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Evaluation of the modified quick ey

sequential organ failure assessment scoring
system for triage and prognostic assessment
in canine emergency and critically ill patients:
a retrospective study
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Abstract

Background In veterinary medicine, the gSOFA model has been studied in patients with conditions such as perito-
nitis or pyometra, and among the modified gSOFA models, only the gSOFA-lactate model has been researched. Thus,
this study aimed to evaluate the effectiveness of g-SOFA-C-reactive protein (CRP), gSOFA-lactate, and quick systemic
inflammatory response syndrome (gSIRS) models for triaging emergency and critically ill patients. These models were
juxtaposed with conventional systems (SIRS, gSOFA, and acute patient physiology and laboratory evaluation [APPLE]
fast) to ascertain their efficacy in patient triage and prognostication. In this retrospective cohort study, data from 166
dogs admitted to the Department of Emergency and Critical care at Konkuk Veterinary Medical Teaching Hospital
between February 2021 and May 2023 were analyzed. Scoring systems were computed based on initial admission
physical examinations (respiratory rate, heart rate, temperature, mentation, and systolic blood pressure) and laboratory
results (white blood cell and platelet count and albumin, glucose, lactate, and CRP levels). Because no prior veterinary
studies on the qSOFA-CRP model were available, optimal cutoff values were established using receiver operating char-
acteristic (ROC) curves and the Youden index. Conventional scoring systems were compared with the modified gSOFA
within the survivor and non-survivor groups. The most effective system was determined through ROC curve analysis.

Results For the gSOFA-CRP model, we identified an optimal cutoff value for CRP at> 1.55 mg/dL. All modified gSOFA
scoring systems showed significant differences between survivors and non-survivors, in contrast to the conventional
scoring systems. Notably, the gSOFA-CRP model demonstrated the highest area under the ROC curve value (0.761,
95% (1 0.68-0.83) and odds ratio (13.373, p<0.001) when evaluating mortality at 28 days.

Conclusions The qSOFA-CRP model, when employing a CRP threshold of 1.55 mg/dL, demonstrated promising
potential as a novel criterion for triaging emergency and critically ill patients. However, further assessment is required
in a larger population of patients at the precise early stage of sepsis.
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Background

Sepsis is a severe medical condition that results from
an imbalanced host response to infection and is char-
acterized by organ dysfunction [1-4]. When rapid
treatment of sepsis is not achieved, tissue hypoperfu-
sion and organ failure progresses to septic shock. The
accurate and objective diagnosis of sepsis, confirmation
of the presence of pathogens in the patient’s blood, and
identification of clinical symptoms indicative of infec-
tion are crucial. Blood cultures can be used for this
purpose; however, they yield positive results in only
approximately 15-49% of sepsis cases and even lower
accuracy in patients who received antibiotics before
testing [5, 6]. Furthermore, blood culture process typi-
cally required an average of 36 h to provide the results
[7]; this entire process, including antibiotic susceptibil-
ity testing, can lead to delays in administering antibi-
otics to emergency patients. Therefore, several clinical
variables and tools are used for early sepsis screening,
including the systemic inflammatory response syn-
drome (SIRS) criteria, vital signs, signs of infection,
sequential organ failure assessment (SOFA) criteria,
and quick SOFA (qSOFA) score [8—11].

Among these tools, qSOFA is a simple and readily
applicable scoring system for patient assessment that is
based on three criteria: respiratory rate, altered men-
tation, and systolic blood pressure. This allows for a
prompt evaluation without the need for specialized
equipment or techniques or additional laboratory test,
thereby aiding in the differentiation of patients who
require emergency intervention [12]. Additionally, in
human medicine, studies have shown that the applica-
tion of gSOFA in emergency department patients helps
identify those in need of immediate treatment, not only
in patients with suspected infections but also in the
non-infectious group. [13, 14]

However, the qSOFA and SIRS were designed to accu-
rately identify early signs of infection related to respira-
tory and circulatory abnormalities rather than organ
damage associated with severe infections. Consequently,
they have been criticized for their low sensitivity and
specificity in diagnosing sepsis alone, as they do not
account for specific variables, such as the underlying
comorbidities of patients [15-18].

The conventional scoring system APPLEfast provides
a more comprehensive and objective assessment of a
patient’s condition by evaluating factors such as menta-
tion, glucose, albumin, and lactate levels, and platelet
count [19]. However, because it relies on multiple labora-
tory test results, it takes more time to obtain results com-
pared to a physical examination. Additionally, in cases
where blood sampling is not possible due to the patient’s
condition, scoring can be challenging.
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Therefore, in human medicine, ongoing research is
focused on developing a rapid and appropriate scoring
system for the triage of emergency and critical patients by
incorporating additional criteria into the existing qSOFA
scoring system. To enhance the predictive accuracy of the
qSOFA, comparative studies have evaluated the qSOFA-
lactate [20, 21], qSOFA-CRP [22, 23], and qSIRS models,
which combine qSOFA with the SIRS criteria [16, 17, 24]
for patient assessment.

Nevertheless, in veterinary medicine, research
related to qSOFA has only evaluated the prognosis of
patients with peritonitis or pyometra [25, 26]. For modi-
fied qSOFA, studies have only been conducted on the
qSOFA-lactate model [27]. Therefore, this study aims to
assess the applicability of gSOFA in both infectious and
non-infectious groups in veterinary medicine. Addition-
ally, the study seeks to identify the most suitable modi-
fied qSOFA scoring system for triaging emergency and
critically ill patients, including those with sepsis and in
need of early treatment, by comparing it with conven-
tional qSOFA, SIRS, and APPLEfast scoring systems [19].

Methods

The aim, design and setting of the study

This retrospective cohort study utilized the electronic
medical records of canine patients admitted to the
department of Emergency and Critical Care at Konkuk
Veterinary Medical Teaching Hospital from February
2021 to May 2023, in order to calculate of all scoring sys-
tems. The animal-related procedures in this study were
subjected to review and approval by the Institutional
Animal Care and Use Committee (IACUC) at Konkuk
University, under approval number [KU23197].

