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performed within 30 hours. Medical history, clinical examination results, lipase activ-

ity, and US results were recorded.

Results: Lipase and US results were weakly correlated (r; = .25, P < .001). At both
evaluated time cut-offs, median lipase activities were significantly higher with
shorter durations of clinical signs before presentation (<2 days, 334 U/L; >2 days,
118 U/L; P = .03; <7 days, 334 U/L; >7 days, 99 U/L; P = .004), but US was not
significantly more frequently positive. For both cut-offs (>216/<216 U/L, >355/
<355 U/L; reference range, 24-108 U/L), median disease duration was signifi-
cantly shorter (3 vs 4 days) with higher lipases. Previous pancreatitis episodes
were significantly associated with an US diagnosis of pancreatitis (P = .04), but
median lipase activities were not significantly higher (386 U/L vs 153 U/L;
P = .06) in these dogs. Pancreatic US was significantly more often positive when
the request contained “suspicion of pancreatitis” (P < .001) or “increased lipase”
(P =.01). Only changes in pancreatic morphology, echogenicity, and perip-
ancreatic mesentery were significantly associated with a positive US diagnosis,
and also had significantly higher lipase activities.

Conclusions and Clinical Importance: Duration of clinical signs before presentation
differently affects laboratory and US evidence of pancreatitis. Previous pancreatitis
episodes and information given to radiologists influence US results. These findings

can be helpful for future studies on pancreatitis in dogs.

Abbreviations: AP, acute pancreatitis; DGGR, 1,2-o-dilauryl-rac-glycero-3-glutaric acid-(6'-methylresorufin) ester; IQR, interquartile range; PLI, pancreatic lipase immunoreactivity; US,
ultrasonography.
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1 | INTRODUCTION

Pancreatitis is a common disease in dogs with a variable clinical
picture. Presenting clinical signs (ie, vomiting, anorexia, abdominal
pain) are not specific, and dogs can present with a single clinical
sign. Histopathology is the diagnostic gold standard.'? However,
it is rarely used because of its invasive nature and inherent limita-
tions, including the potential to miss localized or subclinical pan-
creatitis.®>* Therefore, pancreatitis is mostly a clinical diagnosis
based on 3 cornerstones, namely clinical signs, laboratory abnor-
malities, and ultrasonography (US). Determination of serum lipase,
either as a concentration (pancreatic lipase immunoreactivity
[PLI]) or an activity (1,2-o-dilauryl-rac-glycero-3-glutaric acid-(6'-
methylresorufin) ester [DGGR]-based lipase assays), has largely
replaced histopathology as a surrogate gold standard for the diag-
nosis of pancreatitis in dogs.>** Both tests have been shown to
correlate strongly.”®1%12-15 We have been using the LIPC Roche
DGGR-based catalytic lipase assay since 2005 in our hospital.
Assessments of the diagnostic utility of PLI and lipase activity ver-
sus a standardized histopathologic evaluation similar to what has
been published in cats'® or versus a standardized in-depth clinical
evaluation are lacking. Because prospective clinical studies are
inherently difficult to perform, correlations of serum lipase results
with clinical findings and US findings suspicious for pancreatitis
may help to better characterize this laboratory test.

Another diagnostic cornerstone of a clinical pancreatitis
diagnosis is US. Whenever US results have been compared to
the laboratory surrogate gold standard lipase (PLI or lipase activ-
ity), a clear discrepancy was found between both modalities with
poor agreement and correlation of both tests.'*17-2° Causes for
this discrepancy have not been investigated. We assume dura-
tion of clinical signs before presentation plays a role, because
circulating lipase very likely reflects the current state whereas
recognizable US changes might lag behind, depending on when
in the course of pancreatitis the patient is presented. Also, pre-
vious episodes of pancreatitis may have caused remnant pancre-
atic lesions still detectable ultrasonographically, which can be
mistaken for an active process.'* Therefore, we aimed to find
explanations for the discrepancy between pancreatic US and
lipase measurements. Our hypotheses were: (a) duration of clini-
cal signs before presentation differently influences lipase and US
results and (b) previous pancreatitis episodes as well as informa-
tion given to radiologists affect the likelihood of an US diagnosis
of pancreatitis. Secondary goals were to compare individual pan-
creatic US variables with the final pancreatic US diagnosis as

well as with lipase results.

2 | MATERIALS AND METHODS

21 | Case selection and data collection

Cases were identified by searching medical records at the investigators'
institution between January 1, 2016, and December 1, 2020. Inclusion
criteria were clinical signs of gastrointestinal disease (vomiting, diarrhea,
anorexia, abdominal pain, lethargy, or a combination of these signs), a
Roche (LIPC) DGGR-based lipase activity

measurement,'* and abdominal US performed within 30 hours of blood

Colorimetric  Lipase
sampling. Dogs with acute and chronic clinical signs were included. The
PLI results were included when measured from the same blood sample.
Cases were excluded if the US report did not mention the pancreas
(Figure 1). Because prednisolone can increase PLI?! as well as lipase
acitivity?? in dogs, and PLI often is increased in dogs with hyper-
adrenocorticism without clinical evidence of pancreatitis, 2> pretreatment
with corticosteroids or a diagnosis of hyperadrenocorticism was an addi-
tional exclusion criterion. Concurrent azotemia was not an exclusion crite-
rion, because neither experimentally induced acute kidney injury®* nor
chronic renal failure?® has been shown to have significant effects on
lipase activity and PLI, and correlation of lipase activity with serum creati-

