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Simple Summary: This study aimed to assess the prognostic value of some commonly used and
inexpensive hematological and biochemical parameters in dogs with acute pancreatitis. This is a
multicenter study including 70 client-owned dogs. Statistical analysis was performed to obtain the
accuracy of clinical and laboratory variables in order to predict short-term death (i.e., dead by 14
days) and to identify independent predictors of death. The survival rate was 72.9% (51 dogs) and
19 dogs died within 14 days of admission from AP. Red Cell Distribution Width (RDW) and blood
urea nitrogen (BUN) had good accuracy to predict short-term death with the cut-off of >12.7% and
>42 mg/dL, respectively. The results indicate that RDW, BUN and bilirubin are useful predictors of
short-term death in dogs with acute pancreatitis

Abstract: This study aimed to assess the prognostic value of red cell distribution width (RDW)
RDW-to-calcium ratio (RDW/Ca), neutrophils-to-lymphocytes ratio (N/L), platelets-to-lymphocytes
ratio (P/L) and other easy to obtain and inexpensive hematological and biochemical parameters in
dogs with acute pancreatitis. This is a multicenter, retrospective cohort study including 70 client-
owned dogs. The accuracy of clinical and laboratory variables to predict short-term death (i.e., dead
by 14 days) was tested by calculating the area under the receiver-operating characteristic curve
(AUC). Independent predictors of death were identified using the multivariable Cox proportional
hazards regression model. The survival rate was 72.9% (51 dogs) and 19 dogs died within 14 days
of admission from AP. RDW and blood urea nitrogen (BUN) had good accuracy to predict short-
term dead with AUC of 0.74 and 0.70 at the cut-off of >12.7% and >42 mg/dL, respectively.
According to the multivariable model, RDW (hazard ratio and 95% confidence interval [HR, 95%
CI] =5.08, 95% CI =1.14-22.67; p = 0.03), BUN (HR = 1.00, 95% CI =1.00-1.01; p < 0.01) and bilirubin
(HR =2.46, 95% CI = 1.38-4.39; p < 0.01) were independent predictors of death. The results indicate
that RDW, BUN and bilirubin are useful predictors of short-term death in dogs with acute
pancreatitis.

Keywords: canine; laboratory biomarker; acute pancreatitis; outcome; RDW; RDW-to-total calcium
ratio; neutrophils-to-lymphocytes ratio; platelets-to-lymphocytes ratio.
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1. Introduction

Canine acute pancreatitis (CAP) is a severe and life-threatening inflammatory disease
with a reported death rate of up to 58%. This condition is commonly diagnosed in dogs
and hospitalization length can vary between hours and weeks [1-3]. The early assessment
of disease severity and the prediction of clinical outcomes for CAP has been postulated as
fundamental in order to improve treatment approach and to reduce mortality [4-6].
Nevertheless, to date, the real estimation of prognosis in CAP remains challenging [1-3,5].

As in human beings with acute pancreatitis (AP), several potential laboratory
prognostic markers have been proposed for CAP. In particular, different serum markers,
such as C-reactive protein (CRP) [3,7], CRP-to-albumin ratio [8], canine pancreatic lipase
(cPL), and specific canine pancreatic lipase-(Spec cPL) [2,9,10], 1,2-o-dilauryl-rac-glycero-
3-glutaric acid-6-methylresorufin ester [DGGR] lipase [10,11], azotemia (i.e., serum urea
and creatinine) [1,12,13], and asymmetric dimethylarginine [14], as well as some urinary
markers, namely urine protein-to-creatinine ratio [15], urinary GGT-to-creatinine ratio
[15], and plasma coagulative factor antithrombin [9], have been studied with debatable
prognostic results. Furthermore, many of these parameters can be variably expensive, are
time consuming and not rapidly available at patient admission.

On the other hand, some simple, independent, economic and non-invasive
hematological parameters, promptly and commonly available at patient presentation,
seem to be crucial for the early identification of disease severity and mortality in people
with AP. Among them, red cell distribution width (RDW), RDW-to-total calcium ratio
(RDW/Ca), neutrophils-to-lymphocytes ratio (N/L) and platelets-to-lymphocytes ratio
(P/L) have been powerfully associated with negative outcome in people with AP [16-21].
At present, some observational studies have investigated the role of RDW in dogs with
different systemic disorders, including cardiovascular disorders (myxomatous mitral
valve disease and pulmonary hypertension) [22-25], acute trauma, heartworm disease,
and dogs admitted to intensive care unit or hospitalized for medical and surgical diseases
[26-30], providing conflicting results. The prognostic value of RDW and RDW/Ca has
been poorly investigated in dogs with AP. Moreover, the diagnostic and prognostic
significance of N/L and P/L have been investigated in some studies of dogs with septic
peritonitis and systemic inflammatory response syndrome [31,32], and, only in one study,
in dogs and cats with AP [6]. In these studies, the ability of these biomarkers to estimate
disease course and outcome, even if promising, seems controversial and requires
additional studies.

This study investigates the prognostic role of RDW, RDW/Ca, N/L and P/L, in
addition to other routine clinico-pathological parameters, as biomarkers in CAP. We
hypothesized that the increase in these parameters can be associated with the negative
outcome in dogs with AP.

2. Material and Methods
2.1. Study Design and Inclusion Criteria

This is a retrospective cohort study conducted at three veterinary teaching hospitals
(VIHs), from January 2019 to December 2021. The study was approved by the
management committee of the VTH of the University of Padua and all owners gave
informed, written consent for all investigations. The inclusion criteria were: (1) definitive
diagnosis of AP based on consistent history and clinical signs, namely acute onset of one
or more compatible clinical signs including anorexia, abdominal pain, vomiting and
lethargy; (2) specific laboratory analyses, including screening tests for CAP (i.e., abnormal
result of semi quantitative SNAP cPL test, corresponding to a cPL > 200 ug/L, or DGGR
lipase > 141 IU/L) associated with confirmatory tests (Spec cPL concentrations between
201-399 ug/L considered equivocal) or solely confirmatory tests (Spec cPL > 400 ug/L
considered consistent with a diagnosis of pancreatitis); (3) results of ultrasonographic
examination performed within 48 h from admission consistent with AP (i.e., thickened
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hypoechoic pancreas with blurred margins, surrounded by hyperechoic adipose tissue
and presence of free peritoneal fluid); (4) availability of CBC and serum biochemical
profile within 24 h from admission; and (5) availability of follow-up information for at
least 35 days [1,2,33].

Dogs were excluded from the study if clinical signs were present for more than seven
days or if previous episodes consistent with AP were reported.

2.2. Data Collection

The data extracted from the electronic internal medical database included
signalment, history, physical examination findings at admission, results of CBC,
biochemistry profile and abdominal ultrasonographic examination obtained within 24 h
from admission, any previously administered drug (dichotomized as treatment vs. no
treatment) and presence of concurrent diseases (dichotomized as present vs. absent) and
follow up information. Regarding outcomes, the dogs were dichotomized into two
groups: non-survivors (dogs that died in the period of 14 days from admission) and
survivors (dogs still alive 14 days after admission). The survival data were derived from
databases of each VTH or through telephone interview with the dogs” owners.

