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Abstract

Background: In humans, respiratory complications in patients with acute pancreatitis (AP) are a common life-
threatening comorbidity. Since possible lung impairment has not been individually evaluated in canine AP, the aims
of the present study were to: (1) describe the prevalence, types and severity of pulmonary complications in dogs
with acute presentation of AP, and (2) evaluate their association with mortality. AP diagnosis was based on
compatible clinical and laboratory parameters, abnormal canine pancreatic-lipase test, and positive abdominal
ultrasound within 48 h from admission. The canine acute pancreatitis severity score (CAPS) was calculated for each
dog at admission. Arterial blood gas analysis and thoracic radiography were performed at admission. Thoracic
radiography was classified on the basis of pulmonary pattern (normal, interstitial or alveolar) and a modified lung
injury score (mLIS) was applied to the ventrodorsal projections for each dog. VetALI/VetARDS were diagnosed using
current veterinary consensus. Dogs were divided into non-survivors or survivors (hospital discharge). Clinical,
radiological and blood gas parameters collected at presentation were compared between survivors and non-
survivors and associated with mortality.

Results: This prospective cohort study included twenty-six client-owned dogs with AP. Twelve out of twenty-six
dogs (46%) died or were euthanized. At admission, thirteen dogs showed respiratory distress at physical
examination, which was associated with death (P < 0.001). Radiographic abnormalities were found in twenty-one
dogs: alveolar (n = 11) and interstitial pattern (n = 10). Radiographic alterations and mLIS score were both associated
with death (P = 0.02 and P = 0.0023). The results of the arterial blood-gas evaluation showed that non-survivors had
lower PaCO2 and HCO3

− levels, and higher A-a gradient than survivors (P = 0.0014, P = 0.019 and P = 0.004,
respectively). Specifically, three dogs had aspiration pneumonia, and VetALI was diagnosed in nine dogs (34.6%),
and no dogs met the criteria for VetARDS. The presence of VetALI was associated with mortality (P < 0.001).

Conclusions: As with humans, possible lung impairments, such as VetALI, should be investigated in dogs with
acute presentation of pancreatitis.
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Background
In humans, pulmonary complications associated with
acute pancreatitis (AP) can occur in up to 75% of cases
[1, 2]. In veterinary medicine, only a few studies have
taken lung impairments into account during canine AP.
Hess et al. [3] showed that AP dogs could develop vari-
ous thoracic abnormalities such as pneumonia (16%),
pleural effusion (16%), and pulmonary oedema (6%). An-
other study included respiratory complications in a clin-
ical severity score for canine AP: dogs with respiratory
abnormalities such as dyspnoea, pneumonia or acute re-
spiratory distress syndrome (ARDS) had a higher mor-
tality rate [4]. A more recent study on the occurrence,
clinical features and outcome of canine AP [5], failed to
find an association between pulmonary impairment and
AP in dogs. However, a characterization of the type of
respiratory impairment, using clinical signs, radiographic
features together with arterial blood gas, was not per-
formed in any of these previous studies.
To date, in humans as in dogs, the diagnosis of acute

lung injury (ALI) and ARDS is currently based on the
combination of clinical, radiographic, and arterial blood
gas abnormalities [6]. Pulmonary impairment may lead
to various degrees of respiratory compromise and failure
described as ALI and ARDS. Both ALI and ARDS can be
caused by the same factors, which are divided into direct
and indirect pulmonary damage (e.g., inflammation, in-
fection, systemic inflammatory response syndrome
[SIRS], etc.) [6]. The current veterinary consensus [6]
established five criteria for the diagnosis of these condi-
tions based on an acute onset of dyspnoea in patients
with known risk factors, bilateral diffuse pulmonary infil-
trates without evidence of cardiogenic pulmonary
oedema, together with evidence of insufficient gas
exchange (PaO2/FiO2 ≤ 300 = VetALI; PaO2/FiO2 ≤
200 = VetARDS) [6]. The fifth, and optional criteria, is
the evidence of diffuse pulmonary inflammation (trans-
tracheal wash or bronchoalveolar lavage) [6]. Based on
the criteria reported above, it is clear that ARDS repre-
sents a more severe form of respiratory impairment with
a poorer gas exchange than ALI, and thus a more severe
form of pulmonary complication which requires more
aggressive intervention [6–8].
In humans, ALI and ARDS during AP have a mortality

rate ranging from 35% to over 40% [7, 8]. During AP, ac-
tively circulating, digestive enzymes cause the release of
pro-inflammatory cytokines, activation and migration of
leukocytes/neutrophils, and platelet activating factors
[9]. In both humans and rats, it has also been hypothe-
sized that AP-associated ALI is also related to phospho-
lipase A2, which correlates with the severity of
pulmonary injury [10–12]. Pulmonary parenchyma is
damaged as a result of a marked systemic inflammatory
response, which is microscopically characterized by