nine concentration was poor in a recent study.*®

22 |
variables

Medical history and clinicopathological

Presence of the following clinical signs was recorded: general clinical
demeanor at presentation as judged by the attending clinician after taking
the history and examining the dog (normal vs diminished), vomiting,
hematemesis, diarrhea, hematochezia, anorexia, painful abdomen, obesity,
as well as the clinical examination results. Duration of clinical signs was
recorded exactly when the number of days was known. If owners stated
that clinical signs had been present for 1 to 2 days, then the dogs were
grouped into <2/>2 days for calculation. All dogs with clinical signs for at

least 7 days were grouped into <7/>7 days for calculations.

2.3 | Lipase activity and PLI concentration

Lipase activity (reference range, 24-108 U/L) is included in the routine
serum biochemistry panel and was measured using an in-house assay
(LIPC, Roche on Cobas Integra 800, Roche Diagnostics, Rotkreuz,
Switzerland).X* Similar to interpretation of PLI concentrations, we origi-
nally had created a preliminary equivocal zone of 109-216 U/L that we

considered a questionable range.’* Pancreatic lipase immunoreactivity
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Cases of dogs presenting with
vomiting, diarrhea, anorexia, apathy,
painful abdomen

(n=362)

Cases excluded if:

\ ¢ no ultrasound was performed within 24 hours
e steroid treatment before presentation

(n=101)

Y

Cases of dogs with clinical signs,
blood work including DGGR-lipase
and abdominal ultrasound

(n=261)

\ Cases excluded if:
e Pancreas not mentioned in ultrasound

(n=27)

Cases of dogs with clinical signs,
lipase activity, abdominal ultrasound
with pancreas mentioned

(n=234)

DGGR lipase
(n=234)

FIGURE 1 Flow diagram explaining patient selection

(reference range, 0-200 pg/L) was measured by IDEXX Laboratories
(Diavet IDEXX, Switzerland) at the clinician's discretion.

24 | Pancreatic US diagnosis and US variables

Ultrasonography was performed either by a board-certified radiol-
ogist or a resident under supervision. Reports were written imme-
diately after the examination. The results were taken as written in
the original radiologists' reports and reviewed for each patient.
The US diagnoses were divided into two groups using the verbatim
description and diagnosis of the radiologist's report, namely
(a) normal pancreas (ie, no US changes in the pancreas and the
pancreas noted as normal) and (b) pancreatitis when the diagnosis
in the radiology report was either pancreatitis or suspicion of pan-
creatitis. Eight descriptive imaging terms relating to the pancreas

and gastrointestinal tract also were recorded.

2.5 | Statistical analyses

Spearman's rank correlation coefficients (rs) of lipase activity, with

PLI and the US results, were determined. Agreement between

ylnt

American College of
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lipase and US results was assessed using Cohen's kappa coefficient
(k). Linear regression analysis was used to calculate the goodness-
of-fit (R?) of truncated lipase activities with PLI results. Similar to
PLI being reported only up to 1500 pg/L by the external labora-
tory, lipase activities >1500 U/L also were truncated at 1500 U/L
for regression analysis. Kruskal Wallis and Mann-Whitney U-tests
were applied to compare lipase activities between US categories.
Associations among pancreatic US diagnosis and laboratory, as
well as US variables, were assessed using chi-squared tests. For
secondary and additional endpoints, exploratory data analysis was
performed and P-values were used in an exploratory context.?®
Cramer's V and Hedge's g were used as measures for effect size for
categorical and metric variables. All tests were performed 2-tailed
using a 5% level of significance (P = .05). All statistical analyses

were performed using SPSS version 25 (IBM Inc).

3 | RESULTS

31 | Dogs
A total of 362 client-owned dogs initially were identified that
presented with 21 of the predefined clinical signs and had lipase
activity measurements performed. Subsequently, 101 dogs were
excluded because US was performed >30 hours after blood anal-
ysis or had corticosteroid treatment before presentation. A fur-
ther 27 cases were excluded because the pancreas was not
mentioned in the US report, leaving 234 dogs for analysis
(Figure 1).

One hundred and thirty-one dogs were male and 103 were female.
Median age was 8.9 years (interquartile range [IQR], 5.2-10.0 years).
Median weight was 12.7 kg (IQR, 6.5-25.7 kg).

3.2 | Relationships between lipase activity and PLI
concentration

Median lipase activity (n = 234) was 168 U/L (IQR, 61-567 U/L).
Median PLI concentration (n = 104) was 569 pg/L (IQR,
114-1096 pg/L). Spearman's rank correlation coefficient (rg)
between lipase activity and PLI was very high (r; = .914, P = <.001).
Truncation of lipase activity results at 1500 U/L yielded an r; = .916
(P < .001). Linear regression analyses indicated that lipase activity
cut-offs corresponding PLI cut-offs <200/>400 pg/L were higher
than previously suggested'* at <179 U/L, and >355 U/L when all
lipase activity results were truncated at 1500 U/L (goodness-of-fit
for linear regression R? = .812 [lipase activity = 3.03 + 0.88 PLI]).
Thirteen (6%) dogs were azotemic with a median serum creatinine
concentration of 181 pmol/L (IQR, 152-273 umol/L; reference
range, 50-119 umol/L). Median lipase activity in these 13 dogs was
762 U/L (IQR, 240-1158 U/L), and 5 of 13 dogs also had PLI
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measured (median, 754 pg/L; IQR, 270-1500 pg/L). Agreement
between lipase activity and PLI in azotemic dogs was 100% when
applying both, the reference ranges and the >216/>355 U/L cut-off
for lipase activity and >400 pg/L cut-off for PLI.