2.3. Laboratory Findings

CBC and biochemistry profiles were performed using routine methods at diagnostic
laboratories of the three VIHs. The hematological variables, red blood cell (RBC), RDW,
hematocrit (Hct), hemoglobin (Hgb), mean corpuscular volume (MCV), white blood cell
(WBC), neutrophils, lymphocytes, platelets and mean platelets volume (MPV), were
measured in all three centers using an automated CBC analyzer (Advia 120, Hematology
system, Siemens, Munich, Germany) previously validated for canine hematology [34-36].
The biochemical parameters, blood urea nitrogen (BUN), creatinine, total proteins,
albumin, total bilirubin, serum alkaline phosphatase (SAP), alanine aminotransferase, Ca,
phosphate, glucose, triglycerides, cholesterol and CRP, were measured using AU
analyzers (AU400, Beckman Coulter/Olympus, Brea, CA, USA; AU480, Beckman
Coulter/Olympus, Brea, CA, USA). Internal quality controls provided by manufacturers
were run daily for hematology and clinical biochemistry analysis. The external quality
controls were performed for all analyzers using human control material every week.

The rapid semi quantitative SNAP cPL test (Idexx Laboratories) was performed in
house according to the manufacturer’s instructions and the Spec cPL was measured in a
commercial laboratory (Idexx Laboratories, Inc.), both using an ELISA method. The
DGCGR lipase activity was measured using a commercially available assay (Diazime
Laboratories, AU480; Beckman Coulter chemistry analyzer) according to the
manufacturer’s instructions.

2.4. Statistical Analyses

One open source (R Core Team 2022. R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria. https://R-
project.org/ accessed on 17 March 2020) and different commercially available software’s
(SAS version 9.3, SAS Institute Inc., Cary, NC, USA; MedCalc version 12.6.1.0, MedCalc
Software, Ostend, Belgium) were used for statistical analyses. Demographic and clinical
characteristics included: sex; breed; age; body weight (BW); presence of concurrent
diseases and ongoing treatment at the time of inclusion. For sex, breed, concurrent
diseases and ongoing treatment, the following binary categories were considered,
respectively: male and female; purebred and crossbred; and yes and no. The following
continuous CBC and biochemical variables were considered: RBC, WBC, platelets,
neutrophils, lymphocytes, N/L, P/L, Hct, Hgb, MCV, MPV, RDW, and serum total protein,
albumin, BUN, creatinine, bilirubin, cholesterol, triglycerides, glucose, SAP, alanine-
amino transferase, Ca, phosphate and CRP and the RDW/Ca.
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The continuous data were assessed using the Shapiro-Wilk’s test for normality and
reported as mean and standard deviation (SD) or median and minimum and maximum
for normally and not-normally distributed data, respectively. Categorical variables were
reported as number and percentage. Dogs dead within 14 days from admission (i.e., non-
survivors) were considered to have died as a result of AP if no other severe concomitant
diseases were detected. Comparison of clinical and laboratory variables between non-
survivors and survivors was conducted using the Student’s t-test or the Mann-Whitney
test for normally or not-normally distributed continuous variables, respectively, and the
z-test for categorical variables. The association between all laboratory variables and the
investigated variables RDW, RDW/Ca, N/L and P/L was assessed using Spearman rank
correlation analysis.

The predictive ability of variables showing significant differences in the
aforementioned analyses to distinguish between non-survivors and survivors was
evaluated by receiver operating characteristic (ROC) curve analysis. The corresponding
area under the curve (AUC) with 95% confidence interval (CI), and sensitivity and
specificity were calculated at different cut-off points. Youden criterion was used to
calculate thresholds that maximize the sensitivity and specificity of the method.

Univariate and multivariable regression with Cox models was performed to
determine whether a significant relationship existed between clinical (i.e., age, body
weight, sex, breed, presence of concurrent diseases and previous treatment) and
laboratory variables and survival. The endpoint was death within 14 days from
admission. The hazard ratio (HR) and 95% CI were calculated considering one-unit
change or reference level for continuous or categorical variables, respectively.
Investigated variables RDW and RDW/Ca significantly predictive of the outcome (i.e.,
death within 14 days) in the ROC curve analysis were included in the univariate model,
either as a continuous or binomial factor, dichotomized based on above calculated
threshold. As numerous variables were considered in the univariate analysis (i.e., six
clinical and 26 laboratory variables, respectively), correction for multiple testing was
applied. In particular, alpha risk inflation as a result of multiple testing was addressed by
calculating the Q value, which is preferable to the p value to control both the positive false
discovery rate (pFDR) and FDR [37]. Thus, only variables with Q < 0.05 in the univariate
analysis were included in the final multivariable Cox proportional hazards regression
model with the stepwise selection method.

A value of p <0.05 was considered significant for all analyses.

3. Results
3.1. Study Population and Laboratory Parameters

This study included 70 dogs with AP (45, 13 and 12 dogs from the University of
Bologna, Padua and Teramo, respectively): 48 females (68.6%), of which 32 were spayed;
and 22 males (31.4%), of which eight were neutered. The mean age was 10 + 4 years (mean
+ SD) and the BW was 14 + 11 kg (mean + SD). Common breed included mixed breed (33
dogs, 47.1%), Miniature Pinscher (four dogs, 5.7%), Yorkshire Terrier, Dachshund and
Jack Russell Terrier (three dogs, 4.3%) and Poodle, Beagle, Boxer, Golden Retriever,
Maltese and Rottweiler (two dogs, 2.9%).

At admission, 48 dogs (69%) had one or more concurrent extra-pancreatic diseases,
including 12 dogs (17%) with endocrine diseases (diabetes mellitus in seven cases,
hypothyroidism in two cases, hyperadrenocorticism in two cases and
hypoadrenocorticism in one case), 10 dogs (14%) with neoplastic diseases (lymphoma
three cases, hepatic neoplasia and insulinoma one case each and undetermined neoplasia
five cases), nine dogs (13%) with renal and lower urinary tract diseases (chronic kidney
disease six cases, lower urinary tract infection two cases and nephrotic syndrome one
case), eight dogs (11%) with gastrointestinal diseases (chronic enteropathy seven cases
and gastritis one case), five dogs (7%) each with epilepsy or myxomatous mitral valve
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disease, two dogs each with prostatic disease, immune-mediated polyarthritis or
leishmaniosis and one dog each with internal otitis, blunt trauma, immune-mediated
thrombocytopenia, septic peritonitis or orthopedic disease. Among these, 35 dogs (50%)
were receiving medical treatment for the underlying disease. Regarding treatment after
the diagnosis of AP, all dogs, with the exception of one, who died on the day of diagnosis,
received a combination of two or more treatments. In particular, the most used therapies
included intravenous fluid therapy in 65 (93%) dogs, antiemetics in 62 (89%) dogs,
gastrointestinal protectants (i.e., proton pump inhibitors or histamine type-2 receptor
antagonists) in 55 (79%) dogs and analgesics in 48 (69%) cases. Additional treatments
comprised a commercial or homemade low-fat diet, probiotics, antithrombotics,
antibiotics, prokinetics, N-acetyl cysteine, frozen plasma, insulin, glucocorticoids and
ursodeoxycholic acid.

