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Abstract (d ¼ e2.8; HR:SAP); 2) HR:PE0CO2 (d ¼ e2.9); 3) serum
Objective To determine whether physiological, haemato-
logical, biochemical or electrolyte variables can predict se-
vere haemorrhage in cats.

Study design Randomized crossover study whereby each
cat underwent mild and severe haemorrhage, with a 2
month period between events.

Animals A group of six domestic cats aged 21 ± 1 months
and weighing 4.9 ± 1.2 kg, mean ± standard deviation.

Methods Cats were anaesthetized (buprenorphine, alfax-
alone, isoflurane in oxygen at a fixed end-tidal concentra-
tion of 1.7%) before the haemorrhage event. In total, 34
variables were measured twice (prehaemorrhage and post-
haemorrhage). The difference and percent change for each
variable were compared between haemorrhage events
(paired t test). Significant variables were placed into 13
different ratios (posthaemorrhage value of one variable
divided by a posthaemorrhage value of a second variable)
and compared (paired t test), and Cohen’s d (d) was
calculated. Receiver operating characteristic curves were
plotted and cut-off values for weak, moderate and strong
indicators of severe haemorrhage were obtained.

Results The blood loss was 4.5 ± 1.1 mL kge1 and 26.8 ±
5.5 mL kge1 for mild and severe haemorrhage events,
respectively. The most significant variables with large effect
sizes were heart rate (HR), systolic arterial blood pressure
(SAP), end-tidal carbon dioxide (PE0CO2), serum albumin,
haematocrit and actual bicarbonate ion concentration
[HCO3

�(act)]. The most robust ratios were: 1) shock index
albumin: haematocrit (d ¼ 1.5); and 4) HR:HCO3
�(act) (d ¼

e1.6). These ratios were included in the final proposed Cat
Acute Bleeding Scoring System (CABSS).

Conclusions and clinical relevance Cats subjected to
mild and severe haemorrhage demonstrated statistically
and clinically relevant changes whereby four ratios could be
created to make up the CABSS. The ratios detected and
quantified the presence of severe haemorrhage in anaes-
thetized cats.

Keywords cat, haemorrhage, intraoperative haemorrhage,
scoring system.
Introduction

Life-threatening haemorrhage occurs when more than 40% of
the total circulating blood volume is lost acutely (Mylankal &
Wyatt 2013). In veterinary species, once 30% or more blood
volume has been lost acutely, compensatory mechanisms may
fail and signs of haemorrhagic shock develop (Jutkowitz 2004).
The mortality rate in domestic cats as a consequence of such
haemorrhage is unknown; in humans, unexpected and un-
controlled intraoperative haemorrhage increased the
mortality rate from less than 1% to over 20% (Copeland et al
1991).
Advances in surgical technique and anaesthetic man-

agement allow for more complex procedures to be success-
fully undertaken, but nonetheless the risk of significant
haemorrhage is still present (Bellenger et al 1996; DeLay
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2016; Hanson et al 2017). Most healthy animals can
tolerate an acute loss of 10% of their circulating blood vol-
ume without warranting volume resuscitation. There are
several methods used to estimate the volume of intra-
operative blood loss, which include measuring the quantity
of blood in suction canisters, counting blood-soaked swabs
(sponges) and estimating blood volume loss on surgical
drapes (Jutkowitz 2004). Indirect methods used to assess
haemorrhage include measurement of the haemoglobin
[(Hb) or haematocrit (Ht)], albumin or total serum solids
(Jutkowitz 2004). However, these indirect methods are only
useful to assess blood loss after compensatory fluid shifts
have taken place, which occurs at least 2 hours following an
acute haemorrhage event (Jutkowitz 2004). Consequently,
volume resuscitation in cats experiencing severe haemor-
rhage may be delayed. Furthermore, the relatively small
blood volume of healthy cats, which ranges from 52.6 ± 6.8
to 59.6 ± 5.8 mL kge1, makes the determination of blood
loss a challenge (Groom et al 1965; Mott 1968). Addition-
ally, determining blood loss is especially challenging when
there is insidious bleeding within the thoracic and peritoneal
cavities that is masked by overlying organs or when the field
of vision is limited (thoracoscopy and laparoscopy). Intra-
operative haemorrhage is likely under-recognized in cats and
a possible risk factor for many of the reported cardiovascular-
related perianaesthetic deaths (Brodbelt 2010).
Currently, there are no scoring systems used to aid in the

detection or quantification of acute haemorrhage in
conscious or anaesthetized companion animals (Reineke
2018), but they are commonplace in human medicine
(Pons et al 1985; Baskett 1990; Yucel et al 2006; Chico-
Fernandez et al 2011; Ogura et al 2014; Callcut et al
2016). The scoring systems applied in human medicine are
used to identify patients in haemorrhagic shock, to guide
resuscitation or as an early transfusion trigger, often before
patients present to a hospital (Terceros-Almanza et al 2019).
We speculate that the ideal scoring system should be one
that 1) is easy to calculate, 2) makes use of physiological
variables that reflect an early response to haemorrhage, 3)
includes variables that are reflected by changes in blood
composition, and 4) is composed only of variables that are
obtainable at a single time point once acute haemorrhage is
suspected.
The aim of the present study was to determine if there are

any immediately quantifiable physiological, haematological,
biochemical or electrolyte variables that can be used in the
Cat Acute Bleeding Scoring System (CABSS) to predict an
acute severe haemorrhage event in domestic cats. We hy-
pothesized that none of the variable values obtained before a
mild or a severe haemorrhage event would be different from
those measured after the event in anaesthetized cats.
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Material and methods

