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medullary (IM) pins and cerclage wires, bone plates, 
interlocking nails, tie-in IM-external skeletal fixator (ESF) 
combinations, and IM rod/bone plate combination [2-9]. 
External skeletal fixators can be used alone or in combination 
with intramedullary pins in the repair of humeral fractures  
of dogs and have several advantages compared with other 
fixation methods. Versatility and requiring minimal soft 
tissue damage are two featured benefits of ESF [7]. 

The purpose of this paper was to describe the repair of 
various types of humeral fractures using semicircular 
external skeletal fixator and IM pin tie-in combination and  
to report the outcome in 33 medium/large breed dogs. 

MATERIAL and METHODS

Inclusion Criteria and Medications

Between January 2009 and September 2016, dogs (>15 
kg) with humeral metaphyseal or diaphyseal fractures (n = 
33) with complete clinical and radiographic follow up of 
at least 24 weeks duration were included in the study. 
Signalment and history, description of the fracture, frame 
configuration, concomitant injuries, complications, time to 
first use of the limb, time to fixator removal and functional 
outcome was recorded. 

Cefazolin (20 mg/kg intravenously, Cefozin 500 mg, Bilim, 
Istanbul, Turkey) was administered at anaesthetic induction 
and every 2 hours throughout the surgical procedure. 
Dogs were premedicated with diazepam (0.1 mg/kg IV, 
Diazem, Deva, Istanbul, Turkey), induced with propofol (6 
mg/kg IV, Propofol 1%, Fresenius Kabi, Upsala, Sweden), and 
anaesthesia maintained with isoflurane (Isoflurane-Usp, 
Adeka, Samsun, Turkey) in oxygen. Transdermal fentanyl 
patch (25-50 µg/h, Durogesic transdermal patch, Janssen-
Cilag, Beerse, Belgium) was adhered to the inguinal area 2 h 
before the surgery and stayed in place for 48 h. Meloxicam 
(0.2 mg/kg/day subcutaneously, Maxicam, Sanovel, Istanbul, 
Turkey) was administered for 3 days after surgery. 

Frame Design and Features

The ESF system used in this study was composed of 

7-holed 60° (180 mm inside Ø, 1/6 ring arch, 7x20x95 mm) 
carbon-fiber arches, 6 mm Ø threaded rods, cannulated pin 
and wire fixation bolts, and 4 mm Ø negative profile end-
threaded half pins. 3 or 4 mm Ø Steinmann pins were used 
for intramedullary pinning. Depending on fracture type 
and length of fractured bone, either 3 or 4 arched frame 
configurations were used. Size of the IM pins were adjusted 
to a diameter not exceeding 30% of the medullary canal of 
the distal humerus [10]. The edge holes of the arches were 
used to secure to the threaded rods and the other holes  
for the half pin fixation bolts. Caudal rod was adjusted 3-4  
cm longer than the cranial rod in order to attach the IM  
pin to the ESF frame in “tie-in” fashion. Another carbon-
fiber arch was used as a connector for the linkage of the  
two fixation systems (Fig. 1).

Surgical Technique

Fracture reduction was accomplished using an open or 
limited open approach from the cranio-lateral border of the 
humerus [11]. Following exposition of the fracture, a 3 or 4 
mm Ø Steinmann pin was inserted to the medullary cavity  
via retrograde technique. After achieving axial reduction, 
half pins were perpendicularly and bicortically placed with  
a low speed (<150 rpm) power-drill. The proximal pin was 
placed at the level of the base of the greater tuberculum 
while the distal pin was placed from cranio-distal to the 
lateral epicondyle to exit the bone medially at a similar 
point halfway between the epicondyle and the articular 
surface [5]. Once acceptable reduction of the fracture 
was achieved, the construct was completed by inserting 
additional fixation pins (depending of the fracture type 
and localization) to the humeral shaft by avoiding muscles 
and radial nerve (Fig. 2). Before skin closure half pin fixation 
bolts were firmly secured to the carbon fiber arches and 
then IM pin was tied-in to the caudal rod. 

Postoperative Period and Evaluation of Outcome

Clients were informed regarding wound care and strongly 
adviced to clean the pin-skin interface with 10% povidone 
iodine solution (Batticon 10% sol: Adeka, Samsun, Turkey) 
every day until the removal of the fixator. Recheck clinical 
and radiographic evaluations were performed for two/

Fig 1. A four arched semicircular 
external fixator - IM pin tie-in 
combination and its clinical view on 
a standing dog
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three weeks intervals. Postoperative complications were 
classified as “major” which were defined as morbidities 
that require further medical or surgical interventions or 
“minor” which were defined as no need for an additional 
surgical or medical intervention to resolve. The frame was 
removed in two stages; first destabilization by removal 
of the IM pin and then removal of the ESF frame. Time 
to remove the IM pins varied depended on the presence 
of radiographically visible active bridging callus tissue. 
Clinical union was defined as the radiographic evidence  
of  a bony callus bridging on at least one cortex on both 
medio-lateral and cranio-caudal views [12]; at this stage, 
EFSs were entirely removed. Treatment success was based 
on clinical evaluation of the operated limb, including 
willingness to use the limb in daily activities. Final clinical 
outcomes were graded as: excellent; willingness to use the 
limb at a walk and run, no evidence of obvious lameness,  
no pain on palpation - good; willingness to use the limb  
at all times but slight lameness evident when running, no  
pain on palpation - fair; reluctance to use the operated 
limb, moderate lameness evident, obvious pain on 
palpation - and poor; unwilling to use the limb, constant 
non-weight-bearing lameness.

RESULTS
Ages and bodyweights of the dogs ranged from 6 months 
to 10 years (mean, 24 months) and 15 to 39 kg (mean, 24  
kg) respectively. Of the 33 dogs 21 were male and 12 were 
female. Fracture types were; oblique (n=15), transverse 
(n=11), and comminuted (n=7) and involved at the distal 
(n=18), diaphyseal (n=13), and proximal (n=2) part of the 
humerus. Fractures were caused by road accidents (n=28), 
gunshot injury (n=2), and unknown causes (3). Frame 

configuratios were IM pin + 3 arched ESF in 12 dogs and IM  
pin + 4 arched ESF in 21 dogs. Depending on the diameter  
of the distal humeral medullary canal 3 (n=10) or 4 mm Ø 
(n=23) IM pins were used. In all dogs - especially in dogs  
with early active limb use - mild serosanguineous discharge 
was observed at the point where IM pin protruded from 
the skin. Following removal of the IM pin, this minor 
complication was completely resolved. As seen in all 
ESF cases, discharge from the pin-skin interfaces during 
the convalescence period was seen in most of the dogs. 
Discharge was more apparent in proximal pins which were 
surrounded by bulky muscle groups. Serosanguineous 
or serohemorrhagic discharge responded to improved 
cleaning of the pin-skin interfaces with povidone iodine 
solutions, but in 6 cases with purulent discharge oral  
12.5 mg/kg amoxicillin-clavulonate (Synulox 250 mg  
tablet, Pfizer, Italy) was administered for 10 days. In one  
case with extensive soft tissue loss after gunshot injury, 
purulent pin tract discharge due to osteomyelitis was 
observed. Despite the aggressive broad spectrum antibiotic 
use we could not resolve the infection and amputation was 
performed. 

Pin breakage was seen in one dog in the early post- 
operative period. According to the information given by 
the client, the dog could use the affected limb but after 
running away from the house in the 3rd day and being  
found on the postoperative 4th day it had a non-weight  
bearing lameness. The radiographic examination performed 
after this revealed a broken half pin on the proximal  
fragment (Fig. 3a-b). Fortunately, the fragments were  
still in alignment so the insertion of a half pin 
percutaneously salvaged the complication (Fig. 3c). After- 
this application, the patient started using the afore-
mentioned limb without showing any obvious signs  

Fig 2. The most important advantage of the multiplanar 
feature of a semicircular arch is possibility of avoidance 
of the muscles, vessels and nerve injury during pin 
insertion. Note that the avoidance of the radial nerve 
with brachial and triceps muscles in a distal humeral 
fracture



298
Management of Humeral Fractures ...

of pain and lameness. The dog was able to bear full 
weight to the limb following removal of the fixator  
(Fig. 3d).

One of the dog was operated due to early breakage of 
the intramedullary pin which was operated in a private 
veterinary clinic (Fig. 4a). After removal of the cast, draining 

Fig 3. Immediate postoperative 
radiograph of a dog with a fixed com-
minuted distal diaphyseal humeral 
fracture (a). Note the broken half 
pin (white arrow) in the proximal 
fragment (b) in the early postoperative 
period. Because alignment of the 
fragments was not disturbed, fixation 
was performed with a new half pin 
inserted below the broken pin (c). 
Clinical view of the dog 4 weeks after 
fixator removal (d)

Fig 4. Radiographic view of the 
refracture of a diaphyseal humeral 
fracture due to early pin breakage 
(a). Stabilization with IM pin - ESF 
combination provided a rigid fixation 
(b-c) but fracture healing was longer 
compared to other dogs. Note that 
pin holes were still apparent despite 
the passed 36 weeks following 
removal of the fixator (d-e). This dog 
was a typical delayed union case

Fig 5. Preoperative (a) and immediate 
postoperative (b) radiographs of a 
comminuted distal humeral fracture. 
System was destabilized by removal 
of the IM pin 4 weeks after the 
operation (c). Bridging callus tissue 
was seen to be resorbed related 
to the remodelling process at the 
radiographs taken 15 weeks following 
removal of the fixator

Fig 6. Postoperative immediate 
radio-graph of a mid-diaphyseal long 
oblique humeral fracture after fixation 
(a). Diminution of the bridging callus 
and reorganization of the medullary 
cavity can be seen on the radiographs 
at 5th (b) and 12th (c) weeks following 
removal of the implants
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operation wound was observed. After controlling of the 
wound infection, fixation was performed with ESF and IM 
pin combination (Fig. 4b-c). Following the operation we 
performed, bone infection was recurred due to the necrotic 
bone fragments. Bone loss after removal of these necrotic 
fragments formed a large fracture gap and resulted with 
delayed union of the case. In this case, time for bone 
healing was longer compared with other cases. Fixator  
was removed on 96th day postoperatively and restricted 
activity for three months was advised to the clients. At long 
term radiographic controls -36th week after removal of the 
fixator- although remodeling was not properly completed 
(Fig. 4d-e), dog was able to use the limb without signs of 
obvious lameness.

In all dogs, semicircular ESF-IM pin combination provided  
a stable fixation and all of the cases tolerated this scaffold 
(weighing about 0.5 kg) well. In the dogs with purulent pin 
tract discharge volcano chimney image was observed in 
radiographs at the point where half pins protrudes from  
the bone. All of these periosteal reactions were improved  
after completion of remodelling process. Destabilization  
of the frame was performed between 21 to 42 days 
(median, 32 days) by removal of the IM pin (Fig. 5). In most 
of the dogs limb use was significantly improved following 
removal of the IM pin. 

