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Preparation, set-up, results, and improvements of the pilot test and PMHS 1, 2, and 3 

 

Pilot test – Fresh frozen PMHS 

The pilot study was used to test: (1) the perfusion set-up, (2) the possibility to visualize blood vessels 

and assess compressibility with ultrasound before, during, and after perfusion, (3) the possibility to 

cannulate peripheral blood vessels percutaneously (ultrasound-guided), and (4) the possibility to 

perform intravascular pressure measurements.  

 

Preparation 

To create arteriovenous circulation in this pilot PMHS, the left CCA and IJV were surgically exposed 

and cannulated with standard curved embalming cannulas which were secured with a polyester fiber 

suture. Dissected arterial and venous branches were ligated to prevent leakage. With a standard vinyl 

tube (7 mm inner diameter), the CCA inflow cannula was attached to a Dodge Standard Single Motor 

embalming pump connected to a five-liter pressure tank (Dodge Ltd., Whitchurch, Hampshire, United 

Kingdom) containing the perfusate. The IJV outflow cannula was attached to a standard vinyl tube (8 

mm inner diameter) that led to a collection reservoir. 

 

Perfusion 

The perfusate flowed easily into the PMHS, using a pump pressure of 0.2 bar (150 mmHg); however, 

there was no return of fluid from the IJV. Meanwhile, the volume of the abdomen visually increased. 

The IJV was probed for patency and showed no obstructions. To rule out that a problem in this IJV was 

hindering the outflow of perfusion fluid, we subsequently attempted to cannulate the contralateral IJV, 

but it appeared thrombosed. Therefore, we decided to cannulate the FV. But again, there was no 

significant venous return from the cannulated FV or the opened IJV during perfusion, while the 

abdomen was visually expanding. Intra-abdominal free fluid was observed with ultrasound. A 10.2-
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French pigtail catheter (Cook Medical LLC, Bloomington, IN, USA) was placed intra-abdominally and 

returned fluid. 

 

Blood vessels and bleeding 

Because there was no venous return of perfusion fluid from the IJV or FV, we inspected the specimen 

more closely and observed some oozing of perfusion fluid from transected blood vessels. We also 

observed an improved echogenicity and compressibility of the blood vessels during and after perfusion 

compared to before perfusion. To evaluate the possibility to cannulate peripheral blood vessels 

percutaneously and to measure arterial pressure and confirm peripheral circulation, an arterial pressure 

cannula was placed in the left SFA. This showed a pressure of 6 mmHg, which increased to 16 mmHg 

during perfusion. Additionally, an arterial cannula was easily placed in the left BA using ultrasound-

guidance. 

 

Considerations 

Although we were not able to create full circulating flow in this fresh frozen PMHS, we showed that it 

was possible to perfuse a PMHS via cannulation of the CCA and subsequently obtain ultrasound-guided 

peripheral arterial access. The rapid accumulation of intra-abdominal free fluid is suggestive for an 

abdominal aortic rupture. Since the medical history of the PMHS was unknown and the fact that PMHS 

are selected for freezing if it is suspected that embalming will not succeed, for instance, due to arterial 

disease, it is possible that we received a PMHS with a ruptured abdominal aortic aneurysm. For this 

reason, AnubiFiX® embalmed PMHSs were used for the further development of the flow model. 

Furthermore, the AnubiFix embalmed specimen have the advantage of reusability. To dissolve possible 

remaining blood clots that may hinder perfusion, 50.000 IE of heparin were added to the first 2 liters of 

the perfusate in future PMHS. 

 

PMHS 1 – AnubiFiX® embalmed 

Preparation 
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The first PMHS was embalmed via the SFA and FV. To create full arteriovenous circulation, the right 

CCA was cannulated with an 8 French introducer sheath (Cordis, Santa Clara, CA, USA) which was 

secured with standard vessel loops. The 3-way stopcock of the introducer sheath was connected with 

an arterial pressure transducer and via a silicon tube (6.35 mm inner diameter) with a Stöckert SIII 

heart-lung machine (Stöckert Instrumente GmbH, München, Germany). The inflow tube of the heart-

lung machine was connected with a reservoir containing the perfusate. A small incision was made in 

the IJV without cannulating the vessel. Subsequently, the SFA and FV embalming arteriotomies were 

sutured with a polypropylene suture. 