Patients
The inclusion criteria were the availability of values for
the initial physical examination (respiratory rate, heart
rate, temperature, mentation, and systolic blood pressure
measured using a doppler device) and laboratory find-
ings (white blood cells and platelet counts and albumin,
glucose, lactate, and CRP levels, with CRP levels meas-
ured using the IDEXX Catalyst CRP Test, IDEXX Labo-
ratories, Inc., Westbrook, ME, USA) at the time of first
hospital admission. Hospitalization was administered
to patients requiring close monitoring and treatment
for conditions such as respiratory distress, hypotension,
anemia, and decreased mentation, as identified through
examinations upon admission. Data regarding the dura-
tion of hospitalization were also included. Additionally,
data on patient signalment, age, sex, body weight, and
outcomes were collected.

To compare the patient triaging capabilities and prog-
nostic evaluation abilities of various scoring system,
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patients were divided into two groups based on the clini-
cal oucomes: survivors and non-survivors. Survivors
were defined as animals discharged from the hospital
and remained alive for>28 days post-discharge. Non-
survivors were defined as animals that either died during
hospitalization or were euthanized owing to poor prog-
nosis. Cases of euthanasia due to factors unrelated to the
animal’s medical condition, such as financial constraints,
were excluded.

Additionally, this study aims to evaluate the appli-
cability of these scoring systems in general emergency
and critically ill patients without confirmed infections.
Patients were classified into infectious and non-infec-
tious groups based on antibiotic usage during the treat-
ment period. In this study, antibiotics were administered
only to patients with confirmed infections, as evidenced
by direct bacterial observation on microscopic smears
of blood, urine, pleural fluid, ascitic fluid, or wound exu-
date, or by positive culture results.

Scoring systems
The SIRS, qSOFA, qSIRS, and APPLEfast scores were
calculated based on individual data at the first hospital
admission. Calculations for SIRS, gSOFA, qSIRS, qSOFA-
lactate, and APPLEfast were based on previous stud-
ies[11, 19, 24, 27, 28]. The SIRS score was evaluated on
a scale of 0—4 using four criteria:1) respiratory rate >40/
min, 2) white blood cell count<5.0 K/uL or>19.0 K/
ul, 3) heart rate>150 bpm, and 4) temperature<37.2
or>39.4 oC [9, 16, 17, 28, 29]. The qSOFA score ranges
0-3 based on the following criteria:1) respiratory
rate >22/min, 2) altered mentation, and 3) systolic blood
pressure <100 mmHg [28]. For the qSIRS score, six cri-
teria were established by adding the SIRS criteria to
qSOFA based on the approach used in a previous study
in humans. The cutoff values were applied based on the
results of previous studies in veterinary medicine [24]:1)
respiratory rate >22/min, 2) altered mentation, 3) systolic
blood pressure <100 mmHg, 4) heart rate > 150 bpm, 5)
temperature <37.2 or>39.4 oC, and 6) white blood cell
count<5.0 or>19.0 K/uL. The qSOFA-lactate score was
calculated based on previous study criteria [27], where
one point was added to the existing qSOFA score if the
lactate level was>3 mmol/L, resulting in a total score
ranging 0—4 points. The APPLEfast score was determined
according to established criteria, considering five factors:
glucose, albumin, and lactate levels, platelet count, and
mentation score, resulting in a score of 0-50 [19]. The
criteria for the five scoring systems are listed in Table 1.
We employed ROC curves and the Youden index to
determine the optimal cutoff value for the gSOFA-CRP
model, as no prior studies in veterinary medicine were
available. Subsequently, we incorporated this criterion
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into the three existing qSOFA criteria, making a total
score of 0—4 points.

Statistical analysis

Statistical analyses were conducted using SPSS software
(Version 23). Data normality was assessed using the Sha-
piro—Wilk test. For normally distributed data, the Stu-
dent’s t-test was used to compare the difference between
the two groups. Non-normally distributed data were
compared using the Mann—Whitney U test. Accordingly,
Variables with a normal distribution were presented as
mean (SD), whereas those with a non-normal distribu-
tion were reported as median.

In the qSOFA-CRP model, we identified the optimal
cutoff value for CRP using ROC curves to determine the
point at which the Youden Index (J) was maximized. The
Youden Index is the sum of sensitivity and specificity
minus one (J = Sensitivity + Specificity —1).

To determine the scores with the highest sensitivity
and specificity for each scoring system, we conducted
ROC curve analysis and calculated the Youden index.
Using this threshold score, we conducted AUROC analy-
ses for each scoring system in relation to mortality and
infection status. For scoring systems with an AUROC
value greater than 0.5, we performed additional logistic
regression analyses to compare odds ratios. This allowed
us to identify the scoring system with the most signifi-
cant triage capabilities. Additionally, ROC curve analysis
was conducted to evaluate whether this scoring system
could predict patient prognosis regardless of infection
status. All ROC curve analysis was conducted with a 95%
confidence interval, and statistical significance was set at
p<0.05.

Results

Case identification

During the study period, 166 dogs were admitted to
our hospital. In total, 5 dogs were excluded because the
absence of lactate (#=3) and CRP (#=1) measurements
at admission and one patient was euthanized owing
to financial constraints (n=1). Finally, 161 dogs were
included in this study.

Among the 161 dogs, 95 survived for up to 28 days
after discharge, 64 died, and 2 were euthanized owing to
poor prognosis; thus, 95 survivors and 66 non-survivors
were included in the final analysis.

Comparison of physical examination findings (respira-
tory rate, heart rate, temperature, mentation, and systolic
blood pressure) and laboratory results (white blood cell
and platelet counts and albumin, glucose, lactate, and
CRP levels) between survivors and non-survivors are
presented in Table 2.
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Table 1 SIRS, gSOFA, gSOFA-lactate, gSIRS and APPLEfast criteria definition

Scoring system Criteria

Point

SIRS criteria
(range 0-4)*

Respiratory rate >40/min

WBC count<5.0 or>19.0

Heart rate > 150 bpm
Temperature <37.2°C or>394C

qSOFA criteria Respiratory rate >22/min

b
(range 0-3) Altered mentation
Systolic blood pressure < 100 mmHg

qSOFA-lactate criteria
(range 0-4)°

Respiratory rate >22/min

Altered mentation

Systolic blood pressure < 100 mmHg
Lactate >3 mmol/L

qSIRS criteria
(range 0-6)¢

Respiratory rate >22/min

WBC count<5.0 or>19.0

Heart rate > 150 bpm

Temperature <37.2°C or>39.4C

Altered mentation

Systolic blood pressure < 100 mmHg
Glucose

Score 0 7

mg/dL >273 <84
Albumin

Score 0 2

g/dL 33-35 >35

Lactate

Score 0 4
mg/dL <18.0 18.0-72.1
Platelet count

APPLEfast Criteria
(range 0-50)°

Score 0 1
x10%/L 261-420 >420
Mentation score'