3.3 | Relationships between lipase activity and the
pancreatic US diagnosis

Dogs with an US diagnosis of pancreatitis had significantly higher
median lipase activity (411 U/L) than dogs with a normal pancreas
(90 U/L; P < .001). Spearman's correlation coefficient documented a
weak positive correlation between lipase activity and the US diagnosis
(rs = .25, P < .001). Truncation of lipase activity at 1500 U/L did not
change r;. No significant correlation was identified between PLI and
the US diagnosis (r, = 0.095, P < .34). Agreement between lipase
activity >216 U/L and an US diagnosis of pancreatitis was fair
(x = 0.251; 95% Cl, 0.126-0.376), and did not differ when using a

higher cut-off for lipase activity (2355 U/L) from regression analysis
(x = 0.280; 95% Cl, 0.155-0.405). Agreement between PLI >400 pg/L
and an US diagnosis of pancreatitis was slight (xk = 0.147; 95% Cl,
—0.043 to 0.337).

3.4 | Correlation of medical history and clinical
signs with lipase activity and the pancreatic US
diagnosis

Previous pancreatitis episodes correlated significantly with an US
diagnosis of pancreatitis, but not lipase activity (Table 1). Diminished
general demeanor (160/231, 69%), anorexia (131/222, 59%), and
vomiting (135/234, 58%) were the 3 most frequently recorded clinical
signs. Diminished general demeanor, vomiting, and abdominal pain
correlated significantly with lipase activity. Only diminished general
demeanor, abdominal pain, and anorexia correlated significantly with
an US diagnosis of pancreatitis (Table 1).

TABLE 1  Comparison of the presence of variables from clinical history and clinical variables with lipase activity and the US diagnosis
Median DGGR-lipase activity, U/L (IQR) US diagnosis (n, %)
n/recorded Hedge's P- Normal Cramer's P-
information (%) Present Absent g value pancreas Pancreatitis V value
Previous 28/234 (12) 386 (102-1554) 153 (59-552) .364 .06 10/129 (8) 18/105 (17) .144 .042
pancreatitis
episodes
Clinical signs
(present/
absent):
Diminished 160/231 (69) 285 (65-1272) 87(53-370) .293 .01° 79/128 (62) 81/103(79) .194 .03*
general
demeanor
Abdominal pain 73/199 (37) 370 (86-684) 114 (52-527) .263 .03% 31/104 (30) 42/85 (49) .210 .02%
Vomiting 135/234 (58) 337 (70-653) 102 (58-386) .023 .01 68/129 (53) 67/105 (64) .112 A1
Hematemesis 19/234 (8) 554 (288-1600) 147 (59-548) .382 .01 8/129 (6) 11/105 (10) .078 .34
Diarrhea 101/234 (43) 150 (52-539) 171 (63-586 064 45 53/129 (41) 48/105(46) .046 51
Hematochezia 40/234 (17) 165 (54-770) 167 (63-562) .156 .81 23/129 (18) 17/105(16) .022 .86
Anorexia 131/223 (59) 177 (63-602) 102 (58-489) .289 12 64/122 (52) 67/101 (66) .140 .042

Note: This table denotes Mann Whitney U-test and chi-square (Xz) comparisons of clinicopathological variables with lipase activity (median, IQR) and the
US diagnosis respectively. For metric variables, Hedges g is used as effect size, for categorical data Cramer's V was calculated.

Statistically significant value (P < .05).

TABLE 2 Differences between lipase activity results and the US diagnosis regarding duration of clinical signs
Median DGGR-lipase (U/L) (IQR) US diagnosis (n, %)
Duration of Hegde's P- Cramer's P-
clinical signs n < > g value  Normal Pancreatitis \' value
<2/>2 days 73/120 334(81-726) 118(58-550) —.081 .03 40 (53.3)/87 (55.8) 35 (46.7)/69 (44.2) .023 .78
<7/>7 days 138/55 334 (82-711) 99 (56-460) —.149 .004%  68(53.5)/60(57.1) 59 (46.5)/45 (42.9) .035 .60

Note: This table denotes Mann Whitney U-test comparisons of lipase activity (median, IQR) and the US diagnosis according to the duration of clinical signs.
For metric variables Hedges g is used as effect size, for categorical data Cramer's V was calculated.