Study design, animals and housing

A group of six domestic cats (mean ± standard deviation, age
21 ± 1 months, mass 4.9 ± 1.2 kg) were used based on
availability in this balanced, randomized, crossover study
where the interventions were mild and severe acute haemor-
rhage during anaesthesia,. A 2 month period between hae-
morrhagic events was used. The order of treatments was
randomized using an online randomizer using a balanced
single block design (www.randomization.com; Dallal 2008).
The cats were sourced from various locations as kittens and
were then housed together in the University of Pretoria
Biomedical Research Centre’s indoor-outdoor purpose-built
cattery until their body weight was >3 kg. The study was
approved by the Ethics Committees of the University of Pretoria
(v006-15) and University of Witwatersrand (2017-10-68-C-
AREC). This study was part of a larger fluid resuscitation
project and only data relevant to this present study are
reported.
A clinical examination that included venous blood sampling

from the jugular vein for blood analysis (haematology, albu-
min, blood urea nitrogen, creatinine, electrolytes) was per-
formed 1 week prior to the haemorrhage event to determine
the health status of the cat.
Haemorrhage event procedures

Prehaemorrhage period

On the morning of data collection, each cat was transferred to
the theatre complex of the hospital and placed in a standard
ward cage. The cat was weighed and underwent a clinical
examination. Each animal was premedicated with buprenor-
phine hydrochloride (0.02 mg kge1; Temgesic 0.3 mg mLe1;
Beckitt Benckiser Healthcare, RSA) administered intramuscu-
larly. The cat was transferred to the induction room 45 mi-
nutes later and an indwelling catheter (22 gauge; Jelco; Smiths
Medical International, UK) was inserted aseptically into one of
the cephalic veins and secured in place. General anaesthesia
was induced with alfaxalone (Alfaxalone; Afrivet, RSA)
administered intravenously to effect. A cuffed polyvinylchloride
endotracheal tube (4.0e4.5 mm internal diameter; Teleflex
Incorporated, RSA) was placed into the trachea after a single
spray of lidocaine (10 mg per spray; Xylocaine; AstraZeneca
Pharmaceuticals, RSA) onto the rima glottidis. The endotra-
cheal tube was then connected to a circle breathing system (15
mm internal diameter, Compact paediatric breathing system;
Intersurgical, RSA). General anaesthesia was maintained with
isoflurane (Isofor; Safeline Pharmaceuticals, RSA) in oxygen at
a fixed fresh gas flow rate of 80 mL kge1 minutee1. The
of Veterinary Anesthesia and Analgesia. Published by Elsevier Ltd. All rights
reserved., 47, 499e508
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vaporizer was initially set to 2%, target end-tidal isoflurane
(FE0Iso) concentration was standardized for the study and
maintained at 1.7% throughout the procedures (Shaughnessy
& Hofmeister 2014). The cat was placed in dorsal recumbency
and its ventral neck region (rostral intermandibular region to
the second intercostal space of the thorax) was shaved and
surgically scrubbed. The cat was transferred to the theatre,
placed in dorsal recumbency and instrumented.
A catheter (22 gauge, 50 mm, Arrow arterial catheteri-

zation set; Arrow International, PA, USA) was inserted into
the right (superficialized 15 months earlier during gonad-
ectomy) carotid artery using a cut-down technique to facil-
itate measurement of direct arterial blood pressure
(electronic transducer zeroed to atmospheric air pressure at
the level of the right atrium; BD DTX; Becton & Dickson
Medical, NY, USA), and arterial blood samples were taken
intermittently for blood gas analyses. A catheter (22 gauge,
50 mm, Arrow arterial catheterization set; Arrow Interna-
tional) was inserted percutaneously into the left jugular vein
for intermittent blood sampling. The Seldinger technique
was used to insert the catheters into the carotid artery and
jugular vein (Seldinger 1953). A three-lead electrocardio-
gram (ECG) was assessed by attaching ECG pads and elec-
trodes placed on the digital pads (RA, LA, RL; lead II) to
determine the heart rate (HR) and rhythm. A paediatric pitot
spirometer with an in-built gas sampling line was attached
between the endotracheal tube and breathing system to
measure expiratory tidal volumes (VTexp), respiratory rate
(fR) and respiratory gas tensions including end-tidal carbon
dioxide (PE0CO2) and FE0Iso. A transmittance pulse oximetry
probe was placed on to the tongue to measure peripheral
oxygen haemoglobin saturation (SpO2). A thermistor probe
(reusable general purpose adult probe; GE Healthcare,
Finland) was inserted into the oesophagus to a depth of the
fourth intercostal space.
All probe leads were connected to a multiparameter monitor

(Cardiocap 5; Datex, Finland). A balanced electrolyte crystal-
loid fluid (lactated Ringer’s solution; Fresenius Kabi, RSA) was
infused at a constant rate of 5 mL kge1 houre1 throughout the
procedures via the cephalic catheter.