increased endothelial and epithelial barrier permeability.
This then leads to an exudative phase (days 1–3) with a
diffuse alveolar injury, type I pneumocyte necrosis,
which causes leakage of a protein-rich exudate into the
alveolar and interstitial spaces. Finally, there is a prolifer-
ative phase (days 3–7) with lung repair, type II pneumo-
cyte hyperplasia and fibroblast proliferation [9, 12, 13].
In severe AP, ALI and ARDS are one of the main co-
morbidity factors for early death, especially within the
first week after admission, together with single or mul-
tiple organ dysfunction [13, 14]. To date, there have
been no clinical veterinary studies on the evaluation of
pulmonary complications, combining clinical, radio-
graphic and arterial blood gas results in dogs with AP.
We hypothesized that, as in humans, during canine AP
pulmonary complications, especially ALI and ARDS,
may occur and profoundly affect the patient’s prognosis.
The aims of the present study were to: (1) describe types
and severity of pulmonary complications in dogs with
acute presentation of AP, evaluating clinical signs, thor-
acic x-rays and arterial blood gas parameters, and (2)
evaluate their association with mortality and with the se-
verity of the disease.

Results
Twenty-six client-owned dogs that were admitted to the
Veterinary Teaching Hospital from April 2017 to June
2018 were enrolled. The cohort of dogs had a median
age of 11.7 years (range 6–16.5 years) which did not dif-
fer between survivors and non-survivors (p = 0.8). The
median body weight was 18.5 kg (range 5–36.5 kg).
There were thirteen females (10 spayed), and 13 males
(4 neutered) and sex was not associated with mortality
(P = 0.9). Various dog breeds were represented, with
English Springer Spaniel, English Setter and Beagle (n =
2 each breed) being the most common, followed by one
of each of the following: Standard Poodle, Dachshund,
Boxer, Bull Terrier, French Bulldog, English Bulldog,
Pug, German Wirehaired Pointer, Golden Retriever, Jack
Russell Terrier, Labrador Retriever, Lagotto Romagnolo,
German Shepherd, and Bloodhound. Six dogs were
mixed breed.
Previously diagnosed comorbidities at the time of in-

clusion were: hyperadrenocorticism (n = 1), diabetes
mellitus (n = 3), multicentric lymphoma (n = 1), chronic
GI diseases (n = 5) and hepatobiliary diseases (n = 3).
Each comorbidity was stable and under treatment at the
time of the AP diagnosis and no significant difference in
mortality between dogs with or without comorbidities
was found (p = 0.9). Twelve dogs (46%) died or were eu-
thanized (n = 2) due to a deterioration in the clinical
condition due to progression of the disease. None of the
dogs were euthanized due to financial concerns. The
overall median CAPS score at presentation was 8 (range
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0–15). The median hospitalization time was 2 days
(range 1–11 days). Four out of 12 dogs died on day 1 of
hospitalization, 3 dogs on day 2. In addition, 2 dogs died
at days 3, 2 and 1 dogs died at days 4 and 5 of
hospitalization, respectively. None of the dogs under-
went mechanical ventilation due to financial concerns,
however none of these dogs were euthanized. Three
dogs were successfully treated with non-invasive positive
airways pressure ventilation using a pediatric helmet
with oxygen supplementation. No dogs died during the
follow-up period (1 month). Three dogs (11%) with a
negative abdominal ultrasound for AP at hospital admis-
sion became positive within 2 days of admission.
A comparison of the clinical and radiological signs of

pulmonary complication between survivors and non-
survivors is reported in Table 1. Briefly, twenty-one dogs
out of 26 (80.7%) showed clinical and radiographic signs
of pulmonary disease. The respiratory rate was higher in
non-survivors (55.6 ± 4.9) compared to survivors (32.0 ±
3.5) (P = 0.006). At physical examination, 12 out of 26
dogs (46%) showed respiratory distress and one dog out
of 26 (3%) showed cyanosis. Respiratory distress was as-
sociated with higher mortality (P < 0.001). Twenty-one
dogs (80.7%) showed radiographic alterations, which
were classified as an alveolar pattern (n = 11; 3 lobar and
8 diffuse alveolar pattern) and diffuse interstitial pattern
(n = 10). Five dogs had no radiographic alterations. The
presence of radiographic abnormalities was associated
with death (P = 0.02).
At hospital admission, six dogs had mLIS = 0, five dogs

had mLIS = 1, and three and four dogs had mLIS = 2 and
3, respectively. Lastly, eight dogs had mLIS = 4 (Fig. 1).
Dogs with higher mLIS score had higher mortality rate
(P = 0.0023). Dogs with the evidence of pulmonary com-
plications, based on the simultaneous presence of re-
spiratory distress and radiographic abnormalities, had a

higher mortality rate than dogs without (P = 0.0002).
The CAPS score did not differ either between dogs with
or without pulmonary complication or between survi-
vors and non-survivors (P = 0.053 and P = 0.058,
respectively).
Arterial blood-gas values for survivors and non-

survivors are summarized in Table 2. Three out of 26
(11.5%) showed severe hypoxemia, whereas four dogs
showed mild hypoxemia. Non-survivors showed lower
PaCO2 and HCO3