Statistically significant value (P < .05).
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TABLE 3 Comparison of information for radiologist, individual pancreatic and gastrointestinal US variables with lipase activity and the US

diagnosis

Variables
Pre-report radiologist

Suspicion of
pancreatitis (y/n)

Increased lipase (y/n)

Explicit mention of
pancreatic parts

Right (duodenal) limb
(y/n)

Left (splenic) limb
(y/n)

Pancreas body (y/n)
Pancreas morphology
Enlarged (y/n)

Rounded contours
(y/n)

Pancreatic cysts,
pseudocysts,
masses (y/n)

Pancreas echogenicity
Normal (y/n)
Hypoechogenic (y/n)

Mixed echogenic
(y/n)

Hypoechogenic and
mixed (y/n)

Hyperechogenic
(y/n)

Dilated ducts/blood
vessels

Common bile duct
(y/n)

Pancreatic ducts
(y/n)

Pancreatic vessels
(y/n)

Gastrointestinal tract

Thickened gastric
wall (y/n)

Loss of gastric wall
layering (y/n)

Gastric content (y/n)

Corrugated
duodenum (y/n)

Aperistalsis small
intestines (y/n)

Thickened colon wall
(y/n)

n (%
of 234)

50 (21)

32 (14)

38 (16)

25(11)

16 (7)

54 (23)
48 (21)

N
S

120 (51)
28 (12)
53 (23)

23(10)

11 (5)

25 (11)

16 (7)

95 (41)
222 (95)

19 (8)

27 (12)

Median lipase activity, U/L (IQR) US diagnosis (n)

Hedge's P- Normal Cramer's P-

Yes No K:{ value pancreas  Pancreatitis V value
386 (105-618) 140 (58-572) .005 .06 16/129  34/105 241 <0017
508 (364-1525) 118 (58-527) 466 <.001° 11/129  21/105 166 .01*
449 (96-1054) 151 (59-539) .325 .02° 9/129  29/105 278  <.001°
562 (177-1413) 147 (59-527) 311 .001° 5/129  20/105 244 <0017
277 (91-1167) 167 (59-562) 154 .24 2/129  14/105 232 <.001°
433(105-1413)  118(55-520) .632 <.001° 4/129  50/105 526 <.001°
469 (117-1700)  130(57-513) 391 <.001° 3/129  45/105 499 <0017

1048 (32-2310) 167 (63-562) 426 92 2/129 2/105 014 1.00
109 (45-463) 370 (86-670) —.374 <.001* 113/129 7/105 .805  <.001°
430 (101-856) 153 (59-552) .306 .04? 3/129  25/105 329 <.001°
289 (78-980) 157 (59-553) .253 A3 7/129  46/105 456 <0017
472 (114-1554) 153 (59-552) 495 .01° 2/129  21/105 .308  <.001°
125 (50-487) 168 (63-586)  —.325 .37 0/129  11/105 246 <0017
370 (197-406) 164 (60-574) .003 .32 2/129 3/105 —045 .66
370 (197-406) 164 (60-572) —-.141 .35 0/129 3/105 126 .09
487 167 (61-574) —.118 61 0/129 1/105 .073 45
373 (114-670) 151 (59-562) .061 .10 9/129  16/105 132 .06
151 (62-484) 169 (63-575)  —.245 71 5/129  11/105 129 .07
168 (59-575) 165 (64-554) —.026 .78 50/129  45/105 .038 .59
376 (78-1054) 158 (60-562) 153 .27 7/129  15/105 151 .03?
554 (117-1700) 157 (59-548) .332 .03? 9/129  10/105 046 .63
101 (42-428) 170 (67-575) .005 12 16/129 11/105 .030 .69

(Continues)
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TABLE 3 (Continued)
Median lipase activity, U/L (IQR) US diagnosis (n)
n(% Hedge's P- Normal Cramer's P-

Variables of 234) Yes No g value pancreas  Pancreatitis V value
Other

Hyperechoic 74 (32) 346 (64-1054) 153 (59-500) 454 .042 22/129  52/105 .347 <001

mesentery (y/n)
Peritoneal effusion 58 (25) 366 (63-1413) 140 (59-527) 635 022 24/129 34/105 157 .02?2

(y/n)

Note: This table denotes Mann Whitney U-test and Chi-square comparisons of the presence or absence of US variables with lipase activity (median, IQR)
and the US diagnosis respectively. For metric variables Hedges g is used as effect size, for categorical data Cramer's V was calculated.

Statistically significant value (P < .05).

3.5 | Duration of clinical signs before presentation

The median duration of clinical signs before presentation was signifi-
cantly shorter in dogs with lipase activity >216 U/L (3 days, IQR
1-5 days) compared to dogs with lipase activity <216 U/L (4 days;
IQR, 1-14 days; P = .01). Median duration of clinical signs before pre-
sentation also was significantly shorter (3 days; IQR, 1-5.5 days) for
the >355 U/L cut-off compared to dogs with lipase activity <355 U/L
(4 days; IQR, 1-14 days; P = .04). Duration of clinical signs before pre-
sentation was not significantly different between dogs with a normal
pancreas and those with an US diagnosis of pancreatitis (P = .40).
Median lipase activity was significantly higher in dogs that had more
acute clinical signs (calculated for <2 days or <7 days before presenta-
tion) compared to dogs that had more prolonged clinical signs (P = .03
and .004, respectively). No significant difference was found between

duration of clinical signs and the pancreatic US diagnosis (Table 2).

3.6 | Correlation of individual US variables with
lipase activity and the pancreatic US diagnosis
3.6.1 | History for the radiologist

When the radiology request contained “suspicion of pancreatitis,” the US
diagnosis was significantly more often pancreatitis (P < .001), whereas
lipase activities were not significantly higher (P = .06). Lipase activity was
significantly higher (P < .001) and the US diagnosis (P = .01) was signifi-
cantly more often positive, when the radiology request contained
“increased lipase,” lipase activity was significantly higher (P < .001) and
the US diagnosis (P = .01) was significantly more often positive (Table 3).
Chi-squared statistics on the significance of radiologist bias (information
on “suspicion of pancreatitis” or “increased lipase”) on the individual pan-

creatic US variables are given in Table 4.