Score 0 4
point 0 1

8 9 10
103-164 165-273

26-30 <26

72.2-90.1 >90.1

3 5 6
201-260 151-200

6 7 14
2 3 4

2 adapted from Otto et al. [28]; adapted from Osgood et al. [11]; ‘adapted from Ortolani et al. [27]; “adapted from Green et al. [24]; adapted from Hayes et al. [19];

f0 points: normal state, 1 point: ability to stand unassisted but with dull responsiveness, 2 points: need for assistance to stand with dull responsiveness, 3 points:
incapability of standing but with responsiveness, and 4 points: incapability of standing with unresponsiveness. SIRS, systemic inflammatory response syndrome;
qSOFA, quick sequential organ failure score; gSIRS, SIRS 4+ qSOFA; APPLE,, acute patient physiologic and laboratory evaluation score; qSOFA-lactate, modified qSOFA

with lactate criteria added

Determination of cutoff value for gSOFA-CRP model
Receiver operating characteristic (ROC) curve analysis
was performed to determine the optimal cutoff value
for CRP in the qSOFA-CRP model. The results showed
that CRP levels significantly differed between survivors
and non-survivors (p<0.001, AUC=0.747, CI=0.673—
0.821). Using the Youden’s index, a cutoff value of 1.55
mg/dL was identified, providing a sensitivity of 88% and
specificity of 58% (Fig. 1). Thus, we defined CRP con-
centrations > 1.55 mg/dL as an additional criterion in the
qSOFA-CRP model, for which one point was added to
the score.

Comparison between survivors and non-survivors for each
scoring system

For the SIRS, no statistically significant difference was
observed between survivors and non-survivors, with
both groups having a median score of 1 (range:0—4;
p=0.460). However, significant differences were
observed between the two groups for the scores of
qSOFA, ¢SIRS, APPLEfast, gSOFA-lactate, and qSOFA-
CRP models. Survivors had a median qSOFA score of 1
(range:0-3), whereas non-survivors had a median score
of 2 (range:0-3; p<0.001). For the gSIRS, survivors and
non-survivors had median scores of 2 (range:0-5) and
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Table 2 Patients'characteristics and comparison of physical and
laboratory findings between survivors and non-survivors, with
mean + SD or median (range) calculations

Variables Survivors Non-survivors p value
(n=95) (n=66)

Patients’ characteristics

Age (years) 9(1-18) 12 (1-23) 0.528

BW (kg) 491 (1.68-46.80) 4.85(1.10-49.70) 0218

Sex (IF/SF/IM/CM) 13/33/6/43 9/28/5/24

Top 3 Breed

Maltese, n (%) 16 (16.8) 12(18.1)

Toy poodle, n (%) 13(13.6) 12(18.1)

Pomeranian, n (%) 11(11.5) 8(12.1)

Hospitalization period 3 (0-9) 2 (0-19) 0.016*

(days)

Physical examination and Laboratory results

SBP 140.82+£22.25 131.00+29.60 0.030*

HR 141.14+30.06 150.62 +30.21 0.046*

RR 42 (15-240) 36 (12-222) 0.087

BT 38.72+0.68 38534093 0.027*

MGCS 0(0-1) 1(0-1) <0.001*

WBC 134(4.92-12538) 16.0(0.90-151.75) 0.082

PLT 33242+227.95 307.00+208.65 0615

Glucose 115 (66-524) 111 (42-300) 0217

Albumin 3.1 (1.5-4.1) 2.85(1.5-3.8) 0.031*

Lactate 2.57(0.79-10.82) 2.85(0.79-7.74) 0.108

CRP 1.3(0.10-10.00) 3.55(0.60-10.00) <0.001*

BW Body weight, IF Intact female, SF Sprayed female, IM Intact male, CM
Castrated male, SBP Systolic blood pressure (mmHg), HR Heart rate (bpm), RR
Respiratory rate (/min), BT Body temperature ('C), MGCS Modified Glasgow coma
scale, WBC White blood cell (K/uL), PLT Platelet (K/uL); Glucose (mg/dL); Albumin
(g/dL); Lactate (mmol/L); CRP: C-reactive protein (mg/dL)

" p<0.05, indicating a statistically significant difference between survivors and
non-survivors

3 (range:0-6; p<0.001), respectively. In the APPLEfast
model, survivors had a median score of 20 (range:0—35),
whereas non-survivors had a score of 21.5 (range:9—-38)
(p=0.018). In the qSOFA-lactate model, survivors had
a median score of 1 (range:0—4), whereas non-survivors
had a score of 2 (range:0-4) (p<0.001). Finally, for the
qSOFA-CRP model, survivors had a median score of 2
(range:0—4), and non-survivors had a score of 3 (range:0—
4) (p<0.001) (Table 3).

ROC curve analysis was conducted to compare the area
under the ROC (AUROC) and to identify the threshold
scores for each scoring system. (Fig. 2). Using this thresh-
old score, our study found that the conventional scor-
ing systems, gSOFA (AUROC 0.65, 95% CI 0.55-0.73)
and APPLEfast (AUROC 0.61, 95% CI 0.52-0.70), as
well as the modified qSOFA scoring systems, qSOFA-
CRP (AUROC 0.76, 95% CI 0.68-0.83), qSOFA-lactate
(AUROC 0.70, 95% CI 0.61-0.77), and qSIRS models
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(AUROC 0.67, 95% CI 0.58-0.75), all had AUROC values
greater than 0.5. This indicates that they have a signifi-
cant ability to predict patient mortality.

Based on the identified threshold scores, the sensitivity,
specificity, positive and negative predictive values, and
odds ratios for each scoring system were calculated and
are presented in Table 4.