After a minimum available follow-up time of 37 days, 19 dogs (27.1%) were non-
survivors (median 4 days, range 1-13), while 51 dogs (72.9%) were survivors (median 140
days, range 37-1042). Table 1 presents a comparison of clinical and laboratory variables
between non-survivors and survivors. The median BUN, RDW, and RDW/Ca were
significantly higher in non-survivors compared to survivors dogs (p = 0.02, p=0.01 and p
= 0.03, respectively), whereas mean RBC was significantly lower (p = 0.02).

Table 1. Clinical and laboratory data for the total study cohort and comparisons between non-
survivors and survivors in 70 dogs with acute pancreatitis. Continuous variables were expressed as
mean standard deviation (age and bodyweight) or as median with minimum and maximum in
brackets (laboratory data).

Total Cohort

Non-Survivors

Survivors

Variable (.= 70) (1=19) (n=51) p Value
Age (years) 10+4 10+4 10+4 0.98
Weight (kg) 14 +11 115 15 +12 0.11
Sex (F/M) 48/22 14/5 34/16 0.79
Purebred (%) 27 (53%) 7 (37%) 30 (59%) 0.17
Comurrzf/lt) diseases 0 69%) 15 (79%) 33 (65%) 0.39

Previous treatment o o o

%) 35 (50%) 12 (63%) 23 (45%) 0.28
CRP (mg/dL) 4.9 (0.0-55.4) 3.8 (0.0-36.7) 5.7 (0.3-55.4) 0.44
BUN (mg/dL) 42 (15-734) 66 (17-734) 39 (15-267) 0.02
Creatinine (mg/dL) 1.0 (0.4-14.3) 1.0 (0.4-14.3) 1.0 (0.5-7.5) 0.27
Total protein (g/L)  64.9 (34.9-98.0) 68.0 (34.9-90.0)  64.6 (38.2-98.0) 0.48
Albumin (g/L) 29.2 (8.2-39.0) 29.9 (8.2-39.0) 27.3 (18.7-37.6) 0.14
Bilirubin (mg/dL)  0.20 (0.01-3.20)  0.30 (0.01-3.20) 0.2 (0.1-1.2) 0.05
Cholesterol (mg/dL) 280 (108-779) 277 (147-779) 285 (109-663) 0.59
Triglycerides (mg/dL) 95 (28-1090) 95 (33-1090) 98 (28-704) 0.43
Calcium (mg/dL) 9.7 (7.0-13.7) 9.6 (7.0-13.7) 9.7 (8.0-11.6) 0.90
Phosphate (mg/dL) 4.7 (2.2-29.0) 5.3 (2.9-29.0) 4.5 (2.2-15.2) 0.17
Glucose (mg/dL) 97 (11-893) 100 (11-618) 96 (37-893) 0.89
ALT (U/L) 93.5 (11-11463) 107 (19-1988) 86 (11-11463) 0.23
SAP (U/L) 401 (18-10664) 410 (18-10246) 399 (26-10664) 0.23
RBC (106/uL) 6.3 (2.6-10.3) 6.2 (3.6-10.3) 6.6 (3.9-8.8) 0.02
Hemoglobin (g/dL)  15.0 (8.1-24.7) 14.9 (8.1-24.7) 15.0 (8.6-22.0) 0.19
Hematocrit (%) 42.7 (23.8-61.9) 42.1 (24.0-61.9)  43.3 (23.8-61.8) 0.08
MCV (fL) 68.5 (54.3-81.0)  69.8 (54.3-81.0)  67.2 (56.1-80.0) 0.07
WBC (10%/uL) 15.3 (4.5-56.3) 16.7 (5.0-56.3) 13.1 (4.5-41.3) 0.53
Neutrophils (103/uL) 12.3 (2.9-42.8) 13.9 (3.0-42.8) 10.2 (2.9-33.8) 0.56
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Lymphocytes (103/uL) 1.2 (0.3-5.6) 1.1 (0.3-5.6) 1.4 (0.3-4.6) 0.59
N/L 8.6 (2.6-52.3) 9.4 (2.6-52.2) 8.2 (2.9-394) 0.22
RDW (%) 13.1 (10.9-20.8)  14.2 (11.9-20.8) 12.5 (10.9-19.8) 0.01
RDW/Ca 1.3 (1.1-2.4) 1.4 (1.1-2.4) 1.3 (1.1-2.2) 0.03
Platelets (103/pL) 310 (34-777) 414 (34-742) 266 (106-777) 0.96
MPV (fL) 11.7 (8.5-25.9) 11.8 (8.9-24.4) 11.7 (8.5-25.9) 0.29
P/L 270 (13-1227) 325 (13-833) 234 (38.7-1227) 0.53

Significant values (p < 0.05) in bold characters. F, female; M, male; n, number of dogs; CRP, C-
reactive protein; BUN, blood urea nitrogen; ALT, alanine aminotransferase; SAP, serum alkaline
phosphatase; RBC, red blood cells; MCV, mean corpuscular volume; WBC, white blood cells; N/L,
neutrophils-to-lymphocytes ratio; RDW, red cell distribution width; RDW/Ca, RDW-to-calcium
ratio; P/L, platelets-to-lymphocytes ratio; MPV, mean platelet volume.

Table 2 shows the results of the Spearman’s correlation of the laboratory variables
with RDW, RDW/Ca, N/L and P/L. All of the significant correlations that were found,
excluding those between linked variables (e.g.,, RDW and RDW/Ca), were weak (r < 0.50).
Serum phosphate, SAP, WBC, neutrophils count, MPV, and N/L were positively
correlated with RDW. White blood cells, neutrophils count and MPV were positively
correlated with RDW/Ca, whereas glucose and hematocrit were negatively correlated
with RDW. Serum cholesterol, triglycerides, SAP, and P/L were positively correlated with
N/L. Furthermore, serum protein, albumin, cholesterol, glucose and SAP were positively
correlated with P/L.

Table 2. Spearman correlation coefficients between red cell distribution width (RDW), RDW-to-
calcium ratio (RDW/Ca), neutrophils-to-lymphocytes ratio (N/L) and platelets-to lymphocytes ratio
(P/L), and laboratory variables.