3.6.2 | Pancreatic morphology

Lipase activity was significantly higher when an enlarged pancreas

and rounded pancreatic contours were recorded (P <.001). Both

variables also were significantly associated with a final US diagnosis of
pancreatitis (P < .001).

3.6.3 | Pancreas visualization

Visualization of the pancreas correlated significantly with the pancre-
atic US diagnosis but not with lipase activity (Table 3). Comments on
the right and left lobe, respectively, were available in 16.3% and
10.7% of reports; the body was only specifically mentioned in 6.9% of
cases. Lipase activity was significantly higher when visualization of

the right and left lobe of the pancreas was mentioned.

3.6.4 | Pancreatic echogenicity

Lipase activity was significantly lower in dogs with normal pancreatic
echogenicity (P <.001), and significantly higher in those with a hypo-
echoic (P <.04), or hypo- and mixed-echoic pancreatic echogenicity
(P < .01). A normal echogenicity was significantly associated with a normal
pancreas on US, whereas all recorded changes in echogenicity (hypo-
echoic, mixed echoic and hyperechoic pancreas parenchyma) were signifi-
cantly associated with an US diagnosis of pancreatitis (P < .001; Table 3).

3.6.5 | Gastrointestinal tract involvement

Few gastrointestinal variables correlated with lipase activity or the
pancreatic US diagnosis (Table 3). Dogs with aperistalsis of the small
intestine had significantly higher lipase activity (P = .03), whereas a
corrugated duodenum was significantly associated with an US diagno-

sis of pancreatitis (P = .03).

3.6.6 |
effusion

Surrounding mesentery and peritoneal

Dogs with hyperechoic mesentery and peritoneal effusion had signifi-

cantly higher lipase activities (P = .04 and .02, respectively). Both
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TABLE 4 Contingency table of the effect of possible radiologist bias on US variables (number of dogs, %)

Parts of pancreas visualized

Right (duodenal) limb

Left (splenic) limb

Pancreas body

Pancreatic morphology

Enlarged

Rounded contours

Pancreatic cysts, pseudocysts, masses

Pancreatic echogenicity

Normal

Hypoechogenic

Mixed echogenic

Hypoechogenic and mixed

Hyperechogenic

Dilated ducts/blood vessels

Common bile duct

Pancreatic ducts

Pancreatic vessels

Gastrointestinal tract

Thickened gastric wall

Loss of gastric wall layering

Gastric content

Corrugated duodenum

Aperistalsis small intestines

Thickened colon wall

S <

~<

S < S < S <

~<

S <

<

S < S < S <

S <
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Radiology request contained: increased lipase

pancreatitis (n, %) (n, %)
No Yes Cramer'sV  P-value No Yes Cramer'sV  P-value
158 (86) 37 (74) 137 .04? 172 (85) 24 (75) .095 .15
25 (14) 13 (26) 30 (15) 8(56)
167 (91) 41 (83) 123 .06 182(90) 27 (84) .064 .33
16 (9) 9(18) 20 (10) 5(16)
172 (94) 45 (90) .065 .32 188(93)  30(%4) .009 .89
11 (6) 5(10) 14.(7) 2 (6)
145 (79) 34 (68) 109 .13 156 (77)  24(75) .018 .82
38 (21) 16 (32) 46 (23) 8(25)
151 (83) 34 (68) 147 .03? 159 (79) 27 (84) .048 .50
32(18) 16 (32) 43 (21) 5(16)
179 (98) 49 (98) 011 .87 199(99)  30(%94) 139 .09
3(2) 1(2) 2(1) 2 (6)
76 (42) 37 (74) 267 <.001? 92 (46)  22(69) .160 .02°
107 (58) 13 (26) 110 (55) 10 (31)
165 (90) 41 (82) .105 13 177 (88) 29 (91) .032 13
18 (10) 9(18) 25(12) 3(9)
143 (78) 37 (74) .041 .57 162 (80) 19 (59) 171 .01?
40 (22) 13 (26) 40 (20) 13 (41)
170 (93) 40 (80) 177 .01° 186(92) 25(78) 161 .02°
13(7) 10 (20) 16 (8) 7(23)
176 (96) 46 (92) .081 .26 193(96)  30(%94) .029 .66
7(4) 4(8) 9 (5) 2(6)
180 (98) 48 (96) .067 31 199(98)  30(%94) 113 14
3(2) 2 (4) 3(2) 2 (6)
180 (98) 50(100) .060 .60 200 (99)  31(97) .065 .36
3(2) 0(0) 2(1) 1(3)
183(100) 49 (98) 126 22 201(99) 31(100) .026 .69
0(0) 1(2) 1(0.5) 0(0)
164 (90) 43 (86) .054 41 179 (89) 29 (%91) .017 79
18 (10) 7 (14) 22 (11) 3(9)
168 (92) 48 (96) .060 .53 187(93) 30(92) .010 .88
14 (8) 2(4) 14.(7) 2(6)
104 (57) 33 (66) .074 .33 119(59) 19 (59) .001 99
78 (43) 17 (34) 82 (41) 13 (41)
165 (90) 46 (92) .026 79 183(91) 29 (91) .000 1.00
18 (10) 4(8) 19(9) 3(9)
165 (90) 49 (98) 118 .08 185(92) 30(%92) .027 .75
18 (10) 1(2) 17 (8) 2 (6)
158 (86) 48 (96) 124 .08 178(88) 29 (91) .027 .78