Additionally, logistic regression analysis was conducted
regarding patient mortality prediction, considering age,
weight, and each threshold score of qSOFA, APPLEfast,
qSOFA-CRP, qSOFA-Lactate, and qSIRS scores. Over-
all, a predictive accuracy of 70.8% was confirmed (Hos-
mer—Lemeshow test, p=0.536), and patient mortality
was found to be associated with age (p=0.004), qSIRS
(p=0.050), and qSOFA-CRP (p<0.001) scores, with only
age and qSOFA-CRP model being significant at a prob-
ability level of less than 0.05. Specifically, it was observed
that patients with a qSOFA-CRP score of 2 or higher had
a 9.834 times higher likelihood of mortality compared to
those without.

Comparison of qSOFA and qSOFA-CRP scores based

on infection status

During the treatment period, dogs were classified into
an infection group (84 dogs) and a non-infection group
(77 dogs) based on antibiotic usage. To evaluate the util-
ity of the scoring system based on infection status using
ROC curve analysis, the prognosis was assessed for
qSOFA and qSOFA-CRP scores > 2 in both groups. In the
infection group, AUROC was 0.65 (95% CI: 0.54—0.75)
for gSOFA >2 and 0.69 (95% CI: 0.61-0.76) for gSOFA-
CRP>2 (Fig. 3a). In the non-infection group, AUROC
was 0.60 (95% CI: 0.49-0.71) for qSOFA>2 and 0.71
(95% CI: 0.62—0.80) for gSOFA-CRP > 2 (Fig. 3b).

Discussion

To our knowledge, the present study is the first investi-
gation in veterinary medicine aimed at improving the
qSOFA scoring system by introducing new criteria, such
as CRP, lactate, and SIRS. By comparing these modifica-
tions with the conventional gSOFA, SIRS, and APPLEfast
scoring systems, we aimed to identify a more appropri-
ate scoring system for triaging emergency and critically
ill veterinary patients.

The gSOFA scoring system was originally designed
for sepsis diagnosis; however, in human medicine stud-
ies, it has demonstrated some potential for predicting
prognosis and assisting in patient triage, even in cases
where infection is not confirmed [13, 14]. In this study,
ROC curve analysis indicated that gSOFA alone may
not be sufficient as an independent prognostic marker,
with AUROC values of 0.65 (95% CI: 0.54—0.75) in the
infection group and 0.60 (95% CI: 0.49-0.71) in the
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Fig. 1 Receiver operator characteristic curve of C-reactive protein. Analysis of the receiver-operating characteristics was conducted to identify
the optimal cut-off value in the gSOFA-CRP model. The maximum Youden's index was observed at CRP > 1.55 mg/dL, confirming a sensitivity of 88%

and specificity of 58%.; ROC, receiver operating characteristic curve

Table 3 Comparison of scoring systems between survivor and
non-survivor groups

Variables Survivors

Non-survivors p-value
(n=95) (n=66)

qSOFA 1(0-3) 2(0-3) <0.001*
SIRS 1(0-4) 1(0-4) 0460
gSIRS 2 (0-5) 3(0-6) <0.001*
APPLEfast 20 (0-35) 21.5(9-38) 0.018*
qSOFA-lactate 1(0-4) 2 (0-4) <0.001*
qSOFA-CRP 2 (0-4) 3(0-4) <0.001*

Medians are compared using the Mann-Whitney U test

" p<0.05, indicating a statistically significant difference between survivors and
non-survivors

non-infection group. However, the SOFA-CRP model
demonstrated higher AUROC values, with 0.69 (95%
CL: 0.61-0.76) in the infection group and 0.71 (95%

CI: 0.62-0.80) in the non-infection group. These find-
ings suggest that the gSOFA-CRP model could serve as
a novel tool for initial triage across a broader range of
patients, regardless of infection status; however, further
validation in a larger population is required.

Inflammatory response in the body is initiated by path-
ogen-associated molecular patterns (PAMPs) derived
from invading pathogens or damage-associated molecu-
lar patterns (DAMPs) released from injured cells [30].
Induced by these factors, CRP is an acute-phase protein
that typically begins to rise 4—6 h after the trigger, reach-
ing its peak 24—48 h later. Therefore, it is used as an early
biomarker for systemic inflammation [31-33].

In human studies, combining CRP level evaluation
with qSOFA can more effectively diagnose patients than
qSOFA alone [22, 23]. However, in veterinary medicine,
no research has been conducted on qSOFA-CRP mod-
els. In the present study, we established a CRP thresh-
old > 1.55 mg/dL based on patient outcomes using ROC
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ROC curve : ROC of qSOFA, SIRS, APPLEfast, gSIRS, qSOFA-lactate, qQSOFA-CRP
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Fig. 2 Receiver operator characteristic curve of SIRS, gSOFA, gSIRS, APPLEfast, gSOFA-lactate, gSOFA-CRP model. The individual area
under the receiver operating characteristic curve (AUROC) values are as follows: SIRS (AUROC 0.53, 95% Cl 0.44-0.62), qSOFA (AUROC 0.65, 95%
C10.55-0.73), APPLEfast (AUROC 0.61, 95% Cl 0.52-0.70), gSIRS (AUROC 0.67, 95% Cl 0.52-0.75),qSOFA-lactate (AUROC 0.70, 95% Cl 0.61-0.77),
and gqSOFA-CRP (AUROC 0.76, 95% Cl 0.68-0.83).; ROC, receiver operating characteristic curve; SIRS, systemic inflammatory response syndrome;
qSOFA, quick sequential organ failure score; gSIRS, SIRS +qSOFA; APPLE,,,, acute patient physiologic and laboratory evaluation score; SOFA-lactate,
modified qSOFA with lactate criteria added; gSOFA-CRP, modified gSOFA with CRP criteria added; CRP, C-reactive protein