Variable RDW pValue RDW/Ca p Value N/L V;ﬁue P/L p Value
CRP (mg/dL) -0.202 0.10 -0.122 0.33 0.102 0.41 -0.079 0.52
BUN (mg/dL) 0.172 0.16 0.003 0.98 0.024 0.84 0.110 0.37
Creatinine (mg/dL) 0.156 0.20 -0.132 0.28 0.018 0.89 0.044 0.72
Protein (g/L) 0.176 0.14 -0.124 0.31 0.158  0.19 0.330 0.01
Albumin (g/L) -0.028 0.82 -0.207 0.09 0.050 0.68 0.304 0.01
Bilirubin (mg/dL) 0.038 0.75 -0.006 0.96 0074 054 0.085 0.48
Cholesterol (mg/dL) 0.010 0.93 -0.121 0.33 0245 0.04 0.346 <0.01
Triglycerides (mg/dL)  -0.083 0.51 -0.147 0.25 0261  0.04 0.064 0.61
Calcium (mg/dL) 0.061 0.62 -0.658 <0.01 -0.021 0.87 0.015 0.90
Phosphate (mg/dL) 0.305 0.01 0.054 0.66 0229  0.06 0.117 0.34
Glucose (mg/dL) -0.254 0.04 -0.098 0.43 0.028  0.82 0.288 0.02
ALT (U/L) 0.085 0.48 -0.056 0.65 0211  0.08 0.047 0.70
SAP (U/L) 0.264 0.03 0.160 0.19 0.347 <0.01 0.268 0.03
RBC (106/uL) -0.225 0.05 -0.158 0.20 0.055  0.65 0.008 0.95
Hemoglobin (g/dL) -0.217 0.07 -0.211 0.09 0.064  0.60 0.054 0.66
Hematocrit (%) -0.256 0.03 -0.178 0.15 0.075 0.54 0.056 0.65
MCV (fL) -0.027 0.82 -0.019 0.89 0.008 095 0.195 0.11
WBC (103/uL) 0.358 <0.01 0.268 0.03 0471 <0.01 -0.023 0.85
Neutrophils (103/uL) 0.352 <0.01 0.258 0.03 0.558 <0.01 0.016 0.89
Lymphocytes (105/uL)  0.021 0.86 0.022 0.86 -0.516 <0.01 -0.542 <0.01
Platelet (103/uL) 0.085 0.49 0.080 0.52 0.173 0.15 0.775 <0.01
MPV (fL) 0.255 0.03 0.284 0.02 -0.109 0.35 -0.405 <0.01
RDW (%) NA NA 0.650 <0.01 0.256 0.03 0.035 0.77
RDW/Ca 0.650 <0.01 NA NA 0.171 0.16 0.049 0.69
N/L 0.256 0.03 0.171 0.16 NA NA 0.467 <0.01
P/L 0.035 0.77 0.049 0.69 0.467 <0.01 NA NA

Significant correlation (p < 0.05) in bold characters. CRP, C-reactive protein; BUN, blood urea
nitrogen; ALT, alanine aminotransferase; SAP, serum alkaline phosphatase; RBC, red blood cells;
MCYV, mean corpuscular volume; WBC, white blood cells; MPV, mean platelet volume; N/L,
neutrophils-to-lymphocytes ratio; RDW, red cell distribution width; RDW/Ca, RDW-to-calcium
ratio; P/L, platelets-to-lymphocytes ratio; NA, not applicable.
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Table 3 and Figure 1 present the results of the ROC curve analyses. Red cell
distribution width > 12.7% (AUC = 0.74, 95% CI 0.63-0.84) and BUN > 42 mg/dL (AUC =
0.70, 95% CI 0.58-0.81) were the optimal cut-offs to discriminate non-survivors from
survivor dogs.

Table 3. Diagnostic accuracy of 4 laboratory variables to predict dead within 14 days in 70 dogs
with acute pancreatitis.

; AUC Sensitivit Specificit
Variable (95% CI) p Value  Cut-Off (95% CI)y (I;S% CI)y
RDW (%)  0.74 (0.63-0.84) <0.01 >12.7 89 (67-99) 53 (39-67)
RDW/Ca  0.67 (0.54-0.78) 0.03 >1.4 68 (43-87) 69 (55-82)

BUN (mg/dL) 0.70 (0.58-0.81) <0.01 >42 79 (54-94) 62 (47-75)
RBC (10¢/uL) 0.68 (0.55-0.78) 0.03 <6.3 79 (54-94) 59 (44-72)

RDW, red cell distribution width; RDW/Ca, red cell distribution width-to-calcium ratio; BUN, blood
urea nitrogen; RBC, red blood cell count; AUC, area under the curve; CI, confidence interval.

100

o
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T & [ — RDW
:E H‘ — RDW/Ca
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Figure 1. Receiver operating characteristic curve for red cell distribution width (RDW), RDW-to-
total serum calcium ratio (RDW/Ca), blood urea nitrogen (BUN) and red blood cells count (RBC) for
the prediction of death within 14 days in a population of 70 dogs with acute pancreatitis. The area
under the curve was 0.74 (95% confidence interval = 0.63-0.84) for RDW at the cut-off point >12.7%.

3.2. Univariate and Multivariable Regression Analysis

Univariate logistic regression showed that death within 14 days was correlated with
serum BUN (p < 0.01), creatinine (p = 0.01), bilirubin (p < 0.01), phosphate (p < 0.01), SAP
(p =0.03), RBC (p = 0.03), RDW (p = 0.01), RDW > 12.7% (p < 0.01), RDW/Ca (p = 0.02) and
RDW/Ca>1.4 (p<0.01) (Table 4).

Table 4. Cox proportional univariate analysis for dead within 14 days in 70 dogs with acute
pancreatitis.

Variable Hazard Ratio 95% CI Chi-Square  p Value Q Value
BUN (mg/dL) 1.00 1.00-1.01 10.57 <0.01 0.01
Creatinine (mg/dL) 1.15 1.03-1.28 6.54 0.01 0.053
Bilirubin (mg/dL) 2.70 1.56-4.69 12.45 <0.01 <0.01
Phosphate (mg/dL) 1.10 1.03-1.17 7.76 <0.01 0.03
SAP (U/L) 1.00 1.00-1.00 4.66 0.03 0.078

RBC (10¢/uL) 0.68 0.50-0.97 4.62 0.03 0.078
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RDW (%) 1.22 1.04-1.43 6.09 0.01 0.054
RDW/Ca 4.49 1.27-15.89 5.43 0.02 0.065
RDW > 12.7% 7.14 1.65-30.93 6.90 <0.01 0.04
RDW/Ca >1.4 3.75 1.42-9.90 7.14 <0.01 0.04

Significant correlations (Q < 0.05) for final multivariable model in bold characters. BUN, blood urea
nitrogen; SAP, serum alkaline phosphatase; RBC, red blood cells; RDW, red cell distribution width;
RDW/Ca, RDW-to-calcium ratio; CI, confidence interval.

The final multivariable model was built, including all predictors, with Q < 0.05 in the
univariate model and class RDW > 12.7% was used instead of RDW/Ca > 1.4 to avoid
multi-collinearity. The model confirmed that increased BUN (HR = 1.00, 95% CI = 1.00-
1.01; p <0.01), bilirubin (HR = 2.46, 95% CI = 1.38-4.39; p < 0.01) and RDW > 12.7% (HR =
5.08, 95% CI = 1.14-22.67; p = 0.03) were significant predictors of negative outcome (Table
5).

