overall model fit was
evaluated using goodness-of-fit statistics. Odds ratios
(ORs) with 95% confidence intervals (Cls) were
presented. Multicollinearity among predictors was
assessed using variance inflation factors (VIF), and no
significant collinearity was detected. Categories with low
cell counts were regrouped to improve model stability. A
two-tailed p-value <0.05 was considered statistically
significant.

Results

A total of 420 feline medical records related to
high-rise fall presentations were reviewed. After
exclusion of cases with missing essential clinical
information, incomplete MGCS components, absence of
injury documentation, duplicated entries, or trauma
etiologies unrelated to falling, 174 cats met the inclusion
criteria and were analyzed. The mean age of the
included cats was 16.7+13.4 months, and the mean
body weight was 3.18+1.08 kg. The study population
consisted of 52.3% males and 47.7% females, and
36.8% of the cats were neutered. Breed distribution
included Tabby (43.1%), British Shorthair (25.9%),
Scottish Fold (16.7%), and Other breeds (12.1%). The
median fall height was 4 floors (range 1-8), and landing
surfaces included concrete (61.5%), soil (13.2%),
asphalt (10.3%), and other surfaces (14.9%) (Table 1).

The median MGCS score on presentation was 18
(range 3-18), with 85.1% of cats classified as having
good impairment, 6.9% as guarded, and 8.0% as grave
impairment (Table 2). Trauma-related injuries were
documented in 87.4% of all cats, demonstrating a high
overall injury burden. Anatomical distribution of
complications revealed that hindlimb fractures were the
most frequent finding (37.9%), followed by respiratory
system abnormalities (29.3%) and head trauma (27.6%).
Forelimb fractures occurred in 24.7% of cats, abdominal
injuries in 10.9%, shock in 9.2%, and spinal injuries in
6.3%.
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Table 1. Baseline demographic and clinical Table 4. Multivariable logistic regression analysis of
characteristics of cats presenting with high-rise factors associated with the presence of 21 complication
syndrome (n=174) in cats with high-rise syndrome (n=174)
Variable Value Predictor Odds ratio (OR)  95% ClI p-value
Age (months), mean + SD 16.7+13.4 Age (months) 1.01 0.99-1.03 0.29
Body weight (kg), mean + SD 3.18+1.08 Body weight (kg) 1.04 0.78-1.38 0.79
Sex, n (%) Sex (male vs female) 1.18 0.61-2.29 0.61
Male 91 (52.3) Neuter status (neutered 0.91 045-186  0.79

o 83 (47.7) Vs intact)
Fema ' Breed category

0,

Neuter status, n (%) British Shorthair vs Tabby 1.14 051-254  0.75
Neutered 64 (36.8) Scottish Fold vs Tabby 1.21 0.49-2.97  0.67
Intact 110 (63.2) Other vs Tabby 0.88 031252 081
Breed category, n (%) Landing surface
Tabby 75 (43.1) Soil vs concrete 0.97 0.39-241  0.95
British Shorthair 45 (25.9) Asphalt vs concrete 1.08 0.41-2.83  0.88
Scottish Fold 29 (16.7) Other vs concrete 0.92 0.37-2.31 0.86
Other breeds 21(12.1) Fall height (floors) 1.62 1.14-2.31  0.008
Fall height (floors), median (min—-max) 4 (1-8) L . . .

) . In the multivariable linear regression analysis, none
Landing surface, n (%) of the evaluated demographic or physical variables
Concrete 107 (61.5) showed a statistically significant independent association
Soil 23 (13.2) with hM?C§ 8it):ore- ?pegigia)llly, age (p=0-321), Obgg)y

weight (p=0.81), sex (p=0.51), neuter status (p=0.63),

Asphalt 18 (10. ;
spha 8(103) breed category (all p>0.25), and landing surface (all
Other 26 (14.9) p>0.30) were not significantly associated with MGCS

Table 2. Distribution of MGCS impairment categories in
cats on presentation (n=174)