− levels than survivors (P = 0.01 and
P = 0.02, respectively). The ROC curve for PaCO2

showed that a PaCO2 below 25.25 mmHg had a sensitiv-
ity of 75% and a specificity of 92.86% in predicting mor-
tality (P = 0.01; area under the curve (AUC) = 0.78). In
addition, the ROC curve for HCO3

− showed that a value
below 5.3 mmol/L was the optimal cut-off for mortality
(P = 0.02; sensitivity 83.3%; specificity 85.71%; AUC =
0.77). The PaCO2 showed no correlation with the re-
spiratory rate (P = 0.54). The alveolar-arterial (A − a) gra-
dient was higher in non-survivors compared to survivor
dogs (P = 0.04), although the ROC curve was not able to
predict the outcome (P = 0.08). No differences between
groups were found for pH, PaO2 and PaO2/FiO2.
Three dogs (11.5%) had aspiration pneumonia and no

dogs showed pleural effusion. ALI was diagnosed in nine
dogs (34.6%) and no dogs showed ARDS. The presence of
ALI was associated with higher mortality (P < 0.001; Fig. 2).

Discussion
To the best of our knowledge, this is the first report to
describe the types and severity of pulmonary complica-
tions in dogs with acute presentation of AP, evaluating
the clinical signs, thoracic x-rays and arterial blood gas
parameters, and also evaluating their association with
mortality and the severity of the disease.

Table 1 Clinical and radiological signs of pulmonary complication in our cohort of dogs

Clinical or radiological signs Survivors (n = 14) Non-survivors (n = 12) P-value

Comorbidities n = 8 (57%) n = 5 (42%) 0.9

Respiratory rate (breaths/minute) 32 ± 3.5 55.6 ± 4.9 0.006

Respiratory distress n = 1 (7%) n = 11 (92%) < 0.0001

Radiographic pattern n = 9 (64%) n = 12 (100%) 0.02

Alveolar n = 3 (21%) n = 8 (67%)

Interstitial n = 6 (43%) n = 4 (33%)

mLIS 0.0023

0 n = 5 (36%) n = 0

1 n = 5 (36%) n = 1 (8%)

2 n = 2 (14%) n = 1 (8%)

3 n = 1 (7%) n = 3 (25%)

4 n = 1 (7%) n = 7 (58%)

mLIS Modified lung injury score
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As reported in humans with AP, our findings showed
a relatively high prevalence of pulmonary complications
in the dogs enrolled. In fact, half of the study population
showed respiratory distress, and over 80% of dogs
showed radiographic abnormalities. In particular, the
presence of radiographic abnormalities was associated
with a higher mortality.
In human medicine, the clinical presentation of re-

spiratory complications in AP include: (1) pulmonary
manifestations without any radiological abnormality,
which may show hypoxemia, tachypnoea and mild re-
spiratory alkalosis; (2) radiological changes, such as pul-
monary infiltrates or atelectasis (15%), pleural effusions
(4–17%), and pulmonary oedema/ARDS (8–50%) along
with hypoxemia; and (3) clinically relevant ALI/ARDS
[9]. Based on the results of our study, it seems that many
dogs may belong to the second group, in which there
are radiographic abnormalities, but also some arterial
blood gas alteration (e.g., increased A-a). However, in ca-
nine AP also radiographic abnormalities, and in most se-
vere ALI cases, may occur (e.g., alveolar pattern). To
date, in the veterinary literature, respiratory alterations
have rarely been studied and have not been investigated
individually. One study investigating a clinical severity
index for canine AP showed that respiratory alterations
were associated with mortality [4]. In this latter study, 4
out of 61 dogs (6.6%) showed clinical evidence of

dyspnoea or tachypnoea, and respiratory alterations were
associated with higher mortality rates. In another study
[5], 23% of dogs (n = 18) showed tachypnoea and/or dys-
pnoea, which was not associated with the outcome. An-
other study investigating the histological association
between lung inflammation and AP in dogs, concluded
that, despite clinical evidence suggesting pulmonary
complications in only 4 out of 21(19%) dogs, most dogs
with AP showed histological pulmonary inflammation
and increased levels of inflammatory markers [15].
Lastly, a very recent study on the prognostic factors of
canine AP concluded that respiratory complications can
negatively influence the patient’s prognosis, however,
based on their results, respiratory distress was not asso-
ciated with mortality [16]. During AP, tachypnoea can
be associated with abdominal pain and metabolic acid-
osis, fever, opioid administration, and at the same time it
has been shown to be caused by pulmonary parenchymal
disease, such as aspiration pneumonia or VetALI/
VetARDS [17]. However, none of our dogs had hyper-
thermia or received opioids prior to presentation.
In the present study, a modified LIS was used to evalu-

ate the extension of the pulmonary disease, based on
how many thoracic areas were involved. Non-survivors
showed a higher mLIS and a higher frequency of pul-
monary radiographic pattern compared to survivors. In
1988, Murray and colleagues developed an LIS, which
took into account thoracic radiographs in addition to a
hypoxemia score, positive end-expiratory pressure and
static compliance of the respiratory system. Our results
agree with Murray’s and other studies which showed
that the more extensive the pulmonary disease, the
higher the risk of death [9, 17–20].
Non-survivors showed lower PaCO2 and HCO3