Table 5. Results of the final multivariable model for dead within 14 days in 70 dogs with acute
pancreatitis.

Predictors Hazard Ratio 95% CI Chi-Square p value
Bilirubin (mg/dL) 2.46 1.38-4.39 9.31 <0.01
BUN (mg/dL) 1.00 1.00-1.01 9.48 <0.01
RDW > 12.7% 5.08 1.14-22.67 4.52 0.03

BUN, blood urea nitrogen; RDW, red cell distribution width; CI: confidence interval.

4. Discussion

This study evaluated the prognostic usefulness of some simple and inexpensive
laboratory parameters to predict short-term death in dogs with AP. The main results were
the identification of the cut-off value of RDW with good accuracy to predict death within
14 days in these dogs. Furthermore, in addition to BUN and bilirubin, RDW can be an
independent predictor of the negative outcome in the same animals.

Acute pancreatitis in dogs is challenging for veterinary clinicians due to its complex
inflammatory response, multifaceted clinical presentation associated with local and
multisystem complications and high mortality rate [2,3,9,33]. Therefore, the identification
of factors associated with negative outcome is an important advancement in the
awareness of this life-threatening disease. Preliminary analysis of the results of the present
study showed that RDW, RDW/Ca and BUN, but not N/L and P/L, were significantly
increased in non-survivors compared to survivors. Our results are in agreement with
other studies that identified significantly increased concentrations of serum renal function
biomarkers (i.e., BUN and creatinine) between non-survivors and survivors dogs with AP
[7,12,13]. Azotemia has been associated with the increased risk of mortality and acute
kidney injury has been predicted to be a comorbidity in dogs with CAP [7,12]. Only
phosphate, but not BUN, was positively but weakly correlated with RDW in dogs in the
present study. Furthermore, no correlation was found between RDW and RDW/Ca, and
RBC, Hb and Hct, with the only exception of weak negative correlation between RDW
and Hct. The association between RDW and regenerative anemia has been demonstrated
in previous studies on dogs with various systemic and cardiovascular disorders [22-29].
Our findings suggest that the increased RDW and RDW/Ca in non-survivor dogs were
not correlated to anemia and confirmed that anemia was not associated with a negative
prognosis in dogs with AP [1-3,7].

The results of the ROC curve analyses demonstrated the useful prognostic role of
RDW, BUN and, to a lesser extent, of RDW/Ca, but not of N/L and P/L. In particular, cut-
off values of >12.7% and >1.4 for RDW and RDW/Ca had an accuracy of 0.74 and 0.67,
respectively, to predict death within 14 days in dogs with AP. Regarding RDW, sensitivity
was quite excellent (89%), but specificity was relatively low (53%).
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The results of the univariate logistic regression analysis failed to identify an
association between clinical parameters and the negative outcome. In particular, previous
drug administration and the presence of concurrent disease did not impact the outcome.
On the other hand, different laboratory parameters were significantly associated with
short-term death, including BUN, creatinine, bilirubin, phosphate, SAP, RBC, RDW and
RDW/Ca. However, only bilirubin and RDW > 12.7% were retained in the final
multivariable model that was carried out using a direct approach to avoid both pFDR and
FDR. In particular, dogs with RDW > 12.7% had a fivefold risk of mortality compared to
those with RDW < 12.7%. Similar results were obtained when RDW/Ca > 1.4 was used in
the multivariable model instead of RDW > 12.7% (data not shown). Two recent studies
reported the relationship between increased RDW and all-cause mortality in dogs with
myxomatous mitral valve disease and those hospitalized for different disorders [25,29].
Conversely, RDW did not predict all-cause mortality in dogs with trauma and those
admitted to the intensive care unit of a referral veterinary hospital for miscellaneous
disorders [26,30]. In people, numerous retrospective studies, employing different
methodologies, demonstrated that admission RDW significantly predicts clinical outcome
and mortality in patients with AP, and suggests that this parameter is a strong prognostic
factor of both severity and mortality for AP [19,38—40]. Interestingly, the cut-off values
identified in dogs of the present study were slightly lower than those previously found
predictable of mortality (i.e., >14.0% and >1.7 for RDW and RDW/Ca, respectively), but
similar if not the same as those predictable of severity (i.e., >13.0% and >1.4 for RDW and
RDW/Ca, respectively) in people with AP 2. Although the underling pathophysiologic
mechanism relating RDW and prognosis in people with AP is unclear, it has been
postulated that it could be partially mediated by stress and inflammation responses [41].
In people with AP, an increase in some inflammatory cytokines, such as tumor necrosis
factor alpha, interleukin-1 and interleukin-6 due to sepsis, have been shown to contribute
to RDW elevation by reducing RBC survival and maturation in the bone marrow,
increasing the release of newer and larger reticulocytes in the peripheral blood [19,20,42].
These results overlap with those found in the canine species [9]. Thus, RDW is suggested
to reflect the degree of systemic inflammatory response that occurs in AP, and is useful to
predict its severity and outcome [21]. Regarding RDW/Ca ratio, it has been proven to be
an excellent predictor of AP severity and mortality in people [43]. The association between
hypocalcemia within the first 24 h and AP severity seems to be caused by calcium soap
formation [43], and hypocalcemia can be a concern in dogs with AP [44].

The reference ranges of hematological variables, including RDW, can vary for
different laboratories and the harmonization of red cell sizing is an issue in both human
and veterinary hematology [35,45]. Indeed, despite the RDW cut-off of 12.7% identified in
the present study falls within the reference intervals of the used instruments, the results
suggest that some individuals with increased RDW values, even if within the reference
intervals, may have a negative outcome, as already observed in dogs with myxomatous
mitral valve disease [25].

Regarding N/L and P/L, this study did not demonstrate their prognostic usefulness
in dogs with AP. These results are complementary to those of previous studies showing
no significant relationship between N/L or P/L and disease severity, despite finding an
increase in dogs with AP compared with healthy animals [6]. Our study contributes and
underlines that, in veterinary medicine, there is a greater need for more research
regarding these ratios, as conclusions obtained on their use as prognostic markers in cases
of severe systemic inflammatory processes (e.g., AP, septic peritonitis, and systemic
inflammatory response syndrome) are different [6,31,32,46]. Conversely, in human
medicine, N/L and P/L ratios are extensively used as useful inflammatory markers in
several diseases. Elevated N/L and P/L at admission have been confirmed as simple
hematological predictors of adverse outcome in patients with AP [20,47]. The correlation
between these ratios and disease prognosis seems to be related to the role of these
inflammatory cells in the production and secretion of pro-inflammatory cytokines.
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Neutrophils activate the non-specific immune reaction and play a fundamental role in the
pathogenesis of AP; on the other hand, T-helper lymphocytes decline significantly within
6 h of the onset of AP [20]. Moreover, platelets also seem to be able to phagocytize, interact
and modulate the leukocyte function by secreting cytokines [48]. Interestingly, increased
P/L, more so than N/L, seems to be associated with a prolonged course of CAP [6].