Haemorrhage period

Prehaemorrhage data were collected before the cat underwent
the assigned haemorrhage event (24 ± 6 minutes after in-
duction of anaesthesia). After the haemorrhage event was
complete, posthaemorrhage data were collected immediately.
Pre- and posthaemorrhage event data collection included
physiological, haematological, biochemical, electrolyte and
blood gas variables. The order of data collection was stan-
dardized and began with all blood sampling followed by the
recording of physiological variables.
© 2020 Association of Veterinary Anaesthetists and American College of Veterina
reserved., 47, 499e508
The physiological variables measured included HR, arterial
blood pressures [systolic (SAP), mean (MAP) and diastolic
(DAP)], SpO2, fR, VTexp, PE0CO2, FE0Iso and body temperature
(T). The haematological variables were differentiated cell
counts, Hb concentration and Ht measured from venous blood
samples (ethylenediaminetetraacetic acid collection tube; BD,
Becton Dickinson and Company, UK). The biochemical vari-
ables were serum albumin, blood urea nitrogen, creatinine,
glucose and lactate measured from venous blood sample
(serum clot activator tube; BD, Becton Dickinson and Com-
pany). The electrolytes measured were sodium, potassium,
ionized calcium, total magnesium, chloride and phosphorus
ion concentrations also measured from venous blood samples
(blood gas and serum clot activator tube). Partial pressure of
arterial oxygen (PaO2) and arterial and venous carbon dioxide
(PaCO2 and PvCO2) and acid-base balance [pH, bicarbonate
ion (HCO3

�), base excess] were measured in arterial and venous
blood samples (heparinized syringes; BD A-line; Becton Dick-
inson and Company). The total amount of blood drawn per
data collection was 10 mL (3 mL waste and 7 mL samples).
The mild haemorrhage event was defined as blood loss

sustained during blood sampling which amounted to 20 mL in
total, regardless of the cat’s body mass. The posthaemorrhage
blood sample was obtained 15 minutes after the pre-
haemorrhage blood sample.
The severe haemorrhage event was defined as blood loss

sustained during purposeful collection of blood into a semi-
closed system using citrate-phosphate-dextrose (4 mL; JMS
blood bag, 450 mL; JMS Singapore PTE LTD, Singapore) primed
20 mL syringes via the jugular catheter. We assumed that the
cat’s total blood volume was 55 mL kge1 and a severe hae-
morrhage event was an acute blood loss of more than 22 mL
kge1 (> 40% assumed circulating volume). Manual blood
withdrawal continued at a targeted rate of 2 mL kge1

minutee1 (15 minutes) until one of two endpoints. The
endpoint was either a maximum withdrawal of 30 mL kge1 of
blood, which did not include the blood sampling volume, or a
MAP of < 48 mmHg that persisted for at least 3 minutes. The
total amount of blood drawn was calculated as a sum of the
blood sampling (20 mL) and the purposefully bled volume.
The haemorrhage time was measured using a stopwatch

and started after prehaemorrhage data collection and ended
when the haemorrhage endpoint was reached. On completion
of the haemorrhage event, the cat entered a fluid resuscitation
phase of the project that is not reported here. All cats survived
and were rehomed through an adoption processes 1 month
after completing the project.

Data analysis

Data were assessed for similar distribution types by plotting
histograms and comparing descriptive statistics for each
ry Anesthesia and Analgesia. Published by Elsevier Ltd. All rights 501
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variable within the mild and severe haemorrhage data sets.
Outlier’s of high and low values were tested by using the
Grubb’s test. Data were considered normally distributed and
no outliers were detected. All calculations using blood gas
values were performed using data expressed in mmHg rather
than kPa. The absolute and percent change from pre-
haemorrhage values were calculated for all variables. The
haemorrhage time, difference and percent change values for
each variable were compared between the mild and severe
haemorrhage events using a paired t test. The 95% confi-
dence interval for the mean difference and the p value for
each comparison were assessed to screen variables initially
and thereby to identify those that could be incorporated into
the scoring system. This initial screening was supplemented
by effect size calculations for each variable (difference and
percent change) using Cohen’s d (d). An effect size of d > 0.8
was considered large and clinically meaningful (Sullivan &
Feinn 2012). All variables that met the initial screening
criteria were then placed into various unitless ratios (post-
haemorrhage value of one variable divided by a post-
haemorrhage value of a second variable) to identify ratios
that could potentially be incorporated into the scoring sys-
tem. The variables included in the ratios were based on
published ratios (shock index: Allgower & Burri 1967) or
clinical insight and mathematical ease of use. These ratios
were calculated for mild and severe haemorrhage events and
compared with each other using the paired t test. Receiver
operating characteristic (ROC) curves were plotted and the
area under the curve calculated for the most robust ratios.
Cut-off values for weak, moderate and strong indicators of
severe haemorrhage were obtained by examining the ROC
curve, whereby mild haemorrhage events had to have a
100% specificity (indicating the cat had not undergone se-
vere haemorrhage) and severe haemorrhage events had to
have 100% sensitivity (indicating the cat had undergone
severe haemorrhage). The sensitivity and specificity values
were calculated for weak, moderate and strong indicators of
severe haemorrhage. Weak values were defined as 100%
specific and the highest value for sensitivity at the interval;
and strong values had to be 100% sensitive and the highest
value for specificity at the interval. Moderate values were in
between the weak and strong values. The positive and
negative likelihood ratios and predictive values for each cut-
off value of the indicators were then estimated. The predic-
tive values were calculated using a prevalence of 50% for
severe haemorrhage.
Data were analysed using commercially available software

(MiniTab Version 18.1; Minitab Inc., PA, USA; and MedCalc
Version 19.0.3; MedCalc Software, Belgium) and significance
interpreted at p < 0.05. Data are reported as mean (± standard
deviation).
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Results