− levels
than survivors. In humans, arterial blood gas parameters
are not evaluated to predict the severity and outcome in
AP, although some of the parameters (pH, PaO2) are in-
cluded in some scoring systems, such as Ranson’s and
the Acute Physiology and Chronic Health Examination
[21, 22]. Sharma et al. [23] showed how patients with
metabolic acidosis and low HCO3

− levels were more

Table 2 Arterial blood-gas values in survivors and non-survivors

Parameter Survivors
(n = 14)

Non-survivors (n = 12) Reference interval P-value

pHa 7.4 (7.14–7.54) 7.4 (7.10–7.76) 7.35–7.46 0.73

PaCO2a (mmHg) 30.75 (13.5–45.9) 23.1 (18–45.5) 34–43.5 0.014

PaO2a (mmHg) 97.05 (51.5–120) 89.6 (48.8–110) 80.9–103 .17

A − a gradientb (mmHg) 30.06 ± 11.38 43.86 ± 20.68 0–20 0.04

PaO2/FiO2
a (mmHg) 462.1 (245.2–571.4) 426.7 (232.4–523.8) > 400 .17

HCO3
−a (mmol/L) 18.45 (5.9–27.1) 13.7 (9.5–36.7) 18–24 0.019

aResults obtained using Mann-Whitney U-test (data are expressed as median and range in brackets)
bResult obtained using unpaired t-test (data are expressed as mean ± standard deviation)

Fig. 1 Representative images of four subjects with mLIS score 1 (A),
2 (B), 3 (C) and 4 (D). This figure has to be the figure with 4 x-rays,
that now is the Fig. 2
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likely to develop organ failure and had higher mortality
rates. Up to 65% of the patients who developed respira-
tory failure had bicarbonate levels lower than the refer-
ence range [29]. To the best of our knowledge, there is only
one study [24] that has investigated arterial blood gas in dogs
with experimentally induced AP. Uchikov and colleagues eval-
uated only changes in the arterial oxygen levels and acid-base
status at various stages of the disease. However, they found
that all dogs with AP showed persistently low levels of PaCO2

at different time points [24]. A decrease in PaCO2 levels could
be due to primary or secondary respiratory diseases resulting
in an increase in hyperventilation [17]. One reason for this
finding could be the higher respiratory rate in non-
survivors caused by more severe abdominal pain com-
pared to survivors due to more severe forms of AP [3, 25].
Alternatively, as supported by our results, hyperventilation
may be secondary to an attempt to compensate for a
metabolic acidosis, which is a fairly common condition in
both human and canine AP [17, 26]. Moreover, hypocap-
nia and low pH stimulate central and peripheral chemore-
ceptors, which act directly on the brainstem with an
increased in respiratory rate [26].
Our results showed a higher A-a gradient in non-

survivors than in survivors despite a median normal
value of PaO2 in both groups (Tab.1). The A-a gradient
is a clinically useful method to evaluate the degree of
pulmonary parenchymal disease [27] and, based on our
results, it was shown to have a good sensitivity in detect-
ing pulmonary interstitial/parenchymal abnormalities.
As PaCO2 is taken into consideration in the equation for

the calculation of the gradient, hypoventilation was ruled
out as a potential cause of hypoxemia in our patients
(only one dog had PaCO2 > 45mmHg). High values of
the A-a gradient can be found in various forms of pul-
monary parenchymal disease (from ventilation-perfusion
mismatch and shunting) or resistance to the diffusion of
oxygen across the alveolar membrane [27]. Our findings
may be due to the higher prevalence of clinical and/or
radiological lung diseases in the non-survivors, resulting
in a higher A-a gradient in this group.
Based on current veterinary consensus [6], ALI was diag-

nosed in nine dogs (34.6%) and no dogs developed ARDS.
The presence of ALI was associated with poor outcome.
ALI and ARDS are considered to be the primary cause of
death in the early stage of AP in humans. Up to 15–20% of
AP patients develop ARDS with an associated mortality of
35–50% [7]. In dogs, AP is reported to be one of the risk
factors for the development of VetALI/VetARDS [20, 28].
In 1995, one case report described a dog with histologically
confirmed AP, which developed marked expiratory dys-
pnoea, and ARDS was diagnosed on the detection of radio-
graphic bilateral pulmonary infiltrates and histologic
evidence of pulmonary inflammation [29]. However, there
has been no detailed evaluation of VetALI/VetARDS during
AP in the literature. To date, in dogs there are no studies
on the pathophysiology of lung injury during AP, and the
current literature is based on studies performed on rats and
on humans, in which pancreatic enzymes were related to
direct pulmonary injury [10–12, 30].
The present study has some limitations. One limitation

is the low number of dogs enrolled. Due to our stringent
inclusion criteria, only a small population of dogs could be
included. Secondly, as a preliminary study, we did not re-
check the arterial blood-gas or thoracic radiography,
which could be the focus of a larger-scale prospective
study. Finally, no dogs had undergone a necropsy examin-
ation, which is essential for a histological characterization
of both pancreatic and pulmonary diseases.