The use of different biochemistry analyzers, even from the same manufacturer, could
represent a limitation of the study. However, AU analyzers have a proven ability to
provide consistent results for precision, linearity/analytical measurement range, method
comparison and reference ranges from different and separate laboratories [49]. Therefore,
data obtained using these analyzers from multiple institutions could be merged for
aggregate analysis [49].

Due to its retrospective design, this study has different inherent limitations. First,
some potential confounding factors should have been considered, including
unrecognized deficiency of iron, vitamin B12 and folates, hemolysis and anemia [19].
Nevertheless, the results of the present and others studies have demonstrated that anemia
is not correlated with increased RDW and RDW/Ca and with negative outcome in dogs
with AP [1-3,7]. Second, the treatment of the enrolled dogs was not standardized and
followed specific requirements for each animal at attending clinician discretion. However,
treatments performed in most of the dogs (i.e., intravenous fluids, analgesia and anti-
emesis) followed suggested indications for the management of CAP [50]. A further
limitation could be related to the presence of concurrent diseases that potentially affect
the outcome. Indeed, it is reasonable that the presence of underlying extra-pancreatic
disorders may negatively influence prognosis. However, it is worth noting that the
statistical analysis showed no association between comorbid conditions and short-term
death in the dogs of the present study. The small number of cases has been included and
the relatively low number of deaths could have limited our capability to precisely assess
the accuracy of the studied parameters in predicting mortality in our patient cohort.
However, the mortality rate in dogs of the present study (27.1%) is similar to that
previously found by other authors [1,9]. Finally, the diagnosis of AP was not confirmed
by histopathological examination, but commonly accepted clinical diagnostic tests were
used.

5. Conclusions

The present study supports the hypothesis that RDW and associated RDW/Ca, in
addition to BUN and bilirubin, are useful, non-invasive, and accurate predictors of short-
term mortality in dogs with AP. Thus, these inexpensive laboratory parameters can be
used for the early identification of animals with an elevated risk of fatal AP needing
prompt treatment in specialized intensive care units and for refining the prognosis in
affected animals. Conversely, this study was not able to demonstrate that N/L and P/L
have prognostic utility in dogs with AP. Further prospective studies with a larger sample
size of dogs and examining various outcomes related to CAP are needed to confirm these
promising results.

Author Contributions: Conceptualization, C.G., B.C. and A.M.; Methodology, C.G., B.C. and A.M,;
Formal Analysis, C.G., B.C. and A.M.; Investigation, P.E.C,, AM.T.,, RD.M., AB. and F.F.; Data
Curation, C.G,, P.EC, AMT, RDM, B.C, AB, FF. and AM., Writing—Original Draft
Preparation, Review & Editing, C.G., P.E.C,, AM.T.,, RD.M,, B.C,, A.B,, F.F. and AM. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived due to the
retrospective nature of the study. Every clinical assessment and procedure were necessary and
performed in the interest of patients” health.



Animals 2022, 12, 3483 11 of 13

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: All data included in this study are available upon request by
contacting the corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kuzi, S.; Mazor, R.; Segev, G.; Nivy, R.,; Mazaki-Tovi, M.; Chen, H.; Rimer, D.; Duneyevitz, A.; Yas, E.; Lavy, E.; Aroch, L.
Prognostic Markers and Assessment of a Previously Published Clinical Severity Index in 109 Hospitalised Dogs with Acute
Presentation of Pancreatitis. Vet. Rec. 2020, 187, el13. https://doi.org/10.1136/vr.105364.

Fabres, V.; Dossin, O.; Reif, C.; Campos, M.; Freiche, V.; Maurey, C.; Pilot-Storck, F.; Desquilbet, L.; Benchekroun, G.
Development and Validation of a Novel Clinical Scoring System for Short-Term Prediction of Death in Dogs with Acute
Pancreatitis. . Vet. Intern. Med. 2019, 33, 499-507. https://doi.org/10.1111/jvim.15421.

Mansfield, C.S.; James, F.E.; Robertson, I.D. Development of a Clinical Severity Index for Dogs with Acute Pancreatitis. J. Am.
Vet. Med. Assoc. 2008, 233, 936-944. https://doi.org/10.2460/javma.233.6.936.

Watson, P. Pancreatitis in Dogs and Cats: Definitions and Pathophysiology. |. Small Anim. Pract. 2015, 56, 3-12.
https://doi.org/10.1111/jsap.12293.

Watson, P. Canine and Feline Pancreatitis: A Challenging and Enigmatic Disease. |. Small Anim. Pract. 2015, 56, 1-2.
https://doi.org/10.1111/jsap.12316.

Neumann, S. Neutrophil-to-Lymphocyte and Platelet-to-Lymphocyte Ratios in Dogs and Cats with Acute Pancreatitis. Vet. Clin.
Pathol. 2021, 50, 45-51. https://doi.org/10.1111/vcp.12979.

Sato, T.; Ohno, K.; Tamamoto, T.; Oishi, M.; Kanemoto, H.; Fukushima, K.; Goto-Koshino, Y.; Takahashi, M.; Tsujimoto, H.
Assessment of Severity and Changes in C-Reactive Protein Concentration and Various Biomarkers in Dogs with Pancreatitis. J.
Vet. Med. Sci. 2017, 79, 35-40. https://doi.org/10.1292/jvms.16-0009.

Gori, E.; Pierini, A.; Lippi, I.; Ceccherini, G.; Perondi, F.; Marchetti, V. Evaluation of C-Reactive Protein/Albumin Ratio and Its
Relationship ~ with ~ Survival in Dogs with Acute Pancreatitis. N. Z. Vet. ] 2020, 68,  345-348.
https://doi.org/10.1080/00480169.2020.1780995.

Kuzi, S.; Mazaki-Tovi, M.; Suchodolski, J.S.; Rimer, D.; Lidbury, J.A.; Steiner, ].M.; Buono, A.; Nivy, R.; Segev, G.; Aroch, L
Protease Inhibitors, Inflammatory Markers, and Their Association with Outcome in Dogs with Naturally Occurring Acute
Pancreatitis. . Vet. Intern. Med. 2020, 34, 1801-1812. https://doi.org/10.1111/jvim.15895.

Wolfer, L.A.; Howard, J.; Peters, LM. Accuracy of 1,2-o-Dilauryl-Rac-Glycero-3-Glutaric Acid-(6'-Methylresorufin) Ester
(DGGR)-Lipase to Predict Canine Pancreas-Specific Lipase (CPL) and Diagnostic Accuracy of Both Tests for Canine Acute
Pancreatitis. Vet. Sci. 2022, 9, 177. https://doi.org/10.3390/vetsci9040177.