All cats completed both haemorrhage events. The FE0Iso was
1.7 ± 0.2% and 1.8 ± 0.1% during the mild and severe
haemorrhage events, respectively (t value: 1.37; p ¼ 0.229).
Blood loss was 4.5 ± 1.1 mL kge1 for the mild haemorrhage
event and 26.8 ± 5.5 mL kge1 for the severe haemorrhage
event. Haemorrhage time was 15.3 ± 0.4 minutes for the
mild haemorrhage event and was not different from 17.2 ±
2.6 minutes for the severe haemorrhage event (t value:
1.53; p ¼ 0.186). The MAP after the mild haemorrhage
event was 64 ± 4 mmHg and significantly greater than 44
± 4 mmHg following the severe haemorrhage event (t
value: 10.49; p < 0.01). These outcomes indicate that all
cats were subjected to haemorrhage events that met the
study requirements.
The outcomes of the initial screening analyses of the 34

variables are presented in Table 1. The qualifying screening
physiological variables were HR (d ¼ e2.9), arterial blood
pressures [SAP (d¼ 3.7), MAP (d¼ 3.4) and DAP (d¼ 2.5)] and
PE0CO2 (d ¼ 1.7). Of the haematological variables, Hb concen-
tration (d ¼ e1.8) and leukocyte count (d ¼ 1.3) qualified as
potential screening variables. The Ht (d ¼ e1.4) was also
included in the ratio analysis to determine its suitability because
the trend in difference and percent change were broadly similar
in magnitude and direction of change of Hb. Of the biochemical
variables, serum albumin (d¼ 2.3) demonstrated a more robust
difference and percent change than creatinine (d ¼ e2.1) and
glucose (d ¼ e1.3), both of which fitted the screening criteria.
Potassium (d ¼ e1.5) was the only electrolyte that demon-
strated a difference and percent change between haemorrhagic
events. With respect to blood gases variables, PaCO2 (d ¼ 2.2)
and PaO2 (d ¼ e2.6) and actual bicarbonate ion concentration
[HCO3

�(act)] (d ¼ 2.7) qualified as screening variables. The
PaCO2 tended to change in the same direction as PE0CO2.
The 15 variables that met the initial screening criteria

qualifications were placed into 13 different ratios for further
analysis (Table 2). Several ratios are not reported owing to
either a lack of differentiation between haemorrhagic states or
because the values were mathematically difficult to interpret.
The most robust ratios demonstrating clinically relevant
sensitivity and specificity within each indicator cut-off range
were: the 1) shock index (d ¼ e2.8; HR:SAP); 2) HR:PE0CO2

(d ¼ e2.9); 3) serum albumin:Ht (d ¼ 1.5); and 4) HR:HCO3-
�(act) (d ¼ e1.6). The cut-off values for weak, moderate and
strong indicators of severe haemorrhage are presented in
Table 3 and Fig. 1. These values, which were derived from the
ROC curves, yielded clinically meaningful sensitivities and
specificities, as corroborated by meaningful likelihood ratios
and predictive values. These four ratios were included in the
final proposed CABSS (Table 4).
of Veterinary Anesthesia and Analgesia. Published by Elsevier Ltd. All rights
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Table 1 Difference and percent change in physiological, haematological, biochemical, electrolyte, blood gas and acid-base variables pre- and
posthaemorrhage in anaesthetized cats undergoing mild (<10 mL kge1) and severe haemorrhage (>22 mL kge1) events. The variables were
ordered from largest to smallest size effect (Cohen d value) and only values > 0.8 were considered as large and clinically meaningful.

Variable Value type Mild
haemorrhage

Severe
haemorrhage

Paired t test

Mean SD Mean SD 95% CI - md Cohen d (t value; p value)

Physiological
SAP (mmHg) Difference e1 4 e23 9 (14; 31) 3.7 (7.1; 0.001)

% Change e0.6 4.6 e26.5 9.4 (16.6; 35.3) 3.8 (7.13; 0.001)
MAP (mmHg) Difference e5 8 e27 6 (18; 27) 3.4 (13.44; <0.001)

% Change e5.9 11.4 e38.0 5.2 (24; 40) 4.0 (10.38; 0.002)
Heart rate (beats minutee1) Difference 3 8 49 23 (e66; e26) e2.9 (e5.97; 0.002)

% Change 1.9 6.7 44.5 21.0 (e62.8; e22.4) e3.0 (e5.42; 0.003)
DAP (mmHg) Difference e5 8 e21 6 (11; 20) 2.5 (8.69; <0.001)

% Change e7.9 12.4 e35.9 6.5 (19.3; 36.6) 3.1 (8.29; <0.001)
PE0CO2 (mmHg) Difference 0 2 e5 4 (2; 9) 1.2 (3.57; 0.016)

% Change 0.2 5.5 e11.0 9.9 (5.2; 17.3) 1.5 (4.77; 0.005)
VTexp (mL) Difference 1 1 0 3 (e3; 4) 0.4 (0.47; 0.655)

% Change 3.9 4.9 2.5 13.2 (e16.5; 19.4) 0.2 (0.21; 0.843)
fR (breaths minutee1) Difference 0 5 1 6 (e4; 2) e0.2 (e1.05; 0.341)

% Change e3.8 14.8 18.2 29.0 (e42.7; e1.4) e1.0 (e2.74; 0.041)
Temperature (�C) Difference e0.1 0.2 e0.1 0.4 (e0.42; 0.32) e0.2 (e0.35; 0.741)

