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OssecTives: To evaluate the prognostic utility of the quick sequential organ failure assessment score

in dogs with severe sepsis and septic shock presenting to an emergency service, and evaluate the
clinical value of the quick sequential organ failure assessment score to predict severe sepsis and
septic shock.

MarteriaLs AnD IMIETHODS: The quick sequential organ failure assessment score was calculated by evaluat-
ing respiratory rate (>22 breaths per minute), arterial systolic blood pressure (<100 mmHg) and altered
mentation. The quick sequential organ failure assessment scores with respiratory rate cut-offs of greater
than 22, greater than 30 and greater than 40 were compared. Cases were defined as dogs presented

to the emergency room and met at least 2 systemic inflammatory response syndrome criteria, had
documented infection, and at least one organ dysfunction. A control population of dogs included animals
with non-infectious systemic inflammatory response syndrome.

ResuLts: Forty-five dogs with severe sepsis and septic shock and 45 dogs with non-infectious sys-
temic inflammatory response syndrome were included in the final analysis. The quick sequential or-
gan failure assessment provided poor discrimination between survivors and non-survivors for severe
sepsis and septic shock (area under receiving operating characteristic curve, 0.51; 95% confidence
interval, 0.35 to 0.67). Discrimination remained poor when quick sequential organ failure assess-
ment greater than 30 and quick sequential organ failure assessment greater than 40 scores were
calculated (area under receiving operating characteristic curve, 0.56; 95% confidence interval, 0.39
to 0.72, and 0.54; 95% confidence interval, 0.36 to 0.71). The quick sequential organ failure as-
sessment of at least 2, quick sequential organ failure assessment greater than 30 of at least 2 and
quick sequential organ failure assessment greater than 40 of at least 2 produced sensitivity and
specificity to detect severe sepsis and septic shock of 66.7% and 64.5%, 62.2% and 71.1%, 44.4%
and 80%, respectively.

ConcLusioN AND CLINICAL siGNIFICANCE: Scoring systems utilised in emergency rooms should have high sensitivity
to reduce missed sepsis cases and treatment delays. The use of the quick sequential organ failure assess-
ment for severe sepsis and septic shock demonstrated poor mortality prediction and low sensitivity to
detect canine patients with severe sepsis and septic shock and should not be used alone when screening

for sepsis.
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INTRODUCTION

Despite multiple progressive definitions, sepsis has remained difficult
to define and diagnose condition in human and animal patients alike
(Singer ez al. 2016, Haydar ez 4l. 2017, Summers ¢ al. 2021). Initial
definitions included the systemic inflammatory response syndrome
(SIRS) criteria plus infection, which is highly sensitive but not as
specific when diagnosing sepsis in canines and humans (Hauptman
etal. 1997, Seymour et al. 2016). In one human study, SIRS at least
2 excluded one in eight otherwise similar patients with infection,
organ failure and substantial mortality (Kaukonen ez a/. 2015). In a
feline veterinary study, SIRS at least 3 appeared to be fairly insensi-
tive for many cats to diagnose sepsis, therefore authors adjusted their
definition for SIRS to the presence of at least 2 of the SIRS criteria,
which is the same guideline used to diagnose SIRS in dogs (Babyak &
Sharp 2016). These human and veterinary studies may suggest
that a single “threshold” SIRS score to diagnose sepsis may not
be advisable.

In humans, severe sepsis (SS) was previously defined as the pres-
ence of infection and at least one organ dysfunction (Puskarich
& Jones 2020). The most current definition, Sepsis 3.0, defines
it as a life-threatening organ dysfunction due to a dysregulated
host response to infection and has eliminated the term “severe
sepsis” (Singer e al. 2016). However, in veterinary medicine, the
definitions remain consistent with the initial 1991 definition,
which defines sepsis as SIRS with an infectious nidus (Kenney
et al. 2010, Boller & Otto 2014, Sharp 2019).

Sepsis is associated with high morbidity and mortality in both
human and veterinary medicine (Purvis & Kirby 1994, Boller
& Otto 2014). The rapid detection of sepsis in the emergency
room (ER) may provide the benefit of early intervention, which
may translate to an improved survival rate among septic patients.
Unfortunately, the diagnosis of sepsis is very complex and there
is no single test, examination finding, or scoring system that is a
reliable indicator. As the human definitions have been evolving,
numerous outcome and prediction systems have also evolved in
hopes of identifying sepsis sooner to decrease the mortality rate.
To improve recognition, it is recommended to use validated sep-
sis scoring systems (Seymour ef a/. 2016). The Sequential-related
Organ Failure Assessment (SOFA) scoring system is meant to
be a complement to other scoring systems and involves quan-
tifying the severity and number of organ failures using six body
systems graded on a scale of 0 to 4, with higher scores associated
with increased severity (Vincent e al. 1996). The quick SOFA
(gSOFA) score was developed to evaluate patients with suspected
infection using alterations in the three major body organ systems
(altered mental state, hypotension and tachypnea) on a sliding
scale of 0 to 3 (Freund ez al. 2017). A score of at least 2 gSOFA
points is associated with a longer ICU stay and a greater risk of
death (Singer e al. 2016). The qSOFA score was proposed as a
risk stratification tool that is more specific than the SIRS criteria

to predict mortality and recognise organ dysfunction in human
patients with sepsis (Du & Weng 2017, Finkelsztein ez al. 2017).

