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ABSTRACT
Background: Acute pancreatitis (AP) in dogs has a broad clinical presentation and variable progression, making prognostica-
tion challenging.
Hypothesis/Objectives: (i) To compare predicted prognosis for death and for prolonged (≥ 5 days) hospitalization across scoring 
schemes for AP in dogs and (ii) to predict concordance of each scoring scheme with death and for prolonged hospitalization.
Animals: Five hundred four client-owned dogs.
Methods: Multi-institutional retrospective study. Data extracted from medical records included: signalment, history, physical 
examination findings, diagnostic results, length of hospitalization, and death. Five prognostic schemes (OS, CSI, APPLEfull, 
CAPS, MCAI) were calculated for each dog.
Results: Overall concordance was low. Only APPLEfull (p = 0.004) and MCAI (p = 0.01) scores were significantly different be-
tween survivors and non-survivors. Overall, APPLEfull had the greatest concordance (0.632, 95% CI: 0.592–0.672) with length of 
hospitalization. Of the other more pancreatitis-specific schemes, MCAI had the greatest concordance (0.576, 95% CI: 0.567–0.635) 
with length of hospitalization, while CSI had the lowest concordance with length of hospitalization (0.525, 95% CI: 0.494–0.556).
Conclusions and Clinical Importance: On a population level, APPLEfull and MCAI had the greatest predictive discrimination 
between dogs of normal and prolonged hospitalization. If an individual dog has any of the 5 prognostic score schemes above the 
proposed cut-off for death, it should be interpreted with caution because of the low case fatality rate.
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1   |   Introduction

Acute pancreatitis (AP) is the most common disorder of the exo-
crine pancreas in dogs. While abdominal pain and vomiting are 
considered the predominant clinical signs of the disease, it is 
well documented that AP has a broad clinical presentation [1, 2]. 
This broad clinical presentation combined with a variable dis-
ease progression can make it challenging to predict the duration 
of hospitalization and outcome in individual dogs. Efforts have 
been made to derive prognostic score systems for dogs with AP, 
to help stratify disease severity and potentially provide prognos-
tic information.

The ‘Organ Score’ (OS) scheme was published in 1998 and 
comprised assessment of a dog's leukogram, blood-gas, glu-
cose, β-OH butyrate, hepatic enzymology, and renal values, 
all as an assessment of multi-organ dysfunction secondary to 
AP [3]. An OS ≥ 4 was proposed to be associated with a high 
risk of death, although results might have been impacted by 
minimal treatment attempts in several of the enrolled dogs [3]. 
The OS scheme was the first to introduce the concept of con-
centrating on organ compromise secondary to AP as a prog-
nostic indicator, rather than focusing on pathologic processes 
occurring within the pancreas. The study cohort came from 
general practice submissions to a pathology service (Brisbane, 
Queensland, Australia; n = 68) [3]. Diagnosis of pancreatitis 
was based on elevated serum amylase or lipase activity, which 
is no longer considered optimally sensitive or specific for a di-
agnosis of pancreatitis.

The ‘Clinical Severity Index’ (CSI) scheme was subsequently 
developed in 2008 and was derived from cases presenting to 
an emergency center and a veterinary teaching hospital (Perth, 
Western Australia, Australia; n = 61) [4]. Similar to the OS 
scheme the CSI was a cumulative score based on evaluation of 
organ compromise. While CSI was correlated with outcome, fur-
ther analysis of the CSI in additional veterinary hospitals could 
allow for improvements in outcome prediction and development 
of a more robust prognostic system [4]. Indeed, in a recent study 
(n = 13) the CSI was not shown to correlate with outcome, sug-
gesting challenges with broad application of the this prognostic 
scheme [5].

The Acute Patient Physiologic and Laboratory Evaluation 
(APPLEfull) score system was developed in 2010, in a cohort 
of dogs presenting to an academic teaching hospital (Guelph, 
Ontario, Canada; n = 810) [6]. While this score system was not 
applied to just dogs with pancreatitis, 13.2% (107/810) dogs had 
clinical signs related to the gastrointestinal tract or pancreas [6]. 
An APPLEfull score > 30 was proposed to have an 81.2% sensitiv-
ity and 89.4% specificity for prediction of death in patients pre-
senting to an intensive care unit (ICU) [6]. Given the results of 
this study, some clinicians have utilized APPLEfull when prog-
nosticating in dogs with AP.