Hope, A.; Bailen, E.L.; Shiel, R.E.; Mooney, C.T. Retrospective Study Evaluation of DGGR Lipase for Diagnosis, Agreement with
Pancreatic Lipase and Prognosis in Dogs with Suspected Acute Pancreatitis. |. Small Anim. Pract. 2021, 62, 1092-1100.
https://doi.org/10.1111/jsap.13379.

Gori, E.; Lippi, I; Guidi, G.; Perondi, F.; Pierini, A.; Marchetti, V. Acute Pancreatitis and Acute Kidney Injury in Dogs. Vet. ].
2019, 245, 77-81. https://doi.org/10.1016/j.tvjl.2019.01.002.

Marchetti, V.; Gori, E.; Lippi, I.; Luchetti, E.; Manca, M.L.; Pierini, A. Elevated Serum Creatinine and Hyponatraemia as
Prognostic Factors in Canine Acute Pancreatitis. Aust. Vet. |. 2017, 95, 444—447. https://doi.org/10.1111/avj.12638.

Gori, E.; Pierini, A.; Lippi, I, Meucci, V.; Perondi, F.; Marchetti, V. Evaluation of Asymmetric Dimethylarginine as an
Inflammatory and Prognostic Marker in Dogs with Acute Pancreatitis. ]. Vet. Intern. Med. 2020, 34, 1144-1149.
https://doi.org/10.1111/jvim.15785.

Gori, E.; Pierini, A; Lippi, I.; Boffa, N.; Perondi, F.; Marchetti, V. Urinalysis and Urinary GGT-to-Urinary Creatinine Ratio in
Dogs with Acute Pancreatitis. Vet. Sci. 2019, 6, E27. https://doi.org/10.3390/vetsci6010027.

Zhang, L.; Wang, Y.; Han, J.; Shen, H.; Zhao, M.; Cai, S. Neutrophil-Lymphocyte Ratio, Gamma-Glutamyl Transpeptidase,
Lipase, High-Density Lipoprotein as a Panel of Factors to Predict Acute Pancreatitis in Pregnancy. Medicine 2018, 97, e11189.
https://doi.org/10.1097/MD.0000000000011189.

Liu, G.; Tao, J.; Zhu, Z.; Wang, W. The Early Prognostic Value of Inflammatory Markers in Patients with Acute Pancreatitis.
Clin. Res. Hepatol. Gastroenterol. 2019, 43, 330-337. https://doi.org/10.1016/j.clinre.2018.11.002.

Wang, Y.; Fuentes, H.E.; Attar, B.M.; Jaiswal, P.; Demetria, M. Evaluation of the Prognostic Value of Neutrophil to Lymphocyte
Ratio in Patients with Hypertriglyceridemia-Induced Acute Pancreatitis. Pancreatology 2017, 17, 893-897.
https://doi.org/10.1016/j.pan.2017.10.001.

Goyal, H.; Awad, H.; Hu, Z.-D. Prognostic Value of Admission Red Blood Cell Distribution Width in Acute Pancreatitis: A
Systematic Review. Ann. Transl. Med. 2017, 5, 342. https://doi.org/10.21037/atm.2017.06.61.

O’Connell, R.M.; Boland, M.R.; O’Driscoll, J.; Salih, A.; Arumugasamy, M.; Walsh, T.N.; Allen, M.].; Beddy, D.]. Red Cell
Distribution Width and Neutrophil to Lymphocyte Ratio as Predictors of Outcomes in Acute Pancreatitis: A Retrospective
Cohort Study. Int. ]. Surg. 2018, 55, 124-127. https://doi.org/10.1016/j.ijsu.2018.05.028.



Animals 2022, 12, 3483 12 of 13

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Gravito-Soares, M.; Gravito-Soares, E.; Gomes, D.; Almeida, N.; Tomé, L. Red Cell Distribution Width and Red Cell Distribution
Width to Total Serum Calcium Ratio as Major Predictors of Severity and Mortality in Acute Pancreatitis. BMC Gastroenterol.
2018, 18, 108. https://doi.org/10.1186/s12876-018-0834-7.

Guglielmini, C.; Poser, H.; Pria, A.D.; Drigo, M.; Mazzotta, E.; Berlanda, M.; Luciani, A. Red Blood Cell Distribution Width in
Dogs with Chronic Degenerative Valvular Disease. J. Am. Vet. Med. Assoc. 2013, 243, 858-862.
https://doi.org/10.2460/javma.243.6.858.

Swann, ].W.; Sudunagunta, S.; Covey, H.L.; English, K.; Hendricks, A.; Connolly, D.]. Evaluation of Red Cell Distribution Width
in Dogs with Pulmonary Hypertension. |. Vet. Cardiol. 2014, 16, 227-235. https://doi.org/10.1016/j.jvc.2014.08.003.

Mazzotta, E.; Guglielmini, C.; Menciotti, G.; Contiero, B.; Baron Toaldo, M.; Berlanda, M.; Poser, H. Red Blood Cell Distribution
Width, Hematology, and Serum Biochemistry in Dogs with Echocardiographically Estimated Precapillary and Postcapillary
Pulmonary Arterial Hypertension. J. Vet. Intern. Med. 2016, 30, 1806-1815. https://doi.org/10.1111/jvim.14596.

Guglielmini, C.; Valentini, C.M.; Contiero, B.; Valente, C.; Poser, H. Red Cell Distribution Width Has a Negative Prognostic
Role in Dogs with Myxomatous Mitral Valve Disease. Animals 2021, 11, 778. https://doi.org/10.3390/ani11030778.

Fish, E.J.; Hansen, S.C.; Spangler, E.A.; Gaillard, P.R; Fan, S.; Bacek, L.M. Retrospective Evaluation of Serum/Plasma Iron, Red
Blood Cell Distribution Width, and Nucleated Red Blood Cells in Dogs with Acute Trauma (2009-2015): 129 Cases. ]. Vet. Emerg.
Crit. Care 2019, 29, 521-527. https://doi.org/10.1111/vec.12886.

Martinez, C.; Mooney, C.T.; Shiel, R.E.; Tang, P.K.; Mooney, L.; O’Neill, E. ]. Evaluation of Red Blood Cell Distribution Width
in Dogs with Various Illnesses. Can. Vet. J. 2019, 60, 964-971.

Kim, S.-].; Suh, S.-I.; Hyun, C. Evaluation of Red Blood Cell Profiles in Dogs with Heartworm Disease. Can. ]. Vet. Res. 2020, 84,
265-271.

Ludwik, T.M.; Heinrich, D.A.; Rendahl, A.; Friedenberg, S.G. Red Cell Distribution Width Is a Predictor of All-Cause Mortality
in Hospitalized Dogs. . Vet. Emerg. Crit. Care 2021, 32, 9-17. https://doi.org/10.1111/vec.13109.

Pfeifer, M.E.; Prittie, ].E.; Zollo, A.M.; Weltman, J.G. Red Cell Distribution Width, Illness Severity, and All-Cause Mortality in
Dogs Admitted to the ICU. |. Vet. Emerg. Crit. Care 2022, 32, 168-172. https://doi.org/10.1111/vec.13146.