(Continues)
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Radiology request contained: suspicion of

Radiology request contained: increased lipase

TABLE 4 (Continued)
pancreatitis (n, %)
No Yes
y 25 (14) 2(4)
Other
Hyperechoic mesentery n 126 (69) 33 (66)
y 57 (31) 17 (34)
Peritoneal effusion n 136 (74) 39 (78)
y 47 (26) 11 (22)

(n, %)
Cramer's V P-value No Yes Cramer's V  P-value
24 (12) 3(9)
.025 .73 136 (67) 24 (75) .057 42
66 (33) 8 (25)
.035 71 153 (76) 23 (72) .031 .66
49 (24) 9 (28)

Note: This table denotes the Chi-square statistics of the influence of radiologist bias in terms of information on the suspicion of pancreatitis or increased
lipase activity on the US variables. For categorical data, Cramer's V was calculated for effect size.

2Statistically significant value (P < .05).

variables also were significantly associated with a positive US diagno-
sis (P < .001 and .02, respectively; Table 3).

3.7 | Correlation of individual US variables and
clinical variables

Associations between individual US variables and clinical signs can be
found in Table S1. The dog's general demeanor correlated with an
enlarged pancreas (P = .001) and rounded contours (P = .01), as well
as various gastrointestinal signs. Vomiting correlated significantly with
an enlarged pancreas (P = .04), rounded contours (P =.02), hypo-
echoic echogenicity (P =.02), as well as with most gastrointestinal
signs (thickened gastric wall, loss of gastric wall layering, gastric con-
Other

hematemesis, diarrhea, and hematochezia correlated significantly with

tent, corrugated duodenum). clinical signs including
gastrointestinal tract variables, but not with pancreatic variables.
Anorexia correlated significantly with an enlarged pancreas, hyper-

echoic pancreas and hyperechoic mesentery.

4 | DISCUSSION
We aimed to find explanations for the weak correlation between labo-
ratory and US evidence of pancreatitis in dogs.'*'7-2° Clinical signs,
lipase measurement as the surrogate laboratory gold standard, and
pancreatic US have never been correlated to detect information that
could optimize a clinical diagnosis of pancreatitis. Improving our ability
to clinically diagnose pancreatitis is important because pancreatic
biopsy is highly invasive, focal lesions can be missed, and therapeutic
consequences are limited.®

Lipase activity correlated strongly with PLI concentration, similar
to previous reports.” 8101215 Regression analysis between both
assays identified higher lipase activity cut-offs than initially esti-
mated.’ The basis for currently used PLI cut-offs (<200 pg/L/
>400 pg/L) is unknown. Healthy dogs can have concentrations up to

279 pg/L,27 and concentrations >200 pg/L can be found in clinically

healthy dogs with results up to 516.2 pg/L.?® Reasoning for the
suggested equivocal zone was that it is virtually impossible to rule out
transient mild pancreatitis in clinically normal dogs.2’ Probably, some
safety margin similar to the commonly used threshold of 3 x the
upper limit of the reference range for lipase activity was built in.*33¢
Understandably, usage of these cut-offs has implications for compari-
sons with other tests.

We initially had performed all analyses with both lipase assays,
assuming that attending clinicians did not request PLI concentrations
whenever lipase activity was already markedly increased.®* However,
plotting the data indicated no discernible pattern (Figure S1). Signifi-
cant associations between 1 lipase assay and clinical and US findings,
but not the other lipase assay, may have been simply because of
selection bias. To avoid skewed conclusions, we decided to focus on
analyses related to lipase activity only. Showing the high correlation
and agreement between both lipase assays, as well as the equally low
correlation and agreement of both lipase assays with pancreatic US
results, is helpful for readers unfamiliar with the lipase activity assay.
Results illustrate that our study's principal findings very likely also
apply to PLI results. However, prospective studies are needed to
prove this hypothesis.

As shown before for lipase activity and PLI, we found only fair
agreement and weak correlation between lipase activity and pancre-
atic US results.**72° Agreement remained low regardless of the cut-
offs used. We believe that changes in serum lipase take place over a
shorter time than do US changes, and increased lipase results reflect
recent exocrine pancreatic cell damage that might not be visible
ultrasonographically. Lipase activity half-life, as well as PLI half-life,
was reported to be approximately 2 hours, suggesting that increased
circulating lipase resulting from pancreatitis could be cleared from the
circulation by <24 hours after cessation of pancreatic damage.3%°%3

A history of pancreatitis was significantly associated with an US
diagnosis of pancreatitis, but not with lipase activity (Table 1). Previ-
ous episodes of pancreatitis may have left remnant changes that were
interpreted as pancreatitis or contributed to an US diagnosis of pan-
creatitis. Recent data in humans suggested that it takes >3 episodes

of acute pancreatitis (AP) without morphological changes to the
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pancreas until morphological changes are detectable.®* Only 0.3% of
patients with a first episode of AP (n = 983), but 32% (n = 58) with
a fifth episode of acute recurrent pancreatitis have either computer
tomography, magnetic resonance imaging, US or endoscopic US-
based morphological changes in the pancreas.®* Such data are lacking
in veterinary medicine, but our results give impetus to considering the
comment “previous episode of pancreatitis” when interpreting pan-
creatic imaging results in dogs.