In a recent veterinary study (Stastny ez al. 2022), authors ret-
rospectively evaluated the prognostic utility of qSOFA scores
in dogs with sepsis treated surgically. They demonstrated that
qSOFA may help identify patients at risk for death or euthanasia,
as patients with a QSOFA score of at least 2 were 7.1 times more
likely to die or be euthanized compared with dogs with a gSSOFA
less than 2. In another veterinary paper (Ortolani & Bellis 2021),
qSOFA scores were evaluated in a general population of critically
ill dogs, and it was not associated with survival.

The presence of one or more organ dysfunctions in human and
veterinary patients with sepsis is associated with worse outcomes
(Moreno er al. 1999, Kenney er al. 2010, Ripanti ef al. 2012).
Timely detection of this population of patients and subsequent
early treatment may be imperative. One observational cohort
study by Askim ez a/. examined the clinical usefulness of gSSOFA
to predict SS in a population of people presented to an emer-
gency department. The qSOFA at least 2 demonstrated a sen-
sitivity of 32% and specificity of 98% to detect people with SS.
To the best of the authors’” knowledge, no veterinary studies have
evaluated the prognostic and diagnostic performance of gSOFA
in dogs with severe sepsis and septic shock (SS/SH).

The objective of this study was to evaluate the clinical useful-
ness of the gSOFA score to predict in-hospital mortality in dogs
with SS/SH presented to the ER by using different respiratory rate
cut-offs. Another objective was to examine the clinical value of the
qSOFA score to predict SS/SH in critically ill dogs presented to the
ER. We hypothesized that dogs with greater gSOFA scores would
be more likely to die or be euthanized, but the gSOFA score would
have poor sensitivity for the detection of SS/SH.

METHODS

This was a retrospective cohort study. Computer-based medi-
cal records were reviewed from dogs that presented through the
veterinary medical teaching hospital emergency service between
January 1, 2010 and December 31, 2019 using the search terms
“sepsis” or “septic”. Dogs were included if the following values
were recorded at the time of admission to the hospital: tempera-
ture, heart rate, mentation, respiratory rate, systolic blood pres-
sure (SBP), and available CBC and chemistry results. Cases were
included when dogs were presented to the ER and transferred to
the ICU, met two or more SIRS criteria, and had documented
infection and at least one organ dysfunction.

Case exclusion criteria were determined by the absence of doc-
umented infection or organ dysfunction, if less than two SIRS
criteria were met, there was inadequate bloodwork, absence of
initial triage parameters, or if they were euthanized before admis-
sion to the ICU or performance of source control surgery.
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A control group of dogs included animals that met two or more
SIRS criteria secondary to a non-infectious aetiology (N-SIRS
group). They were age-matched with dogs in SS/SH group by
random selection during the same time period in a one-to-one
ratio. Similar to the SS/SH group, control dogs were presented
to the ER and transferred to the ICU. Control patients were
required to have adequate triage records and minimal bloodwork
to calculate gSOFA and SIRS scores. The inflammatory hepatobi-
liary disease was defined as conditions involving liver parenchyma
and/or gall bladder secondary to inflammatory non-infectious
causes diagnosed based on cytology and/or bacterial culture.
Acute haemorrhagic diarrhoea syndrome (AHDS) was diagnosed
based upon the presence of an acute onset of haemorrhagic diar-
rhoea without any other identifiable causes unrelated to AHDS
(e.g. drug adverse effects, parasites, coagulopathy, etc) (Unterer
et al. 2014). Anaphylaxis was diagnosed based upon the presence
of type 1 hypersensitivity reaction (chemosis, urticaria) and acute-
onset dysfunction of two or more body systems, or cardiovascular
dysfunction alone secondary to a suspected or witnessed allergen
exposure (e.g. owner-reported observed exposure to an insect bite
or medication) (Sampson ez al. 2006, Quantz ez al. 2009, Turner
eral. 2021).