% Change e0.4 0.4 e0.2 1.2 (e1.2; 0.9) e0.2 (e0.34; 0.746)
SpO2 (%) Difference 0 1 1 1 (e1.4; 1.1) e0.2 (e0.35; 0.741)

% Change 0.0 1,1 0.2 0.4 (e1.4; 1.1) e0.2 (e0.34; 0.751)
Haematology
Haemoglobin (mg dLe1) Difference e3 2 10 10 (e24; e1) e1.8 (e2.73; 0.041)

% Change e3.2 2.5 11.2 12.5 (e28.2; e0.5) e1.7 (e2.67; 0.044)
Erythrocyte count Difference 5.9 0.7 6.8 1.0 (e1.6; e0.3) e1.5 (e3.51; 0.094)

% Change e1.7 2.3 9.9 12.9 (e26.9; 3.6) e1.4 (e1.96; 0.107)
Haematocrit (L/L) Difference 0.00 0.01 0.03 0.03 (e0.07; 0.01) e1.4 (e2.19; 0.080)

% Change e1.8 3.1 10.4 13.1 (e26.8; 2.5) e1.4 (e2.13; 0.086)
Leukocyte count Difference e0.4 0.5 e1.6 1.3 (0.1; 2.3) 1.3 (2.78; 0.039)

% Change e3.8 3.4 e18.8 11.6 (2.6; 27.5) 1.9 (3.11; 0.027)
Thrombocyte count Difference 4.8 44 e38 59 (e32; 116) 0.9 (1.46; 0.204)

% Change 1.8 15.5 e11.1 18.7 (e11.1; 36.9) 0.8 (1.38; 0.225)
Neutrophil count Difference e0.04 0.28 e0.41 1.01 (e0.83; 1.58) 0.6 (0.80; 0.460)

% Change 0.0 5.6 e9.5 15.2 (e9.0; 27.8) 0.9 (1.31; 0.246)
Lymphocyte count Difference e0.3 0.5 e0.4 1.3 (e0.9; 1.1) 0.1 (0.32; 0.758)

% Change e7.5 13.2 1.8 41.2 (e52.5; 33.8) e0.3 (e0.56; 0.601)
Biochemistry
Albumin (g Le1) Difference e1 0 e4 2 (1; 5) 2.3 (4.4; 0.007)

% Change e2.5 2.0 e12.1 6.2 (4.3; 15.0) 2.3 (4.66; 0.006)
Creatinine (mmol Le1) Difference e1 3 13 10 (e25; e3) e2.1 (e3.32; 0.021)

% Change e0.8 2.1 12.6 9.2 (e23.1; e3.7) e2.2 (e3.55; 0.016)
Glucose (mmol Le1) Difference 0.0 0.2 0.8 1.0 (e1.9; 0.17) e1.3 (e2.16; 0.083)

% Change e1.2 3.8 14.9 16.5 (e32.7; 0.5) e1.5 (e2.49; 0.055)
BUN (mmol Le1) Difference 0 0 1 0 (e0.9; 0.1) e1.3 (e1.87; 0.120)

% Change 1.1 1.8 5.8 5.1 (e10.9; 1.6) e1.3 (e1.90; 0.115)
Lactate (mmol Le1) Difference 0.0 0.3 0.0 0.5 (e0.6; 0.6) <0.1 (e0.07; 0.945)

% Change 3.9 20.6 3.2 30.4 (e40.8; 42.3) <0.1 (0.04; 0.966)
Electrolytes
Potassium (mmol Le1) Difference 0.1 0.1 0.3 0.2 (e0.4; e0.1) e1.5 (e3.53; 0.017)

% Change 2.8 2.5 9.6 6.4 (e11.9; e1.7) e1.5 (e3.41; 0.019)
Magnesium (mmol Le1) Difference 0.8 0.1 0.8 0.1 (e0.03; 0.09) 1.0 (1.31; 0.067)

% Change 0.3 3.5 e2.2 2.0 (e0.3; 5.2) 0.9 (2.33; 0.067)
Phosphorus (mmol Le1) Difference 0 0 0 0 (e0.3; 0.1) e0.8 (e1.05; 0.341)

% Change 2.5 2.9 6.1 6.9 (e13.0; 5.8) e0.8 (e0.99; 0.367)

(continued on next page)
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Table 1 (continued )

Variable Value type Mild
haemorrhage

Severe
haemorrhage

Paired t test

Mean SD Mean SD 95% CI - md Cohen d (t value; p value)

Chloride (mmol Le1) Difference e1 4 1 2 (e5; 2) e0.6 (e1.36; 0.233)
% Change e0.9 3.3 0.6 2.0 (e4.5; 1.5) e0.6 (e1.28; 0.257)

Sodium (mmol Le1) Difference e2 6 0 6 (e8; 5) e0.3 (e0.65; 0.542)
% Change e1.3 3.9 e0.3 4.4 (e5.7; 3.6) e0.3 (e0.58; 0.585)

Ionised calcium (mmol Le1) Difference 0 0.1 0 0.1 (e0.1; 0.1) e0.1 (e0.17; 0.869)
% Change 0.7 6.2 1.0 8.8 (e11.2; 10.5) e0.1 (e0.09; 0.934)