Table 4 Contingency tables showing the sensitivity, specificity, positive and negative predictive values and odds ratios for mortality

prediction

Score Sensitivity (%) Specificity (%) PPV (%) NPV (%) OR p value
qSOFA-CRP> 2 94 (95% Cl 86-98) 46 (95% Cl 41-49) 55 (95% ClI 50-57) 92 (95% C181-97) 134 <0.001
qSOFA-lac> 2 80 (95% Cl 71-98) 54 (95% Cl 47-59) 54 (95% Cl 48-60) 80 (95% Cl 70-88) 4.7 <0.001
qSIRS> 2 92 (95% Cl 84-97) 27 (95% Cl 22-31) 47 (95% Cl 43-49) 84 (95% Cl 67-94) 4.6 0.002
qSOFA> 2 59 (95% Cl 49-68) 66 (95% Cl 59-73) 55 (95% Cl 46-64) 70 (95% Cl 63-77) 2.8 0.001
APPLEfast> 25 41 (95% Cl 32-49) 80 (95% Cl 74-86) 59 (95% Cl 46-71) 66 (95% Cl161-71) 2.8 0.004

PPV Positive predictive value, NPV Negative predictive value, OR Odds ratio

curves to incorporate CRP as a new criterion. In com-
parison to conventional scoring systems (SIRS, qSOFA,
APPLEfast), the gSOFA-CRP approach demonstrated the
highest sensitivity and largest AUROC. This confirmed
its significance as a criterion for triaging critical emer-
gency patients, revealing a higher OR than gSOFA alone.
Thus, the modified qSOFA model enhances the ability to
identify emergency patients while improving prognostic
capabilities.

Previous studies has investigated lactate as an indi-
cator of shock, hypoxemia, and hypoperfusion and
focused on elevated lactate levels and the association

between lactate normalization time and mortality [34].
In both humans and animals, the use of lactate as a
new criterion in the modified qSOFA scoring systems
has been explored [20, 21, 27]. In a study with animals
conducted by Ortolani et al., gSOFA alone did not sig-
nificantly distinguish between survivors and non-sur-
vivors (p=0.200). However, when lactate >3 mmol/L
was applied as a new criterion, it yielded the highest
AUROC value (0.62, 95% CI 0.53-0.70). This finding
underscores the significance of incorporating lactate
level as an additional criterion in the modified qSOFA
scoring system.
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Fig. 3 Receiver Operating Characteristic Curve of gSOFA and qSOFA-CRP Models Based on Infection Status. a. Area under the receiver operating
characteristic curve(AUROC) values for gSOFA and gSOFA-CRP scores > 2 in the infection group: gSOFA (0.65, 95% CI 0.54-0.75) and gSOFA-CRP
(0.69, 95% Cl 0.61-0.76). b. AUROC values for gSOFA and qSOFA-CRP scores > 2 in the non-infection group: gSOFA (0.60, 95% Cl 0.49-0.71)

and gSOFA-CRP (0.71, 95% Cl 0.62-0.80).; ROC, receiver operating characteristic curve; gSOFA, quick sequential organ failure score; gSOFA-CRP,

modified gSOFA with CRP criteria added; CRP, C-reactive protein

In our study, based on previous research findings, a lac-
tate level of >3 mmol/L was used as the cutoff value [27].
Using the qSOFA-lactate model for patient triage and
prognosis assessment, we observed a significantly higher
AUROC value (0.695, 95% CI 0.61-0.77) than conven-
tional scoring systems, making it the second-highest
AUROC value following the gSSOFA—-CRP model.

Although some studies have suggested that lactate level
is more significant than CRP level in evaluating the prog-
nosis of patients with sepsis [35, 36], our results indicated
that the gSOFA-CRP model is a more sensitive indicator
for triaging emergency and critically ill patients. This is
because lactate tends to have higher concentrations as
the disease progresses to severe sepsis or septic shock
than the initial stages. Unlike CRP, which increases in
concentration during the early inflammatory response to
sepsis [37-39], lactate levels increase as a consequence of
hypoxia due to reduced blood pressure and tissue perfu-
sion that accompanies sepsis [40]. Therefore, although
hyperlactatemia may be more significant in assessing
patient outcomes, our results suggest that the qSOFA-
CRP model is a superior scoring system for distinguish-
ing early sepsis and triaging emergencies in critically ill
patients.

We also observed that the qSIRS score had a higher
AUROC value than qSOFA alone. However, when com-
paring ORs, gSIRS exhibited a lower predictive ability
for patient outcomes than the gSOFA-CRP and qSOFA-
lactate models. The SIRS was composed of four criteria:
respiratory rate, white blood cell count, heart rate, and

temperature. These criteria are characteristic features
of infections; hence, most of the infected patients met
the SIRS criteria, leading to the diagnosis of sepsis even
in patients with less severe infections. This characteris-
tic of SIRS results in low specificity for sepsis diagnosis
[9-11, 29]. In contrast, qSOFA assesses both mentation
and systolic blood pressure, allowing for a better reflec-
tion of sepsis-induced life-threatening organ dysfunction
than SIRS [41]. However, gSOFA also has low specificity.
To address these limitations and complement each other,
research in humans has explored the "qSIRS" scoring sys-
tem, which combines SIRS and qSOFA [24].

In our study, qSIRS demonstrated a larger AUROC
value and higher OR than qSOFA alone, indicating an
improved predictability for patient outcomes. However,
similar to the limitations associated with SIRS, it exhib-
ited the lowest specificity among conventional scoring
systems and the modified gSOFA model. Therefore, its
utility could be lower than that of other modified SOFA
models (QSOFA-CRP and qSOFA-lactate models).

The APPLEfast scoring system demonstrated the high-
est specificity of 80%. Although the modified qSOFA
model aimed to address the limitations of the original
qSOFA by incorporating new criteria, it relied predomi-
nantly on physical examinations. Consequently, it is per-
ceived to have lower specificity than APPLEfast, which
primarily employs laboratory test results. Thus, although
the modified qSOFA model may be valuable for the rapid
initial triage of emergency and critically ill patients at the
time of admission, an additional laboratory test remains
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essential for a more accurate assessment of a patient’s
condition and prognosis.

This study is limited to a single-center with a rela-
tively small patient cohort, which could impact the
predictive accuracy of the indices and models. Further
validation of these models is essential through prospec-
tive studies involving a larger and more diverse patient
population. Furthermore, since the evaluation of the
qSOFA-CRP model was conducted within the same
population used to determine its cut-off value, there is a
possibility that it exhibited a higher AUROC compared
to other scoring systems. Therefore, additional valida-
tion in an independent external population is necessary
to more definitively assess its clinical utility.