Conclusions
As in humans, AP is a potentially life-threatening dis-
ease, which can lead to several systemic complications,
including pulmonary diseases. In our dogs with AP, ap-
proximately half showed respiratory distress, and over
80% showed radiographic alterations. This was especially
the case for non-survivors which had a higher mLIS
compared to survivors, thus showing how pulmonary
complications may be frequent and should be monitored
by clinicians. Lower PaCO2 values and a higher A-a gra-
dient were associated with a higher mortality rate in
dogs with AP. This thus shows that arterial blood gas
analysis may be a useful prognostic tool in these pa-
tients, together with a clinical and diagnostic imaging
evaluation. VetALI was diagnosed in nine dogs and was

Fig. 2 Association between the presence of Acute Lung Injury (ALI)
and the outcome (P < 0.0001). This figure has to be Fig. 2 but now
is registered as Fig. 3
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associated with death. Further large-scale studies are
warranted to investigate early markers that are capable
of predicting the outcome and facilitating a prompt
treatment.

Methods
Case selection criteria
Dogs in this study were enrolled with the owners’ in-
formed consent and with the approval of the Ethics and
Welfare Committee (Approval No. 16749/2017).
Over a one-year period, from April 2017 to June 2018,

client-owned dogs with AP that had been referred to our
veterinary teaching hospital, were prospectively enrolled.
The following data were recorded for all dogs: signal-

ment, physical examination findings and comorbidities.
The diagnosis of AP was based on: (1) two or more of
the following clinical signs: abdominal pain, diarrhoea,
vomiting or anorexia/inappetence; (2) abdominal ultra-
sonographic (Xario GC, Toshiba, Japan) findings consist-
ent with AP within 48 h from hospital admission
without other identifiable extra-pancreatic diseases and
(3) an abnormal result with rapid point-of-care semi-
quantitative canine pancreatic lipase immunoassay
(Idexx SNAP® cPL™, Idexx Laboratories, Milan, Italy).
Patients were excluded if cardiogenic causes of respira-

tory distress could not be definitively ruled out. Dogs
with a clinical history of chronic respiratory signs were
also excluded.
All abdominal ultrasound scans were performed by the

same radiologist (TM) and were consistent with AP
diagnosis if the following were present: hypoechoic and
enlarged pancreatic parenchyma, hyperechoic mesenteric
areas around the pancreas and peripancreatic effusion
[25]. Dogs with clinical and clinicopathological features
consistent with AP, but without a positive abdominal
ultrasound, were rechecked every 24 h and included if
they developed ultrasonographic findings compatible
with AP within 2 days of their admission. For each dog,
the previously validated canine acute pancreatitis sever-
ity score (CAPS) was calculated at admission [31].

Evaluation of pulmonary complications
Pulmonary complications were defined if evidence of
both respiratory distress, defined as the presence of tach-
ypnoea (> 40 breaths/min) and laboured breathing at
rest, and thoracic radiographic abnormalities were
present (presence of a lung pattern) [1].
Arterial blood gas analyses were performed for each

dog at admission, without oxygen supplementation or
administration of sedatives. Dogs presented with clinical
evidence of respiratory distress at the triage evaluation
were admitted to the intensive care unit for an emer-
gency evaluation. In dogs that did not tolerate restraint
and handling, or animals with known coagulopathy,

arterial blood gas was not performed at presentation at
room air, but flow-by oxygen supplementation was ad-
ministered first. These subjects were consequently ex-
cluded from the study.
The arterial blood gas analysis was performed from

the dorsal pedal artery in order to assess the initial oxy-
genation. Arterial blood samples (approximately 0.4 mL)
were obtained for each patient at room air (FiO2 0.21%)
using a 60 IU balanced heparin self-filling sampler (safe-
PICO arterial blood gas syringe, Radiometer Medical,
Copenhagen, Denmark), which was run immediately in
cooximetry mode using a blood gas analyser (ABL 700
series, Radiometer Medical, Copenhagen, Denmark).
Digital thoracic radiographs were performed for each

dog after the initial clinical respiratory stabilization in
both right and left lateral and ventrodorsal recumbency
using digital radiological equipment (Multimage HF
Cosmovet, Cavaria, Italy). Subsequently all the DICOM
files were blindly reviewed by a radiologist (SM) and
evaluated based on the pulmonary pattern (normal,
interstitial, or alveolar). The presence of pleural effusion
and other significant findings were also recorded. An al-
veolar lung pattern was defined as the presence of one
or more of the following radiographic features: (1) air
bronchogram, (2) lobar sign, or (3) area of increased soft
tissue opacity without sharp margins [32]. The diagnosis
of an unstructured interstitial pattern was based on the
finding of an abnormal increase in the background
radiographic opacity of the lung with blurred vascular
margins.11 Lastly, pleural effusion was diagnosed if there
were: widened interlobar fissures with soft tissue opacity,
retraction of pleural surface of lung that was not directly
on the pleural surface of thoracic wall, increased soft tis-
sue opacity with scalloped margins dorsal to sternum (in
lateral projections), decreased cardiac silhouette
visualization, and obscured diaphragmatic outline [32].
The modified Murray lung injury score [18] (mLIS) for

