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Abstract

Tissue defects still determine a high surgical interest in finding new and more efficient methods of covering. Perforator flaps are 
considered one of the most important methods of reconstruction, for defects all over the body. Anatomists, surgeons, radiologists are 
fervently searching ways to improve their reliability and also strategies to ensure that the chosen flap to be used is the best for that 
case. It has been proven that tissue defects’ reconstruction involves knowing the exact anatomy and physiology of various vascular 
sources, but there are still unknown factors that sometimes induce perforator flaps failure. 

Objective: The aim of this study is to identify and evaluate by two imagistic methods the perforator vessels in an experimental 
model of perforator flaps in pig. 

Methods: The imagistic method employed was the X-ray angiography and Color Doppler vascular ultrasonography with high 
performance equipment. The explored perforators were located on the body of the experimental model, that was divided in 9 regions 
and the comparison was made between the perforators identified by imagistic methods and by microsurgical careful dissection. 

Results: This study revealed that the average sensibility of ultrasound per region was 52.66% and the average sensibility of 
angiography per region was 35.30% on the entire lot. 

Conclusion: The Color Doppler ultrasonography is a very reliable method for detection of the perforator vessels, with better 
results compared with X-ray angiography, detecting even the smaller perforators. So, the surgeon can rely the operative planning on 
this preoperative vascular exploration. 
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Introduction

Latest appearance in simple and complex tissue defect’s reconstructive surgery, perforator flaps 

proved to be one of the most performant in the field. That is because of the great advantage they offer: 

the posibility to harvest only the cutaneous island, completely excluding the muscle component 

from the flap. It is still necesary to identify posible vascular sources for this type of flaps and also to 

map them comprehensively. Nowadays, the most recent imagistic methods allow the visualization 

of the skin micro-circulation and their mapping. The study of this experimental model in pig will 

allow a comparison with the already performed rat experimental model, and the results of this study 

will offer the basis for other experimental models in fresh human cadavers, aimed to improve the 

techniques and tactics of tissue defects reconstructive surgery. 

Material and Methods

The study was performed during the ANGIOCART research grant, that included as partners UMF 

Iuliu Hatieganu Cluj Napoca, USAMV Cluj Napoca, ICIA Cluj Napoca and ISP Cluj Napoca. 

In the experimental study was created a lot of 10 PIC – F II – 337 pigs, with comparable characteritics: 

age (15-16 weeks), wheight (50-55kg), dimensions (length 70-80 cm, thoracal circonference: 70-75 

cm, abdominal circonference: 85-90 cm). 

The preoperative investigations included the detection of perforator vessels using Color and 

Power Doppler ultrasonography and contrast angiography of different skin areas, the same in all the 

experimental subjects. After the perforator mapping followed their microsurgical detection through 

dissection. The results from the ultrasonography and the angiography were noted in the individual 

subject’s charts, and then were corelated with the surgical disection ones. 

In order to carefully establish the number of perforators in a designated anatomical area and 

their precise location, it was necessary to divide the pig’s body surface in some virtual interesting 

topographic regions. The head, tail, ears and distal anterior and posterior extremities were excluded 

from the study. 

The remaining body surface was divided in 9 topographic regions, delimitated by specific 

anatomical points. These regions are:

• cervical region

• thoracic paravertebral region

• thoracic region

• anterior limb proximal region

• anterior limb distal region 

• lumbar paravertebral region

• abdominal region

• posterior limb proximal region

• posterior limb distal region. 

In turn, these topographic regions were divided in equal square quadrants of 10/10 cm in the 

cervical, thoracic paravertebral, thoracic, anterior limb proximal, lumbar paravertebral, abdominal, 

posterior limb proximal regions, and in 5/5 cm equal square quadrants in the anterior and posterior 

limb distal regions. Every region comprised a specific number of quadrants, numbered longitudinally 

with letters, starting with A (from the pubic bone) to K (at the menton), and transversally with Arabic 

numbers, starting with 1 (at the median ventral line) to 5 (near the dorsal median line). In this manner, 

every identified perforator was carefully placed in one of these quadrants. 
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a  b
Fig. 1. Color Doppler ultrasonography investigation (a) and angiography (b)

For the preoperative vascular investigations the pigs received intramuscular neurolept-analgesy 

with hydrocloric xilazine 20mg/ml, azaperona 40mg/ml and hidrocloric ketamin 100 mg/ml of 

veterinary use. These drugs offer rapid anesthesia and analgesia, effective in about 10 minutes. The 

analgesic drug was administered 5-10 minutes after the neuroleptic drug. The amounts administered 

were 0.1-0.2 ml/kgc (2-4 mg/kgc) hydrocloric xilazine or 0.05ml/kgc (2mg/kgc) azaperona and 0.1ml/

kgc (10 mg/kgc) hidrocloric ketamin. The administration of anesthetic was repeated every 15 minutes 

for about 3 hours (the average time for the vascular examination of the entire subject’s body surface). 

During the anesthesia the subject’s body temperature was monitored and kept constant. The heart 

and respiratory rate were monitored every 10 minutes.

The pigs were identified by the registration number on the ear tag, were washed with warm water 

and soap, were sedated, then shaved and positioned in decubitus, without immobilization. 