The Canine Acute Pancreatitis Severity (CAPS) scheme was 
developed in 2019 from a cohort of dogs with AP presenting 
to a university teaching hospital (Alfort, France; n = 138) 
and was subsequently validated in a cohort of dogs from an-
other university teaching hospital (Toulouse, France; n = 31) 
[7]. While this study had the advantage of utilizing a second 

separate cohort to validate the scoring system and had prom-
ising initial results (a CAPS ≥ 11, had a sensitivity of 86% and 
a specificity of 92%, with a 95% CI area under the curve (AUC) 
of 0.77–1.00, for prediction of short term death), several stud-
ies with smaller numbers of dogs have not yielded similar per-
formance data [7–9].

The Modified Canine Activity Index is a newer scoring sys-
tem, first published in 2021 (n = 13), that was adapted from the 
Canine Inflammatory Bowel Disease Activity Index (CIBDAI) 
for use in dogs with AP [5]. This system has also been referred 
to as the Modified Clinical Activity Index (MCAI) to empha-
size that it is a clinical signs-based system, in contrast to the 
OS, CSI, and CAPS, which are composite evaluations of sys-
temic organ dysfunction [10]. Modified Clinical Activity Index 
was correlated with outcome in dogs with AP in the 2021 
study, which contrasts with the published CSI [5]. To the au-
thors knowledge, MCAI has not been directly evaluated in a 
larger cohort of dogs in the peer-reviewed literature. Modified 
Clinical Activity Index was subsequently utilized in a study of 
61 dogs evaluating the efficacy of a novel drug for the treat-
ment of AP (fuzapladib sodium) [11]. The MCAI was utilized 
as the primary outcome variable in the placebo-controlled 
clinical trial from which fuzapladib sodium achieved condi-
tional approval by the US Food and Drug Administration for 
the management of the clinical signs associated with the acute 
onset of pancreatitis [11, 12]. Given this MCAI's performance 
warrants further investigation [13].

The above scoring systems are limited by the fact they were 
derived and evaluated from small cohorts, or they have not 
been externally validated, or both. This, in conjunction 
with the poor predictive performances in some studies, sug-
gests that these prognostic schemes need to be re-evaluated. 
Importantly, many of these scoring systems are also used as 
co-variates or outcome variables in clinical research and study 
designs. Thus, the influence of these prognostic schemes is 
large. The aim of our study was therefore to (i) compare pre-
dicted prognosis for death and for prolonged (≥ 5 days) hos-
pitalization across scoring schemes in a large cohort of dogs 
and (ii) to predict concordance of each scoring scheme with 
death and for prolonged hospitalization. We hypothesized 
that MCAI would have the greatest concordance with out-
come variables when compared with previously described 
pancreatitis-specific score systems.

2   |   Materials and Methods

2.1   |   Animals and Case Definitions

Cases were identified by searching the medical record systems 
at 3 academic teaching hospitals and 1 large multi-specialty 
private referral hospital for cases of “pancreatitis” in dogs be-
tween January 1st, 2018, and December 31st, 2023. All centers 
practice a similar standard of medicine. Geographic popula-
tions represented included the Midwest, Southeast, and West 
Coast of the United States. For inclusion in the study, review 
of the medical record confirmed that each dog met criteria for 
clinically suspected or clinically probable AP, per published 
guidelines [14].
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2.2   |   Data Collection and Disease Severity Indices

Medical records were analyzed, and the following data was 
extracted from each dog: age, sex, weight, history, physical ex-
amination findings, clinicopathologic test results, diagnostic 
imaging results (radiographs, ultrasonographic examination, or 
computed tomography), length of hospitalization, length of fol-
low-up, and outcome (alive versus dead/euthanized). Cause of 
death was recorded where known.