The effect of time on lipase results is visible when considering the
duration of clinical signs before presentation. Dogs had significantly
shorter duration of clinical signs when lipase activity was >216 U/L or
>355 U/L. Similarly, lipase activity was significantly higher at both
time cut-offs (<2d/<7d) when dogs were more acutely sick. Duration
of clinical signs was not significantly associated with an US diagnosis
of pancreatitis (Table 2). Effects of duration of clinical signs before
presentation on lipase activity and pancreatic US has not been
assessed previously. Emerging evidence suggests that duration of clin-
ical signs before presentation indeed has an impact. In a recent study,
dogs had repeated US examinations every 24 hours after admission.
At presentation, 24/37 dogs (65%) had US findings suggestive of AP,
whereas 10 dogs (27%) became positive on US examination within
2 days after hospitalization.2° Similarly, the weak significant relation-
ship between PLI concentrations and US pancreatic severity score
found at baseline evaluation was lost when analyzed again for 12 dogs
with repeated testing (days not specified).!” This finding can be
viewed as further indirect evidence that serum lipase and US results
change at different rates.

Lipase activity was significantly higher for 4 clinical signs recorded
as present in medical records, whereas 3 clinical signs were signifi-
cantly associated with an US diagnosis of pancreatitis (Table 1). Only
the clinical signs “diminished general demeanor” and abdominal pain
had significant associations with both lipase activity and US results.
Single clinical signs have never been compared with lipase results in
dogs. Pancreatic lipase immunoreactivity and C-reactive protein corre-
lated moderately (rs = .42) with a clinical activity index in 13 dogs with
pancreatitis.>> However, this correlation was based on all time points
from presentation until discharge, and no temporal association could
be inferred from that study.35 For clinicians, it seems relevant to see
which clinical signs correlate most closely with lipase activity or US
evidence of pancreatitis, because clinical severity scores are used pri-
marily for research but not for daily patient evaluation. Clinical signs
typically reflecting more acute disease, such as vomiting or
hematemesis, are more likely reflected by high lipase results than US
findings. This observation is similar to significantly higher lipase results
but not significantly more positive US results, when shorter duration
of clinical signs before presentation is considered (Table 2).

The classical US abnormalities associated with pancreatitis
include variable degrees of a hypoechoic (hypo- and mixed-echoic),
enlarged pancreas with rounded edges, surrounding hyperechoic mes-
entery with or without adjacent free fluid.>® We found significantly
higher lipase activities and significantly more US diagnoses of pancre-
atitis for these 5 abnormalities (Table 3). When evaluating clinical

signs and their associations with US variables (Table S1), we could not

identify clear patterns between individual clinical signs and US vari-
ables, and the final US diagnosis in our retrospective study.
Hematemesis and hematochezia were more often significantly associ-
ated with US changes in the gastrointestinal tract and not with pan-
creatic changes. Diarrhea, although listed under inclusion criteria in all
studies on pancreatitis in dogs, was neither significantly associated
with any pancreatic US variable nor with the final US diagnosis or with
lipase activities. When evaluating how many clinical signs correlated
with which pancreatic US variable, an enlarged pancreas (3) and
hyperechoic mesentery (3) had most associations, emphasizing their
relevance in an US diagnosis of pancreatitis, especially because both
US findings also significantly correlated with both lipase results and
the final US diagnosis. An enlarged pancreas and mesenteric
echogenicity were also significantly correlated with an US severity
score of pancreatitis, but not to PLI concentrations in a recent
study.*’

No clinical sign is pathognomonic for pancreatitis, and dogs may
display 21 signs and in various combinations. Few studies have
reported prevalence of clinical signs in dogs with pancreatitis. Abdom-
inal pain ranged from 15% to 62%, anorexia from 35% to 94%,
vomiting from 50% to 90%, and diarrhea from 25% to 63%.73>37,38
Assuming that serum lipase results most accurately reflect the actual
state of pancreatic inflammation, vomiting, hematemesis, and abdomi-
nal pain would be the clinical signs most closely linked to pancreatitis
(Table 1). Exact recording not only of presence, but also of frequency
and severity of a clinical signs, as well as standardized pancreatic US
reporting® will help further delineate associations between clinical
presentations and US findings.

Ultrasonography is heavily dependent on operator skill and expe-
rience.*°*? However, even when images were recently re-analyzed in
a blinded fashion on the basis of more standardized US variables, cor-
relation with concurrently measured PLI still was poor.'® We found
that visualization of the pancreas was significantly correlated with the
US diagnosis, but it remained unclear exactly how much of the pan-
creas was seen. We could not determine if normal parts were not
mentioned, or if all parts were examined but only abnormalities men-
tioned. In a recent retrospective study, correlations between clinical
signs and affected pancreatic lobes were found (n = 293).%7 In that
study, abdominal pain, vomiting, and diarrhea were significantly more
commonly identified in diffuse pancreatitis, whereas anorexia was
more prevalent in right-sided and diffuse pancreatitis.>” In our study,
abdominal pain, diminished clinical demeanor, and anorexia were sig-
nificantly more common with an US diagnosis of pancreatitis
(Table 1). Exact prospective recording of severity of clinical signs, as
well as standardized pancreatic US reporting, will help delineate asso-
ciations between clinical presentations and US findings.