The following SIRS criteria were used in the study: rectal tem-
perature less than 38.1°C or greater than 39.2°C; heart rate greater
than 120/minute; respiratory rate greater than 20/minute; WBC
less than 6x 10°/L or greater than 16x10°/L or greater than 3%
band neutrophils (Hauptman ez /. 1997). Documented infection
was identified from the record as having one of the following diag-
nostics presents a positive bacterial culture, gross evidence of bacte-
rial contamination of the abdominal or pleural cavities confirmed
via exploratory surgery or intracellular bacteria on cytology. Organ
dysfunction was defined as proposed by Kenney ez a/. with modi-
fications of renal dysfunction (following the acute kidney injury
definitions of the International Renal Interest Society), hepatic dys-
function (to comply with the local institutional reference range),
and an addition of the central nervous system dysfunction (Ripanti
et al. 2012). Renal dysfunction was defined as a baseline creati-
nine greater than 132.6 umol/L or an increase in creatinine of at
least 26.5 pmol/L within 48 hours. Cardiovascular dysfunction was
defined as arterial hypotension (SBP less than 90 mmHg or MAP
less than 65 mmHg) requiring vasopressors. Respiratory dysfunc-
tion was defined as a need for supplemental oxygen, mechanical
ventilation, or a PaO2 of less than 65 mmHg or SpO2 less than
95% on room air. Hepatic dysfunction was defined by total biliru-
bin greater than 17 pmol/L. Coagulation dysfunction was defined
as a platelet count less than 100x10°/L. Central nervous system
dysfunction was defined by a modified Glasgow Coma Score of
less than 15 in the absence of traumatic brain injury or preexisting
brain pathology. SS was defined as the presence of infection, at
least two variables compatible with SIRS, and at least one organ
dysfunction. SH was defined as having SS plus persistent hypoten-
sion (SBP less than 90 mmHg or MAP less than 65 mmHg) despite
fluid resuscitation (Usman ez 2. 2019). The outcome was defined
as survival to discharge or non-survival (death or euthanasia).

Each patient was assigned a qSOFA score using admission
variables by evaluating respiratory rate, mentation, and SBP. A

respiratory rate of greater than 22 breaths per minute constituted
ascore of 1, and up to 22 scored zero. For assignment of the men-
tation for qSOFA, 1 point was assigned for any abnormal menta-
tion, including those recorded as dull, obtunded or stuporous
(Stastny er al. 2022). SBP, as measured with a Doppler or oscil-
lometric device, up to 100 mmHg constituted a score of one, and
greater than 100 mmHg scored zero. A minimum of zero points
and a maximum of three points could be assigned to a patient.

To evaluate the predictive ability of qSOFA with different
respiratory rate cut-offs, QSOFA30 and qSOFA40 were created.
For gSOFA30 and qSOFA40, a respiratory rate of greater than
30 or 40 per minute, respectively, constituted a score of one, and
up to 30 or 40, respectively, scored zero. The rest of the gSOFA
was calculated as described above.

Additional information recorded included age, body weight,
sex, APPLEfast score (Hayes ez /. 2010) and mentation score as
validated by Hayes ez a/. (2010) (0 — normal; 1 — able to stand
unassisted, responsive but dull; 2 — can stand only when assisted,
responsive but dull; 3 — unable to stand, responsive; 4 — unable
to stand, unresponsive).

Statistical analysis

Statistical analysis was performed via commercially available
software (SAS version 9.4). Normality was determined using
Kolmogorov—Smirnov method and visual examination of histo-
grams. Continuous variables are expressed as the mean + standard
deviation (sd) when normally distributed and as the median with
the minimum and maximum range (min to max) when non-
normally distributed. Categorical data are presented as absolute
numbers and percent frequencies. Students ztest was used to
compare the values of normally distributed continuous variables,
and the Mann-Whitney U test was used to compare the values
of non-normally distributed continuous variables. Categorical
variables were compared using the chi-squared test or Fisher’s
exact test, as appropriate. The area under the receiving operating
characteristic curve was used to compare the prognostic utility of
the qSOFA score to predict mortality using different respiratory
rate cut-offs. The ROC curves were compared with each other by
using the DeLong and Clarke-Pearson method (the ROCCON-
TRAST statement in SAS). A logistic regression model was built
with non-survival as the dependent variable, and age, presence
of SS/SH and qSOFA score with different abnormal respiratory
rate cut-offs (QSOFA, gSOFA30 and qSOFA40) as independent
variables. The adjustment for age was performed to reduce the
potential bias resulting from age differences in the groups being
compared. No additional variables were included in the multi-
variate logistic regression model to prevent overfitting. Values of
P <0.05 were considered significant.

RESULTS

There were 628 cases identified with a clinical suspicion of sep-
sis. There were 89 excluded due to an absence of bloodwork, 107
excluded due to an absence of documented infection, 79 excluded
due to a lack of organ dysfunction, 15 excluded due to absence of at
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Table 1. Comparison of population data between dogs with severe sepsis or septic shock and non-infectious SIRS

Variable All dogs (n=90) SS/SH group (n=45) N-SIRS group (n=45) P value
Age, years 7.2 (£3.9) 7.3 (£3.7) 7 (+4.1) 0.7
Sex, n (%) 0.15
Male neutered 31/90 (34.4) 14/45 (31.1) 17/45 (37.8)

Male entire 10/90 (11.1) 7/45 (15.6) 3/45 (6.7)

Female spayed 37/90 (41.1) 21/45 (46.7) 16/45 (35.6)