Pierini, A.; Gori, E.; Lippi, I.; Ceccherini, G.; Lubas, G.; Marchetti, V. Neutrophil-to-Lymphocyte Ratio, Nucleated Red Blood
Cells and Erythrocyte Abnormalities in Canine Systemic Inflammatory Response Syndrome. Res. Vet. Sci 2019, 126, 150-154.
https://doi.org/10.1016/j.rvsc.2019.08.028.

Hodgson, N.; Llewellyn, E.A.; Schaeffer, D.J. Utility and Prognostic Significance of Neutrophil-to-Lymphocyte Ratio in Dogs
with Septic Peritonitis. ]. Am. Anim. Hosp. Assoc. 2018, 54, 351-359. https://doi.org/10.5326/JAAHA-MS-6808.

Cridge, H.; Twedt, D.C.; Marolf, A.].; Sharkey, L.C.; Steiner, ]. M. Advances in the Diagnosis of Acute Pancreatitis in Dogs. J. Vet.
Intern. Med. 2021, 35, 2572-2587. https://doi.org/10.1111/jvim.16292.

Moritz, A.; Fickenscher, Y.; Meyer, K,; Failing, K.; Weiss, D.J. Canine and Feline Hematology Reference Values for the ADVIA
120 Hematology System. Vet. Clin. Pathol. 2004, 33, 32-38. https://doi.org/10.1111/j.1939-165x.2004.tb00347 .x.

Welles, E.G.; Hall, A.S; Carpenter, D.M. Canine Complete Blood Counts: A Comparison of Four in-Office Instruments with the
ADVIA 120 and Manual Differential Counts. Vet. Clin. Pathol 2009, 38, 20-29. https://doi.org/10.1111/j.1939-165X.2008.00084.x.
Becker, M.; Moritz, A.; Giger, U. Comparative Clinical Study of Canine and Feline Total Blood Cell Count Results with Seven
In-Clinic and Two Commercial Laboratory Hematology Analyzers. Vet. Clin. Pathol 2008, 37, 373-384.
https://doi.org/10.1111/j.1939-165X.2008.00085.x.

Storey, ].D. A Direct Approach to False Discovery Rates. ]. R. Stat. Soc. Ser. B (Stat. Methodol.) 2002, 64, 479-498.
https://doi.org/10.1111/1467-9868.00346.

Cetinkaya, E.; Senol, K.; Saylam, B.; Tez, M. Red Cell Distribution Width to Platelet Ratio: New and Promising Prognostic
Marker in Acute Pancreatitis. World ]. Gastroenterol. 2014, 20, 14450-14454. https://doi.org/10.3748/wjg.v20.i39.14450.

Senol, K.; Saylam, B.; Kocaay, F.; Tez, M. Red Cell Distribution Width as a Predictor of Mortality in Acute Pancreatitis. Am. J.
Emerg. Med. 2013, 31, 687-689. https://doi.org/10.1016/j.ajem.2012.12.015.

Giilen, B.; Sonmez, E.; Yaylaci, S.; Serinken, M.; Eken, C.; Dur, A.; Turkdogan, F.T.; Sogiit, O. Effect of Harmless Acute
Pancreatitis Score, Red Cell Distribution Width and Neutrophil/Lymphocyte Ratio on the Mortality of Patients with
Nontraumatic Acute Pancreatitis at the FEmergency Department. World ]. Emerg. Med. 2015, 6, 29-33.
https://doi.org/10.5847 /wjem.j.1920-8642.2015.01.005.

Lippi, G.; Targher, G.; Montagnana, M.; Salvagno, G.L.; Zoppini, G.; Guidi, G.C. Relation between Red Blood Cell Distribution
Width and Inflammatory Biomarkers in a Large Cohort of Unselected Outpatients. Arch. Pathol. Lab. Med. 2009, 133, 628-632.
https://doi.org/10.5858/133.4.628.

Morceau, F.; Dicato, M.; Diederich, M. Pro-Inflammatory Cytokine-Mediated Anemia: Regarding Molecular Mechanisms of
Erythropoiesis. Mediat. Inflamm. 2009, 2009, 405016. https://doi.org/10.1155/2009/405016.

Han, T.; Cheng, T.; Liao, Y.; He, Y.; Liu, B.; Lai, Q.; Pan, P.; Liu, J.; Cao, Y.; Yu, H. The Ratio of Red Blood Cell Distribution Width
to Serum Calcium Predicts Severity of Patients with Acute Pancreatitis. Am. ]. Emerg. Med. 2022, 53, 190-195.
https://doi.org/10.1016/j.ajem.2022.01.024.

Holowaychuk, M.K. Hypocalcemia of Critical Illness in Dogs and Cats. Vet. Clin. N. Am. Small Anim. Pract. 2013, 43, 1299-1317,
vi—vii. https://doi.org/10.1016/j.cvsm.2013.07.008.

Lippi, G.; Pavesi, F.; Bardi, M.; Pipitone, S. Lack of Harmonization of Red Blood Cell Distribution Width (RDW). Evaluation of
Four Hematological Analyzers. Clin. Biochem. 2014, 47, 1100-1103. https://doi.org/10.1016/j.clinbiochem.2014.06.003.



Animals 2022, 12, 3483 13 of 13

46.

47.

48.

49.

50.

Rejec, A.; Butinar, J.; Gawor, J; Petelin, M. Evaluation of Complete Blood Count Indices (NLR, PLR, MPV/PLT, and PLCRi) in
Healthy Dogs, Dogs With Periodontitis, and Dogs With Oropharyngeal Tumors as Potential Biomarkers of Systemic
Inflammatory Response. . Vet. Dent. 2017, 34, 231-240. https://doi.org/10.1177/0898756417731775.

Jeon, T.J.; Park, J.Y. Clinical Significance of the Neutrophil-Lymphocyte Ratio as an Early Predictive Marker for Adverse
Outcomes in Patients  with  Acute Pancreatitis. World  ]. Gastroenterol. 2017, 23, 3883-3889.
https://doi.org/10.3748/wijg.v23.i21.3883.

Jenne, C.N.; Kubes, P. Platelets in Inflammation and  Infection. Platelets 2015, 26, 286-292.
https://doi.org/10.3109/09537104.2015.1010441.

Zimmerman, M.K,; Friesen, L.R.; Nice, A.; Vollmer, P.A.; Dockery, E.A.; Rankin, ].D.; Zmuda, K.; Wong, S.H. Multi-Center
Evaluation of Analytical Performance of the Beckman Coulter AU5822 Chemistry Analyzer. Clin. Biochem. 2015, 48, 881-885.
https://doi.org/10.1016/j.clinbiochem.2015.06.010.

Mansfield, C.; Beths, T. Management of Acute Pancreatitis in Dogs: A Critical Appraisal with Focus on Feeding and Analgesia.
J. Small Anim. Pract. 2015, 56, 27-39. https://doi.org/10.1111/jsap.12296.