MGCS impairment category n (%)
Grave 14 (8.0)
Guarded 12 (6.9)
Good 148 (85.1)

Table 3. Multivariable linear regression analysis of
factors associated with Modified Glasgow Coma Scale
(MGCS) score at admission in cats with high-rise
syndrome (n=174)

Predictor B coefficient Standard error p-value
Age (months) -0.06 0.07 0.34
Body weight (kg) 0.04 0.16 0.81
Sex (male vs female) -0.21 0.32 0.51
Neuter status (neutered -0.18 0.37 0.63
Vs intact)

Breed category

British Shorthair vs Tabby -0.41 0.44 0.35
Scottish Fold vs Tabby -0.56 0.48 0.26
Other vs Tabby -0.38 0.53 0.47
Landing surface

Soil vs concrete 0.27 0.49 0.58
Asphalt vs concrete -0.19 0.55 0.73
Other vs concrete 0.14 0.46 0.76
Fall height (floors) -0.29 0.18 0.10

after adjustment for all other variables included in the
model. Fall height demonstrated a negative regression
coefficient ($=-0.29), indicating a trend toward lower
MGCS scores with increasing fall height, although this
association did not reach statistical significance (p=0.10)
(Table 3). Fall height emerged as the sole independent
predictor of complication development (OR=1.62; 95%
Cl:1.14-2.31; p=0.008), indicating that each additional
floor of fall height increased the likelihood of sustaining
at least one complication by approximately 62%. Other
variables, including age, body weight, sex, neuter status,
breed group, and ground type, were not significantly
associated with complication risk (all p>0.20) (Table 4).

Discussion

The present study demonstrates that fall height is
the sole independent predictor of complication
development in cats with HRS, whereas neurological
status at admission, as assessed by MGCS, is not
significantly associated with fall height or with any
evaluated demographic or environmental variables. The
hypothesis that fall height would be associated with an
increased risk of complications was supported, while the
expectation of a parallel increase in neurological
impairment with greater fall height was not confirmed.
This separation between predictors of overall injury
burden and predictors of neurological status highlights
the complex and multifactorial nature of trauma in cats
affected by HRS.

The high prevalence of complications in this cohort
underscores that HRS is typically characterised by
polytrauma with clinically relevant lesions affecting
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multiple organ systems. In keeping with established
descriptions of feline HRS, the most frequent
complication category comprised extremity injuries, with
hindlimb fractures predominating, followed by respiratory
system abnormalities and head trauma. This distribution
is consistent with the prevailing pattern reported in
retrospective series, in which orthopaedic trauma
represents the dominant lesion category and femoral or
pelvic fractures occur with high frequency (10, 12).
Thoracic trauma has similarly been emphasized as a
major contributor to morbidity in HRS, and the
comparatively  high proportion  of  respiratory
abnormalities in the present study aligns with repeated
observations that pulmonary contusions and
pneumothorax remain central components of the
syndrome (1, 21). Conversely, the relatively low
frequency of spinal injuries parallels earlier reports
indicating that, although spinal trauma can be severe
when present, it is documented less commonly than
appendicular or thoracic injuries in cats sustaining high-
rise falls (2,10). Taken together, these findings indicate
that an apparently stable neurological presentation does
not exclude the presence of clinically relevant thoracic or
orthopedic injuries, which may be identified through
clinical, neurological, and radiographic examination in
cats presenting after high-rise falls.

Fall height emerged as the sole independent
predictor of complication development, with the odds of
sustaining at least one clinically relevant lesion
increasing with each additional floor. This pattern
supports the biomechanical rationale that greater vertical
distance increases impact energy transfer and, in turn,
the likelihood of clinically apparent traumatic lesions,
even if the precise relationship between height and
severity is not necessarily linear across all injury types
(1, 22). Prior retrospective studies have similarly linked
increasing fall height to higher frequencies of severe
orthopedic and thoracic injuries, although reported
associations have varied across cohorts and analytic
approaches (2, 10, 14). The present findings extend this
literature by demonstrating that the effect of fall height
persists after adjustment for demographic variables and
environmental factors, suggesting that height operates
as a robust determinant of overall injury burden within
the constraints of retrospective clinical data. The
absence of independent effects for age, sex, neuter
status, breed grouping, body weight, or landing surface
in the multivariable model further suggests that these
factors, at least as recorded in routine clinical
documentation, are less influential than fall height in
predicting whether a cat will sustain a clinically relevant
complication once a fall has occurred.