For each dog, the following prognostic scoring systems were 
retrospectively calculated from the first available data in 
the medical record: OS, CSI, APPLEfull, CAPS, and MCAI 
[3–7]. Scores were calculated by DC for 3 institutions, while 
the 4th institution submitted self-calculated scores for 

analysis. Ionized calcium (iCa) was assumed to be normal 
when total calcium was normal and iCa was unavailable. 
Otherwise, missing data was treated as such, and the corre-
sponding scoring system from which the data was missing 
was not utilized in the statistical analyses. Duration of hospi-
talization and death were used as surrogate markers of disease 
severity.

2.3   |   Statistical Analysis

Study cohort characteristics were summarized using descrip-
tive statistics. Wilcoxon rank sum tests were used to compare 
median scores for each of the scoring systems between dogs 
that died or were euthanized and those that survived. Similar 

FIGURE 1    |    Comparison of prognostic schemes between pancreatitis dogs that survived and dogs that died/were euthanized. APPLEfull and 
MCAI were significantly different between pancreatitis dogs that died or were euthanized and those that survived. The horizontal line inside the box 
represents the median value. The open circle represents the mean value. The upper edge of the box represents the 3rd quartile and the lower edge of 
the box represents 1st quartile. The upper whisker represents the 3rd quartile +1.5 times the interquartile range or the maximum value. The lower 
whisker represents the 1st quartile—1.5 times the interquartile range or the minimum value. Data points outside 1.5 times the interquartile range 
above the 3rd quartile and below the 1st quartile are marked as an individual point.
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analyses were also performed for dogs that were hospitalized 
for < 5 days compared with those that were hospitalized for 
≥ 5 days. Each scoring system was also used to generate re-
ceiver operating characteristic (ROC) curves. Optimal cutoff 
values were selected based on Youden index. The ROCit pack-
age was used to derive ROC curves [15]. Concordance was 
calculated to evaluate the overall predictive capacity of each 
scoring system and is not restricted to specific cut-off values, 
thus allowing for a greater overall comparison between prog-
nostic schemes. Concordance represents the area under the 
ROC curve. All analyses were conducted using R Statistical 
Software (v. 4.4.1; R Core Team; https://​www.​r-​proje​ct.​org/​) 
[16]. For all analyses, a p < 0.05 was considered statistically 
significant.

3   |   Results

3.1   |   Animals

Five hundred four (n = 504) dogs were included in the study. The 
median age of enrolled dogs was 10 years (interquartile range 
[IQR], 7–12 years). Two hundred and fifty-six dogs were male (237 
castrated and 19 intact males) and 248 were females (239 spayed 
and 9 intact females). The median weight of affected dogs was 
9.0 kg (IQR, 5.7–20.8 kg). The median duration of hospitalization 
was 4 days (IQR: 2–6 days). One hundred and ninety-seven dogs 
(39.0%) were hospitalized for 5 or more days. The mean duration 
of follow up after discharge was 111 ± 305 days, with a predomi-
nant right skew. The median duration of follow up after discharge 

FIGURE 2    |    Comparison of prognostic schemes between pancreatitis dogs that were Hospitalized for < 5 days vs. ≥ 5 days. OS, CAPS, APPLEfull, 
and MCAI scores were significantly different between pancreatitis dogs that were hospitalized for < 5 days vs. ≥ 5 days. CSI scores were not signifi-
cantly different. The horizontal line inside the box represents the median value. The open circle represents the mean value. The upper edge of the 
box represents the 3rd quartile and the lower edge of the box represents 1st quartile. The upper whisker represents the 3rd quartile +1.5 times the 
interquartile range or the maximum value. The lower whisker represents the 1st quartile—1.5 times the interquartile range or the minimum value. 
Data points outside 1.5 times the interquartile range above the 3rd quartile and below the 1st quartile are marked as an individual point.

https://www.r-project.org/
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was 0 days (IQR: 0–21 days). Forty-four dogs (8.8%) died or were 
euthanized, and the remaining dogs survived their episode of 
pancreatitis. Missing data resulted in the following number of 
dogs utilized in each scoring system analysis: OS (n = 356), CSI 
(n = 493), APPLEfull (n = 266), CAPS (n = 473), and MCAI (n = 494).