The scoring was conducted based on lactate and CRP
levels at the time of initial hospital admission, represent-
ing a single snapshot. Owing to the characteristics of a
referral hospital, a significant proportion of the patients
had received initial treatment elsewhere before admis-
sion. Therefore, it was challenging to determine whether
the time of hospital admission reflects the actual onset
of the disease, improvement phase, or advanced stage.
Consequently, further investigations are needed to assess
the clinical advantages of the modified SOFA model for
identifying patients in the early stages of sepsis.

Conclusion

Modified qSOFA models, including qSOFA-CRP,
qSOFA-lactate, and ¢SIRS, predicted patient mortal-
ity significantly better than the conventional systems
(SIRS, qSOFA, and APPLEfast) alone. Notably, the
qSOFA-CRP model (CRP>1.55 mg/dL) was identified
as superior among all scoring systems, suggesting its
potential for use as a new criterion for the triage and
classification of emergency and critical patients. For
additional validation of this scoring system, further
studies involving a substantial number of patients in
the true early stages of sepsis are required.

Abbreviations

APPLE Acute patient physiologic and laboratory evaluation
AUROC  Area under the ROC

CRP C-reactive protein

DAMPs  Damage-associated molecular patterns
MGCS Modified Glasgow Coma Scale

NPV Negative predictive value

OR Odds ratio

PAMPs  Pathogen-associated molecular patterns
PPV Positive predictive value

qSOFA  Quick sequential organ failure assessment
ROC Receiver operator characteristic

SIRS Systemic inflammatory response syndrome

Acknowledgements
Not applicable.

Page 9 of 10

Authors’ contributions

SG and HH contributed to conception and design of the study. SG organized
the database and wrote the first draft of the manuscript. SG and HH wrote sec-
tions of the manuscript. All authors contributed to manuscript revision, read,
and approved the submitted version.

Funding
Not applicable.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate

The authors confirm that all methods were carried out in accordance with
the ARRIVE guidelines as applicable. This retrospective study utilized the
medical records of privately-owned dogs, and licensed veterinarians obtained
informed consent from the owners regarding the use of data for the study.
No additional tests were conducted for the study; only the medical records
of patients who visited the hospital for treatment were used. This study was
reviewed and approved by the Institutional Animal Care and Use Committee
at Konkuk University (Approval number KU23197).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Veterinary Emergency and Critical Care, College of Veterinary
Medicine, Konkuk University, 120 Neungdong-Ro, Gwangin-Gu, Seoul 05029,
Korea. 2KU Center for Animal Blood Medical Science, Konkuk University, Seoul,
Republic of Korea.

Received: 24 November 2023 Accepted: 18 March 2025
Published online: 12 April 2025

References

1. Laforcade AMd, Freeman LM, Shaw SP, Brooks MB, Rozanski EA, Rush JE.
Hemostatic changes in dogs with naturally occurring sepsis. J Vet Internal
Med. 2003;17(5):674-9. https://doi.org/10.1111/j.1939-1676.2003.tb024
99.x.

2. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, et al. The third international consensus definitions for sepsis and
septic shock (Sepsis-3). JAMA. 2016;315(8):801-10. https://doi.org/10.
1001/jama.2016.0287.

3. FreundY, Lemachatti N, Krastinova E, Van Laer M, Claessens Y, Avondo
A, et al. Prognostic accuracy of sepsis-3 criteria for in-hospital mortality
among patients with suspected infection presenting to the emergency
department. JAMA, J Am Med Assoc. 2017;317(3):301-8. https://doi.org/
10.1001/jama.2016.20329.

4. Evans L, Rhodes A, Alhazzani W, Antonelli M, Coopersmith CM, French
C, et al. Surviving sepsis campaign: international guidelines for
management of sepsis and septic shock 2021. Intensive Care Med.
2021;47(11):1181-247. https://doi.org/10.1007/500134-021-06506-y.

5. Greiner M, Wolf G, Hartmann K. retrospective study of the clinical pres-
entation of 140 dogs and 39 cats with bacteraemia. J Small Anim Pract.
2008;49(8):378-83. https://doi.org/10.1164/rccm.201609-18480c.

6.  Saarenkari HK, Sharp CR, Smart L. Retrospective evaluation of the utility
of blood cultures in dogs (2009-2018): 45 cases. Journal of veterinary
emergency and critical care. 2022;32(1):141-5. https://doi.org/10.1111/
vec.13144. (San Antonio, Tex. : 2000).

7. Lefebvre CE, Renaud C, Chartrand C. Time to positivity of blood cultures
in infants 0 to 90 days old presenting to the emergency department: is
36 hours enough? Journal of the Pediatric Infectious Diseases Society.
2017,6(1):28-32. https://doi.org/10.1093/jpids/piv078.


https://doi.org/10.1111/j.1939-1676.2003.tb02499.x
https://doi.org/10.1111/j.1939-1676.2003.tb02499.x
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1001/jama.2016.20329
https://doi.org/10.1001/jama.2016.20329
https://doi.org/10.1007/s00134-021-06506-y
https://doi.org/10.1164/rccm.201609-1848oc
https://doi.org/10.1111/vec.13144
https://doi.org/10.1111/vec.13144
https://doi.org/10.1093/jpids/piv078

Gwak and Han BMC Veterinary Research

20.

21.

22.

23.

(2025) 21:261

Raith EP, Udy AA, Bailey M, McGloughlin S, Maclsaac C, Bellomo R, et al.
Prognostic accuracy of the SOFA score, SIRS criteria, and gSOFA score for
in-hospital mortality among adults with suspected infection admitted
to the intensive care unit. JAMA, J Am Med Assoc. 2017;317(3):290-300.
https://doi.org/10.1001/jama.2016.20328.

Goulden R, Hoyle M, Monis J, Railton D, Riley V, Martin P, et al. gSOFA,
SIRS and NEWS for predicting inhospital mortality and ICU admission in
emergency admissions treated as sepsis. Emerg Med J. 2018;35(6):345-9.
https://doi.org/10.1136/emermed-2017-207120.