Female entire 12/90 (13.3) 3/45 (6.7) 9/45 (20)

Body weight, kg 19.4 (2.3 to 73.5) 26.8 (2.3 to 73.5) 10.6 (3.2 to 56) 0.03
Heart rate, bpm 150 (30 to 230) 150 (100 to 230) 150 (30 to 200) 0.7
Body temperature, °C 38 7 (35.3 10 41.6) 38.8 (37.4 to 41.6) 38.6 (35.3 to 40.3) 0.01
Respiratory rate, bpm 6 (20 to 100) 52 (28 to 100) 42 (20 to 100) 0.2
Number of panting dogs, n% 14/90 (15.6) 8/45 (17.8) 6/45 (13.3) 0.56
Blood pressure systolic, mmHg 122.7 (£32.8) 120.7 (£30) 124.7 (£35.8) 0.6
Mentation score (O to 4) 0(0to4) 1(0to 4) 0(0to4) <0.001
WBC, x10°/L 13.5 (0.7 to 86.4) 13.7 (0.7 to 86.4) 11.5 (3.5 t0 29.1) 0.2
Died, n (%) 45/90 (50) 29/45 (64.4) 16/45 (35.6) 0.006
Euthanized, n (%) 22/45 17/29 (58.6) 5/16 (31.3) 0.08
Euthanized for financial reason, n (%) 2/22 2/17 0/5 1

Data are mean (+sd) or median (min to max range) if normally or non-normally distributed, respectively
Mentation score (Hayes et al. 2010): O — normal; 1 — able to stand unassisted, responsive but dull; 2 — can stand only when assisted, responsive but dull; 3 — unable to stand, responsive;

4 — unable to stand, unresponsive

N-SIRS Non-infectious systemic inflammatory response syndrome, SS/SH Severe sepsis or septic shock, WBC White blood cell count

Table 2. Patients categorised by source of sepsis and non-infectious SIRS

SS/SH group n (%)
Septic peritonitis 25/45 (55.5)
Hepatobiliary infection 8/45 (17.8)
Pyothorax 4/45 (8.9)
Pyometra 2/45 (4.4)
Bacterial prostatitis 2/45 (4.4)
Septic joint 1/45 (2.2)
Bite wounds 1/45 (2.2)
Bacterial pneumonia 1/45 (2.2)
Bacterial endocarditis 1/45 (2.2)

N-SIRS group n (%)
Inflammatory hepatobiliary disease 10/45 (22.2)
Acute pancreatitis 10/45 (22.2)
Anaphylaxis 9/45 (20)
Acute haemorrhagic diarrhoea syndrome 5/45 (11.1)
Acute kidney injury 3/45 (6.6)
Acute gastroenteritis 3/45 (6.6)
Chylothorax 2/45 (4.4)
Addisonian crisis 1/45 (2.2)
Spontaneous hemoperitoneum 1/45 (2.2)
Immune-mediated polyarthritis 1/45 (2.2)

N-SIRS Non-infectious systemic inflammatory response syndrome, SS/SH Severe sepsis or septic shock

least two SIRS criteria, and 293 excluded due to fulfilling multiple
exclusion criteria. The SS/SH group included a total of 45 dogs, with
38 cases (84.4%) in SS and seven cases (15.6%) in SH. The N-SIRS
group included 45 age-matched dogs. The mean age of dogs in SS/
SH and N-SIRS groups were 7.3 (£3.7) and 7 (¢4.1) years, respec-
tively. Dogs in the SS/SH group had greater body weight (P=0.03),
higher body temperature (P =0.01) and greater mentation score
(P<0.001) in comparison with the N-SIRS group (see Table 1 for
details). A total of 14 of 90 dogs were panting at admission in both
groups. Eleven of 14 panting dogs had qSOFA = 1, 2 of 14 dogs had
qSOFA=2 and 1 of 14 dogs had qSOFA =3.

The most common breeds in the combined cohort of dogs
were Labrador (9/90), mixed-breed dog (9/90), dachshund
(8/90), German shepherd (5/90), schnauzer (4/90), Rottwei-
ler (3/45), Yorkshire terrier (3/90), boxer (2/45), Collie (2/45),
Dobermann (2/45), Basset hound (2/90), Boston terrier (2/90),
miniature pinscher (2/90) and Rat terrier (2/90).