The ultrasonic evaluation was performed with the help of a performing, last generation device 

2008 GE Logiq 9, with linear high resolution transductors with variable frequency 9-14 MHz. 

The angiography was performed using a SIEMENS Coroskop Top model C-arm angiograph, with 

digital acquisition of images (DAS – Digital Acquisition System), image enhancement possibilities, 

digital video acquisition of images (DCM - Digital Cine Mode) and serigraphy and a Philips Duodiagnostic 

X-ray device with digital acquisition of images on phosforiq plates PCR Eleva S.

The cutaneous projection of the perforator was noted on the skin with a permanent marker and 

then charted on the individual subject’s map.

Results and discussions

After the imagistic vascular examination of the 10 subjects, the data regarding the perforator 

location and their cutaneous projection were centralized, taking into consideration the 9 topographic 

regions and the maping quadrants. 

a   b
Fig. 2. Perforator vessel identified using Color Doppler ultrasonography (a)

and the determination of arterial or venous nature of the vessel using pulse Doppler technique (b)
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a   b
Fig. 3. Digital angiography: (a) anterior limb, (b) posterior limb (enhanced)

These data were correlated with the ones obtained through minute surgical disection.

Fig. 4. Perforators identified by micro-dissection

All the data were included in tables containing the number of perforator vessels identified by 

imagistic explorations per topographic quadrant, in tables comparing the imagistic versus surgical 

detection etc.

Table 1. Example of data centralization table showing the number of perforator vessels identified by vascular preoperative 
imaging and the topographic quadrant (in the lumbar paravertebral region)
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Table 2. Example of data centralization table showing the comparison between the preoperative imagistic investigations
and the surgical dissection results and the sensibility determination in the thoracic paravertebral region

Also, were performed comprehensive maps showing the imagistic versus surgical averages. 

a  b

Fig. 5. Perforator detection averages in the cervical (a) and abdominal (b) regions

Fig. 6. Perforator detection averages in the thoracic region
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The high resolution Color and Power Doppler ultrasonography and angiography were used in the 

study of all the subjects. The ultrasonography and angiography detection averages for every region, 

quadrant and subject were calculated. Also, the sensibility of the methods was calculated for every 

topographic quadrant and subject, and then the general average was calculated per region for the 

entire lot of experimental animals: „Detection sensibility per topographic quadrant” (Se/quadrant), 

„Individual detection sensibility per pig” (Se/pig), “Detection sensibility per region” (Se/region).

The centralized results showed the fact that Rezultatele centralizate au pus în evidenţă faptul că 

Se/region obtained using the ultrasonography investigation has an average of 52.66%, with values 

between 15.64% (in the distal region of the anterior limb, area difficult to explore) and 76.76% (in 

the proximal region of the posterior limb – internal aspect), and the Se/region obtained through the 

angiography study has an average value of 35.30%, with values between 13.40% and 58.41%.

It was considered that the significantly different results provided by these two methods were due 

to the fact that the angiography could detect only the large caliber perforators, and in some cases 

their location was not very accurate due to method’s limitations (the maximum amount of contrast 

substance did not allow the examination of every topographic area in more than 2-3 planes). 

Conclusions

In pig there are a large number of perforator vessels that can represent a very good asset in 

experimental studies, both involving imagistic vascular studies and micro-surgical training. These 

cutaneous perforators offer still the possibility to create new experimental models, and perfecting 

the methods of preoperative detection can be a very important corollary of this type of surgery.

The ultrasonography, a non-invasive, universally spread method, is one of the first choice 

investigations in the preoperative detection of perforator vessels. The Color Doppler ultrasonography 

is a more fiable method in the detection of perforators, but also in the post-surgical surveilance of the 

flap’s evolution. The Doppler ultrasonography proved to have an average sensibility rate of 53.66%, 

superior to the angiography’s sensibility average, of 35.30%, thus being a trust worthy method in 

detecting a perforator signal, keeping in mind that it can miss some perforators that can be identified 

by surgical dissection. Due to its high level sensibility and specificity, it has become the major 

investigation in the preoperative detection of perforators. 

Nevertheless, the Color Doppler ultrasonography has the disadvantage that is dependent to the 

anatomical particularities of the region, thus some quadrants were difficult or impossible to explore 

(distal region of the anterior limb).

The arteriography was found to be useful in the preoperative determination of perforator vessels, 

but with some limitations: the vascular canulation was only possible distant to the actual site to be 

investigated, to preclude the perforator’s damage. It is an invasive method and rather inaccurate in 

perforator location and qualities determination. Also, it has some other disadvantages: can detect 

only the large caliber perforators, and the patients find it difficult to bear it. It is possible that the 

intra-arterial injection of the contrast substance can influence the post-operative evolution of the 

harvested flaps. The number of injections and the maximum amount of contrast substance allowed 

to be administered in one session limited the examination for each area to 2-3 planes, every angle 

change needing a new injection.

The fact that the imagistic methods didn’t detect the smaller perforator vessels did not impede 

the creation of the experimental model. 
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The higher values of the ultrasonography exploration averages and its distinct advantages confirmed 

that it is the method of choice for the next stages of our study. 

In conclusion, it can be stated that the pig is a very good experimental model, adequate for the 

study of perforator flaps, the pig presenting a skin perforator system with a relatively constant 

architecture. 
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