All of the fractures but one with sufficient follow-up healed  
(Fig. 6). Twenty six of the dogs bore weight on the operated  
limb within three days (median, 2 days) following the 
operation. In the other seven dogs time to first use of the 
limb ranged between four to nine days. These prolonged 
cases were the dogs with comminuted fractures and 
moderate to severe soft tissue loss. Time to ESF removal 
ranged from 42 to 96 days (mean, 56 days). All clinical 
evaluations were done by the same operators. Final clinical 
outcome was excellent in 26, good in six, and poor in  
one dog.

DISCUSSION

Intramedullary pinning is mainly used to treat simple 
fractures as a primary fixation method or as an ancillary 
fixation for plates or external skeletal fixators. But in 
humerus, medullary canal ends far proximal to the distal 
part of the bone limiting Steinmann pin purchase in the 
medial condyle of the bone which restricts the use of IM 
pins in communitued or juxta-articular fractures primarily. 
Steinmann pin serves to assist in fracture alignment and  
also protects the ancillary fixation from catastrophic 
fractures [4]. Although each technique has its advantages 
and disadvantages, plate fixation is the most commonly 
used method today [3,13-15]. Both reduction and fixation 
of the humerus pose a challenge due to its anatomical 
location and shape, being surrounded by bulky muscle 
groups, the radial nerve traversing close to the skin in the 
distal part and having a natural “S” shape because of its  

proximal and distal curvatures [4,5]. In this study, favourable 
results were obtained in 33 medium/large breed dogs 
treated for different types of humeral fractures, considering 
biological fixation criteria, by semicircular external fixation/ 
intramedullary pin combination using a limited open 
approach. Adequate stabilization was achieved with this 
technique and patients were able to use their affected 
limbs functionally in the early post-operative period.

The main purpose of fracture fixation is to achieve the 
fastest possible bone healing and encourge the patient 
for functional limb usage by promoting postoperative 
early ambulation [16]. The golden standart for a perfect ESF 
procedure is to construct frames that allow full weight-
bearing without interfering with the use of the limb. Early 
ambulation accelerates bone healing by stimulating axial 
micromotion at the fracture line and also prevents fracture 
disease such as disuse atrophy and muscle contrac- 
tures [17,18]. This is critical in large breed dogs with 
concomitant injuries. In present study 26 of the dogs bore 
weight on the operated limb within three days (median, 
2 days) following the operation. According to the data 
received during the convalescence period, the dogs 
tolerated the frame well and this frame did not impede  
the daily activities of the dogs. 

There are several advantages of external skeletal fixation 
over internal fixation techniques; they can be applied 
with minimal surgical exposure, limiting soft tissue, 
bone and periosteal damage. They are safer to apply 
on infected or compound fractures, the frames may be 
reinforced or destabilized after the initial surgery and 
they do not require bandages on the recovery period [19-21]. 
The semicircular arches offer the option of inserting half 
pins unilaterally, but in a multiplanar fashion owing to 
its novel design which enables half pin insertion up to 
five different planes. The semicircular arches allow the 
insertion of two pins with a single arch, one from a bolt 
placed over the arch and the other placed below it. This 
versatility makes the semicircular arch superior to linear 
fixators. This property allows preserving the muscles and  
the radial nerve depending on the shape of the fracture, 
unlike linear external fixators. This is particularly important 
in the fixation of distal fractures that may endanger the 
radial nerve. Optimal and safe fixation can be achieved by  
preserving muscle and nervous tissue with the semicircular 
arch, owing to its multiplanar pin insertion options. The 
distal region fractures in this study (n=18) healed without 
any major complications with the exception of one osteo- 
myelitis case, which required amputation. Also, the 
pin breakage complication that was seen in one case 
could be easily corrected with the insertion of a half pin 
percutaneously in about 15 min duration. This property 
of the external frame which allows recovery of such 
complications should not be discounted.

There were several reports of complications due to 
mishaps or failed post operative maintenance of external  
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fixators [22,23]. These are pin tract lysis, haemorrhage, 
drainage, infection, pin loosening and breakage, osteo-
myelitis, malunion, malalignment and non-union. Pin tract 
drainage is the most common complication seen in almost 
every case and nature of the discharge is important. While 
serosanguinous or serohaemorrhagic discharge may be 
prevented with daily cleansing of the pin tract, discharge 
with purulent characteristics require the use of antibiotics 
to prevent possible bone infections. Pin tract discharge 
was seen in each of our cases and this finding correlated 
with previous studies. The intramedullary pin protruding 
from the dorsal trochanteric region enlarged the pin tract 
considerably due to repetitive cranio-caudal movement. 
The pin exiting this location provides direct access to 
the medullary tract from the outside, so the potential 
for bone infection should not be discounted if pin tract 
maintenance is not adequately performed. We did not 
encounter any such complication in this study, because 
pin tract maintenance was performed with utmost care 
with patient collaboration.

As a result of this study, in which all the fractures except  
one healed, we believe that the unilateral semicircular ESF-
IM pin tie-in configurations can be used as an alternative 
fixation method for the management of humeral fractures 
in dogs. The patients used the operated limb early in 
the postoperative period and limb use was improved 
throughout the healing period. 
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Abstract
The objective of the present study was to examine the effects of two different transport temperature (37°C vs 4°C) and cold storage of ovaries for 24 h on 
cumulus cell apoptosis and maturation rates of cat oocytes in vitro. Ovaries were collected from 15 ovariohysterectomized domestic cats and maintained and 
transported to the laboratory in phosphate buffer saline at 37°C and 4°C. In order to determine the effects of storing time, some ovaries transported at 4°C were 
stored at the same temperature for 24 h. Selected cumulus oocyte complexes (COCs) were matured for 48 h at 38°C in four-well petri dishes containing 500 
μL of modified oviduct medium (mSOF) under mineral oil in a 5% CO2 incubator with nearly 100% humidified. The morphological features of apoptosis were 
analysed in the cumulus cells at the beginning of in vitro maturation in both transporting temperature groups and after 24 h of cold stored group. The degree 
of apoptosis in cumulus cells were measured by terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL). The IVM rates of oocytes were 
determined using Hoechst (33342) staining. Although the apoptotic morphological features were seen rarely and in similar rates in 37 and 4°C transporting 
groups (19.40 and 21.55%, P>0.001), it was seen more intensely in the 24 h cold stored group (34.80%, P<0.001). The IVM findings were similar (49.77, 44.55%) 
at 37°C and 4°C groups (P>0.05), and importantly lower at 4°C transporting and 24 h cold stored groups (18.90%, P<0.05). In conclusion, the results of this study 
suggest that (I) cumulus cells of cat oocytes are partially exposed to apoptosis during transportation at warm or cold temperature, (II) storing of ovaries for 24 h 
at 4°C causes apoptosis of the cumulus cells at much higher rates and (III) storing of ovaries for 24 h at 4°C affects negatively IVM rate of oocytes.

Keywords: Cat, Ovary, Transport temperature, Oocyte, Cumulus, Apoptosis

Kedi Oositlerinin In Vitro Olgunlaştırılması ve Kumulus Hücrelerinin 
Apoptoz Oranları Üzerine, Ovaryum Taşıma ve Saklama Sıcaklığının Etkisi

Öz
Çalışmanın amacı, ovaryumların iki farklı sıcaklıkta (37°C ve 4°C) taşınma ve soğukta 24 saat bekletilmenin kumulus hücrelerindeki apoptoza ve kedi 
oositlerinin in vitro olgunlaşma oranları (IVM) üzerine etkilerini incelemektir. Kısırlaştırılmış 15 kediden ovaryumlar alındı ve yarısı 37°C, diğer yarısı da 
4°C’de olmak üzere, fosfat tampon tuzlu solüsyonunda (PBS) laboratuara taşındı. Soğukta bekletmenin etkilerini belirlemek içinse, 4°C ‘de taşınan 
ovaryumların yarısı, aynı sıcaklıkta olmak üzere 24 saat bekletildi. Seçilen kumulus oosit kompleksleri (COCs), %100’e yakın nemin sağlandığı %5 CO2’li 
inkübatörde mineral yağ altındaki 500 μL modifiye Sentetik Ovidukt Medyumu (mSOF) içeren dört gözlü petrilerde olmak üzere 38°C’de 48 saat süreyle 
olgunlaştırıldı. Apoptozun etkileri, hem iki farklı taşıma grubunda, hem de soğukta 24 saat bekletilen grupta olmak üzere in vitro olgunlaşmanın hemen 
öncesinde kumulus hücrelerinde test edildi. Apoptosis derecesi, deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) test ile ölçüldü. 
Oositlerin in vitro olgunlaşma düzeyleri Hoechst (33342) boyama ile belirlendi. Apoptotik hücre oranları, 37°C ve 4°C taşıma gruplarında sırasıyla; %19.40 
ve %21.55 olarak belirlendi (P>0.001). Aynı değer, 24 saatlik soğukta bekletilen grupta ise daha yoğun olarak (%34.80) görüldü (P<0.001). IVM bulguları da 
sırasıyla 37°C ve 4 °C taşıma gruplarında %49.77, %44.55 (P>0.05) iken, 24 saat soğukta bekletme grubunda ise %18.90 olarak bulundu (P<0.05). Çalışma 
sonuçları, (I) kedi ovaryumlarının sıcak veya soğukta taşıma sırasında kumulus hücrelerinin, apoptoza kısmen maruz kaldıklarını, (II) ovaryumların 4°C’de 
24 saat bekletilmesinin kumulus hücrelerinin apoptozunu önemli derecede artırdığını ve (III) 4°C’de 24 saat bekletmenin, oositlerin IVM oranlarını olumsuz  
etkilediğini göstermiştir.

Anahtar sözcükler: Kedi, Ovaryum, Taşıma sıcaklığı, Oosit, Kumulus, Apoptoz
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maturation [17]. It is indicated that storage of cat ovaries 
at high temperature (>23°C) for 24 h reduced the meiotic 
capacity of oocytes and the length of storage at room 
temperature affected the quality and developmental 

competence of oocytes [2]. It is also indicated that storage 
of domestic cat ovaries at room temperature even for a 
short time can negatively influence the competence of 
oocytes to undergo nuclear maturation in vitro [18]. The 

Table 1. In vitro maturation rates of oocytes obtained from ovaries transported in two different temperatures and cold stored for 24 h

Groups n GV n (%) GVBD n (%) MI n (%) MII n (%) UDNM n (%)

Transported in 37°C 217 3 (1.38)a 18 (8.30) a 69 (31.80) a 108 (49.77) a 19 (8.75) a

Transported in 4°C 202 10 (4.95)b 28 (13.86) a 60 (29.70) a 90 (44.55) a 14 (6.93) a

Transported and stored 24h in 4°C 201 32 (15.92)c 48 (23.88) b 23 (11.44) b 38 (18.90) b 60 (29.80) b

a,b,c Values with different superscripts in the same column are significantly different (P<0.05); GV: Germinal Vesicle, GVBD: Germinal Vesicle Breakdown, MI: 
Metaphase I, MII: Metaphase II, UDNM: Undetermined Nuclear Material

Fig 2. Representative TUNEL assay images of COCs in 37°C transporting group. Scale Bar=100 μm (A), 50 μm (B) and 20 μm (C);  
A, B, C: Apoptotic cumulus cells show intense brown fluorescence, whereas normal cells appear blue stained with methyl green