The most common causes of sepsis in dogs with SS/SH
included septic peritonitis (n=25/45, 55.5%), hepatobiliary
infection (n=8/45, 17.8%) and pyothorax (n=4/45, 8.9%).
In the N-SIRS group, inflammatory hepatobiliary disease
(n=10/45, 22.2%), acute pancreatitis (n=10/45, 22.2%) and
anaphylaxis (n=9/45, 20%) were the most prevalent disease pro-
cesses (see Table 2).
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Among patients with SS/SH, 30 of 45 (66.7%) dogs fulfilled
the qSOFA at least two criteria, whereas only 16 of 45 (34.8%)
dogs in the N-SIRS had qSOFA at least 2 (P=0.003). These dif-
ferences remained statistically significant between the two groups
for gSOFA30 greater than 2 (P=0.002) and qSOFA40 greater
than 2 (P=0.01). There was no statistical difference between SS/
SH and N-SIRS groups with respect to the number of dogs posi-
tive for gSOFA at least 1 and qSOFA at least 3 regardless of the
respiratory rate cut-off used (see Table 3). The qSOFA at least 2,
qSOFA30 at least 2 and gSOFA40 at least 2 produced sensitivity
and specificity to detect SS/SH of 66.7% and 64.5%, 62.2% and
71.1%, 44.4% and 80%, respectively.

Two of seven dogs with SH had qSOFA =3, four of seven dogs
had qSOFA =2 and one of seven dogs had qSOFA=1. Two of
seven dogs with SH had qSOFA30=3, four of seven dogs had
qSOFA30 =2 and one of seven had gSOFA = 0. Two of seven dogs
with SH had gSOFA40 =3, two of seven dogs had qSOFA40=2,
two of seven dogs had gSOFA40=1 and one of seven dogs had
qSOFA40=0. The qSOFA at least 2, gSOFA30 at least 2 and
qSOFA40 at least 2 produced sensitivity and specificity to detect
SH of 85.7% and 51.8%, 85.7% and 57.8%, 57.1% and 69.9%,
respectively.

Opverall, in-hospital mortality was 45 of 90 (50%) cases, with
29 of 45 (64.4%) dogs in the SS/SH group and 16 of 45 (35.6%)
October 2022 «
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in the N-SIRS group (P=0.006). Of the 29 dogs that did not
survive in SS/SH group, 17 were euthanized and 12 died. Fifteen
of 17 dogs were euthanized due to poor prognosis, and two of 17
dogs were euthanized for financial reasons. Of the 16 dogs that
did not survive in the N-SIRS group, five were euthanized due to
a poor outcome, and none of these patients had a financial reason
for euthanasia mentioned in the medical records.

When dogs in the SS/SH group were categorised based on
survival and non-survival status, there was no statistical differ-
ence in their baseline characteristics at admission except for the
APPLEfast score being greater in non-survivors (Table 4).

The qSOFA score provided poor discrimination between sur-
vivors and non-survivors for cases with SS/SH, non-infectious
SIRS and the combined population of dogs regardless of the
abnormal respiratory rate cut-off used (Table 5).

Of the 29 dogs that did not survive in the SS/SH group, only
19 of them were identified by the qSOFA at least 2 in the ER
when respiratory rate cut-offs greater than 22 or greater than 30
were used, whereas only 13 of 29 dogs were identified by the
qSOFA40 at least 2 (Table 6). The sensitivity, specificity, and

Table 3. Patients categorised by number of gSOFA criteria

met and respiratory rate cut-offs

All dogs, n (%) SS/SH group, N-SIRS,n (%) P value
n (%)
RR>22
qSOFA>1  89/90 (98.9) 45/45 (100) 44/45 (97.8) 1
qSOFA>2  46/90 (51.1) 30/45 (66.7) 16/45(34.8) 0.003
qSOFA>3  14/90 (15.6) 8/45 (17.8) 6/45 (13.3) 0.56
RR>30
qSOFA>1  86/90 (95.6) 44/45 (97.8) 42/45(93.3) 0.62
qSOFA>2  41/90 (45.6) 28/45 (62.2) 13/45(28.9) 0.002
qSOFA>3  12/90 (13.3) 8/45 (17.8) 4/45 (8.9) 0.35
RR>40
qSOFA>1  73/90 (81.1) 39/45 (86.7) 34/45 (75.6) 0.18
qSOFA>2  29/90 (32.2) 20/45 (44.4) 9/45 (20) 0.01
qSOFA>3 9/90 (10) 7/45 (15.6) 2/45 (4.4) 0.16

RR Respiratory rate, qSOFA Quick sequential organ failure assessment, N-SIRS Non-
infectious systemic inflammatory response syndrome, SS/SH Severe sepsis or septic

shock

accuracy to predict non-survival using different gSOFA scores
and respiratory rate cut-offs are presented in Table 7.

In the multi-variable regression analyses, the age and the pres-
ence of SS/SH were predictive of non-survival versus survival.
The presence of SS/SH increased the odds of non-survival by
3.4 times (95% confidence interval: 1.4 to 8.4, P=0.01). When
qSOFA, qSOFA30 and qSOFA40 were added to the multi-
variable regression analysis model, they were not predictive of
non-survival (Table 8).