Blood gases and acid-base balance
HCO3

�(act) (mmol Le1) Difference 0.1 0.4 e1.5 0.8 (0.9; 2.2) 2.7 (6.01; 0.002)
% Change 0.3 2.0 e7.8 4.2 (4.8; 11.4) 2.7 (6.30; 0.001)

PaO2 (mmHg) Difference e14 23 53 32 (e91; e43) e2.6 (e7.00; 0.001)
% Change e4.0 6.3 14.4 9.2 (e25.2; e11.6) e2.6 (e6.93; 0.001)

PaCO2 (mmHg) Difference 0 1 e5 3 (3; 8) 2.2 (5.01; 0.004)
% Change 0.4 4.4 e12.3 8.6 (6.9; 18.5) 2.0 (5.61; 0.002)

Base excess (mmol Le1) Difference 0.1 0.4 e1.1 1.1 (0.1; 2.2) 1.6 (2.84; 0.036)
% Change e1.2 6.7 22.9 36.7 (e1.2; 22.9) e1.0 (e1.68; 0.154)

PvCO2 (mmHg) Difference e2 4 e4 2 (e2; 6) 0.8 (1.44; 0.210)
% Change e3 7 e7 5 (e3.4; 12.1) 0.9 (1.61; 0.169)

pH Difference 0.00 0.02 0.02 0.04 (e0.05; 0.01) e0.8 (e1.58; 0.175)
% Change 0.0 0.2 0.3 0.5 (e0.7; 0.2) e0.8 (e1.60; 0.171)

Bicarb (std) (mmol Le1) Difference e1.7 3.8 e0.7 0.9 (e5.4; 3.4) e0.4 (e0.59; 0.578)
% Change e8.6 19.7 e3.2 4.1 (e27.7; 17.1) e0.4 (e0.61; 0.567)

HCO3
�(act), actual bicarbonate ion concentration; Bicarb (std), standard bicarbonate ion concentration; BUN, blood urea nitrogen; DAP, diastolic arterial blood pressure; fR,

respiratory rate; MAP, mean arterial blood pressure; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen; Pe0CO2, end-tidal carbon dioxide;
PvCO2, venous partial pressure of carbon dioxide; SAP, systolic arterial blood pressure; SD, standard deviation; SpO2, peripheral oxygen haemoglobin saturation; VTexp,
expiratory tidal volume; 95% CI - md, 95% confidence interval of the difference between the means.

Table 2 Comparison of screening qualifying ratios using the paired t test and Cohen’s d in anaesthetized cats undergoing mild (< 10 mL kge1)
and severe haemorrhage (> 22 mL kge1) events.

Ratio Mild haemorrhage Severe
haemorrhage

Paired t test

Mean SD Mean SD 95% CI - md Cohen d (t value; p)

HR:PE0CO2 2.5 0.5 4.2 0.7 (e2.3; e1.2) e2.9 (e8.53; 0.001)
HR:SAP (SI) 1.3 0.3 2.5 0.6 (e1.7; e0.8) e2.8 (e7.44; 0.001)
HR:PaCO2 2.6 0.6 4.2 1.1 (e2.9; e0.3) e2.0 (e3.45; 0.026)
HCO3

�(act):Ht 71 7 57 10 (5; 22) 1.8 (3.91; 0.010)
HR:HCO3

�(act) 6 2 10 3 (e5; e2) e1.6 (e5.97; 0.006)
Alb:Ht 108 15 85 18 (11; 35) 1.5 (4.82; 0.005)
Alb:Hb 0.34 0.05 0.26 0.06 (0.03; 0.11) 1.5 (4.30; 0.008)

Alb:Hb, serum albumin concentration to haemoglobin concentration; Alb:Ht, serum albumin concentration to haematocrit; HCO3
�(act):Ht: actual bicarbonate ion concentration

to haematocrit; HR:HCO3
�(act): heart rate to actual bicarbonate ion concentration; HR:PaCO2, heart rate to arterial partial pressure of carbon dioxide; HR:PE0CO2, heart rate to

end-tidal carbon dioxide; SD, standard deviation; SI, shock index calculated by dividing the heart rate by the systolic arterial blood pressure; 95% CI - md, 95% confidence interval
of the difference between the means.
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The serum albumin:Ht values could be substituted for the
serum albumin:Hb values (d ¼ 1.5); however, the ratio
values obtained were mathematically difficult to interpret.
This was because the ratios were very small (i.e. had a large
number of decimal places) and cannot be recommended
(Table 2). The HR:PE0CO2 ratios could be substituted by the
HR:PaCO2 (d ¼ e2.0) and conform to the suggested indi-
cator cut-off ranges for that ratio. However, the HR:PvCO2
© 2020 Association of Veterinary Anaesthetists and American College504
cannot be recommended as a substitute for the HR:PE0CO2

ratio because it did not pass the initial screening criteria.

Discussion

Anaesthetized cats that had undergone mild or severe hae-
morrhage demonstrated reliable differences in various pre- and
posthaemorrhage variables assessed in the present study. The
of Veterinary Anesthesia and Analgesia. Published by Elsevier Ltd. All rights
reserved., 47, 499e508



Table 3 Sensitivity, specificity and positive and negative likelihood ratios and predicative values of four ratios that make up an acute hae-
morrhage scoring system in anaesthetized cats. The cut-off values divide the ratio value into weak, moderate and strong indicator strengths
whereby a cat obtaining values within the strong indicator had sustained a severe haemorrhage in excess of 22 mL kge1.