Fig 3. Representative TUNEL assay images of COCs in 4°C transporting group. Scale Bar=100 μm (A), 50 μm (B) and 20 μm (C);  
A, B, C: Apoptotic cumulus cells show intense brown fluorescence, whereas normal cells appear blue stained with methyl green

Fig 4. Representative TUNEL assay images of COCs in 4°C 24h storing group. Scale Bar=50 μm (A) and 20 μm 
(B); A, B: Apoptotic cumulus cells show intense brown fluorescence, whereas normal cells appear blue stained 
with methyl green



305

effect of transport temperature on oocytes also vary 
depending on species. Some researchers [19] stated that 
warm storage (25°C) of bovine oocytes for up to 11 h 
resulted in fertilization and development to blastocyst 
stage, but longer warm storage or storage for any time 
at 4°C resulted in a few fertilizable oocytes. It has been 
demonstrated that unlike other species cat oocytes have 
a unique ability to mature in vitro after storage of ovaries for 
24 h at 4°C [1]. Parallel to this finding, our previous study 
demonstrated that domestic cat oocytes have the ability to 
mature successfully in vitro after storage of ovaries for 24 h  
at 4°C [14]. However, it is stated that granulosa cell apoptosis 
in feline ovaries was increased after 12 h of storage at 
4°C and consequently affected IVM results negatively [10]. 
Although it has been reached to high maturation ratios 
after the storage of ovaries for 24 h at 4°C, cat oocytes 
began to lose the fertilization and cleavage ability in vitro 
after the storage [1]. In our study, although the apoptotic 
index percentage of 4°C transportation group was found 
higher than 37°C group, this increase was not statistically 
significant. This result consistent with the researcher’s [10] 

result that transporting ovaries both 37°C and 4°C 
temperatures have not harmful effect on cumulus cells of 
cat oocytes. It is stated that to avoid changes in cumulus 
oophorus morphology the ovaries should be held at 35-
37°C and for less than 2 h before processing, and to avoid 
oocyte chromatin configuration changes ovaries should 
be stored for less than 6 h [11]. However, it is proposed that 
storing of bovine ovaries at 10°C for 24 h, did not affect 
oocyte maturation rates compared with controls [20]. Since 
the enzymes in animal blood are known to work most 
efficiently at body temperature, the transport temperature 
lower than 35-37°C may be expected to delay apoptosis [21]. 
It is stated that most of the glucose in the follicular fluid 
is consumed by the granulosa and cumulus cells in the 
glycolytic pathway and lactate accumulates in the first two 
hours of the mammalian oocytes in warm temperatures [17]. 
It is expected that the low temperature decreases the 
metabolism and slows down the activities of the enzymes. 
Same researchers showed that transportation ovaries at 
warm temperatures (25-35°C) for more than two hours 
decreased follicular pH, increased ROS levels and thus 
reduced in vitro maturation rates [17]. Parallel to this 
knowledge, it is indicated that storage of porcine ovaries 
in 35°C for 6 h was efficient to support the developmental 
competence of oocytes but, these results were lower than 
those stored at the same temperature for three hours [22]. 
However, some researchers unexpectedly reported that 
although the transport temperature of ovaries did not 
influence the equine oocyte chromatin, it affected cumulus 
morphology and lower storage temperature resulted in 
more denuded and expanded COCs [11]. It is possible that  
due to protein degradation or loss of certain functions 
in the cumulus cells might cause apoptosis during cold 
storage. It is stated that long-term storage or transportation  
of porcine ovaries increased the number of oocytes with 
DNA fragmented nuclei by inducing acidosis in follicular 

fluids [22]. In this study, we have found that the rate of 
oocytes having undetermined nuclear material (UDNM) in 
cold stored group was significantly higher (29.80%) than 
the other two groups (P<0.05). This finding is inconsistent 
with our previous results [14] and the researchers claiming 
that cat oocytes have a unique ability to mature in vitro 
after storage of ovaries for 24 h at 4°C [1]. Some researchers 
supplemented superoxide dismutase (SOD) to the ovary 
transport and storage medium to prevent the damage of 
reactive oxygen species (ROS), and they found beneficial 
effects of SOD such as lower cellular apoptosis and higher 
COC survival and in vitro embryo production rates. In the 
same study, researchers obtained blastocysts from in vitro 
fertilized oocytes from cat ovaries stored at 4°C for up to 72 
h in transport media supplemented with SOD [23]. These 
results suggested that different approaches are needed 
with further studies to identify species-specific factors that 
would allow feline ovaries to be stored for longer periods. 

In conclusion, this study has shown that there is a distinctive 
relationship between the long storage at cold temperature 
and COCs quality and IVM rates of the cat ovaries. According  
to our results, it can be concluded that (I) transporting of  
the cat ovaries at 37°C or 4°C for a period not longer than  
two hours provides the appropriate conditions to maintain 
the quality of COCs and meiotic development in vitro, (II) 
the cold (4°C) storage of cat ovaries for 24 h has deleterious  
effects on COCs quality and IVM rate of oocytes and (III), 
cumulus cell apoptosis rate would be a valuable marker 
for the ability of IVM of cat oocytes. 
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Abstract
This study aimed to investigate the causes of abortion in cows that were mixed fed with sheep and/or goats, and the presence of B. melitensis 
infection in cows. PCR of 34 (28%) specimens out of 120 samples were identified as B. melitensis. The traditional bacteriological tests identified 
all of the isolates from sheep/cow aborted fetuses and milk as B. melitensis biovar 3. This is the first study to demonstrate B. melitensis as the 
main etiological agent for cows mixed fed with sheep and/or goats in XUAR, northwest of China. This may cause severe infection in the local 
population, and pose a potential public health risk, especially when eating or drinking the products of contaminated milk.

Keywords: Brucella melitensis, Cow, Abortion, China

Kuzey Batı Çin’de Atık İnek ve Koyun Fetüslerinden Brucella melitensis 
İzolasyonu

Öz
Bu çalışmanın amacı koyun ve/veya keçilerle birlikte yetiştirilen ineklerde atıkların sebeplerini araştırmak ve B. melitensis enfeksiyonunun 
mevcudiyetini belirlemektir. Toplam 120 örneğin 34’ünde (%28) PCR ile B. melitensis tespit edildi. Klasik bakteriyolojik testler, koyun ve inek 
atık fetüsleri ile sütten elde edilen izolatların tümünde etkenin B. melitensis biovar 3 olduğunu belirledi. Bu çalışma, Çin’in Sincan Uygur Özerk 
Bölgesi’nde koyun ve/veya keçilerle birlikte yetiştirilen ineklerde B. melitensis’in atıklarda ana etiyolojik ajan olduğunu göstermektedir. Bu  
durum bölge popülasyonda ciddi enfeksiyona neden olabilir ve bu suretle özellikle kontamine süt ürünleri tüketiminde potansiyel halk sağlığı 
riski oluşturabilir.

Anahtar sözcükler: Brucella melitensis, İnek, Abort, Çin

INTRODUCTION

Brucellosis, a zoonosis of public health and economic 
importance worldwide, leads to great loss to domestic 
animals, principally in cows, sheep and goats. In some 
countries, particularly in southern Europe and Western 
Asia, where cattle are kept in close contact with sheep 
and goats, infection can also be caused by B. melitensis [1], 

but the symptom of abortion in cows is not as severe 
as in sheep or goats. Mixed  farming  is  also  adopted by 
smallholder farmers in China.

Six classical species of Brucella have been identified, 
including B. abortus, B. melitensis, B. suis, B. ovis, B. canis, 
and B. neotomae. Although B. abortus is considered as the 
main etiological agent of infected dairy cows, B. melitensis 
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results in the greatest loss to domestic animal industry and 
public health [2,3]. Therefore, investigating the infection of  
B. melitensis, as a nonspecific and heterogeneous agent  
in dairy herds, is crucial. 

Xinjiang Uygur Autonomous Region (XUAR) in the northwest 
of China, is the largest province in China, and the livestock 
industry is the main source for its economic growth [4]. 
Very few studies have been conducted on prevalence 
and distribution of brucellosis in remote areas. The aim 
of this study was to investigate the etiological agents 
responsible for abortions in sheep or cows in endemic 
areas of brucellosis, and the presence of B. melitensis as a 
heterogeneous agent in dairy cows.

MATERIAL and METHODS

Bacterial Strains

Reference strains of Brucella melitensis 16M, B. abortus 2308 
and Toxoplasma gondii as well as Campylobacter fetus spp, 
Theileria sergenti and Tritrichomonas fetus were provided 
by Anthropozoonosis laboratory in Shihezi University.

Sample Collection and DNA Extraction

The samples including aborted fetuses (n = 120) and raw  
milk (n = 1) were collected from Ili region (northwest of 
XUAR) in some sheep and cow mix feeding farms between 
April and May in 2016. Samples of spleen, liver and lung 
tissues and stomach contents were collected aseptically 
from sheep or cow aborted fetuses and raw milk from 
a cow with clinical signs of joint swelling and abortion  
history. Then the DNA extraction from tissue samples was 
performed using the TIANamp Genomic DNA Kit (TIANGEN 

BIOTECH CO., LTD) according to the manufacturer’s 
instructions. The nucleic acid extraction from raw milk was 
performed as previously described [5]. DNA concentrations 
were determined by measuring the A260, and the samples 
were stored at -20oC until further processing. 

Synthetic Oligonucleotide Design

Oligonucleotide species-specific primers for Brucella  
genus [6], Toxoplasma gondii [7], Campylobacter fetus [8], T. 
buffeli [9], and Tritrichomonas fetus [10] are listed in Table 1. 

PCR Amplification and Sequence Analysis 

All samples were examined by PCR in a total volume of 30  
μL, with 12.5 μL ddH2O, 15 μL mix, 0.5 μL of each primer 
and 1.5 μL DNA template. The reaction was performed in a 
DNA thermal cycler (Perkin-Elmer) and 2 μL of the product  
was fractionated in a 1.5% or 2% agarose gel, stained with 
0.5 mg/mL ethidium bromide solution, and visualized  
under UV light [11]. The positive amplication products were 
purified using the TIAN-gel Midi Purification Kit (TIANGEN, 
Beijing, China) and then subjected to sequencing. All of 
these data was analyzed using SPSS version 17.0 software.

