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Abstract

In 46 dogs with congenital portosystemic shunt (cPSS) histopathological examination of the 
pancreas, including measuring of the islet area, was performed, and the results were compared 
with those obtained in 6 control dogs without cPSS. Pancreatic islets were found in 43 (94%) 
dogs with cPSS and in all control animals. Mean area of the pancreatic islets was signifi- 
cantly lower in cPSS patients (median of 2219.4 μm2, interquartile range [IQR] from 1559.0  
to 3146.2 μm2, range from 485.4 to 10333.4 μm2) than in control dogs (median of 8705.5 μm2, 
IQR from 8284.4 to 9329.2 μm2, range from 7689.9 to 9624.2 μm2) (p<0.001). The area of pan-
creatic islets was weakly, but significantly, positively correlated with the body weight of dogs 
(r=0.32, p=0.026), but not with the age or sex. Vacuoles were found in the cytoplasm of pan- 
creatic islet cells in 37 (87%) dogs with cPSS and in none of the control animals (p<0.001). Their 
presence was not linked to the sex, breed, age or body weight. Extracellular homogenous eosino-
philic masses were present in pancreatic islets in 5 (12%) cPSS patients and in none of control 
animals. Connective tissue hyperplasia was found in pancreatic islets of 4 (9%) dogs with cPSS 
and in none of the control dogs. These results indicate that cPSS severely affects the pancreas,  
as shown by significantly reduced area of the islets, and the presence of eosinophilic masses  
in the pancreas and/or intracellular vacuoles.
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Introduction

Portosystemic shunt (PSS) is one of the most com-
mon congenital abnormalities in dogs (Tobias and 
Rohrbach 2003). It is a life-threatening vascular anomaly, 
allowing portal blood to bypass the liver and directly  
enter the systemic circulation (Mankin 2015). It results 
in the accumulation of toxic substances such as ammo-
nia in the systemic circulation and may lead to hepatic 
encephalopathy (Perazzo et al. 2012). An increased 
blood manganese concentration, ammonium-urate uro-
lithiasis, and a systemic inflammatory response syn-
drome (SIRS) may also result from this anomaly  
(Tivers et al. 2014, Gow 2017).

In dogs with congenital PSS (cPSS), vomiting and 
diarrhea are most prominent clinical signs, frequently 
accompanied by polydipsia, polyuria, urolithiasis, 
growth retardation and poor development (Frymus et al. 
2015). Moreover, a variety of neurological disorders, 
resulting from hepatic encephalopathy, are frequently 
present. 

Clinical signs of cPSS result not only from the  
direct flow of blood rich in potentially deleterious 
chemical substances from the portal to general circula-
tion but also from hypoperfusion and decreased func-
tion of the liver. Therefore, the liver structure and  
function of such patients has been intensively studied, 
and many morphological and functional hepatic disor-
ders have been identified (Baade et al. 2006, Sobczak- 
-Filipiak et al. 2018b). As liver is the main site of glu-

cose metabolism, decreased hepatic function can result 
in hypoglycemia which is frequently observed in dogs 
with cPSS (Collings et al. 2012, Kraun et al. 2014). On 
the other hand, pancreas is the major organ responsible 
for regulation of glucose level in blood, and its dysfunc-
tion may be also responsible for hypoglycemia. Howe- 
ver, hyperinsulinemia has been rarely observed in cPSS 
patients, and need of further studies on this topic has 
been indicated (Collings et al. 2012). A rare human con-
dition, nesidoblastosis, characterized by pancreatic islet 
cell hyperplasia may lead to hypoglycemia, usually  
accompanied by central neurological disorders. Recent 
reports indicate that nesidoblastosis should be consid-
ered in humans with idiopathic hypoglycemia if the  
insulin level is inadequate to glycemia (Raffel et al. 
2007, Przybylik-Mazurek et al. 2012). Until recently, 
studies in dogs with cPSS have focused mostly on liver 
disorders, and data on pancreas structure and function 
in such patients are hardly available. In a preliminary 
study on dogs with cPSS, we found abnormal structures 
in the pancreatic islets (Frymus et al. 2020). Further-
more, the length and width of the islets were smaller 
than considered as physiological in dogs. Nevertheless, 
this observation needs confirmation as no control group 
of healthy dogs was included. Therefore, this study 
aimed to verify if dogs suffering from cPSS had smaller 
pancreatic islets than control animals, and to characte- 
rize the details of pancreatic islet structure in such  
patients. 