DISCUSSION

This is the first study in veterinary literature evaluating the prog-
nostic utility and performance of a gSOFA score to diagnose SS/
SH in dogs presented to an emergency service. This retrospective
cohort study found that qSOFA score provided poor discrimina-
tion between survivors and non-survivors for dogs with SS/SH.
In addition, the qSOFA score demonstrated a poor sensitivity
and fair specificity to detect this population of canine patients.
The change of respiratory cut-offs from greater than 22 to greater
than 30 or 40 breaths per minute further decreased gSOFA sen-
sitivity, increased its specificity and did not change its predictive
ability to discriminate survivors from non-survivors.

Table 5. Area under receiver operating characteristic

(AUROC) curve for qSOFA, gSOFA30 and qSOFA40 to
distinguish survivors from non-survivors

qSOFA gSOFA30 qSOFA40
All dogs 0.52(0.41t0  0.50 (0.39 to 0.52 (0.41 to
0.64) 0.61) 0.63)
SS/SHgroup 051 (0.35t0  0.56 (0.39 to 0.54 (0.36 to
0.67) 0.72) 0.71)
N-SIRS group 0.64 (0.5 to 0.66 (0.53 to 0.59 (0.44 to
0.77) 0.79) 0.73)

All values represent areas under receiver operating characteristic curve with 95%
confidence intervals

N-SIRS Non-infectious systemic inflammatory response syndrome, gSOFA Quick sequential
organ failure assessment

Table 4. Comparison of population data between survivors and non-survivors in dogs with severe sepsis or septic shock

Variable All dogs with SS/SH (n=45) Survivors (n=16) Non-survivors (n=29) P value
Age, years 7.3 (£3.7) 6.2 (£4) 8 (£3.4) 0.12
Sex, n (%) 0.17
Male neutered 14/45 (31.1) 5/16 (31.3) 9/29 (31)

Male entire 7/45 (15.6) 5/16 (31.3) 2/29 (6.9)

Female spayed 21/45 (46.7) 5/16 (31.3) 16/29 (55.2)

Female entire 3/45 (6.7) 1/16 (6.3) 2/29 (6.9)

Body weight, kg 26.9 (2.3 to 73.5) 0 (3.7 to 36.2) 30.6 (2.3 to 73.5) 0.12
Heart rate, bpm 150 (100 to 230) 148 (100 to 196) 150 (100 to 230) 0.74
Body temperature, °C 38 9 (37.4 t0 41.6) 38 8 (37.4 to 40.6) 38 9 (37.8 t0 41.6) 0.9
Respiratory rate, bpm 2 (28 to 100) 2 (28 to 100) 4 (28 to 100) 0.19
Blood pressure systolic, mmHg 120 7 (£29.9) 123 (£30) 119 (£30.6) 0.7
Mentation score (O to 4) 1 (0 to 4) 1 (0 to 3) 1 (0 to 4) 0.4
WBC, x10°/L 13.7 (0.7 to 86.4) 13.7 (3.1 to 78.8) 14.2 (0.7 to 86.4) 0.7
APPLEfast score 25.5 (5) 23.4 (£4.9) 26.8 (+4.6) 0.04
Dogs in septic shock, n (%) 7/45 (15.6) 1/16 (6.3) 6/29 (20.7) 0.39

Data are mean (+sd) or median (min to max range) if normally or non-normally distributed, respectively

Mentation score (Hayes et al. 2010): O — normal; 1 — able to stand unassisted, responsive but dull; 2 — can stand only when assisted, responsive but dull; 3 — unable to stand, responsive;
4 — unable to stand, unresponsive
SS/SH Severe sepsis or septic shock, WBC White blood cell count, APPLE Acute patient physiologic and laboratory evaluation.

Journal of Small Animal Practice «

Vol 63 ¢ October 2022 ¢ © 2022 British Small Animal Veterinary Association

74

85U80 |7 SUOWIWOD BAITEaID 9ol |dde auy Ag peusenod afe sopiLe YO ‘8Sn JO S9|nJ oy AkeiqiT auljuQ AB|IM UO (SUONIPUOD-pUe-SLLB)/W00" A8 | 1M Alelg iUl UO//SANY) SUONIPUOD pUe SWe | 8U1 89S *[£202/80/20] U0 Akeiqiauljuo A8|IM ‘|1Zeig - Ojned 0eS Jo Alun Ad ZzSeT des(TTTT 0T/10p/w0d A8 1m Aeiq 1 ul|uo//sdny wolj pepeojumoq ‘0T ‘2202 '/28S8Y.LT



Table 6. Patients categorised by number of gSOFA criteria met and survival versus non-survival status in dogs with severe

sepsis or septic shock

RR>22
qSOFA>1
qSOFA>2
qSOFA>3

RR>30
qSOFA>1
qSOFA>2
qSOFA>3

RR>40
qSOFA>1
qSOFA>2
qSOFA>3

All dogs, n(%)

45/45 (100)
30/45 (66.7)
8/45 (17.8)

44,45 (97.8)
28/45 (62.2)
8/45 (17.8)

39/45 (86.7)
20/45 (44.4)
7/45 (15.5)

A.-M. Osgood et al.