Bacterial Isolation

Brucella was isolated from raw milk sample as previously 
described [12]. The tissue samples were homogenized 
before plating on the Brucella-selective agar. Then, 100 
μL of the homogenized suspension was inoculated onto 
Brucella-selective agar plates. The suspension was spread 
with a loop producing a depot followed by single colonies. 
All cultures were incubated at 37oC with 5% CO2

 for five 
days. Brucella identification and species differentiation 
were accomplished using PCR protocols [13]. Furthermore, 

Table 1. PCR primers used for screening abortion-inducing pathogens in sheep

Primer Primer Sequences (5’-3’) Size (bp)

Brucella-omp22- primer -F TGATGGGAGGGACCGACTA
526

Brucella-omp22- primer -R TGGTTCTTCAGGTTGTTACGC

B. abortus-IS711- primer -F GACGAACGGAATTTTTCCAATCCC
526

B. abortus- IS711- primer -R TGCCGATCACTTAAGGGCCTTCAT

B. melitensis- IS711- primer -F AAATCGCGTCCTTGCTGGTCTGA
731

B. melitensis- IS711- primer -R TGCCGATCACTTAAGGGCCTTCAT

C. fetus- sapB2- prime r-F GCAAATATAAATGTAAGCGGAGAG
435

C. fetus- sapB2- prime r-R TGCAGCGGCCCCACCTAT

T. buffeli-18S rRNA- primer -F AAACTGCGAATGGCTCAT
816

T. buffeli-18S rRNA- primer -R ACATCCTTGGCAAATGCT

T. fetus-TFITS- primer - F CTGCCGTTGGATCAGTTTCG
208

T. fetus-TFITS- primer - R GCAATGTGCATTCAAAGATCG

Toxoplasma gondii-specific-primer -F CGCTGCAGGGAGGAAGACGAAAGTTG
529

Toxoplasma gondii-specific-primer-R CGCTGCAGACACAGTGCATCTGGATT
a The pair of primers of Brucella omp22 were used to screen Brucella spp. in the first round identification; b The pair of primers of Brucella 
IS711 were used to differentiate the species of Brucella
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biotyping of the Brucella was based on conventional 
bacteriological and typing methods [14]. This process was 
completed at the Center for Disease Prevention and Control 
(CDC) of China.

RESULTS 
Molecular Detection

In the present study, molecularly positive products for 
Brucella genus were found but not for T. gondii, C. fetus 
spp, T. sergenti and Tr. fetus. Thirty-four (28.09%) samples, 
including 13 aborted sheep fetuses, 20 cow fetuses and 
one raw milk sample, were positive and further identified 
as B. melitensis by targeting IS711 gene and only part of  
the positive samples were presented in Fig.1, the rest of 
data was not shown. B. abortus and other species were not 
detected in the organs of aborted sheep, cow fetuses and  
raw milk. The nucleotide sequences from our study have 

been deposited in the GeneBank database (accession 
number: KY312521). There were no differences in DNA 
sequences as compared to that of B. melitensis biovar 3  
NI strain (accession number: CP002931) [15].

Isolation of Brucella spp. from Organs

Bacteria were isolated from 34 samples and positively 
detected by IS711 gene. The Brucella wild strains were 
isolated from 13 aborted sheep fetuses, 20 aborted cow 
fetuses and one raw milk sample. The detailed information  
is shown in Table 2. Furthermore, the culture isolates 
were identified as B. melitensis biovar 3 by conventional  
bacterial tests.

DISCUSSION

In XUAR, brucellosis has prevailed for decades [16], where 
the seropositive rates for cows and sheep were 0.66%

and 3.25%, respectively, during 2013-2014 [17], and there 
are many pathogens could induce abortions in pregnant 
animals such as Coxiella burnetii, Chlamydophila abortus, 
Salmonella enterica Serovar Abortusovis, T. gondii, and 
Neospora caninum [18]. But, in the present study, Brucella 
was found to be the main pathogen responsible for livestock 
abortion and the rest of pathogens listed in Table 1 were  
not found in these aborted fetuses, the result suggests that  
the Brucella pose the biggest threat to local livestock and 
people due to the infected cow could spread the disease 
through milk or contaminated dairy products. Interestingly,  
all of the isolates were identified as B. melitensis biovar 3  
by conventional bacteriological and typing methods [14].

In Turkey, B. melitensis biovar 3 was first isolated from 
bovine aborted fetus [1]. In China, It was isolated in raw milk 
from an aborted cow at a farm that had about 300 sheep 
and 40 cows in Inner Mongolia, north of China [15]. The 
phenomenon of a host shift (i.e., the ability of a pathogen 
to colonize or infect a new host) is rare and appears in 

Fig 1. PCR product of IS711 gene 
amplification
Lane 1-10: sheep aborted fetuses; 
Lane 11: milk sample; Lane 12-21: 
cow aborted fetuses; Lane 22: B. 
melitensis 16M; Lane 23: B. abortus 
2308; Lane 24: Negative control; 
Lane M: DM1000

Table 2. Detection B. melitensis in individual tissue or milk samples by 
bacterial isolation

Animal No Organs Host Result

1
Spleen

Liver
Lung

Cow
+
+
-

2
Spleen

Liver
Lung

Sheep
+
-
-

3
Spleen

Liver
Stomach contents

Sheep
-
+
+

4
Spleen

Liver
Milk Cow

+
- 
+

5-15 Splen
Liver Sheep +

+

16-34
Splen
Liver

Stomach contents
Cow

+
+
-
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resource-poor communities in China due to the mixed 
feeding of cows with infected sheep and/or goats and 
ignoring brucellosis quarantine. This study described B. 
melitensis isolates from aborted cow fetuses and raw milk. 
The result suggests that B. melitensis infection in cows is 
an emerging livestock industry and public health issue 
in China. As demonstrated in this study, B. melitensis can 
be shed in raw milk from infected cows. In addition, 
infection might spread to farm workers, slaughterers,  
and veterinarians through handling infected animals or 
organs after slaughter [19]. B. melitensis infection in cows 
may become more common in the future, although 
no data is available on brucellosis patients due to 
B. melitensis infection transmitted by raw milk or its 
products in China. 

The problem of cows infected by B. melitensis has potentially 
important implications for the control programs of 
brucellosis in China. The clinical symptoms of B. melitensis 
infection in cows is not apparent as compared to that of  
B. abortus infection [20]. The infected cow, as a reservoir, is 
susceptible to disseminating contaminated milk to the 
local or neighboring population. This study recommends: i) 
avoiding intermixed feeding model of cows, sheep or/and 
goats in the same yard in endemic areas, and ii) increasing 
regular quarantine of brucellosis, and timely elimination of 
the infected sheep, goats and cows from the herd. 
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Abstract
This report aimed to reveal the characteristics of calcifying panniculitis in two cats. Two biopsies taken from the lumbosacral region of an 
8-month old and a 1-year old, male, mixed breed cats were evaluated. Macroscopically, there were masses of different sizes varying from 1.5 to 
2.5 cm in diameter. The masses had a generally firmness and were grayish-white in colour. Histopathology revealed necrotic and degenerative 
lipocytes in lobules of subcutaenous fat tissue. In some areas, there were lymphocyte, macrophage and neutrophil leukocytes infiltrations and 
connective tissue proliferation. There were also large calcifying areas at the centre of degenerated-necrotic fat lobules. Alizarin Red S detected 
the calcifying areas and Masson’s trichrome differentiated connective tissue proliferation. In ABC-P, CD3 slightly reacted with lymphocytes and 
lymphoblasts. Vimentin moderately reacted with connective tissue proliferation at the periphery of the necrotic areas and the septum. A1AC 
reacted in the cytoplasm of macrophages and peripheral necrotic areas. No reaction was determined with A1AT. In conclusion, such cases have 
not been documented in veterinary pathology. It is believed that the two cats  possibly had  a renal deficiency problem or nephrotic syndrome 
in the pathogenetic mechanism. It was also considered that A1AC (serine proteinase inhibitor) expressions could have a role in such cases 
despite there being no A1AT (another serine proteinase inhibitor) expression. 

Keywords: Calcifying panniculitis, Cat, Immunohistochemistry, Pathomorphology

İki Kedide Karşılaşılan Subakut Lobüller Kalsifiye Pannikülitisin 
Patomorfolojik ve İmmunohistokimyasal Bulguları

Öz
Sunulan bu iki olguda kedilerdeki kalsifiye pannikülitisin karakteristik özelliklerinin açığa çıkarılması amaçlandı. Sekiz aylık ve bir yaştaki iki 
erkek, tekir kedide lumbosakral bölgeden alınan biyopsiler değerlendirildi. Makroskopik olarak çapları 1.5-2.5 arasında değişen, sert kıvamda 
beyazımsı kitleler mevcuttu. Histopatolojik incelemede deri altı yağ dokusundaki lobüllerde dejeneratif ve nekrotik lipositler gözlendi. Bazı 
alanlarda lenfosit, makrofaj ve nötrofil lökosit infiltrasyonları ile bağ doku proliferasyonu vardı. Ayrıca dejenere-nekrotik yağ lobüllerinin 
merkezinde geniş kalsifiye alanlar da gözlendi. Alizarin Red S boyaması ile kalsifiye alanların,  Masson’un trikrom boyamasıylada bağ doku 
proliferasyonunun ayrımını yapıldı. ABC-P yönteminde, CD3 lenfosit ve lenfoblastlarla hafif reaksiyonlar verdi. Vimentin nekrotik alanlarda 
ve septumda yer alan bağ doku proliferasyonlarıyla orta şiddette reaksiyon verdi. A1AC makrofajların sitoplazmasında ve perifer nekrotik 
alanlarda reaksiyon verdi. Sonuç olarak bu türden vakalar veteriner patolojide bildirilmemiştir. Her iki kedide de gelişen lezyonların patogenetik 
mekanizmasında böbrek yetmezliği ya da böbrek kökenli bir sendrom olabileceği düşünülmektedir. Ayrıca, serin proteinaz inhibitörü olan 
A1AT ekspresyonu olmamasına karşın başka bir serin proteinaz inhibitörü olan A1AC ekspresyonlarının bu tür olgularda rolü olduğuna 
inanılmaktadır.  

Anahtar sözcükler: İmmunohistokimya, Kalsifiye pannikülitis, Kedi, Patomorfoloji

INTRODUCTION
A panniculitis is a group of heterogeneous disease whose 
hallmark is inflammation of subcutaneous adipose tissue 

or panniculus adiposus [1]. The inflammation frequently 
affects the deep dermis. In the etiology, there are generally 
infectious agents, foreign bodies, vitamin E deficiency, 
trauma, pancreatic disease, vasculitis, drug eruption and 
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lupus erythematosus in human beings. The disease may 
sometimes develop after steroid application, exposure 
to cold air or ice and α1-antichymotrypsin (A1AC), α1-
antitrypsin (A1AT) deficiency, especially in humans. It 
has also been documented that the etiology of Weber 
Christian disease in humans remains unknown. The clinical 
classification of panniculitis has always been a problem in 
human dermatology, so classification has been performed 
on the basis of histological appearance. In medicine, these 
inflammatory changes of subcutaneous fat tissue can be 
classified in several types, although lobular (fat lobules), 
septal (interlobular septa including connective tissue) and 
diffuse (both fat lobules and septa) forms of panniculitis are 
found according to distribution in veterinary medicine [2]. 
The classification can be diversified into many types 
related to the etiology. Four main types have been defined 
as: 1) lobular panniculitis without vasculitis, 2) lobular 
panniculitis with vasculitis 3) septal panniculitis without 
vasculitis, 4) septal panniculitis with vasculitis [3]. Although 
calcifying panniculitis has been known since the 1980s, it is 
seen in the classification as a special topic [4-10]. That type of 
panniculitis has been generally reported in humans with 
renal failure and has primarily involved anticoagulant-
like heparin injection sites [4,9]. The place of calcifying 
panniculitis has not been conclusive despite being known 
as a sub-class of lobular panniculitis without vasculitis [11]. 
It is a peculiar form of calcinosis cutis which belongs to 
the spectrum of calciphylaxis [4]. The most possible reason 
is the disturbance of the calcium-phosphate balance [12]. 
Macroscopically, lesions are seen as symmetrical violaceous 
to black patches or plaques. They frequently develop on the 
legs, and sometimes on the upper extremities and trunk. 
The lesions can be enlarged with necrotic and black eschar 
tissues. Over time, ulcers may open from those areas of 
subcutaneous necrosis. Microscopically, there is mucinous 
degeneration of fat tissue, lymphocytic vasculitis and 
adventitia and medial calcium deposits within adipose 
lobules of the interstitial connective region [4,7,10,11]. The aim 
of this report was to determine the different characteristics 
of calcifying panniculitis in two cats.