 

Perfusion 

The pump rate was increased to 100 revolutions per minute (RPM), corresponding with a flow of 1.3 

L/min. With this pump setting, the arterial pressure at the PMHS inflow point was 150 mmHg. There 

was venous return of perfusate from the IJV, and, although we sutured the SFA arteriotomy, there was 

leakage of perfusate via the SFA in a powerful stream. We also observed a considerable amount of fluid 

oozing from the surrounding incised tissue in the groin and neck. 

 

Blood vessels and bleeding 

Prior to perfusion, the CFA, SFA and FV were visible with ultrasound. In the neck and arm, only the 

arteries (CCA and BA) were visible (Table 1). Angiographs were made by injecting arterial contrast 

(Ultravist 300 mg/mL, Bayer AG, Berlin, Germany) into the CFA cannula and showed an intact 

vascular system (Figure 1).  

 To measure arterial pressure and confirm peripheral circulation, a standard arterial pressure 

cannula was placed in the left BA via surgical cutdown. As in living humans, perfusate flowed through 

the needle while placing the cannula. Also, there was significant leakage of perfusate from the incised 

tissue, mimicking a bleeding wound. 

 Next, an 8 French introducer sheath (Cordis, Santa Clara, CA, USA) was placed in the left CFA 

via surgical cutdown. Again, perfusate flowed through the introducer needle during vessel puncturing, 

and there was significant leakage of perfusate from the groin wound. To assess whether the model is 
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suitable for REBOA, a REBOA catheter (ER-REBOA™, Prytime Medical Devices, Boerne, TX, USA) 

was placed in the descending thoracic aorta via the introducer sheath and connected to an arterial 

pressure transducer. After balloon inflation, the pressure proximal from the REBOA balloon increased 

to 223 mmHg and oozing from the groin incision stopped.  

After balloon deflation and with a pump setting of 85 RPM (flow of 1.1 L/min), the central pressure at 

the arterial port of the REBOA catheter was 120 mmHg, the pressure at the left BA was 35 mmHg and 

the pressure at the left CFA was 160 mmHg.  

Eventually, peripheral edema in the legs was observed and ultrasound showed free intra-

abdominal fluid. Moreover, there was oral and rectal fluid leakage. 

 

Considerations 

With this embalmed and heparin-flushed PMHS, we have successfully created a perfusion model with 

arteriovenous flow. We demonstrated that it was possible to create a circulating PMHS flow model via 

cannulation of the CCA. We observed realistic “bleeding” when puncturing vessels or dissecting tissue. 

We also showed that it was possible to perform angiography and to place a REBOA catheter in the flow 

model, with realistic feedback. 

 However, we did encounter a significant loss of fluid from every incision. Careful preparation 

of the PMHS should prevent unnecessary leakage. Also, the SFA was damaged significantly in the 

embalming process, leading to uncontrolled fluid leakage in the groin region. The groin region is an 

important region for advanced bleeding control training, thus should remain preferably intact when 

preparing the flow model. Therefore, we requested a PMHS that was embalmed via the popliteal artery 

for the next testing phase. 

 Furthermore, we observed translocation of fluid into the abdomen and peripheral tissue. This 

indicates that a flow model can only be used for a limited time. The following PMHS were used to 

optimize the flow model. To measure the degree of fluid translocation, circumferences of the upper 

arm, upper leg and abdomen were measured in the next flow models. Also, the mouth and rectum are 

plugged to prevent oral and rectal fluid leakage. 
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PMHS 2 – AnubiFiX® embalmed 

Preparation 

The second PMHS was embalmed via the SFA and FV, because there was no popliteal embalmed 

PMHS available. For arteriovenous circulation, the CCA was exposed, cannulated, and connected to 

the heart-lung machine and patient monitor as described in the previous model. The IJV was cannulated 

with a standard curved embalming cannula that was connected to a standard vinyl tube (8 mm inner 

diameter) leading to a collection reservoir. The IJV cannula was secured with vessel loops. Using 

ultrasound, an arterial line was placed in the BA percutaneously to confirm peripheral circulation and 

measure arterial pressure. The CFA was punctured and cannulated directly via the embalming groin 

incision. 