radiographic pulmonary alterations was applied using
ventrodorsal projection, as previously used in veterinary
medicine [19, 20]. The mLIS ranged from 0 to 4 points
as previously described [19, 20]. The VD projection was
divided into four overall quadrants: right cranial, right
caudal, left cranial, and left caudal using a vertical line
starting in the middle of the trachea from the thoracic
inlet and continuing through the middle of the thorax,
and a horizontal line perpendicular to the vertical line
through the centre of the sternum (Fig. 3).
VetALI or VetARDS were diagnosed using the current

veterinary consensus (Table 3) and, based on the PaO2/
FiO2 ratio (VetALI ≤300 mmHg and VetARDS ≤200
mmHg, respectively) [6]. Aspiration pneumonia was di-
agnosed if a dog had: (1) a condition predisposing to as-
piration (e.g. vomiting and regurgitation), (2) compatible
respiratory signs (e.g. tachypnoea, dyspnoea, increased
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respiratory effort, crackles or wheezes at lung ausculta-
tion and/or coughing), and (3) compatible x-ray pattern
(patchy or focal alveolar pattern above all in the ventral
portion of the cranial lobes, more rarely in the middle
lung lobe) [33]. The final outcome for each dog was clas-
sified as death (non-survivors) or discharge from the hos-
pital (survivors). Euthanasia was performed after the
owner’s informed consent and if there was a deterioration
in the clinical condition due to a progression of the re-
spiratory disease. However, invasive or non-invasive posi-
tive pressure ventilation through a pediatric helmet

(Dimar Medical Devices Srl, Medolla, MO, Italy. www.
dimarsrl.com) was always proposed if necessary [34].
Since there are no consensus statements on VetALI/

VetARDS treatment [35], at the time of the diagnosis,
prompt treatment with non-invasive continuous positive
airway pressure and low dose dexamethasone (0.1 mg/kg
SID) and antibiotics (ampicillin at 22.5 mg/kg TID and
marbofloxacin at 2 mg/kg SID) when needed (aspiration
pneumonia) were performed.

Statistical analysis
For all continuous parameters, the normality of data
distribution was evaluated by the D’Agostino-Pearson
test. Normally and non-normally distributed continu-
ous parameters were reported as mean ± standard devi-
ation (SD), and as median and range, respectively, and
were compared between survivors and non-survivors
using the t-test or Mann-Whitney test, respectively.
Fisher’s exact test, or Chi-square test, were used to
compare categorical variables. As stated above, mortal-
ity was evaluated at hospital discharge for each dog and
dogs were divided into two groups: survivors (dis-
charged from the hospital) and non-survivors. For each
dog a telephone or clinical follow-up was performed at
least 1 month after the discharge. Respiratory distress,
respiratory rate, the presence of radiographic abnormal-
ities, and the presence of pulmonary complications (as-
piration pneumonia, pleural effusion, VetALI/VetARDS)
were compared to outcomes. Age, pH, PaCO2, PaO2,
Alveolar-arterial (A − a) gradient, PaO2/FiO2, HCO3

− and
mLIS were evaluated between survivors and non-survivors
using the Mann-Whitney U-test or unpaired t-test based
on the normality distribution. The CAPS score was com-
pared between dogs with or without pulmonary complica-
tions using the Mann-Whitney U-test. A receiver operating
characteristic (ROC) curve was plotted for any parameter
that was significantly different between survivors and non-
survivors in order to find the optimal cut-off for mortality.
A Pearson’s correlation test was performed between the

Fig. 3 Subdivision of the thorax into four lung quadrants as defined in the modified lung injury score (mLIS). The mLIS was calculated based on
how many quadrants were radiographically involved. This figure has to be the one with the single x-ray, which now is Fig. 1

Table 3 Definition of VetALI/VetARDS: Veterinary Acute Lung
Injury and Acute Respiratory Distress Syndrome [25]

Must meet at least one each of the first four criteria; 5 is a
recommended but optional measure

1. Acute onset (72 h) of tachypnoea and laboured breathing at rest.
2. Known risk factors (inflammation, infection, sepsis, SIRS, severe trauma,
multiple transfusions, smoke inhalation, near-drowning, aspiration of
stomach contents, drugs and toxins).
3. Evidence of pulmonary capillary leak without increased pulmonary
capillary pressurea (any one or more of the following):
a. Bilateral/diffuse infiltrates on thoracic radiographs (more than 1
quadrant/lobe)
b. Bilateral dependent density gradient on CT
c. Proteinaceous fluid within the conducting airways
d. Increased extravascular lung water

4. Evidence of inefficient gas exchange (any one or more of the
following):
a. f. Hypoxemia without PEEP or CPAP and known FiO2
i. PaO2/FiO2 ratio (≤300mmHg for VetALI; ≤200mmHg for
VetARDS)
ii. Increased alveolar-arterial oxygen gradient
iii. Venous admixture (non-cardiac shunt)

b. Increased ‘dead-space’ ventilation
5. Evidence of diffuse pulmonary inflammation
a. Transtracheal wash/bronchoalveolar lavage sample neutrophilia
b. Transtracheal wash/bronchoalveolar lavage biomarkers of
inflammation
c. Molecular imaging (PET)

aNo evidence of cardiogenic oedema (one or more of the following):
No clinical or diagnostic evidence supporting left heart failure,
including echocardiography
CT Computed tomography; PEEP Positive end expiratory pressure; CPAP
Continuous positive airway pressure; FiO2 Fraction inspired oxygen; PET
Positron emission tomography