CASE HISTORY
Two brother cats, aged 8 months and 12 months old were 
brought to a private veterinary clinic with complaints 
of inappetence, depression and occasional jaundice. In 
clinical examination, there was seen to be cachexia and 
tenderness to abdominal palpation. The left lumbosacral 
region of the dorsal trunk in both cats was seen to be 
painful and partly ulcerated with eschar masses. Blood 
samples were collected from the cats and sent to a private 
veterinary laboratory for examination of blood parameters. 
It was then decided to remove the masses surgically and 
they were sent for diagnosis to the Pathology Department 
of the Veterinary Medicine Faculty of Ankara University. 
After macroscopic examination, tissue samples were taken 
from the lesions for histopathology examination. The 

samples were fixed in 10% formalin, processed routinely 
and embedded in paraffin. Sections were cut from 
the paraffin blocks of 5 μm thickness and stained with 
haematoxylin-eosin (H&E), Alizarin Red S and Masson’s 
trichrome methods. After the histochemical staining, the 
indirect immunoperoxidase method (ABC-P) was applied 
using CD3, CD4, vimentin, alpha-1 antitrypsin and alpha-1 
antichymotrypsin antibodies. The tissue sections were 
deparaffinized with xylene and rehydrated in decreasing 
dilutions of alcohol. Then, the sections were washed with 
phosphate buffered saline (PBS; pH 7.4). Endogenous 
peroxidase activity was blocked with 0.3% H2O2 for 20 min. 
The sections were processed with 0.1% trypsin at 37°C for 
30 min. After the PBS washes, sections were incubated 
with protein blocking sera (Peroxidase Detection System, 
Novocastra, RE7110-K, Leica Biosystems). The sections 
were treated with primary antibodies (polyclonal rabbit 
alpha-1 antitrypsin-1/100, Abcam, monoclonal mouse 
anti-vimentin, clone V9, 1/100, Dako, polyclonal rabbit anti 
alpha-1 antichymotrypsin- 1/50, Abcam, polyclonal rabbit 
anti CD3 1/50, antibodiesonline, monoclonal mouse anti 
CD4, 1/100, Dako) in a humidified chamber for 1 h at room 
temperature.. Then, biotinylated secondary antibody and 
streptavidin peroxidase complex (Peroxidase Detection 
System, RE7110-K, Novocastra, Leica Biosystems) were 
consecutively applied for 30 min each, and the section 
was washed 3 times with PBS between the applications. 
Control samples were treated with PBS instead of primary 
antibodies. As the chromogen, 3-amino- 9-ethylcarbazole 
(AEC) (Santa Cruz Biotechnology Inc.) was selected. 
Counterstaining was performed with Gill’s haematoxylin. 
Sections were mounted with glycergel and examined 
under a light microscope (Leica). 

Macroscopically, the mass had focal features of elastic 
consistency and was grayish-yellow in colour in the 8-month 
old cat. The mass weighed 1.5 g and measured 1.5x1.3x0.5 
cm. In the elder cat, there were three masses of the same 
appearance as the first one. The masses weighed a total 
of 7 g and measured 2.5x1.5x1.3 cm, 1.5x2x1.2 cm, and 
1.5x1x0.7 cm.  

Microscopic examination revealed necrotic and degenerated 
fat cells in lobules of subcutaneous fat tissue (Fig. 1A-B). 
In some areas, lymphocyte, macrophage and neutrophile 
leukocyte infiltrations and connective tissue proliferation 
were observed. There were also large calcifying areas 
at the centre of the degenerated-necrotic fat lobules. 
Calcifying areas were detected with Alizarin Red S stain 
and connective tissue proliferation was detected with  
Masson’s trichrome stain (Fig. 1C). 

Immunohistochemical staining for CD3 slightly reacted 
with lymphocytes and lymphoblasts (Fig. 1D). Vimentin 
moderately reacted with connective tissue proliferation 
at the periphery of necrotic areas and the septum (Fig. 
1E). A1AC reacted in the cytoplasm of macrophages and 
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peripheral necrotic areas (Fig. 1F). CD4 and A1AT were 
negative.

DISCUSSION 

In these two cases, the clinical examination together 
with the results from the blood parameters suggested 
an inflammatory skin disease which may have been 
acute or sublinical in a disease connected to one of the 
internal organs. The anamnesis was useful for the clinician as 
vaccinations and parasite therapy had been administered 
to both cats 2.5 months and 1 month ago, respectively. 
However, the blood parameters demonstrated different 
results with low RBC, haemoglobin and high creatinine, 
calcium, phosphorus and WBC. From these results it 
was considered that a renal problem and anaemia 
may be related to eritropoetin dys-synthesis m. Patho-
morphologically, lobular evaded necrotic adipocytes with 
severe inflammation in H&E staining and calcium deposits 
in Alizarin Red S staining and fibrocytic and fibroblastic 
proliferation in Masson’s trichrome staining revealed 
calcification in all the masses. Calcifying panniculitis  

has been reported in literature together with fatigue  
and a severe condition when considering calciphylaxis  
and nephrotic syndrome or renal failure in human 
counterparts [5,7,8,10]. However, despite the lack of appetite 
and mild cachexia, both cats appeared healthy and not 
in a serious condition. Histopathologically however, 
calcium deposits have not been reported to be dense 
on small or large vessels except on the interstitium 
although there have been a few reports [4,5]. Unlike other 
reports in literature and in humans, connective tissue 
proliferation was noticeable in this study and there was 
seen to be a tendency to granulomatous inflammation 
in one of the masses. Immunohistochemically, CD3 
confirmed T-lymphocytes even though CD4 was negative 
for B-lymphocytes. Vimentin showed fibrocytic and 
fibroblastic proliferation developing at the periphery of 
necrotic areas. On the other hand, AAT was negative. ACT 
reacted in macrophages on the periphery of necrotic areas 
and between adipocytes and also in collagen bundles. In 
a few reports in recent years, emphasis has been placed 
on the relationship between alpha-1 antitrypsin (AAT) and 
alpha-1 antichymotrypsin (ACT) and panniculitis [13,14]. 

Fig 1. A- Degenerated and necrotic fat (black arrow) and collagen (white arrows) tissue, x100, H&E; B- Degenerated fat 
cells (black arrows) and inflammatory cell infiltration (arrows), x100, H&E; C- Calcium deposits in fat tissue (arrows), x100, 
Alizarin Red S Stain; D- CD3 positive T lymphocytes (arrows), x100, ABC-P; E- Vimentin-positive fibrocytes (arrows), x100, 
ABC-P; F- A1AC positivity in macrophages (arrows), x100, ABC-P
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ACT and AAT are members of the serine protease inhibitor 
(serpin) superfamily of proteins [15,16]. AAT plays a critical 
role by blocking the proinflammatory effect of neutrophil 
leukocytes [15]. ACT also inhibits chymotrypsin-like serine 
proteases, with neutrophil cathepsin G thought to be 
the main target. It can also inhibit mast cell chymases 
and angiotensin-converting enzyme proteases which 
have a role in active vasoconstriction. Rajpara et al.[13] 
reported that there is a relationship between overactivity 
of membrane bound serine proteases and neutrophil 
elastases in subcutaneous fat tissue. However, no  immuno-
histochemical study was applied in terms of localization of 
positivities. In the current cases, AAT was applied and found 
to be negative, suggesting that there was no relationship 
between them, although it was considered that ACT might 
have a role in the pathogenesis of panniculitis. The ACT 
positivities from the cases can be considered to support 
that there is a connection between patients with renal 
failure and calciphylaxis. 

In conclusion, this report is the first in respect of panniculitis 
classification in veterinary medicine in Turkey. It can be 
considered of guidance for researchers studying the role 
of serine protease inhibitors for other types of panniculitis 
cases in kidney-related disorders. 
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Abstract
Tuberculosis and tumors are two major health problems in both humans and animals; and there are still many question marks in the association 
between these two important diseases. In this case, malignant mixed tumor and productive tuberculosis were observed simultaneously 
in 8 years old, terrier, and female dog. After mastectomy of the left mammary chain; removed tissue was brought for pathological 
examination. For the histopathology examination, specimens were fixed in 10% neutral buffered formalin. Tissues were processed routinely 
and stained with hematoxylin-eosin and Ziehl-Neelsen for acid-fast bacilli detection. Microscopically, atypical neoplastic cells and caseation 
necrosis located in the center of tubercle were seen. After these findings, Mycobacterium spp. was investigated in the same sample and was 
confirmed by PCR amplification. Concomitant tuberculosis and neoplasm, previously reported in only a goat, is a rare occurrence in domestic 
animals. 

Keywords: Dog, Histopathology, Malignant mixed tumor, Mycobacterium spp.

Bir Köpekte Memede Beraber Seyreden Tüberküloz ve Malign Mikst Tümör

Öz
Tüberküloz ve tümörler hem insanlarda hem de hayvanlarda gözlenen önemli birer sağlık problemi olup bu iki hastalık arasındaki ilişki 
hakkında halen çok soru işaretleri mevcuttur. Bu olguda 8 yaşlı, dişi, terrier bir köpekte malign miks tümör ve prodüktif tüberkülozün birlikte 
seyrettiği gözlendi. Klinikte operasyonla alınan sol meme zinciri patolojik yönden incelenmesi için getirildi. Histopatolojik inceleme için 
doku %10’luk tamponlu formalin solüsyonunda tespit edildi. Rutin doku takibinin ardından hazırlanan parafin bloklardan kesitler alınarak 
hematoksilen eozin ve asid fast tüberküloz basili tespiti için Ziehl- Neelsen boyamaları yapıldı. Mikroskobik incelemede atipik neoplazik bez 
epitel hücreleri ile merkezinde kazeifikasyon nekrozu bulunan tüberküllere rastlandı. Ayrıca Mycobacterium spp. PCR amplifikasyonu ile teyit 
edildi. Tüberküloz ve tümörün bir arada bulunması daha önce sadece bir keçide bildirilmiş olup evcil hayvanlarda nadir gözlenen bir olgudur. 

Anahtar sözcükler: Histopatoloji, Köpek, Malign mikst tümör, Mycobacterium spp.

INTRODUCTION
Tuberculosis is one of the major zoonotic diseases. 
Mycobacterium tuberculosis and Mycobacterium bovis are 
important pathogenic agents, which are able to infect 
many animals and humans [1-3]. Dog to dog transmission 
is rare and also most cases of tuberculosis are transmitted 
from human reservoirs to dogs [4].