3.2   |   Wilcoxon Rank Sum Testing

3.2.1   |   Prediction of Death

The OS (p = 0.24), CSI (p = 0.39), and CAPS (p = 0.07) schemes 
were not significantly different between dogs that died and those 
that survived. The APPLEfull (p = 0.004) and MCAI (p = 0.01) 
schemes were significantly different between dogs that died/
were euthanized and those that survived. See Figure 1.

3.2.2   |   Prediction of Prolonged Hospitalization 
(≥ 5 Days)

Four of five score systems were significantly different between 
dogs that had prolonged (≥ 5 days) hospitalization and those that 
had hospitalization of < 5 days duration (OS, p < 0.001; CAPS, 
p = 0.001; APPLEfull, p < 0.001; MCAI, p = 0.001). The CSI 
scheme was not significantly different (p = 0.59) between dogs 
that had prolonged (≥ 5 days) hospitalization and those that had 
hospitalization of < 5 days duration. See Figure 2.

3.3   |   Receiver Operator Curves

3.3.1   |   Prediction of Death

With the OS scheme, ROC analysis revealed an optimal cut-
off of 4 to predict death in dogs in the present study (Figure 3). 
This yielded an area under the curve (AUC) of 0.556 (95% CI: 
0.457–0.655), a positive predictive value (PPV) of 23.3% (95% CI: 
9.9%–42.3%), and a negative predictive value (NPV) of 90.5% 
(95% CI: 86.8%–93.4%). Figure  4 demonstrates PPV and NPV 
data across a range of death prevalences for each prognostic 
scheme. For the cut-off value of 4, sensitivity was 18.4% (95% CI: 
7.7%–34.3%), and specificity was 92.8% (95% CI: 89.3%–95.4%).

With the CSI scheme, ROC analysis revealed an optimal cut-
off of 2 to predict death. This yielded an AUC of 0.537 (95% CI: 
0.446–0.629), a PPV of 11.1% (95% CI: 6.5%–17.4%), and a NPV of 
92.3% (95% CI: 88.9%–94.8%). For the cut-off value of 2, sensitiv-
ity was 37.2% (95% CI: 23.0%–53.3%), and specificity was 71.6% 
(95% CI: 67.1%–75.7%).

With the CAPS scheme, ROC analysis revealed an optimal cut-
off of 12 to predict death. This yielded an AUC of 0.579 (95% CI: 
0.486–0.672), a PPV of 15.4% (95% CI: 8.7%–24.5%), and a NPV 
of 92.4% (95% CI: 89.3%–94.9%). For the cut-off value of 12, sensi-
tivity was 32.6% (95% CI: 19.1%–48.5), and specificity was 82.1% 
(95% CI: 78.1%–85.6%).

With the APPLEfull scheme, ROC analysis revealed an optimal 
cut-off of 25 to predict death. This yielded an AUC of 0.691 (95% 
CI: 0.558–0.824), a PPV of 11.7% (95% CI: 7.0%–18.1%), and a 

NPV of 97.5% (95% CI: 92.9%–99.5%). For the cut-off value of 25, 
sensitivity was 85.0% (95% CI: 62.1%–96.8%), and specificity was 
48.0% (95% CI: 41.6%–54.4%).

With the MCAI scheme, ROC analysis revealed an optimal cut-
off of 5 to predict death. This yielded an AUC of 0.618 (95% CI: 
0.525–0.710), a PPV of 11.4% (95% CI: 8.0%–15.5%), and a NPV of 
95.4% (95% CI: 91.4%–97.9%). For the cut-off value of 5, sensitiv-
ity was 79.1% (95% CI: 64.0%–90.0%), and specificity was 41.2% 
(95% CI: 36.7%–45.9%).