Gori et al. BMC Veterinary Research          (2020) 16:209 Page 7 of 8

http://www.dimarsrl.com
http://www.dimarsrl.com


respiratory rate and PaCO2. Mild hypoxemia was defined
as PaO2 < 80 mmHg, and severe hypoxemia as a
PaO2 < 60 mmHg.31 Data were analysed with Graph-
pad Prism 7 (GraphPad Software Inc., La Jolla, CA,
USA). A P-value of < 0.05 was considered significant.

Abbreviations
AP: Acute pancreatitis; ALI: Acute lung injury; ARDS: Acute respiratory distress
syndrome; AUC: Area under the curve; mLIS: Modified lung injury score;
SD: Standard deviation; A-a: Alveolar-arterial

Acknowledgments
Not applicable.

Authors’ contributions
EG, AP and VM contributed to the concept and design of the experiment. SC
and TM performed and revised the imaging. GC performed all the arterial
blood gas samples. EG, AP, GC, IL contributed to analysing and interpreting the
results. EG wrote the manuscript and all the other authors critically revised the
manuscript. All the authors have read and approved the final manuscript.

Funding
No third-party funding or support was received in association with the
present study or the writing or publication of the manuscript. The authors
declare that there were no conflicts of interest.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
All the experimental procedures were approved by the Ethics and Welfare
Committee of the University of Pisa (Approval No. 16749/2017). A signed
informed consent was obtained from all owners.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 8 July 2019 Accepted: 15 June 2020

References
1. Kumar P, Gupta P, Rana S. Thoracic complications of pancreatitis. JGH Open.

2019;3:71–9.
2. Dombernowsky T, Kristensen MØ, Rysgaard S, Gluud LL, Novovic S. Risk

factors for and impact of respiratory failure on mortality in the early phase
of acute pancreatitis. Pancreatology. 2016;16:756–60.

3. Hess RS, Saunders HM, Van Winkle TJ, Shofer FS, Washabau RJ. Clinical,
clinicopathologic, radiographic, and ultrasonographic abnormalities in dogs with
fatal acute pancreatitis: 70 cases (1986-1995). J Am Vet Med Assoc. 1998;213:665–70.

4. Mansfield CS, James FE, Robertson ID. Development of a clinical severity index
for dogs with acute pancreatitis. J Am Vet Med Assoc. 2008;233:936–44.

5. Pápa K, Máthé A, Abonyi-Tóth Z, Sterczer A, Psáder R, Hetyey C, et al.
Occurrence, clinical features and outcome of canine pancreatitis (80 cases).
Acta Vet Hung Akadémiai Kiadó. 2011;59:37–52.

6. Wilkins PA, Otto CM, Baumgardner JE, et al. Acute lung injury and acute
respiratory distress syndromes in veterinary medicine: consensus definitions:
the Dorothy Russell Havemeyer working group on ALI and ARDS in
veterinary medicine. J Vet Emerg Crit Care. 2007;17:333–9.

7. Zhou M-T, Chen C-S, Chen B-C, Zhang Q-Y, Andersson R. Acute lung injury
and ARDS in acute pancreatitis: mechanisms and potential intervention.
World J Gastroenterol. 2010;16:2094–9.

8. Villar J, Sulemanji D, Kacmarek RM. The acute respiratory distress syndrome:
incidence and mortality, has it changed? Curr Opin Crit Care. 2014;20:3–9.

9. Browne G-W, Pitchumoni C-S. Pathophysiology of pulmonary complications
of acute pancreatitis. World J Gastroenterol. 2006;12:7087–96.

10. Grönroos JM, Nevalainen TJ. Increased concentrations of synovial-type
phospholipase A2 in serum and pulmonary and renal complications in
acute pancreatitis. Digestion. 1992;52:232–6.

11. Nevalainen TJ, Hietaranta AJ, Grönroos JM. Phospholipase A2 in acute
pancreatitis: new biochemical and pathological aspects.
Hepatogastroenterology. 1999;46:2731–5.

12. Shields CJ, Winter DC, Redmond HP. Lung injury in acute pancreatitis:
mechanisms, prevention, and therapy. Curr Opin Crit Care. 2002;8:158–63.

13. Akbarshahi H, Rosendahl AH, Westergren-Thorsson G, Andersson R. Acute lung
injury in acute pancreatitis--awaiting the big leap. Respir Med. 2012;106:1199–210.

14. Pastor CM, Matthay MA, Frossard JL. Pancreatitis-associated acute lung
injury - new insights. Chest. 2003;124:2341–51.

15. Vrolyk V, Wobeser BK, Al-Dissi AN, Carr A, Singh B. Lung inflammation associated
with clinical acute necrotizing pancreatitis in dogs. Vet Pathol. 2017;54:129–40.