In contrast, fall height was not significantly
associated with neurological status at admission as
measured by MGCS, which is not unexpected, as
neurological impairment does not develop uniformly in all
trauma patients. In cases of high-rise syndrome, the
presence and severity of neurological signs are
influenced not only by the trauma mechanism itself but
also by the distribution of impact forces and the specific
anatomical systems affected at landing. Accordingly,
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vertical distance alone may be insufficient to predict
neurological phenotype at presentation, a finding that is
consistent with previous reports describing inconsistent,
non-linear, or paradoxical relationships between fall
height and neurological injury severity (2, 16). Several
methodological and biological factors may further explain
the absence of a statistically significant association.
First, MGCS scores in the present cohort demonstrated
a marked ceiling effect, with the majority of cats
presenting with good neurological impairment or near-
normal scores, thereby limiting score variability and
reducing the ability to detect height-related differences.
Second, the relatively low dispersion of MGCS values
may have constrained statistical power, particularly in a
retrospective clinical population enriched for survivors
reaching hospital admission. Third, as neurological
status was assessed retrospectively from medical
records, subtle or transient neurological deficits may
have been under-recognised or inconsistently
documented, introducing additional ~measurement
variability. Beyond these methodological considerations,
a plausible biological interpretation is that neurological
impairment in high-rise syndrome is shaped by a
complex interplay of impact biomechanics and
situational dynamics not captured by floor number alone,
including body orientation during descent, the capacity
for postural adjustment before landing, and the
localisation of impact forces to the head and cervical
region versus the thorax and appendicular skeleton (1,
23). Under this framework, greater heights may increase
the probability of musculoskeletal and thoracic injury
through increased impact energy, whereas neurological
injury may depend more strongly on impact configuration
and site-specific energy transmission, producing
variability that weakens a simple height-MGCS
relationship within clinical samples. Clinically, these
results reinforce that preserved mentation and near-
normal MGCS at admission should not be interpreted as
reassurance against clinically important trauma
elsewhere, particularly given the high overall
complication prevalence and the prominent contribution
of thoracic and orthopaedic injuries to morbidity in feline
HRS (1, 21).

Several limitations of this study should be
acknowledged. The retrospective design limited control
over data completeness and standardization of clinical
assessments, and variability in record quality may have
influenced injury classification. Fall height was recorded
as the number of floors rather than as an exact vertical
distance, which may have introduced variability related
to differences in building structure. Additionally,
expressing the fall height as a multiple of the coefficient
may not fully reflect the variation in the actual fall
distance. Complication status was defined broadly to
capture overall injury burden, increasing sensitivity for
detecting clinically relevant trauma but potentially
reducing specificity with respect to injury severity.
Neurological status was assessed only at admission
using MGCS, and longitudinal neurological outcomes
could not be evaluated due to the absence of
standardized follow-up data. As a single-center study
conducted at a tertiary veterinary hospital, the findings
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may not be fully generalizable to other clinical settings.
The retrospective design and fixed sample size limited
statistical power, and non-significant associations should
therefore be interpreted with caution. Finally, mortality
and survival analyses were not included in the present
study. The primary aim was to identify predictors of
neurological status at admission and the development of
complications rather than outcome-based endpoints. In
addition, the retrospective design resulted in incomplete
and non-standardized outcome data, as a proportion of
cats were discharged early, referred to other clinics, or
lost to follow-up, precluding reliable survival analysis.
Furthermore, the study population was inherently
enriched for cats that survived long enough to reach
hospital admission, introducing potential survivorship
bias.
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