Tuberculosis lesions in carnivores are different from the 
other species. Typical tubercles are not always observed; 
and when observed, caseous necrosis of the tubercles are 
not macroscopically significant. Microscopically, typical 
granulomas are composed of mononuclear cell infiltration 
and epithelioid histiocytes surrounded by fibrous tissue. 
Also, necrosis is present in the center of the granulomas. 
Giant cells are rare or not seen [5]. 
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Mammary tumors are neoplasms that are commonly 
seen in domestic animals such as dogs and cats. The 
mammary malignant mixed tumor is the most frequent 
neoplasm in female dogs. This tumor is composed of 
two cell components: epithelial and connective tissue 
components, both having malignant character [6,7].  

Co-existence of tuberculosis and neoplasm has been found 
to be important for many years. Previously, concomitant 
tuberculosis and different types of neoplasms, such 
as meningioma, renal carcinoma and lymphoma were 
reported in humans [8-10]. In animals, concomitant mammary 
carcinoma and tuberculosis was reported only in a goat [11]. 

The purpose of the case is to describe concomitant 
mammary tuberculosis and malignant mixed tumor for 
the first time in a dog. 

CASE HISTORY
An 8-year-old terrier, female dog was brought to a private 
clinic with tumor suspicion in mammary glands and 
surgical operation was performed. Left mammary chain 
was removed and sent to Ankara University, Faculty 
of Veterinary Medicine, Department of Pathology for 
pathological examinations. 

Macroscopically, multifocal areas, smaller than 1 cm in 
diameter, with yellowish/white caseous appearance were 
seen on mammary glands. For the histopathological 
examination, specimens were fixed in 10% neutral-
buffered formaldehyde. The tissue samples subjected 
to routine tissue processing, were embedded in paraffin 
and cut at a thickness of 4-6 µm. First, all sections were 
stained with the routine haematoxylin-eosin.  In addition 
to routine staining, Ziehl- Neelsen staining was done for 
detection of acid-fast bacilli.

With haematoxylin-eosin staining, neoplastic mammary 
gland cells that had differences in size and shape, 
variations in the cytoplasm/nucleus ratio, pale cytoplasm 
with unobvious border with mitotic figures were observed 
(Fig. 1). Metaplastic changes in the mesenchymal tissue 
accompanied these cells. Also, a few areas of hyalinization 
and necrosis were recognized (Fig. 1). In the same areas,  
chronic granulomatous inflammation resembling tubercles 
was seen. At the center of the tubercles caseous necrosis 
was present, surrounded by lymphocytes and epithelioid 
cells infiltration and a fibrous tissue capsule (Fig. 2). 
With Ziehl- Neelsen staining, acid-fast bacilli were freely 
scattered in the granulomas.

After these findings, frozen tissue sample suspected  
to be Mycobacterium spp. was sent to Microbiology 
Department of Ankara University, Faculty of Veterinary 
Medicine, for the investigation of Mycobacterium spp. 
The confirmation of the histopathological examination 
was performed by Mycobacterium genus specific PCR  
(Fig. 3). DNA was extracted from the tissue sample with 
a commercial kit (Genomic DNA Purification, Catalog 
No: K0512, Thermo Fisher Scientific, U.S.A.) following 
the manufacturer’s recommended protocol. PCR was 
performed using specific primers (Forward- B16F 5’-GGG 
ACGAAGTCGTAACAAGG-3’, Reverse- B16R 5’-TGATGCTC 
GCAACCACTATC-3’), which were designed and tested  
in-silico for this study to amplify a 270 bp product. The  
PCR reaction was performed containing 0.2 µM of each 
primer, 0.2 mM dNTPs (10 mM dNTP mix; (Thermo Fisher 
Scientific, USA), 3 mM of MgCl2 (Thermo Fisher Scientific, 
USA), 2.5 µL PCR reaction buffer, 2U of Taq DNA polymerase 
(Thermo Fisher Scientific; EP0402), and nuclease-free 
water to a final volume of 25 µL. In the reaction, 1 µL of  
DNA was used as template. The amplification was 
performed as follows: strand separation at 95°C for 

Fig 1. Anaplastic mammary gland cells (stars), 
mitotic figures (arrow heads), hyalinization of fibrous 
connective tissue (white arrows), HxE, bar: 20 μm
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7 min, followed by 40 cycles of 95°C for 45 sec, 60°C for 
45 sec, and 72°C for 45 sec. Finally, there was a 7 min at 
72°C for further strand extension. Ten microliters of the 
amplified PCR product was analyzed by electrophoresis 
on 1.5% agarose gel (Promega Corporation, USA) with 4 
µL of SafeView Classic (Applied Biological Materials, 
Canada) in Gel Electrophoresis Apparatus with 90v for 
45 min. Mycobacterium tuberculosis and Mycobacterium 
bovis strains which were selected from the collection of 
Microbiology Department were used as a positive control 
in all reactions.  

DISCUSSION

Inflammation of the mammary gland is known to be rare 
and nonspecific in dogs [12]. Conversely, in this case, a 
specific agent such as mycobacterium has been diagnosed 
in mammary gland. Additionally, malignant mixed tumor 
was also detected histopathologically in the same 
mammary gland. In this direction, appearance of tumor 
was similar to other literature in terms of age, breed and 
gender susceptibility [6]. The appearance of tuberculosis 
and malignant mixed tumor together in the same tissue is 

Fig 2. Microscopic structures of tubercle (arrows): 
caseous necrosis at its centre, mononuclear cell 
infiltrations and fibrous capsule at periphery, HxE, 
bar: 100 μm

Fig 3. Result of DNA Gel Electrophoresis. 1: sample 
(270 bp); 2: Mycobacterium tuberculosis (positive 
control); 3: Mycobacterium bovis (positive control); 
N: negative control; M: 100 bp plus DNA Ladder 
(Thermo Fisher Scientific, USA)
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an unusual condition. So, tuberculosis should also be also 
considered if there is a tumor in a dog by veterinarians. 

The mechanism of concomitant tuberculosis and neo-
plasm has been unclear and keep its uncertainty [13]. In 
humans, observing tumors and tuberculosis at the same 
time and the same organ causes difficulties in diagnosis 
and treatment [14]. It was confirmed in experimental studies 
that prolonged chronic infection, scar tissue formation and 
irritation lead to the carcinogenesis in time [15]. Also, a study 
performed in mice reported that chronic tuberculosis 
infection is enough to cause multi-step transformation of 
cells like dysplasia, metaplasia and finally carcinomas [16]. 
Lungs with tuberculosis infection in humans, compared 
with those without tuberculosis infection were found to 
be 11 times more sensitive to lung cancer [17]. 

On the other hand, it is a well-known fact that due to the 
local and systematic effects (causing malnutrition and 
immunodeficiency) of the neoplastic disease, susceptibility 
to tuberculosis infection increases [18,19].

Although there are various opinions; currently the relation-
ship has remained controversial. So, more research is 
needed to enlighten the association between tumor and 
tuberculosis.  
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Abstract
In geriatric dogs, aging-specific changes in cardiovascular physiology, drug metabolism, drug pharmacokinetics and drug tolerance contribute 
to adverse drug reactions (ADRs). Comorbidities can also cause polypharmacy and thus drug-drug interactions. Adverse drug reactions for 
ACE inhibitors, β–blockers, furosemide, aldosterone antagonists and digoxin are common. Geriatric cardiology epitomizes the principle that 
cardiovascular disease is only 1 component of a larger, multidimensional disease state with concomitant geriatric syndromes. Comorbidities 
(cardiorenal syndrome, hypertension, diabetes mellitus, atherosclerotic disease, metabolic syndrome, obesity, chronic obstructive pulmonary 
disease and frailty and cognitive dysfunction) are common, aggravate HF, complicate therapy and increase the total heart failure burden.

Keywords: Geriatric cardiology, Adverse drug reactions, Comorbidities, Dog

Köpeklerde Geriatrik Kardiyoloji - Bölüm 2: Geriatrik Köpeklerde Kalp 
Yetmezliği Tedavisinde Zorluklar: İlaç Reaksiyonları ve Komorbitler

Öz
Geriatrik köpeklerde yaşa bağlı kardiyovasküler fizyoloji, ilaç metabolizması, ilaç farmakokinetiği ve ilaç töleransındaki değişiklikler ilaç yan 
etki reaksiyonlarına yol açar. Komorbitler de polifarmasiye ve böylece ilaç-ilaç etkileşimlerine neden olabilir. ACE inhibitörleri, β-blokörler, 
furosemid, aldosteron antagonistleri ve digoxin’e karşı ilaç reaksiyonları yaygındır. Geriatrik kardiyoloji, kardiyovasküler hastalığın  geriatrik 
sendromlarla birlikte çok boyutlu  bir oluşumun bir komponentini temsil eder. Komorbidler (kardiyorenal sendrom, hipertansiyon, diabetes 
mellitus, atherosklerotik hastalık, metabolik sendrom, obesite, kronik obstrüktif pulmoner hastalık ve güçsüzlük ve kognitif disfonksiyon) 
yaygındır, kalp yetmezliğini şiddetlendirirler ve tedaviyi komplike hale getirirler.

Anahtar sözcükler: Geriatrik kardiyoloji, İlaç yan etkileri, Komorbitler, Köpek

INTRODUCTION

Whereas cardiovascular (CV) guidelines and standards of 
care are oriented toward younger adults, most clinicians 
devise individual strategies to optimize care for their 
geriatric patients. Indeed, many cardiologists are adept 
at integrating patient-centered priorities with existing 
medical science. Nonetheless, the principles of geriatric 
medicine combined with management and process for 
older CV patients are not standardized, and core quality 
metrics for measuring patient-centered outcomes are not 
sufficiently delineated to teach, implement, or monitor [1]. 
Since elderly patients differ from non-elderly patients 

and develop changes in cardiovascular physiology and 
metabolism, pharmacotherapy must consider aging-specific 
changes in cardiovascular physiology, drug metabolism, 
drug pharmacokinetics and drug tolerance, as well as 
comorbidities, polypharmacy and drug-drug interactions 
that contribute to adverse effects [1,2].

ADVERSE DRUG REACTIONS

Treatment of the geriatric dogs with heart failure (HF) is  
not optimal. Polypharmacy is common and can lead to 
drug interactions, raising issues of efficacy and safety [3]. 
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Adverse Drug Reactions for ACE Inhibitors

In general, ACE inhibitors should be discontinued if life-
threatening adverse drug reactions (ADRs) develop, 
including angio-edema and anuric renal failure. Caution is 
advisable in geriatric dogs with low blood pressure (<90 
mmHg), high serum creatinine (>3 mg/dL) or high serum 
potassium (>5 mEq/L) levels. Renal function and serum 
potassium should be monitored at frequent intervals [2,4].

ACE inhibitors are thought to minimize the hypertrophic 
process in blood vessels and the myocardium and to 
retard the process of abnormal collagen deposition. It is 
important to note that much of the beneficial effect of ACE 
inhibitors stems from their ability to block bradykininase, 
thus increasing the beneficial effects of bradykinin. Because 
nonsteroidal anti-inflammatory drugs (NSAIDs) block 
the bradykininase inhibition of ACE inhibitors, the use  
of NSAIDs with ACE inhibitors is contentious [3].