3.3.2   |   Prediction of Prolonged Hospitalization 
(≥ 5 Days)

With the OS scheme, ROC analysis revealed an optimal cut-off of 
3 to predict prolonged hospitalization (≥ 5 days; Figure 5). This 
yielded an AUC of 0.621 (95% CI: 0.562–0.679), a PPV of 59.6% 
(95% CI: 49.8%–68.9%), and a NPV of 61.1% (95% CI: 54.7%–
67.2%). Figure 6 demonstrates PPV and NPV data across a range 
of prolonged hospitalization prevalences for each prognostic 
scheme. For the cut-off value of 3, sensitivity was 40.4% (95% CI: 
32.7%–48.4%), and specificity was 77.4% (95% CI: 70.9%–83.1%).

With the CSI scheme, ROC analysis revealed an optimal cut-off 
of 2 to predict prolonged hospitalization (≥ 5 days). This yielded 
an AUC of 0.513 (95% CI: 0.461–0.566), a PPV of 44.4% (95% 
CI: 36.2%–52.9%), and a NPV of 61.9% (95% CI: 56.6%–67.0%). 
For the cut-off value of 2, sensitivity was 32.5% (95% CI: 26.0%–
39.5%), and specificity was 73.0% (95% CI: 67.5%–77.9%).

With the CAPS scheme, ROC analysis revealed an optimal cut-
off of 12 to predict prolonged hospitalization (≥ 5 days). This 
yielded an AUC of 0.582 (95% CI: 0.529–0.635), a PPV of 51.8% 

FIGURE 3    |    Receiver operator characteristic curves for prediction of 
death in dogs with pancreatitis. A ‘X’ mark indicates the optimal cut-
off determined by the Youden index. Score system and ‘n’ are provided 
within the figure.
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(95% CI: 42.1%–61.4%), and a NPV of 62.5% (95% CI: 57.3%–
67.5%). For the cut-off value of 12, sensitivity was 32.6% (95% CI: 
19.1%–48.5%), and specificity was 82.1% (95% CI: 78.1%–85.6%).

With the APPLEfull scheme, ROC analysis revealed an optimal 
cut-off of 29 to predict prolonged hospitalization (≥ 5 days). This 
yielded an AUC of 0.656 (95% CI: 0.586–0.725), a PPV of 57.1% 
(95% CI: 45.9%–67.9%), and a NPV of 72.0% (95% CI: 64.9%–
78.4%). For the cut-off value of 29, sensitivity was 48.5% (95% CI: 
38.3%–58.7%), and specificity was 78.4% (95% CI: 71.4%–84.4%).

With the MCAI scheme, ROC analysis revealed an optimal 
cut-off of 4 to predict prolonged hospitalization (≥ 5 days). This 
yielded an AUC of 0.584 (95% CI: 0.532–0.636), a PPV of 44.0% 
(95% CI: 38.8%–49.3%), and a NPV of 71.9% (95% CI: 63.5%–
79.2%). For the cut-off value of 4, sensitivity was 80.6% (95% CI: 
74.4%–85.9%), and specificity was 32.6% (95% CI: 27.3%–38.2%).

3.4   |   Overall Concordance With Length 
of Hospitalization

Concordance can be considered as the overall predictive ca-
pacity of each scoring system, and is not restricted to specific 

cut-off values, allowing for greater overall comparison between 
prognostic schemes. It represents the area under the ROC curve. 
The APPLEfull had the greatest concordance with length of hos-
pitalization (0.632, SE: 0.020, 95% CI: 0.592–0.672), followed 
by MCAI (0.601, SE: 0.017, 95% CI: 0.567–0.635), OS (0.595, SE: 
0.019, 95% CI: 0.558–0.633), CAPS (0.576, SE: 0.017, 95% CI: 
0.543–0.608), and CSI (0.525, SE: 0.016, 95% CI: 0.494–0.556). 
Concordance was not calculated for prediction of death due to 
low numbers in each group.