Table 1. Demographic characteristics of the patients with congenital portosystemic shunt (cPSS) and control dogs.

Characteristics
Group

p-value
cPSS (n=46) Control (n=6)

Age [months]a 11, 5-18 (3-70) 12, 11-20 (11-24) 0.266b

Body weight (BWT) [kg]a 3.3, 2.4-6.5 (1.0-32.0) 8.5, 4.0-12.0 (3.5-23.0) 0.039b

Sex – n (%) of females 27 (58.7) 4 (66.7) 0.946c

Pedigree dogs – n (%) 40 (87.0) 4 (66.7) 0.488c

Breed size (of adult):
Small (BWT <15 kg)
Large (BWT >15 kg)

39 (84.8)
7 (15.2)

5 (83.3)
1 (16.7)

0.610c

Breeds

Yorkshire terrier (n=13)
Maltese (n=8)
Crossbreed (n=6) 
Shih Tzu (n=5)
Golden retriever (n=3)
West Highland White Terrier (n=2)
Miniature pinscher, Papillion, Dachs-
hund, Bolognese, Chinese crested dog, 
Cane corso, Fila brasileiro, Hovawart, 
German shepherd (n=1)

Crossbreed (n=2)
Beagle, Miniature pinscher, Yorkshire 
terrier, Maltese (n=1)

a median, interquartile range (IQR), and range 
b unpaired Student’s t-test on logarithmically transformed data
c chi-square test with Yates continuity correction
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Materials and Methods

Animals and collection of pancreatic fragments. 
The study was performed on 46 dogs with cPSS.  
Detailed characteristic of the study population is pre-
sented in Table 1. Due to common abnormal glucose 
level in such patients small fragments of the pancreas 
were collected for diagnostic purposes during the surgi-
cal closing of the pathological blood vessel bypassing 
the liver as described earlier (Frymus et al. 2020).  
As a control group we enrolled 6 dogs after traffic acci-
dents. These animals did not have cPSS nor any other 
conditions besides the post-traumatic ones. If an explo- 
rative laparotomy confirmed incurable multi-organ 
damage and euthanasia was decided, pancreas frag-
ments were collected before performing euthanasia. 
Thus, both in the study and control dogs the tissue frag-
ments were obtained in deep general anesthesia as de-
scribed earlier (Frymus et al. 2020). In both the cPSS 
and control dogs a small fragment of the caudal right 
lobe of the pancreas was removed using a guillotine 
knot technique (Fig. 1). The tissue fragment was imme-
diately fixed in buffered 10% formaldehyde and sent for 
histopathological examination.

Histopathological examination. Samples were  
embedded in paraffin (Paraplast), ultrathin (4 μm) slices 
were cut using a rotational microtome, and stained rou-
tinely with hematoxylin/eosin (Varistain Gemini, Ther-
mo Scientific). Histopathology was performed using  

a light microscope Olympus BX 43 (Olympus Optical, 
Ltd, Tokyo, Japan) connected to a computer and SC30 
camera. Using the closed polygon function of the Cell-
Sens Entry Olympus software as well as careful manual 
surrounding of the islet contours (with 40x objective 
magnification) the area (μm2) of randomly selected 2  
(in 19 dogs) or 3 (in 30 animals) pancreatic islets was 
measured, and mean islet area of each dog was used  
in the statistical analysis.