Since fluid retention blunts the therapeutic effects of  
ACE inhibitors and fluid depletion potentiates ADRs, fluid 
balance should be monitored and a diuretic given prior  
to and during ACE inhibitor therapy [1]. 

Persistent cough, anuric renal failure and angioedema 
warrant discontinuation of the ACE inhibitor and 
replacement by an ARB. However, this requires caution 
since ARBs can also lead to angioedema [5,6].

Adverse Drug Reactions for β-Blockers

ADRs include reactive airways disease (asthma), fluid 
retention, fatigue, bradycardia (sick sinus syndrome, and 
second- or third-degree heart block) and hypotension [2]. 
Rather than discontinue the β-blocker, fluid retention should 
be treated with a diuretic with concurrent monitoring for 
excessive weight gain (>2 kg/day) [1]. 

Fatigue usually resolves within several weeks but may 
require dose adjustment. In the very elderly, fatigue may 
be due to comorbidities (e.g., anemia) or concurrent 
medications [1].

Treatment of HF symptoms is complicated by orthostasis. 
Evidence of organ hypoperfusion or worsening of renal 
function may require withdrawal of the β-blocker [1]. 

Bradycardia and hypotension are more common with 
carvedilol owing to (α1-blockade, resulting in light-headed-
ness, dizziness or blurred vision that alarm the very elderly 
and may lead to falls. Volume depletion may exacerbate 
hypotension. Care should be taken not to use beta-
blockers until the geriatric dog is stable, because these 
agents can exacerbate the signs of overt heart failure [2].

Adverse Drug Reactions for Furosemide

Reduced circulating blood volume and/or blood pressure  
will stimulate the RAAS, which is the argument for adding  

an ACE inhibitor or an aldosterone antagonist to dogs 
treated with furosemide [2].

Adverse Drug Reactions for Aldosterone Antagonists

Close monitoring of renal function and serum potassium 
should be performed when using aldosterone antagonists, 
especially in the geriatric dogs [2]. Since the use of 
aldosterone antagonists in patients with renal dysfunction 
increases the risk of hyperkalemia and this risk is greater 
in the elderly and those receiving an ACE inhibitor or 
ARB concurrently, spironolactone or eplerenone should 
be used at a low dose under those circumstances and 
avoided in those with a creatinine clearance under 30 mL/ 
min. Gynecomastia can occur in 10% and hyperkalemia in  
2% of treated human patients [1].

Adverse Drug Reactions for Digoxin

Common ADRs are nausea and vomiting (10%), visual 
disturbances (15%), cardiac arrhythmias and heart block 
(3%), in humans [1]. The geriatric dogs should be closely 
monitored for these ADRs as well as drug-drug interactions, 
and the dose of digoxin reduced if amiodarone or 
verapamil are used [2].

Comorbidities
Geriatric cardiology epitomizes the principle that CVD is 
only 1 component of a larger, multidimensional disease 
state with concomitant geriatric syndromes. Selection of 
assessments and therapies is best accomplished in the 
context of the aggregate circumstances [1].

Comorbidities are common, aggravate HF, complicate 
therapy and increase the total HF burden. Cardiorenal 
syndrome, hypertension, diabetes mellitus, atherosclerotic 
disease, metabolic syndrome, obesity, chronic obstructive 
pulmonary disease and frailty and cognitive dysfunction 
need to be targeted early and aggressively with appropriate 
measures to prevent progression to HF stage D [3,7].

Cardiorenal Syndrome 

Cardiorenal syndrome (CRS) occurs when worsening renal 
function limits diuresis despite clinical volume overload 
associated with HF. In dogs being treated for chronic 
HF, declining renal function should be anticipated. The 
diagnostic marker for chronic kidney disease (CKD), 
isosthenuria, cannot be relied upon in dogs being treated 
with diuretics. Monitoring of creatinine especially should 
be used to discern trends in renal function. A progressive 
rise even within the normal range should alert the 
practitioner, along with clinical signs: PU/PD, hyporexia, 
anorexia, weight loss and vomiting. Goals of treatment 
are to recognize CRS, reverse it as much as possible and 
deal with the renal consequences of HF and the complex 
relationship between HF and renal injury. The difficult 
balance is to “dry out” the HF and hydrate the kidneys. 
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Different therapeutic strategies are based upon the degree  
of compromise of each organ [2]. 

ACE inhibitors are the mainstay of therapy for CRS especially 
in the presence of hypertension or proteinuria. Dogs with 
CRS should be hydrated before starting therapy. Low dose 
benazepril or enalapril 0.25 mg/kg q 24 h can be increased 
to proved better control for HF. Benazepril is metabolized  
in the liver, Enalapril in the kidneys. Therefore, dogs with 
CRS may need a lower dose of enalapril than benazepril. 
Initiation of therapy may show a transient increase in BUN/
creatinine concentrations. If persistent, lowering the dose  
is usually sufficient [3]. 

If azotemia is becoming a concern, the first step is to lower 
the dose of diuretics. The goal is to find the lowest effective 
dose that controls HF. The dose must be continuously 
reassessed. The ideal dose for an individual patient achieves 
the threshold rate of drug excretion. Adequate natriuresis 
can be grossly assessed by observation of increased urine  
volume and decreased specific gravity. Periodic drainage 
of pleural fluid or ascites can be used to avoid excessive 
diuretic use [3]. 

In the event that diuretic resistance occurs, several options  
are available to correct fluid balance. A CRI of furosemide  
(0.3-0.6 mg/kg/h IV inhibits sodium resorbtion more 
effectively than oral or IV boluses. Once the volume over- 
load has resolved, most cats will again respond to oral 
therapy. Another loop diuretic, torsemide has superior 
diuretic action and long half-life (0.2 mg/kg PO q 12 h). 
It appears to be 10 times more potent than furosemide. 
Dual-diuretic therapy can be considered when furosemide 
dose needs to be decrease. Spironolactone  (1-2 mg/kg  
q 12 h) may cause severe facial pruritus and must be  
used with caution [3]. 

Systemic hypertension is common in CKD and by increasing 
afterload increases the cardiac workload. Hypertension 
worsens both CKD and HF. If present, amlodipine (0.0625-
0.25 mg/cat PO q 24 h) should be added. Blood pressure 
monitoring is critical to avoid the effects of iatrogenic 
hypotension [2,8]. 

In advanced CRS, a positive inotrope (pimobendan) may 
improve azotemia, demeanor and appetite and allow 
reduction in diuretic dose [2]. 

Dietary modification should consider both conditions. 
Sodium restriction and Lower phosphorus diets may be 
helpful in managing kidney disease but may result in the 
loss of lean body condition. High quality protein should  
be given to the level that it does not worsen azotemia. 
Omega-3 polyunsaturated fatty acids have been shown  
to be beneficial in both cardiac and renal conditions [2,3]. 

Fluid administration is a balance between improving renal 
blood flow without precipitating congestive HF. Fluids 
should be given slowly to correct azotemia, tailored to  

the individual’s ability to tolerate. Abrupt changes in weight, 
a new gallop heart sound and/or heart rate may indicate 
impending congestive event and justify fluid rate reduction. 
Sometimes a low-dose CRI of furosemide will be indicated 
concurrently in dogs with end-stage CRS. SQ fluids may 
be less likely to trigger a congestive event and can be 
given every 24-48 h via a balanced electrolyte solution 
and adjusted to the individual patient’s ability to tolerate. 
In fragile patients, a smaller volume of fluids may be 
necessary, titrating slowly upward if the expected effect 
on uremia is not evident. Electrolytes should be monitored 
closely, especially potassium, as hypokalemia can trigger 
arrhythmia. Correction can take place through fluid therapy  
or oral means [2,8]. Although renal function may remain 
stable for a period of time in dogs with HF, when CRS occurs 
it leads to frequent hospitalization, difficulty maintaining 
good quality of life and eventually euthanasia [2,3]. 

Hypertension and Heart Failure

Hypertension increases the cardiac workload by increasing 
afterload. There is a critical role of hypertension in the 
pathogenesis of HF. Elevated levels of diastolic and especially 
systolic blood pressure are major risk factors for the 
development of HF [2,9,10]. Also, hypertension is frequently 
accompanied by metabolic risk factors and obesite, which 
themselves increase the risk of HF. On the basis of the 44-
year follow-up data of the Framingham Heart Study, 75% 
of patients with HF have antecedent hypertension [11]. In 
humans, both acute and chronic hypertension have been 
linked to the risk of HF. Sudden elevation of blood pressure 
(such as in hypertensive emergencies) can lead to acute 
left ventricular strain and acute HF [12] and is a common 
precipitating cause for decompensation in a patient with 
chronic HF [8]. Progression from chronic hypertension to 
structural ventricular changes and then to asymptomatic 
diastolic and systolic ventricular dysfunction is well 
established by longitudinal epidemiological  studies, such 
as the Framingham Heart Study [9].

Elevated blood pressure places greater hemodynamic 
burden on the myocardium and leads to left ventricular 
hypertrophy. Left ventricular hypertrophy is associated with 
increased myocardial stiffness and decreased compliance, 
initially during exercise and subsequently at rest [2,13,14]. The 
initial concentric hypertrophy (thick wall, normal chamber 
volume, and high mass-to-volume ratio) helps keep wall 
tension normal despite high intraventricular pressure. 
Because systolic stress (afterload) is a major determinant 
of ejection performance, normalization of systolic stress 
helps maintain a normal stroke volume despite the need  
to generate high levels of systolic pressure [2,15].

Aggressive control of blood pressure is the most effective 
approach to reduce the incidence of HF in a hypertensive 
population. Primary prevention trials have demonstrated 
up to a 50% reduction in the incidence of HF in patients  
with hypertension who are treated with blood pressure-
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lowering agents [16]. The Hypertension in the Very Elderly  
trial achieved a 64% relative risk reduction in heart failure with 
the diuretic indapamide, with or without the angiotensin-
converting enzyme (ACE) inhibitor perindopril [17].

Inhibition of the renin-angiotensin system with ACE 
inhibitors or angiotensin receptor blockers (ARBs) appears 
to exert a greater benefit on left ventricular hypertrophy  
and remodeling than would be predicted from their 
pressure-lowering effect. Their effectiveness in reducing 
morbid events in nonhypertensive patients with athero-
sclerotic disease may involve pressure-independent as 
well as pressure-dependent mechanisms [18].

β-Blockers are also effective in preventing HF in hypertensive 
geriatric dogs, partly through pressure reduction and 
partly through inhibition of structural remodeling of the 
left ventricle. Diuretic therapy also is effective in preventing 
heart failure, not only through blood pressure reduction 
but also by intravascular volume contraction, which 
reduces the risk of congestion. Diuretics are not known to 
affect remodeling directly. Calcium channel antagonists, 
especially amlodipine, contribute to prevention of heart 
failure by their powerful vascular effects that reduce blood 
pressure and diminish reflected waves [2]. 

Diabetes Mellitus and Heart Failure

Diabetes and insulin resistance are important risk factors 
for the development of HF [19]. The presence of clinical 
diabetes mellitus markedly increases the likelihood of HF  
in patients without structural heart disease and adversely 
affects the outcomes of patients with established HF [20,21].  