4   |   Discussion

Our study aimed to compare commonly utilized prognostic 
scoring systems in a large cohort of dogs (n = 504) with sus-
pected or clinically probable pancreatitis. This large study in-
cluded cases from the Midwest, Southeast, and West Coast of the 
United States. The complexity of each prognostic scheme varied, 
with some prognostic schemes utilizing data that is not routinely 
available in all practice settings, including the use of acid–base 
status (OS), electrical conduction/ECG data (CSI), cavity fluid 
assessment (APPLEfull), and coagulation testing (CAPS). In con-
trast, the MCAI utilized case data readily available to all clini-
cians and is likely easier to apply at the dogs side.

FIGURE 4    |    Positive and negative predictive values across a range of prevalences for death in dogs with pancreatitis. The red line indicates the 
negative predictive value for death of each scoring system across a range of prevalences. The blue line indicates the positive predictive value for death 
of each scoring system across a range of prevalences. The black line represents the death prevalence (8.8%) in our study cohort.
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Interestingly, the OS, CSI, and CAPS schemes were not signifi-
cantly different between dogs that died and dogs that survived, 
suggesting potential limited utility of these scoring systems for 
use in individual animals or as part of disease severity stratifi-
cation in statistical models. APPLEfull and MCAI were signifi-
cantly different between dogs that died and dogs that survived, 
with MCAI being the only pancreatitis-specific scheme that was 
significantly different between survivors and non-survivors. 
Our findings appear to contradict commentary made in a re-
cent letter to the editor regarding a fuzapladib sodium study, in 
which CAPS was recommended to be performed in preference 
to MCAI [13].

When utilizing length of hospitalization as a surrogate marker 
of disease severity, 4 of 5 prognostic schemes were different be-
tween dogs that were hospitalized for < 5 days and those that 
were hospitalized for ≥ 5 days. Five days was selected to rep-
resent prolonged hospitalization based on clinical perception, 
and because the mean duration of hospitalization in this study 
was 4.4 days. While significant differences were noted between 
these two groups in 80% of the scoring schemes (by duration 
of hospitalization), it is also important to determine the degree 
of predictive discrimination, in this case using concordance. 
Concordance data revealed that APPLEfull had the best over-
all predictive discrimination between those dogs experiencing 
prolonged hospitalization and those that did not; however, the 
concordance index (0.632) was only moderately above that of 
0.5, a value that represents no predictive discrimination ability 
above random chance. The APPLEfull scheme had the great-
est concordance, and this might be due to the fact that this 
score system was generated in the large cohort of dogs, which 
could lead to a broad clinical application. Out of the prognos-
tic schemes that were developed to be pancreatitis-specific, 
MCAI had the highest predictive discrimination for prolonged 

hospitalization; however, the concordance index was 0.601. The 
MCAI scheme has been evaluated in a limited number of dogs to 
date and further optimization of the scoring system in a larger 
cohort of dogs might allow for improvement in its concordance. 
Of the schemes that were significantly different between dogs 
that were hospitalized for < 5 days and those hospitalized for 
≥ 5 days, the CAPS scheme had the lowest predictive discrim-
ination. This, in conjunction with a lack of significant differ-
ence in CAPS between dogs that died and those that survived, 
indicates that this scheme performed poorly in our cohort. This 
mirrors recent studies in which few dogs (0/3 and 1/5) died 
with a CAPS ≥ 11, despite CAPS being proposed to represent a 
92% specificity for short-term death in the original study [7–9]. 
Given the above findings, if a prognostic score scheme is to 
be utilized on a population basis, the authors recommend the 
use of APPLEfull or MCAI; however, the authors also note that 
these schemes need to be further evaluated in large prospective 
studies given the overall low concordance and lack of a current 
optimal scheme. These studies would also allow for further op-
timization of schemes, or combinations of schemes, to generate 
higher concordance values, which would be of improved utility. 
The authors discourage the use of prognostic score data to make 
life-altering decisions (e.g., euthanasia) on an individual dog 
basis, particularly in environments in which a similar low death 
rate would be expected. The PPV and NPV data for death in this 
study were influenced by the low death rate seen in this cohort 
of dogs treated at advanced veterinary medical centers across 
the United States. This likely does not represent PPVs and NPVs 
across all practice types, and we encourage the use of Figures 4 
and 6 to assist in predicting PPV and NPV in scenarios where a 
different prevalence for death might be seen.