Changes in pancreatic echogenicity and morphology were signifi-
cantly different when the radiology request contained “suspicion of
pancreatitis” or “increased lipase/actual lipase result” (Table 4). A sus-
picion of pancreatitis may have influenced ultrasonographers,
resulting in a more focused search in the pancreatic region and greater
weight assigned to subtle US findings. Significantly fewer dogs had
normal pancreatic echogenicity when a “suspicion of pancreatitis” or
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“increased lipase” was written on the request form (Table 4). Less
clearly defined changes, such as mixed echogenicity, as well as the
combination hypoechoic and mixed-echoic seemed more influenced
by information given to radiologists, suggesting that in less clear cases
(pancreas not clearly hypoechoic or hyperechoic), examiner bias is
possible that may favor an US diagnosis of pancreatitis or suspicion of
pancreatitis.

There were no significant associations of information given to
radiologists with US gastrointestinal tract findings, suggesting that the
medical history indeed had an effect on interpretation of pancreatic
US findings. Similar possible biases from radiology request forms have
been reported in cats undergoing imaging for pancreatitis, but num-

t.** When the radiology request

bers were too low to be significan
contained “suspicion of pancreatitis,” the US diagnosis was signifi-
cantly more frequently positive, and lipase activity was not different
(Table 3). When the request contained “increased lipase,” lipase activi-
ties were also significantly higher. With all the caveats of a retrospec-
tive study, our findings suggest low agreement between a clinical
suspicion of pancreatitis and the surrogate laboratory gold standard
lipase in dogs presenting with gastrointestinal signs. Similarly, there
was only a weak correlation between a retrospective clinical diagnosis
of pancreatitis and an US pancreatic assessment severity score in a
recent study.’

Corrugated duodenal walls were significantly associated with an
US diagnosis of pancreatitis and corrugated intestines have been
reported frequently as a typical extra-pancreatic finding in dogs with
pancreatitis.3¢*?4* Corrugated duodenal walls did not correlate with
lipase activity, indicating other primary intestinal disease or peritonitis
might cause such lesions.*® Aperistaltic small intestines have been less
commonly reported to accompany pancreatitis in dogs, and although
there was no significant correlation with an US diagnosis of pancreati-
tis, this finding correlated significantly with lipase activity, possibly
reflecting more acute stages of pancreatitis.*> We do not believe opi-
oid analgesics interfered with our results because metimazole is our
first-line drug in dogs with visceral pain.

A hyperechoic mesentery and peritoneal effusion surrounding the

P*45 and correlated significantly

pancreas are highly suggestive of A
with both lipase activity and the US diagnosis in our study. Mesenteric
echogenicity was also significantly correlated with a clinical diagnosis
of pancreatitis but not with PLI in dogs presenting with gastrointesti-
nal clinical signs.*” We found no associations between the presence
of a hyperechoic mesentery and peritoneal effusion and information
given to radiologists on request forms (“suspicion of pancreatitis,”
“increased lipase”), suggesting that these US finding are more robust
and less prone to variable interpretation.

Our study had some limitations. We could not determine fre-
quency of clinical signs because all clinical signs were recorded as pre-
sent when mentioned in the records, regardless of severity and
frequency. Another limitation was that US examinations were carried
out by multiple radiologists, and reporting was not standardized.
When parts of the pancreas were not mentioned, we did not know if
they were normal and thus not mentioned or not seen. The fact that
almost all visualization (left limb, right limb, body) correlated with

lipase results and final US diagnosis makes it very likely that radiolo-
gists mentioned those parts when they felt they were abnormal. We
purposely relied on US reports and did not re-evaluate saved static
US images or loops. It is our experience that saved US images often
do not fully reflect all changes seen during the examination, but only
represent excerpts. Similar experiences were reported in a multi-
institutional study on pancreatitis in dogs.> Also, evaluation of static
ultrasound images is not free from drawbacks, because radiologists
can differ markedly in their assessment of archived images.*®

We would like to emphasize that our results refer to the LIPC
Roche DGGR-lipase assay.*” There are now several DGGR-based
assays on the market with different reference ranges, and therefore
our results cannot necessarily be applied to other assays.

In conclusion, we believe the following factors play a role in the
interaction of clinical signs and lipase results with pancreatic US: dura-
tion of clinical signs before presentation, previous pancreatitis epi-
sodes, the different temporal dynamics of lipase activity and US
changes, and possibly radiologist bias. Our results are a first explana-
tion of the discrepancy between laboratory and US evidence of pan-
creatitis. Standardized prospective studies are needed that also take
into account duration of disease before presentation. In the absence
of a diagnostic gold standard, knowing which clinical signs and which
US findings correlate most closely with lipase results at a given time in
the disease process will markedly improve the clinical diagnosis of
pancreatitis. A standardized criterion-based US examination and
structured reporting of all parts of the pancreas are needed for future
studies so as to better assess relationships between laboratory and
US findings.3* Serial assessments of both lipases and US would be

ideal to explore how the factor time affects results of both tests.
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