Statistical analysis. As the distribution of all numer-
ical variables (age, body weight, pancreatic islet area) 
was significantly right-hand asymmetric according  
to histograms and Shapiro-Wilk test, they were present-
ed as the median, interquartile range (IQR) and range. 
For statistical analyses numerical variables were loga-
rithmically transformed (natural logarithm). They were 
compared between groups using unpaired Student’s 
t-test and correlation between numerical variables was 
examined using Pearson’s linear correlation coefficient 
(r). Pancreatic islet area was compared between cPSS 
and control dogs using the analysis of covariance (AN-
COVA), and variables significantly linked both to the 
pancreatic islet area and to the group were included as 
covariates. Categorical variables were given as count 
and percentage in a group, and compared using the chi-
square test with Yates continuity correction. All tests 
were two-tailed. A significance level (α) was set at 0.05. 
Statistical analysis was performed in TIBCO Statistica 
13.3 (TIBCO Software Inc., Palo Alto, CA, USA).

Fig. 1. Intraoperative view of the pancreas before collecting a sample for histopathological examination (caudal right lobe of the pancreas).
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Results

Pancreatic islets were found in 43 of 46 (94%) dogs 
with cPSS and in all control animals, and this difference 
was insignificant (p=0.775). 

The area of pancreatic islets was weakly, but signifi-
cantly, positively correlated with the body weight  
of dogs (r=0.32, p=0.026) (Table 1). On the other hand, 
it did not differ significantly between males and females 
(p=0.894), neither was it significantly correlated with 
age (r=0.27, p=0.059). As body weight of the dogs was 
the only characteristic which differed significantly  
between cPSS and control group (p=0.039), it was  
included as a covariate in ANCOVA. Controlled for 

body weight (the average body weight set at 4.4 kg) 
pancreatic islet area proved to be significantly lower  
in dogs with cPSS (median of 2219.4 μm2, IQR from 
1559.0 to 3146.2 μm2, range from 485.4 to 10333.4 μm2, 
Fig. 2a) than in control dogs (median of 8705.5 μm2, 
IQR from 8284.4 to 9329.2 μm2, range from 7689.9  
to 9624.2 μm2, Fig. 2b) (p<0.001) (Fig. 3).

Vacuoles (Fig. 4a and 4b) were found in the cyto-
plasm of pancreatic islet cells in 37 of 43 (87%) dogs 
with cPSS and in none of the control animals (p<0.001). 
Vacuoles were present equally often in males and in  
females with cPSS (p=0.367) as well as in crossbreed 
and pedigree dogs (p=0.668). Their presence was nei-
ther linked to the age (p=0.650) nor to the body weight 

Fig. 2. Microscopic picture of pancreatic islets: left (a) – a dog with congenital portosystemic shunt, right (b) – a control dog.

Fig. 3.  Median pancreatic islet area (μm2) in 43 dogs with congenital portosystemic shunt (PSS) and 6 control dogs presented  
as the median, interquartile range (IQR), and individual dog measurements.
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(p=0.087). Extracellular homogenous eosinophilic 
masses were present in pancreatic islets in 5 of 43 (12%) 
dogs with cPSS and in none of control animals 
(p=0.872). Connective tissue hyperplasia was found  
in pancreatic islets of 4 of 43 (9%) dogs with cPSS and 
in none of the control animals (p=0.987) (Fig. 5). In one 
cPSS patient a few lymphocytes and plasma cells were 
present in pancreatic islets (Fig. 6).

Discussion

In our preliminary study we found that in dogs with 
cPSS the length and width of the pancreatic islets were 
smaller than the literature data reported for normal dogs 

(Frymus et al. 2020). However, these literature data 
were not only scant, but also did not consider the age 
and body weight of the dogs, whereas cPSS patients  
are often puppies. In the present study due to possibility 
to obtain pancreas fragments from dogs that were clini-
cally healthy, a control group could be included. Tissue 
fragments were obtained from the cPSS and control  
animals under anesthesia and came from the same  
region of the pancreas. Both groups of dogs were  
comparable in terms of most of basic characteristics 
(Table 1) except the body weight, which was higher  
in control animals. This might have possibly accounted 
for bigger pancreatic islet area in these dogs. Therefore, 
the analysis was adjusted by the potential influence  
of the body weight, and the conclusion that dogs  

Fig. 4a and 4b.  Vacuoles in the cytoplasm of the pancreatic islet cells of a dog with congenital portosystemic shunt. Cytoplasmic vacuoles 
(black arrow).