In our study, we also performed receiver operator characteristic 
curves to further investigate the utility of these prognostic scor-
ing schemes. As part of this study, we focused on discussing PPV 
and NPV, rather than solely sensitivity and specificity, to more 
accurately represent the interpretative value of each prognostic 
scheme in the context of a low prevalence of death (8.8%) and a 
moderate prevalence of prolonged hospitalization (39.4%). The 
PPVs for death for the 5 prognostic schemes were low (11.1%–
23.3%), indicating only a relatively small likelihood that dogs 
with a score above the derived cut-off value for each scheme 
would go on to die as predicted by the scheme. The NPVs for 
death for the 5 prognostic schemes were relatively high (90.5%–
97.5%), suggesting that there is a high likelihood that a dog with 
a score below the derived cut-off for each score system would in-
deed not go on to die. The PPVs for prediction of prolonged hospi-
talization were overall relatively poor (44.0%–59.6%), suggesting 
limited clinical utility. The NPVs (61.1%–72.0%) for prediction 
of prolonged hospitalization were mildly improved relative to 
the PPVs; however, they remained overall relatively poor. It is 
important to note that these PPV and NPV values are specific 
to the cut-off value derived by Youden index to maximize the 
AUC. Manual selection of alternate cut-off values would yield 
alternate results.

This study was limited by its retrospective nature, non-
standardized treatments, and non-standardized case follow-up. 
Diagnostic criteria for pancreatitis in this study were based on 
previously published guidelines for clinically suspected and clin-
ically probable pancreatitis and did not include histopathologic 

FIGURE 5    |    Receiver operator characteristic curves for prediction of 
hospitalization (≥ 5 days) in dogs with pancreatitis. A ‘X’ mark indicates 
the optimal cut-off determined by the Youden index. Score system and 
‘n’ are provided within the figure.
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assessment of pancreatic tissue. Scoring systems were retrospec-
tively assigned based on data available in each dog's medical re-
cords, leading to missing data that prevented the assessment of 
all prognostic schemes in some dogs. Future prospective data 
collection would allow for comparison of all scoring schemes 
within every dog in a study, thus allowing for a true head-to-
head comparison between schemes. This might also allow for 
generation of new schemes utilizing artificial intelligence. 
Factors outside of disease severity, such as financial constraints 
or co-existing disease, could have influenced duration of hos-
pitalization and death; however, we are hopeful that the large 
number of dogs in this study helps to mitigate the overall impact 
of these factors on the study results. Minimal post-discharge 
data was available and, as such, death data should be considered 
to reflect death during initial hospitalization. Pre-presentation 
treatment and pre-presentation duration of illness were unable 
to be accurately assessed in the retrospective data sets and were 
not included as confounding variables in this study. Future pro-
spective studies should consider these variables in their anal-
yses. Level of hospitalization care, medication support, and 
institution standardized cost of care would also be important 
factors to consider in future prospective analyses.

In conclusion, OS, CSI, and CAPS were not significantly dif-
ferent between dogs that were euthanized/died and those that 
survived, suggesting that these scores might not be optimal 
to predict death in dogs with AP. On a population level, the 
APPLEfull had the highest concordance/predictive discrimi-
nation for prolonged hospitalization. A prognostic score below 
the cut-off values for death in this study results in a high like-
lihood of survival. However, a value above the proposed cut-
off for death yields only a limited likelihood for non-survival, 
suggesting that these scores should not be used to predict poor 
outcomes on an individual dog basis, in environments where a 
similar prevalence of death can be expected.
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FIGURE 6    |    Positive and negative predictive values across a range of prevalences for prolonged hospitalization (≥ 5 days) in dogs with pancreati-
tis. The red line indicates the negative predictive value for prolonged hospitalization (≥ 5 days) of each scoring system across a range of prevalences. 
The blue line indicates the positive predictive value for prolonged hospitalization (≥ 5 days) of each scoring system across a range of prevalences. The 
black line represents the prolonged hospitalization prevalence (39%) in our study cohort.
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