 

Perfusion 

The pump rate was increased to 85 RPM (1.1 L/min). We were not able to measure the arterial pressures. 

Also, although perfusate was pumped into the model, there was no venous return at the IJV. Therefore, 

we decided to perform an angiography which revealed leakage of contrast medium in the thorax. We 

found a defect in the brachiocephalic trunk via a thoracotomy and decided to move the CCA cannula 

into the brachiocephalic trunk. 

 

Blood vessels and bleeding 

Prior to and during perfusion, the blood vessels were assessed with ultrasound (Table 1). With a pump 

setting of 85 RPM and the inflow cannula in the brachiocephalic trunk, the arterial pressure at the BA 

and CFA was 150 mmHg. During perfusion, we observed fluid leakage from the thoracotomy wound 

and groin incision similar to a bleeding patient. Also, there was significant “bleeding” from the FV 

embalming incision. Adequate pressure was felt when palpating the thoracic aorta. Subsequently, we 

punctured the heart to test for cardiac bleeding whereafter perfusate flowed out of the cardiac wound in 

a powerful stream (Figure 2). 

 

Considerations 



Vrancken SM a, Borger van der Burg BLS, Stark PW, van Waes OJF, DuBose JJ, Benjamin ER, Lieber A, Verhofstad MHJ, Kleinrensink GJ, 
Hoencamp R. Development of a post-mortem human specimen flow model for advanced bleeding control training. Injury. a Department of 

Surgery, Alrijne Hospital, Leiderdorp, the Netherlands. 

This model demonstrated that it was possible to achieve both arterial and venous pressure in a PMHS 

flow model with realistic bleeding and subsequently obtain ultrasound-guided peripheral arterial access. 

Also, plugging the mouth and rectum successfully reduced fluid leakage from these sites (Table 1). 

However, our carotid cannulation technique failed due to a defect in the brachiocephalic trunk. This 

defect possibly originated from cannulation of the CCA or it may have arisen during blood collection 

for the serology tests. The embalmer withdraws a blood sample from the subclavian artery before 

embalming. However, the artery may have been punctured several times, since they use a blind 

puncturing technique. To minimize the risk of vessel damage, blood was sampled via the embalming 

site in future PMHS. 

 

PMHS 3 – AnubiFiX® embalmed 

The third PMHS was embalmed via the popliteal artery and vein, although we had some doubt whether 

the embalming process succeeded completely because of a mottled skin. To restore the integrity of the 

vascular circuit and to assess whether it was possible to place temporary vessels shunts in the flow 

model, vascular shunts consisting of a standard IV line tube were constructed in the disrupted popliteal 

artery and vein. Subsequently, the CCA and IJV were exposed and cannulated with standard curved 

embalming cannulas which were also secured with vessel loops. The cannulas were connected to the 

pump system for arteriovenous circulation, as described in the previous model.  

 

Perfusion 

The pump rate was slowly increased to 85 RPM. There was significant leakage of fluid via the neck 

incision, which was successfully reduced by ligating arterial and venous branches. 

After several minutes, there was some venous return via the IJV cannula; however, it remained 

sparse. Meanwhile, the abdomen was quickly expanding. An angiography revealed contrast medium 

leakage in the abdomen, indicating an abdominal aortic rupture. 

 

Blood vessels and bleeding 
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Prior to perfusion, the blood vessels were visible with ultrasound, but difficult to identify. During and 

after perfusion, the CFA, SFA, FV, BA, and BV were easily identified with ultrasound. Because of the 

aortic rupture, we did not perform additional tests (Table 1). 

 

Considerations 

Again, perfusion of a PMHS via cannulation of the CCA and IJV was achieved. Plugging body cavities 

and careful preparation of the body successfully reduced external fluid leakage. Despite an aortic 

rupture, the neck wound “bled” perfusate and there was some venous return from the IJV. However, we 

did not achieve a successful circulating flow model in this PMHS with an aortic rupture. Future PMHS 

were therefore rejected if there was any doubt regarding the success of embalming.  

 

 