Gaini S, Relster MM, Pedersen C, Johansen IS. Prediction of 28-days
mortality with sequential organ failure assessment (SOFA), quick SOFA
(gSOFA) and systemic inflammatory response syndrome (SIRS) — A
retrospective study of medical patients with acute infectious disease. Int J
Infect Dis. 2019;78:1-7. https://doi.org/10.1016/}.ijid.2018.09.020.

. Osgood A, Hollenbeck D, Yankin I. Evaluation of quick sequential organ

failure scores in dogs with severe sepsis and septic shock. J Small Anim
Pract. 2022;63(10):739. https://doi.org/10.1111/jsap.13522.

Perman SM, Mikkelsen ME, Goyal M, Ginde A, Bhardwaj A, Drumheller B,
et al. The sensitivity of gSOFA calculated at triage and during emer-
gency department treatment to rapidly identify sepsis patients. Sci Rep.
2020;10(1):20395. https://doi.org/10.1038/s41598-020-77438-8.

Ho KM, Lan NSH. Combining quick sequential organ failure assessment
with plasma lactate concentration is comparable to standard sequential
organ failure assessment score in predicting mortality of patients with
and without suspected infection. J Crit Care. 2017;38:1-5. https://doi.org/
10.1016/jjcrc.2016.10.005.

Singer AJ, Thode HC Jr, Spiegel R, et al. Quick SOFA scores predict mortal-
ity in adult emergency department patients with and without suspected
infections. Ann Emerg Med. 2017:475-479. https://doi.org/10.1016/j.
annemergmed.2016.10.007.

Wang J, ChenY, Guo S, Mei X, Yang P. Predictive performance of quick
sepsis-related organ failure assessment for mortality and ICU admission in
patients with infection at the ED. Am J Emerg Med. 2016;34(9):1788-93.
https://doi.org/10.1016/j.ajem.2016.06.015.

Finkelsztein EJ, Jones DS, Ma KC, Pabon MA, Delgado T, Nakahira K; et al.
Comparison of gSOFA and SIRS for predicting adverse outcomes of
patients with suspicion of sepsis outside the intensive care unit. Crit Care.
2017;21(1):73. https://doi.org/10.1186/513054-017-1658-5.

Haydar S, Spanier M, Weems P, Wood S, Strout T. Comparison of QSOFA
score and SIRS criteria as screening mechanisms for emergency depart-
ment sepsis. Am J Emerg Med. 2017;35(11):1730-3. https://doi.org/10.
1016/j.ajem.2017.07.001.

Tusgul S, Carron P, Yersin B, Calandra T, Dami F. Low sensitivity of gSOFA,
SIRS criteria and sepsis definition to identify infected patients at risk of
complication in the prehospital setting and at the emergency depart-
ment triage. Scandinavian Journal of Trauma. 2017;25(1):108. https://doi.
0rg/10.1186/513049-017-0449-y.

Hayes G, Mathews K, Doig G, Kruth S, Boston S, Nykamp S, et al. Acute
patient physiologic and laboratory evaluation (APPLE) score: A severity
of lliness stratification system for hospitalized dogs. J Vet Intern Med.
2010;24(5):1034-47. https://doi.org/10.1111/j.1939-1676.2010.0552.x.
Shetty A, Macdonald SP, Williams JM, Van Bockxmeer J, De Groot B,
Esteve Cuevas LM, et al. Lactate >2 mmol/L plus gSOFA improves utility
over gSOFA alone in emergency department patients presenting with
suspected sepsis. Emerg Medicine Australasia. 2017;29(6):626. https://doi.
0rg/10.1186/513049-017-0449-y.

Liu S, He C, He W, Jiang T. Lactate-enhanced-gSOFA(LgSOFA) score is
superior to the ohter four rapid scoring tools in predicting in-hospital
mortality rate of the sepsis patients. Ann Transl Med. 2020;8(16):1013.
https://doi.org/10.21037/atm-20-5410.

Dimitrov E, Minkov G, Enchev E, Halacheva K, Yovtchev Y. A combina-
tion of C-reactive protein and quick sequential organ failure assessment
(qSOFA) score has better prognostic accuracy than gSOFA alone in
patients with complicated intra-abdominal infections. Acta Chir Belg.
2020;120(6):396-400. https://doi.org/10.1080/00015458.2019.1642579.
Zacharakis A, Ackermann K, Hughes CC, Lam V, Li L. Combining C-reactive
protein and quick sequential organ failure assessment (GSOFA) to
improve prognostic accuracy for sepsis and mortality in adult inpatients:
a systematic review. Health Sci Rep. 2023;6(4). https://doi.org/10.1002/
hsr2.1229.

24,

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

Page 10 of 10

Green SL, Smith MTD, Cairns C, Clarke DL, Bruce J, Bekker W, et al. The
combined SIRS 4+ gSOFA (gSIRS) score is more accurate than gSOFA
alone in predicting mortality in patients with surgical sepsis in an LMIC
Emergency Department. World J Surg. 2020;44(1):21-9. https://doi.org/
10.1007/500268-019-05181-x.

Donati P, Londono LA, Tunes M, Villalta C, Guillemi EC. Retrospective
evaluation of the use of quick Sepsis-related Organ Failure Assessment
(qSOFA) as predictor of mortality and length of hospitalization in dogs
with pyometra (2013-2019): 52 cases. J Vet Emerg Crit Care (San Antonio).
2022;32(2):223-8. https://doi.org/10.1111/vec.13103.

Stastny T, Koenigshof AM, Brado GE, Chan EK, Levy NA. Retrospective
evaluation of the prognostic utility of quick sequential organ failure
assessment scores in dogs with surgically treated sepsis (2011-2018): 204
cases. J Vet Emerg Crit Care (San Antonio). 2022;32(1):68-74. https://doi.
org/10.1111/vec.13101.

Ortolani JM, Bellis TJ. Evaluation of the quick sequential organ failure
assessment score plus lactate in critically ill dogs. J Small Anim Pract.
2021,62(10):874-80. https://doi.org/10.1111/jsap.13381.

Otto CM. Sepsis in veterinary patients: what do we know and where can
we go? J Vet Emergen Crit Care. 2007;17(4):329. https://doi.org/10.1111/j.
1476-4431.2007.00253 x.

Dykes LA, Heintz SJ, Heintz BH, Livorsi DJ, Egge JA, Lund BC. Contrasting
qSOFA and SIRS criteria for early sepsis identification in a veteran popula-
tion. Fed Pract. 2019;36(Suppl 2):521-4.