Survivors, n% Nonsurvivors, n% P value
16/16 (100) 29/29 (100) 1
11/16 (68.7) 19/29 (65.5) 0.83
2/16 (12.5) 6/29 (20.7) 0.7
16/16 (100) 28/29 (96.5) 1
9/16 (56.3) 19/29 (65.6) 0.54
2/16 (12.5) 6/29 (20.7) 0.7
13/16 (81.3) 26/29 (89.6) 0.65
7/16 (43.8) 13/29 (44.8) 0.95
2/16 (12.5) 5/29 (17.3) 1

gSOFA Quick sequential organ failure assessment, RR Respiratory rate

Table 7. Sensitivity and specificity of gSOFA score with

various cut-offs to predict non-survival in dogs with
severe sepsis or septic shock

RR>22
qSOFA>1
qSOFA>2
qSOFA>3

RR>30
qSOFA>1
qSOFA>2
qSOFA>3

RR>40
qSOFA>1
qSOFA>2
qSOFA>3

Sensitivity, %
(95% CI)

100 (92.1 to 100)
48.9 (33.7 t0 64.2)
13.3 (50 26.8)

93.3 (81.7 to 98.6)
46.7 (31.7 to 62.1)
13.3 (5 to 26.8)

84.5 (70.5 to 93.5)
31.1 (18.2 to 46.7)
11.1 (3.7 to 24)

Specificity, %
(95% ClI)

2.2 (0.06 to 11.8)
46.7 (31.7 t0 62.1)
82.2 (68 t0 92)

2.2 (0.06 to 11.8)
55.6 (40 to 70.4)
86.7 (73.2 to 95)

22.2 (11.2 to 37.1)
66.7 (51 to 80)
91.1 (78.8 to 97.5)

Accuracy, %
(95% ClI)

51.1 (40.4 to 61.8)
47.8 (37.1 0 58.6)
47.8 (37.1 to 58.6)

47.8 (37.1 0 58.6)
51.1 (40.4 to 61.8)
50 (39.3 to 60.7)

53.3 (42.5 to 63.9)
48.9 (38.2 t0 59.7)
51.1 (40.4 to 61.8)

RR Respiratory rate, qSOFA Quick sequential organ failure assessment, Cl Confidence
interval

Table 8. Predictors of non-survival in critically ill dogs with

severe sepsis or septic shock and non-infectious SIRS

Model OR OR 95% CI P value
Basic model
Age 1.17 1.04 to 1.32 0.01
SS/SH 3.4 1.4t08.4 0.01
qSOFA model
Age 1.47 1.04 t0 1.33 0.01
SS/SH 4.2 1.56 to 11 0.005
qSOFA 0.65 0.34 to 1.25 0.2
qSOFA30 model
Age 1.17 1.04t0 1.3 0.01
SS/SH 4.15 1.5t011.2 0.005
gSOFA30 0.7 0.37t0 1.3 0.27
qSOFA40 model
Age 1.147 1.04t0 1.3 0.01
SS/SH 3.6 1.4t09.4 0.01
qSOFA40 0.9 0.5t0 1.5 0.65

Each model used the independent variables below each model to predict non-survival
as the dependent variable. For gSOFA, gSOFA30 and qSOFA40 models, the abnormal
respiratory rate cut-offs were chosen greater than 22, 30 and 40 breaths per minute,
respectively

OR 0Odds ratio, Cl Confidence interval, gSOFA Quick sequential organ failure assessment
score, SIRS Systemic inflammatory response syndrome, SS/SH Severe sepsis or septic
shock

Scoring systems are tools that may increase the clinical suspicion
for sepsis and encourage emergency veterinarians to perform time-
sensitive interventions and educate pet owners. Ideally, scoring

systems utilised in ERs should have good sensitivity to minimise
missed sepsis cases. Consistent with the human literature, our study
showed that qSOFA is not a sensitive scoring system to predict
mortality (Simpson 2016, Williams ez /. 2017, Jiang ez al. 2018,
Usman ez al. 2019). In addition, Askim ez 4/. looked at qSOFA’s
ability to detect SS in people presented to the emergency depart-
ment. In that study, gSOFA at least 2 demonstrated a sensitivity of
32% and specificity of 98%. In our study, qSOFA at least 2 was
66.7% sensitive and 64.5% specific to identify SS/SH in canine
patients. Unfortunately, a scoring system with low sensitivity may
lead to treatment delays, whereas a poorly specific diagnostic tool
will favour overtreatment. This begs the question of whether or not
more sensitive but less specific scoring systems are more advanta-
geous in the emergency setting, particularly in the hands of less
experienced clinicians to catch septic patients early on. The most
recent Surviving Sepsis Campaign guidelines (Evans er a/. 2021)
recommend against using QSOFA as a single-screening tool for
diagnosing SS/SH. The results of our study also support this rec-
ommendation demonstrating the poor diagnostic ability of gSOFA
score in a population of canine patients. Since our study was pri-
marily focused on the evaluation of the gSOFA score to identify
canine patients with SS/SH at risk of death, further research is war-
ranted to replicate our findings.