16. Kuzi S, Mazor R, Segev G, Nivy R, Mazaki-Tovi M, Chen H, et al. Prognostic
markers and assessment of a previously published clinical severity index in
109 hospitalised dogs with acute presentation of pancreatitis. Vet Rec. 2019.

17. Boag A. Blood gas analysis and pulse oximetry. In: Luis Fuentes V, Johnson
LR, Dennis S, editors. BSAVA Manual of Canine and Feline Cardiorespiratory
Medicine: British Small Animal Veterinary Association; 2010. p. 98–102.

18. Murray JF, Matthay MA, Luce JM, Flick MR. An expanded definition of the
adult respiratory distress syndrome. Am Rev Respir Dis. 1988;138:720–3.

19. Ward JL, Lisciandro GR, DeFrancesco TC. Distribution of alveolar-interstitial
syndrome in dogs and cats with respiratory distress as assessed by lung
ultrasound versus thoracic radiographs. J Vet Emerg Crit Care. 2018;28:415–28.

20. Kellihan HB, Waller KR, Pinkos A, Steinberg H, Bates ML. Acute resolution of
pulmonary alveolar infiltrates in 10 dogs with pulmonary hypertension
treated with sildenafil citrate: 2005-2014. J Vet Cardiol. 2015;17:182–91.

21. Ranson JH, Rifkind KM, Roses DF, Fink SD, Eng K, Spencer FC. Prognostic
signs and the role of operative management in acute pancreatitis. Surg
Gynecol Obstet. 1974;139:69–81.

22. Wu BU, Johannes RS, Sun X, Tabak Y, Conwell DL, Banks PA. The early prediction of
mortality in acute pancreatitis: a large population-based study. Gut. 2008;57:1698–703.

23. Sharma V, Shanti Devi T, Sharma R, Chhabra P, Gupta R, Rana SS, et al. Arterial pH,
bicarbonate levels and base deficit at presentation as markers of predicting mortality in
acute pancreatitis: a single-Centre prospective study. Gastroenterol Rep. 2014;2:226–31.

24. Uchikov AP, Nedev PI, Shipkov HD, Markova DM. Blood-gas and acid-base
profile in dogs with severe pancreatitis. Folia Med (Plovdiv). 2003;45:33–6.

25. Xenoulis PG. Diagnosis of pancreatitis in dogs and cats. J Small Anim Pract.
2015;56:13–26.

26. Robison NE. Control of ventilation. In: Klein BG, editor. Cunningham’s textbook
of veterinary physiology. St. Louis: WB Saunders Co; 2013. p. 529–35.

27. Balakrishnan A, King LG. Updates on pulmonary function testing in small
animals. Vet Clin North Am Small Anim Pract. 2014;44:1–18.

28. Balakrishnan A, Drobatz KJ, Silverstein DC. Retrospective evaluation of the
prevalence, risk factors, management, outcome, and necropsy findings of
acute lung injury and acute respiratory distress syndrome in dogs and cats:
29 cases (2011-2013). J Vet Emerg Crit Care. 2017;27:662–73.

29. Lopez A, Lane IF, Hanna P. Adult respiratory distress syndrome in a dog
with necrotizing pancreatitis. Can Vet J. 1995;36:240–1.

30. Marchetti V, Gori E, Lippi I, Luchetti E, Manca ML, Pierini A. Elevated serum
creatinine and hyponatraemia as prognostic factors in canine acute
pancreatitis. Aust Vet J. 2017;95:444–7.

31. Fabrès V, Dossin O, Reif C, Campos M, Freiche V, Maurey C, et al. Development
and validation of a novel clinical scoring system for short-term prediction of
death in dogs with acute pancreatitis. J Vet Intern Med. 2019;33:499–507.

32. Thrall DE. Canine and Feline Lung. In: Thrall DE, editor. Textbook of
veterinary diagnostic radiology. St. Louis: WB Saunders Co; 2018. p. 710–34.

33. Kogan DA, Johnson LR, Jandrey KE, et al. Clinical, clinicopathologic, and
radiographic findings in dogs with aspiration pneumonia: 88 cases (2004-2006). J
Am Vet Med Assoc. 2008;233:1742–7. https://doi.org/10.1111/vec.12920.

34. Ceccherini G, Lippi I, Citi S, Perondi F, Pampanini M, Guidi G, et al. Continuous
positive airways pressure (CPAP) with a pediatric helmet for treatment of
hypoxemic acute respiratory failure in dogs. J Vet Emerg Crit Care. 2019.

35. Rozanski EA, Oura TJ, Chan DL. Acute lung injury and acute respiratory
distress syndrome. In: Silverstein DC, Hopper K, editors. Small Animal Critical
Care Medicine. St. Louis: WB Saunders Co; 2015. p. 133–7.

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

Gori et al. BMC Veterinary Research          (2020) 16:209 Page 8 of 8

https://doi.org/10.1111/vec.12920

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Discussion
	Conclusions
	Methods
	Case selection criteria
	Evaluation of pulmonary complications
	Statistical analysis
	Abbreviations

	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