Ratio Indicator Value Sensitivity Specificity þLR eLR þPV ePV AUC Z-statistic

HR:SAP (SI) Weak <1.3 83 100 6 0.17 100 86 0.986 24.7
Moderate 1.4 to 1.9 100 83 6 0.01 86 100
Strong >2.0 100 67 3 0.01 75 100

Alb:Ht Weak >120 17 100 2 0.83 100 55 0.833 2.6
Moderate 91 to 119 67 83 4 0.40 80 71
Strong <90 100 67 3 0.01 75 100

HR:PE0CO2 Weak <2.5 60 100 6 0.40 100 75 >0.999 e

Moderate 2.6 to 3.6 100 83 6 0.01 83 100
Strong >3.7 100 67 3 0.01 71 100

HR:HCO3
�(act) Weak < 6.5 83 100 5 0.17 100 86 0.917 4.6

Moderate 6.6 to 9.8 83 83 5 0.20 83 83
Strong > 9.9 100 50 2 0.01 67 100

Alb:Ht, serum albumin concentration to haematocrit; AUC, area under the curve; HR:HCO3
�(act), heart rate to actual bicarbonate ion concentration; HR:PE0CO2, heart rate to

end-tidal carbon dioxide; þLR, positive likelihood ratio; eLR, negative likelihood ratio; þPV, positive predictive value; ePV, negative predictive value; SI, shock index calculated
by dividing the heart rate by the systolic arterial blood pressure.

Figure 1 Individual value plots of a) shock index, b) serum albumin:haematocrit, c) heart rate:end-tidal carbon dioxide, and d) heart rate:actual
bicarbonate ion concentration ratios in cats that underwent a mild and severe haemorrhage event while under general anaesthesia. The hori-
zontal reference lines indicate the cut-off values for the indicators (weak, moderate, strong) of severe haemorrhage. Values within the strong area
of the plot indicate that a severe haemorrhage probably occurred. Alb:Ht, serum albumin concentration to haematocrit; HR:HCO3

�(act), heart rate
to actual bicarbonate ion concentration; HR:PE0CO2, heart rate to end-tidal carbon dioxide; HR:SAP, shock index is calculated by dividing heart
rate by systolic arterial blood pressure. A single measurement for the variables used in the respective ratio was obtained soon after the
haemorrhage.
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Table 4 Cat Acute Bleeding Scoring System (CABSS), an intraoperative haemorrhage scoring system for the detection and quantification of
severe haemorrhage in anaesthetized adult cats. User instructions: all ratios should be calculated to accurately detect and quantify blood loss
during acute intraoperative haemorrhage. In the event that not all variables can be measured then, at a minimum, the HR:SAP and
HR:PE0CO2 should be calculated.

Ratio Direction of change over timea Indicator strength

Weak Moderate Strong

Must calculate these two ratios as minimum
HR:SAP (SI) Increasing <1.3 1.4e1.9 >2.0
HR:PE0CO2 Increasing <2.5 2.6e3.6 >3.7
Assess one or both ratios below to increase suspicion of severe haemorrhage
Alb:Ht Decreasing >120 91e119 <90
HR:HCO3

�(act) Increasing <6.5 6.6e9.8 <9.9
Interpretation of ratios
Haemorrhage Mild Severe
Blood loss (mL kge1) <10 11e21 >22

Alb, serum albumin concentration (g Le1); HR, heart rate; Ht, haematocrit (L/Le1); PE0CO2, end-tidal carbon dioxide (mmHg); SAP, systolic arterial blood pressure (mmHg); SI,
shock index.
aChange in direction of the variable is compared to preoperative values.

Cat acute bleeding scoring system GE Zeiler et al.
most notably different variables were HR, SAP, PE0CO2, serum
albumin, Ht and HCO3

�(act). Four easy-to-calculate ratios were
derived from these variables including: 1) shock index; 2)
serum albumin:Ht; 3) HR: PE0CO2; and 4) HR:HCO3

�(act). These
ratios make up the proposed CABSS, which aims to quantify
haemorrhage by indicating (weak, moderate and strong) the
likelihood of severe haemorrhage in this species.
The shock index, which was first described in 1967, is

perhaps the most commonly investigated human scoring sys-
tem that has been studied in dogs (Allgower & Burri 1967). A
shock index of >1.0 is considered a sensitive (85%) and specific
(80%) tool for the detection of small volume blood loss (z18%
blood loss) in healthy canine blood donors. It is more useful
when compared to monitoring the Ht, lactate and total plasma
proteins (McGowan et al 2017). Furthermore, the shock index
was also a useful triage tool in dogs presenting with haemor-
rhagic shock. Values> 0.9 indicate that further investigation is
required to identify severe and ongoing haemorrhage and
thereby to stabilize the animal (Peterson et al 2013). The shock
index uses the classic cardiovascular variables that change
over time in response to hypovolaemia where the HR increases
to compensate for the decrease in blood pressure. However,
human anaesthesiologists Schultz & McConachie (2015)
caution the use of vital signs alone during haemorrhage.
This is because certain patients develop uncommon neuro-
vascular reflexes, which means they do not demonstrate the
classical physiological response to hypovolaemia and instead
present with seemingly normal vital signs.
Furthermore, cats that were administered medetomidine as