The Framingham Heart Study showed that the prevalence  
of heart failure was twice as high among diabetic men and  
five times as high among diabetic women aged between  
45 and 74 years as in age-matched nondiabetic controls [22]. 

After the age of 65 years, the association became even 
stronger, with a fourfold higher prevalence in diabetic men 
and an eightfold higher prevalence in diabetic women [22]. 

HF is the most common admission diagnosis for diabetic 
patients, and more than one third of patients with type 2 
diabetes die of heart failure [23,24]. There is no date on this 
concern in dogs. 

The basic reason for the increased prevalence of HF 
among diabetic patients is the presence of a distinct 
diabetic cardiomyopathy that is structurally characterized 
by cardiomyocyte hypertrophy, microangiopathy, endo-
thelial dysfunction, and myocardial fibrosis [25]. At the 
cellular level, diabetic cardiomyopathy is associated with 
defects in subcellular organelles and downregulation of 
catecholamine receptors as a result of chronically elevated 
catecholamine levels [26]. Also, in animal models with the 
onset of hyperglycemia, changes in myocardial calcium 
transportation and alterations in contractile proteins occur, 
both of which lead to systolic and diastolic dysfunction 
that worsens as the collagen content of the myocardium 

increases [27]. Doppler imaging studies have been used to 
provide load-independent assessments of cardiac relaxation. 
These studies not only have confirmed evidence of diastolic 
dysfunction in asymptomatic patients with diabetes but 
also have demonstrated a direct relationship between the 
extent of diastolic dysfunction and glycemic control [28]. 

Although diastolic dysfunction is the hallmark of diabetic 
cardiomyopathy, concomitant subtle systolic dysfunction  
is present even at earlier stages of the disease [23].

Fasting glucose levels are predictive of hospitalizations 
for congestive heart failure, with a 10% increase in the risk 
of heart failure-related hospitalization for each 18 mg/
dL increase in fasting glucose level [29]. The choice of oral 
hypoglycemic agent that may be used is restricted. For 
instance, metformin is contraindicated in the presence 
of either HF or renal impairment, and precautions also 
apply to the use of the thiazolidinediones [30,31]. In addition 
to treating hyperglycemia, it is crucial to control all 
other cardiovascular and metabolic risks and to prevent 
complications in patients with diabetes. ACE inhibitors or 
ARBs can prevent the development of end-organ disease 
and the occurrence of clinical events in diabetic patients, 
even in those who do not have hypertension [32]. Long-
term treatment with several ACE inhibitors or ARBs has 
been shown to decrease the risk of renal disease in diabetic 
patients [33,34], and prolonged therapy with the ACE inhibitor 
ramipril has been shown to lower the likelihood of heart 
failure, myocardial infarction, and cardiovascular death [32]. 

Likewise, the use of ARBs in patients with diabetes mellitus 
and hypertension or left ventricular hypertrophy has been 
shown to reduce the incidence of first hospitalization for 
heart failure, in addition to having other beneficial effects 
on renal function [35,36].

Atherosclerotic Disease and Heart Failure  

Patients with known atherosclerotic disease (e.g., of the 
coronary, cerebral, or peripheral blood vessels) are at 
increased risk of developing heart failure. Although it is 
less common in dogs, coronary atherosclerotic disease  can 
lead to acute or chronic ischemia, thereby predisposing to  
left ventricular dysfunction and symptomatic heart failure [2]. 

ACE inhibitors reduce incidence of heart failure by 23% 
among patients who have coronary artery disease and 
normal systolic function and by 37% among patients who 
have reduced left ventricular systolic function, in humans. 
Observational studies and small clinical investigations 
have suggested that hydroxymethylglutaryl-coenzyme A 
reductase inhibitors (statins) may be beneficial in patients 
with ischemic and nonischemic heart failure [1].

Metabolic Syndrome and Heart Failure 

The term “metabolic syndrome” refers to a cluster of risk 
factors for cardiovascular disease and type 2 diabetes 
mellitus. According to the National Cholesterol Education 
Program Adult Treatment Panel III, metabolic syndrome 
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is diagnosed when three or more of the following five 
risk factors are present [36]: (1) fasting plasma glucose of 
100 mg/dL or higher; (2) high-density lipoprotein (HDL) 
cholesterol level lower than 40 mg/dL in men or lower than  
50 mg/dL in women; (3) triglyceride levels of 150 mg/dL or 
higher; (4) waist circumference of 102 cm or more in men  
or 88 cm or more in women; and (5) systolic blood pressure 
of 130 mmHg or higher or diastolic blood pressure of 85 
mm Hg or higher, or the presence of drug treatment for 
hypertension. 

The prevalence of metabolic syndrome reaches epidemic 
levels and ranges from 6.7% among people 20 to 29 years  
of age to 43.5% for people 60 to 69 years of age and  
42.0% for those 70 years of age or older [37,38]. 

Mechanisms underlying elevated cardiovascular risk 
associated with metabolic syndrome appear to involve 
subclinical organ damage [39]. Among patients with hyper-
tension but without diabetes, those with metabolic 
syndrome seem more likely to have microalbuminuria, 
left ventricular hypertrophy, and increased carotid intima 
thickness than did those without metabolic syndrome [39]. 
In addition, the greater the number of metabolic syndrome 
components present, the more severe were the micro-
albuminuria and left ventricular hypertrophy [39]. 

Treatment of metabolic syndrome consists of aggressive 
management of each of its individual components, 
including impaired fasting glucose concentration, 
dyslipidemia, and hypertension. Drugs targeting nuclear 
peroxisome proliferator-activated receptors (PPARs) PPAR- 
α (e.g., fenofibrate and gemfibrozil) are used in the treatment 
of metabolic syndrome. Fibrates decrease triglyceride 
level, increase HDL cholesterol, and may have some anti- 
inflammatory effects; however, their effect on cardio-
vascular disease outcomes continues to be evaluated [40]. 
Among patients with impaired glucose tolerance and 
cardiovascular disease or risk factors, the use of the ARB 
valsartan along with lifestyle modification led to a relative 
reduction of 14% in the incidence of diabetes but did not 
reduce the rate of cardiovascular events [41].

Obesity and Heart Failure 

In several studies, obesity has been associated consistently 
with left ventricular hypertrophy and dilation ,which are 
known precursors of heart failure [42-44]. In the Framingham 
Heart Study population, overweight, lesser degrees of 
obesity and extreme obesity were associated with an 
increased risk of HF [45,46]. 

There are several plausible mechanisms for the association 
between obesity and heart failure. Obesity is a risk factor for 
hypertension [47] diabetes mellitus [47,48], and dyslipidemia, 

all of which augment the risk of myocardial infarction [22,49], 
an important antecedent of HF, in humans.  Adipose tissue 
acts as an endocrine organ, secreting hormones and 

other substances that create a proinflammatory state and 
promote formation of atherosclerotic plaques [50].

In humans, a number of strategies have been used to 
treat obesity, including diet, exercise, behavior therapy, 
medications, and surgery. To select among these treatments, 
clinicians must evaluate the obesity-related risks to 
the individual patient and balance those risks against 
any possible problems with the treatment. Because all 
medications inherently carry more risks than do diet and 
exercise, medications should be chosen only for people  
in whom the benefit justifies the risk [51,52].

Chronic Obstructive Pulmonary Disease and Heart Failure

The importance of COPD as a cause of death is probably 
underestimated, in as much as COPD is probably a contri-
butor to other common causes of death, in humans [53].  
The risk ratio of developing heart failure in patients with 
COPD is 4.5, in comparison with age-matched controls 
without COPD, after adjustments for cardiovascular risk 
factors [54]. Among the comorbid conditions commonly 
associated with HF, COPD is the one that most delays 
the diagnosis of heart failure and is most often blamed 
for nonadherence to therapeutic guidelines, especially 
β-blockade [55]. 

A working hypothesis to account for the high prevalence 
of left ventricular systolic dysfunction in patients with 
COPD is that low-grade systemic inflammation in COPD  
accelerates progression of coronary atherosclerosis, which 
ultimately results in ischemic cardiomyopathy. Such a 
hypothesis is based on the fact that patients with COPD  
have higher elevation of inflammatory markers [56,57], 

and it fits the clinical observation of a higher incidence 
of troponin elevation [56] and left ventricular wall motion 
abnormalities [58] noted in patients with COPD and left 
ventricular dysfunction. Patients with HF and concomitant 
COPD have higher activation of neurohormones, particularly 
norepinephrine and plasma rennin [56]. COPD may also lead  
to right ventricular failure from pulmonary hypertension, a 
common complication of COPD [59]. The cause of pulmonary 
hypertension in COPD is generally assumed to be hypoxic 
pulmonary vasoconstriction [2,59].

Bronchodilators, corticosteroids, and antibiotics in the 
treatment of acute exacerbations constitute the mainstay 
of current drug therapy for COPD [60]. Long-term oxygen 
therapy was also shown to reduce mortality and improve 
quality of life in patients with severe COPD and chronic 
hypoxemia (partial pressure of arterial oxygen <55 mm 
Hg) [61]. The presence of COPD affects the treatment of HF, 
in as much as COPD is still viewed as a contraindication 
to β-blockade. Therefore, patients with HF caused by left 
ventricular systolic dysfunction who also have COPD are 
often deprived of the most beneficial pharmacological 
intervention. A large body of data indicates that patients 
with COPD may tolerate selective β-blockade, and these 
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medications should not necessarily be denied to patients 
with heart failure and concomitant COPD [19,62].

Frailty and Cognitive Dysfunction and Heart Failure

Other problems such as frailty and cognitive dysfunction 
common in the elderly HF patient can also complicate 
management [4]. Frailty and cognitive impairment are 
common and lead to reduced compliance. Response 
to diuretics, ACE inhibitors, β-blockers and/or positive 
inotropes may be diminished [4]. 

Cognitive dysfunction (CD) lead to polypharmacy. The 
most common signs of CD are disorientation in time and 
space, altered learning, house soiling, altered interactions 
(e.g. attention seeking, anxiety, irritability), changes in 
activity (wandering or pacing), changes in sleep patterns, 
decreased appetite and increased vocalization [63]. 

Therapies extrapolated from studies in humans and 
dogs include anti-oxidant enriched diets, supplements 
phosphatidyserine, omega-3 fatty acids, Vitamins E and C, 
L-carnitine. SAMe improved activity and awareness in dogs. 
Selegiline (Anipryl), which has been anecdotally reported 
to be proven beneficial in dogs for CD. Environmental 
enrichment have often been recommended. Any changes 
should take place slowly [2,63].

Conclusion

In geriatric dogs, aging-specific changes in cardiovascular 
physiology, drug metabolism, drug pharmacokinetics and 
drug tolerance contribute to ADRs. Comorbidities can also 
cause polypharmacy and thus drug-drug interactions.

Comorbidities (cardiorenal syndrome, hypertension, diabetes 
mellitus, atherosclerotic disease, metabolic syndrome, 
obesity, chronic obstructive pulmonary disease and frailty 
and cognitive dysfunction) are common, aggravate HF, 
complicate therapy and increase the total HF burden.  
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