Our results are consistent with the previous veterinary study
(Ortolani & Bellis 2021) that showed qSOFA score was not a
useful predictor of mortality in a general population of critically
ill dogs. On the other hand, another veterinary study (Stastny
et al. 2022) demonstrated that dogs diagnosed with septic peri-
tonitis and other causes of surgically treated sepsis with a gSOFA
of at least 2 might have a higher risk of in-hospital mortality,
which is consistent with some human studies (Ho & Lan 2017).
The discrepancy in the results between different studies may be
explained by the inherent heterogeneity of the sepsis population,
and it may be impossible to identify a single scoring system that
serves the purpose that qSOFA intends to achieve.

In the current study, the original SOFA score was contrasted
to a modified gSOFA score (QSOFA30 and qSOFA40) by chang-
ing the respiratory rate cut-off from greater than 22 to greater
than 30 or 40 breaths per minute, respectively. Since the nor-
mal resting respiratory rate for a dog in the hospital setting may
exceed 20 to 30 breaths per minute (Bragg ez al. 2015, Reineke
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gSOFA in severe sepsis and septic shock

et al. 2015, Stellato et al. 2020), we chose to test these cut-offs
in our study. As with any other scoring system utilising respira-
tory rate in dogs, the presence of physiologic “panting” may lead
to a falsely increased total score. Similar to the Ortolani & Bel-
lis (2021) study, the authors of this study considered “panting”
to correspond to a respiratory rate greater than 22 breaths per
minute. In our study, the majority of panting dogs (11/14) had
qSOFA = 1. Therefore, even if these dogs were panting due to
physiologic reasons such as stress or anxiety, it would not have
significantly changed the number of dogs that met qSOFA at
least two criteria. In a prospective setting, it may be beneficial
to obtain a respiratory rate after stress and anxiety are addressed.

Currently, there is no updated definition for sepsis in veterinary
medicine that is comparable to the Sepsis-3 guidelines in human
medicine. For this study, sepsis was considered to be an infection
plus SIRS at least 2. SS was defined as the presence of sepsis and
at least one organ dysfunction, which resembles the Sepsis-3 defi-
nition of sepsis (Seymour ez al. 2016, Singer ez al. 2016, Du &
Weng 2017, Finkelsztein et al. 2017). The rationale to focus on
the canine patients with SS/SH was that evaluation of the scoring
systems to detect septic patients with organ dysfunction is more
important for emergency clinicians because these animals represent
the sickest population of septic patients and their timely recogni-
tion and resuscitation are imperative. Also, since the definition of
SS is very similar to the definition of Sepsis 3.0, the results of this
study could be extrapolated to patients meeting Sepsis 3.0 criteria.

As with most retrospective studies, our study had limitations.
Our data was dependent on the availability and accuracy of med-
ical records. Numerous cases were excluded due to inadequate
documentation of triage parameters and other pertinent infor-
mation. This could have introduced selection bias. It should be
noted that the SIRS criteria and the gSOFA both use a respira-
tory rate as a method of enrolment, so by using SIRS as one of
the criteria for sepsis identification, it will be more likely that
individuals will meet the qSOFA criteria.

Another limitation is the availability of humane euthanasia in
veterinary medicine, which may bias the outcome. In this study,
the authors excluded dogs that were euthanized before admission
to the ICU or performance of source control surgery to minimise
this bias. Also, upon review of the medical records, we identified
only two patients that were euthanized due to financial reasons
with the rest being euthanized due to a perceived poor prognosis.

An additional limitation was the fact that the gSOFA score
has not been validated in veterinary medicine. Previously pub-
lished veterinary studies investigating the utility of gSOFA score
in dogs with surgically treated sepsis (Ortolani & Bellis 2021,
Stastny ez al. 2022) and a general population of critically ill dogs
(Ortolani & Bellis 2021) did not include healthy control dogs
either. In this study, the authors used an APPLE, _ score, which
was previously validated in veterinary medicine. As opposed to
the gSOFA score, the APPLE,  score was associated with mor-
tality in this population of canine patients with SS/SH. Further
exploration of the optimal cut-offs in gSOFA score may improve
the performance of this scoring system, however, there will likely
remain some limitations in extrapolating human scoring systems
for use in veterinary medicine.

Finally, in this study, we combined patients with SS/SH.
Because only seven dogs met the criteria for SH, we did not sepa-
rate these two subgroups of patients and did not perform addi-
tional statistical analysis.

In conclusion, gSOFA score of at least 1, at least 2 or at least 3
demonstrated a poor ability to predict mortality and low sensitiv-
ity with fair specificity to detect dogs with SS/SH presented to
the emergency service. Its performance has not improved when
different respiratory rate cut-offs were used. Therefore, further
studies are needed to understand whether the gSOFA score has
any utility in risk stratification and timely sepsis identification in
canine patients.
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