Fig. 5. Connective tissue hyperplasia in an pancreatic islet. Fibroblasts (white arrow).
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with cPSS have significantly smaller pancreatic islets 
(median of 2219.4 μm2 versus 8705.5 μm2, p<0.001) 
(Fig. 2a and 2b) appears to be justified. It is not clear, 
whether this is islet hypoplasia or atrophy. Interestingly, 
3 out of 46 cPSS patients had no pancreatic islets at all. 
Evaluation on a bigger group of such dogs is needed  
to clear, if this reflected a more advanced stage of 
cPSS-induced disease. It should be stressed that pancre-
atic islets are not homogenous in terms of cell composi-
tion. They contain four types of cells with different se-
cretory activity. The α-cells are secreting glucagon, 
β-cells are producing insulin, δ-cells secrete somatosta-
tin, and PP-cells are producing a regulatory polypep-
tide. Up to 82% of all canine islet cells are classified  
as β-cells (Muranishi et al. 1999). Further studies are 
necessary to determine which type on cells is affected 
by the cytological disturbances presented in this study.

The mechanisms leading to the morphological and 
cytological abnormalities presented in this paper  
remain unknown. However, cPSS is well-known to lead 
to dramatic local circulatory disturbances. In many  
patients the portal venous system is hypoplastic  
(Sobczak-Filipiak et al. 2018a, 2019), and the blood 
pressure changes in these veins, and even reversed  
direction of blood flow (hepatofugal instead of hepato-
petal) are not uncommon (Morandi et al. 2010). As the 
portal vein collects branches from the pancreas, circula-
tory abnormalities could be potentially responsible for 
the abnormal pancreatic structure. A very well recog-
nized condition connected with significant reduction  
of the pancreatic islet size is diabetes mellitus (Noda  

et al. 2010, Masjedi 2013, Erfani 2018). This condition 
is associated with hypoinsulinemia and hyperglycemia, 
whereas cPSS dogs are more likely to exhibit the oppo-
site pattern of laboratory abnormalities (Collings et al. 
2012). Reduced size of pancreatic islets has also been 
seen in several intoxications in experimental animals 
(Kikumoto et al. 2010, Yabe et al. 2019). Intoxication  
as a reason for smaller islets in cPSS dogs should be 
considered, as such patients show permanent hyperam-
monemia. Furthermore, in 5 of 43 dogs we found eosin-
ophilic masses in pancreatic islets, and homogenous 
eosinophilic contents in islet cells have been seen in rats 
during gatifloxacin intoxication (Yabe et al. 2019). Fur-
thermore, a connective tissue hyperplasia found in pan-
creatic islets of 4 cPSS dogs could result from the toxic 
effect, as some chronic intoxications have been shown 
to produce such lesions in other organs (Cui et al. 2011, 
Zhang et al. 2018). 

Another sign indicating pancreatic involvement  
in cPSS pathogenesis are vacuoles in the cytoplasm  
of islet cells in most of our patients (Fig. 4a and 4b).  
No differences were found in their presence between 
males and females, or between crossbreed and pedigree 
dogs. Neither was their presence linked to the age  
or body weight, but they were found in 37/43 (86%) 
dogs with cPSS and not in any control animals 
(p<0.001). Vacuoles in pancreatic cells are commonly 
found in diabetes mellitus (Masjedi et al. 2013, Erfani 
et al. 2018). The content of these vesicular lesions  
in dogs with cPSS is unknown, and further studies are 
needed to reveal this. 

Fig. 6. A lymphocyte (black arrow) and a plasma cell (white arrow) in a pancreatic islet.



471Morphometric and cytological disturbances of pancreatic ...

Conclusion

The results indicate that cPSS severely affects the 
pancreas, as shown by significantly reduced area  
of the islets, the presence of eosinophilic masses  
in them, and/or intracellular vacuoles.
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