part of a general anaesthetic protocol have a shock index of <
1.0 (Zeiler et al 2014). However, the cardiovascular effects of
medetomidine or other drugs used during the perianaesthetic
period might mask the classic cardiovascular response to
hypovolaemia, which may confound intraoperative scoring
© 2020 Association of Veterinary Anaesthetists and American College506
during severe haemorrhage. Also, cats may present with a
normal HR or develop bradycardia during shock and therefore
the shock index could be <1.0 (Murphy & Hibbert 2013). To
avoid misdiagnosis, we have incorporated other ratios into our
proposed scoring system.
The HR:PE0CO2 ratio demonstrated an increasing trend

whereby the HR increased and the PE0CO2 decreased as the
volume of blood loss increased. The decreasing PE0CO2 and
PaCO2 and the increase in HR suggest a decrease in cardiac
output (Dubin et al 1990; Long et al 2017). Furthermore,
Dubin et al (1990) found that the PvCO2 increases during low
cardiac output states such as hypovolaemia, thus widening the
gap between PaCO2 and PvCO2. Our data agree with the
findings reported by Dubin et al (1990). Venous hypercarbia
and arterial hypocarbia are described in dogs and rabbits
during low flow states as a result of haemorrhagic shock
(Benjamin et al 1987; Williams et al 2014). This increase in
venous hypercarbia during low flow states confirms our finding
that PvCO2 cannot be used as a substitute for PE0CO2.
The serum albumin:Ht ratio reflected acute changes within

the intravascular compartment during haemorrhage. The Ht
increased and serum albumin concentration decreased;
therefore, the serum albumin:Ht ratio demonstrated a consis-
tent decrease. The rise in Ht in the cats subjected to severe
haemorrhage has been inconsistently described in other
experimental models, rather a decrease has been described
(Groom et al 1965; Mott 1968). This inconsistency could be
related to the rate of haemorrhage and the subsequent time at
which Ht measurements were made. In our study, cats were
bled over 15 minutes and sampled immediately after the
haemorrhagic event, whereas other authors took blood sam-
ples over several hours. It is proposed that this longer time
period allowed fluid shifts to take place between the interstitial
and intravascular spaces, which was reflected in a decrease in
of Veterinary Anesthesia and Analgesia. Published by Elsevier Ltd. All rights
reserved., 47, 499e508



Cat acute bleeding scoring system GE Zeiler et al.
Ht values (Jutkowitz 2004). However, in dogs, an increase in
Ht occurred after acute haemorrhage and before fluid shifts
had taken place or before fluid resuscitation (Kirby 1995;
McGowan et al 2017). In the serum albumin:Ht ratio, the
serum albumin concentration decreased possibly because of
the loss of whole blood (Kirby 1995).
The HR:HCO3

�(act) concentration ratio also reflected acute
changes within the intravascular compartment during hae-
morrhage. The HCO3

�(act) concentration is rarely reported in
cats, especially for those in haemorrhagic shock. Regardless, it is
a value that is calculated by modern blood gas analysers and
reflects the concentration of HCO3

� within the blood (Lawrrie &
Golda 1979). The HR:HCO3

�(act) concentration ratio accurately
reflected the extent of blood loss and, therefore, it was incor-
porated in the CABSS. The authors believe that this ratio war-
rants further investigation in future studies. The CABSS may be
a useful tool in the diagnosis and quantification of haemorrhage
in cats undergoing surgical procedures under general anaes-
thesia. To make use of the CABSS, we recommend that all ratios
should be calculated to accurately detect and quantify blood loss
during acute intraoperative haemorrhage. In the event that not
all variables can be measured, then at a minimum, the HR:SAP
and HR:PE0CO2 should be calculated. Furthermore, the CABSS
could be a useful tool to gauge haemorrhage volumes in cats
that have experienced a traumatic event and present to veteri-
nary hospitals within 30 minutes of sustaining injury.
The present study has two notable limitations. The sample

size is small so only had the power to reliably detect large ef-
fects, and even then, the magnitude of the effect sizes is
potentially biased. Nevertheless, the variables included in the
ratios are physiologically justified, and they yielded robust
thresholds for differentiating mild and severe haemorrhage.
Furthermore, the observations herein should assist future re-
searchers in estimating adequate sample sizes to validate this
scoring system under various clinical conditions. The second
limitation is that the study was conducted in anaesthetized cats
under controlled conditions. Therefore, extrapolation of our
findings to conscious animals, those experiencing trauma or
those given different drugs during anaesthesia will require
further investigation. However, the authors speculate that the
variables that make up the CABSS ratios should result in a
similar outcome regardless of the clinical presentation. Our
assumption is based on the use of an anaesthetic protocol that
had minimal effects on the cardiovascular system. Further-
more, we did not titrate the isoflurane concentration (1 �
minimum alveolar concentration) recommended for surgery in
cats (Shaughnessy & Hofmeister 2014) to effect.

Conclusion

Cats subjected to mild and severe haemorrhage demonstrated
statistically and clinically relevant change in HR, SAP, PE0CO2,
© 2020 Association of Veterinary Anaesthetists and American College of Veterina
reserved., 47, 499e508
serum albumin, Ht and HCO3
�(act) concentration. These vari-

ables were used in four ratios as follows: 1) HR:SAP or shock
index; 2) serum Alb:Ht; 3) HR:PE0CO2; and 4) HR:HCO3

�(act)
concentration. The ratios that were created are unitless and
when assessed together, aided in the detection and quantifi-
cation of severe haemorrhage in this study. The four ratios
make up the proposed CABSS which could be a tool for
detecting and quantifying acute haemorrhage in cats.
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