[to T. PAMPs and DAMPs as triggers for DIC. J Intensive Care. 2014;2(1):67.
https://doi.org/10.1186/540560-014-0065-0.

Malin K, Witkowska-Pitaszewicz O. C-reactive protein as a diagnostic
marker in dogs: a review. Animals (Basel). 2022;12(20): 2888. https://doi.
0rg/10.3390/ani12202888.

Kanno N, Hayakawa N, Suzuki S, Harada Y, Yogo T, Hara Y. Changes

in canine C-reactive protein levels following orthopaedic surgery: a
prospective study. Acta Vet Scand. 2019;61(1):33. https://doi.org/10.1186/
$13028-019-0468-y.

Jain S, Gautam V, Naseem S. Acute-phase proteins: As diagnostic tool.
Journal of Pharmacy and Bioallied Sciences. 2011;3(1):118-27. https://doi.
0rg/10.4103/0975-7406.76489.

Okorie ON, Dellinger P. Lactate: biomarker and potential therapeutic
target. Rev Crit Care Clin. 2011;27(2):299-326. https://doi.org/10.1016/].
€cc.2010.12.013.

Prilistiyo DI, Santoso A, Anniwati L, Pudjirahardjo WJ. Plasma lactate versus
C-reactive protein as prognostic indicator in urosepsis. Folia Medica
Indonesiana. 2017;53(2):113-7. https://doi.org/10.20473/fmi.v53i2.6354.
Miki¢ D, Arsi¢-Komljenovi¢ G, Nozi¢ D, Cu¢uz M, Dimitrijevic¢ R, Vukadinov
J. Blood concentrations of lactate, C-reactive protein, and creatinine as
early indicators of severity and outcome of sepsis. Med Pregl. 2010,63(3—
4):267-73. https://doi.org/10.2298/mpns1004267m.

Pévoa P, Almeida E, Moreira P, Fernandes A, Mealha R, Aragdo A,

et al. C-reactive protein as an indicator of sepsis. Intensive Care Med.
1998;24(10):1052-6. https://doi.org/10.1007/5001340050715.

Anush MM, Ashok VK, Sarma R, Pillai SK. Role of C-reactive protein as an
indicator for determining the outcome of sepsis. Indian J Crit Care Med.
2019;23(1):11-4. https://doi.org/10.5005/jp-journals-10071-23105.

Black S, Kushner I, Samols D. C-reactive Protein. J Biol Chem.
2004;279(47):48487-90. https://doi.org/10.1074/jbc.r400025200.

Cho S, Choi J. Biomarkers of Sepsis. Infect Chemother. 2014;46(1):1-12.
https://doi.org/10.3947/ic2014.46.1.1.

Jeon JH, Park D. Controversies regarding the new definition of sepsis. The
Korean journal of medicine. 2017;92(4):342-8. https://doi.org/10.3904/
kjm.2017.92.4.342.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1001/jama.2016.20328
https://doi.org/10.1136/emermed-2017-207120
https://doi.org/10.1016/j.ijid.2018.09.020
https://doi.org/10.1111/jsap.13522
https://doi.org/10.1038/s41598-020-77438-8
https://doi.org/10.1016/j.jcrc.2016.10.005
https://doi.org/10.1016/j.jcrc.2016.10.005
https://doi.org/10.1016/j.annemergmed.2016.10.007
https://doi.org/10.1016/j.annemergmed.2016.10.007
https://doi.org/10.1016/j.ajem.2016.06.015
https://doi.org/10.1186/s13054-017-1658-5
https://doi.org/10.1016/j.ajem.2017.07.001
https://doi.org/10.1016/j.ajem.2017.07.001
https://doi.org/10.1186/s13049-017-0449-y
https://doi.org/10.1186/s13049-017-0449-y
https://doi.org/10.1111/j.1939-1676.2010.0552.x
https://doi.org/10.1186/s13049-017-0449-y
https://doi.org/10.1186/s13049-017-0449-y
https://doi.org/10.21037/atm-20-5410
https://doi.org/10.1080/00015458.2019.1642579
https://doi.org/10.1002/hsr2.1229
https://doi.org/10.1002/hsr2.1229
https://doi.org/10.1007/s00268-019-05181-x
https://doi.org/10.1007/s00268-019-05181-x
https://doi.org/10.1111/vec.13103
https://doi.org/10.1111/vec.13101
https://doi.org/10.1111/vec.13101
https://doi.org/10.1111/jsap.13381
https://doi.org/10.1111/j.1476-4431.2007.00253.x
https://doi.org/10.1111/j.1476-4431.2007.00253.x
https://doi.org/10.1186/s40560-014-0065-0
https://doi.org/10.3390/ani12202888
https://doi.org/10.3390/ani12202888
https://doi.org/10.1186/s13028-019-0468-y
https://doi.org/10.1186/s13028-019-0468-y
https://doi.org/10.4103/0975-7406.76489
https://doi.org/10.4103/0975-7406.76489
https://doi.org/10.1016/j.ccc.2010.12.013
https://doi.org/10.1016/j.ccc.2010.12.013
https://doi.org/10.20473/fmi.v53i2.6354
https://doi.org/10.2298/mpns1004267m
https://doi.org/10.1007/s001340050715
https://doi.org/10.5005/jp-journals-10071-23105
https://doi.org/10.1074/jbc.r400025200
https://doi.org/10.3947/ic.2014.46.1.1
https://doi.org/10.3904/kjm.2017.92.4.342
https://doi.org/10.3904/kjm.2017.92.4.342

	Evaluation of the modified quick sequential organ failure assessment scoring system for triage and prognostic assessment in canine emergency and critically ill patients: a retrospective study
	Abstract 
	Background 
	Results 
	Conclusions 

	Background
	Methods
	The aim, design and setting of the study
	Patients
	Scoring systems

	Statistical analysis
	Results
	Case identification
	Determination of cutoff value for qSOFA-CRP model
	Comparison between survivors and non-survivors for each scoring system
	Comparison of qSOFA and qSOFA-CRP scores based on infection status

	Discussion
	Conclusion
	Acknowledgements
	References


