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SHORT ABSTRACT: 19 

The goal of this publication is to demonstrate the potential application of a novel device using 20 

simulated solid organ injuries in a porcine model. 21 

 22 

LONG ABSTRACT: 23 

Solid organ (liver, spleen, and kidney) hemorrhage is often life-threatening and can be difficult to 24 

stop in critically ill patients. Traditional techniques for arresting this ongoing bleeding include 25 

coagulation by high voltage electrocautery, topical hemostatic application, and the delivery of 26 

ignited argon gas. The goal of this study/video was to demonstrate the efficacy of a new energy 27 

device for arresting persistent solid organ hemorrhage. A novel instrument utilizing bipolar 28 

radiofrequency (RF) energy which acts to ignite/boil dripping saline from a simple handpiece is 29 

employed to arrest ongoing bleeding from solid organ injuries in a porcine model. This instrument 30 

is extrapolated from experience within elective hepatic resections. An escalating series of injuries 31 

to solid organs within a porcine model will be created. This will be followed by arresting 32 

hemorrhage with this novel energy device in sequence. A standard suction device will also be 33 

employed. This simple saline/RF energy instrument has the potential to arrest ongoing solid 34 

organ surface/capsular bleeding, as well as moderate hemorrhage associated with deep 35 

lacerations. 36 

 37 

INTRODUCTION:  38 

Uncontrolled hemorrhage due to solid organ injury remains a leading cause of morbidity and 39 

mortality in both blunt and penetrating trauma1. With the advent of effective damage control 40 

resuscitation strategies, the rate of non-operative management for abdominal trauma continues 41 

to increase2. As a result, patients requiring operative management have increasingly complex 42 

injuries and associated physiologic derangement. In these patients, early control of hemorrhage 43 

is an essential component of effective damage control resuscitation and desirable outcomes. 44 
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 45 

The surgical management of solid organ injuries remains a key competency for trauma, acute 46 

care, and general surgeons. A wide variety of surgical techniques and hemostatic adjuncts for 47 

these injuries have been described3. Traditional techniques for treating solid organ bleeding 48 

include coagulation by high-voltage electrocautery, application of topical hemostatic agents, 49 

sutured repairs, and partial or total organ excision. Argon beam coagulation has also been 50 

described4. While each of these techniques has a role in achieving hemostasis, none is universally 51 

applicable or successful.  52 

 53 

Many novel tools and hemostatic therapies have been described in the elective surgical setting. 54 

This is especially true in the realm of hepatobiliary surgery5. As familiarity with these tools 55 

increases, many of them have also shown promise in the surgical management of traumatic 56 

injuries. One such device utilizes a combination of ignited saline and bipolar radiofrequency 57 

energy to arrest hemorrhage. Additionally, it has the ability to simultaneously seal small- to 58 

medium-sized bile ducts within the liver6. The positive experience with this tool in the 59 

management of solid organ injuries has been described previously6-8. 60 

 61 

The goal of this publication is to demonstrate the potential application of this novel device using 62 

simulated solid organ injuries in a porcine model. 63 

 64 

PROTOCOL: 65 

Procedures involving animal subjects have been approved by the Animal Care Committee at the 66 

University of Calgary and follow the guidelines set by the Canadian Council of Animal Care. The 67 

committee ensures the study is ethical and that the animals are treated humanely. 68 

 69 

1. Model Preparation 70 

 71 

1.1. House the 50 kg adult male pig in an animal care facility for 1 week prior to the surgery to 72 

acclimatize the animal to the housing conditions and the handlers. Fast the model for a minimum 73 

of 6 h prior to the initiation of anesthesia. 74 

 75 

1.2. Anesthetize the model using an intramuscular injection of ketamine (33 mg/kg), atropine 76 

(0.04 mg/kg), and buprenorphine (0.05 mg/kg) as well as inhaled isoflurane (5%)9. 77 

 78 

1.3. Move the model into the supine position and spray the vocal cords with lidocaine (1%) in 79 

order to prevent laryngospasm. Perform direct endotracheal intubation using a 6.5 Fr cuffed 80 

endotracheal tube. Confirm the correct position of the endotracheal tube using capnography. 81 

 82 

1.4. Insert an 18G IV in the marginal ear vein and begin an infusion of Ringer’s lactate at a rate of 83 

200 mL/h. Apply a bland ointment to the model’s eyes to prevent dryness while under general 84 

anesthesia. 85 

 86 

1.5. Monitor the model’s heart rate and oxygen saturation using a pulse oximeter applied to the 87 

model’s tail. Ventilate the model between 14 - 16 breaths/min using a mechanical ventilator and 88 



  

 
 

a tidal volume of 5 - 10 mL/kg. Maintain an adequate anesthesia by targeting a minimal alveolar 89 

concentration (MAC) of isoflurane between 2 to 2.5. 90 

 91 

1.6. Prior to the initiation of surgery, confirm the adequate depth of anesthesia by testing pain 92 

reflexes with a hind leg toe pinch. Reevaluate pain reflexes at regular intervals throughout the 93 

surgery. 94 

 95 

2. Device Preparation 96 

 97 

2.1. Prepare the ignited saline/bipolar radiofrequency (SBRF; Figure 1) device as per the 98 

manufacturer’s specifications. 99 

 100 

2.1.1. Open the handpiece (6.0 bipolar sealing tip) and connect it to the generator. 101 

 102 

2.1.2. Set the saline flow rate setting to Low. Use 0.9% saline for a maximal energy conduction. 103 

 104 

2.1.3. Set the radiofrequency power setting to 160 W. 105 

 106 

3. Surgery: Laparotomy 107 

 108 

3.1. Perform a long open midline laparotomy incision using a #10 scalpel extending from the 109 

xiphisternum to the pubis and passing through all layers of the abdominal wall. 110 

 111 

3.2. Establish an adequate exposure of the solid organs of interest (e.g., liver, spleen, kidney), 112 

mobilize other structures, and insert a retractor as necessary.  113 

 114 

Note: For simplicity, the liver will be referred to as the solid organ of interest for the remainder 115 

of this protocol. This protocol will also include creating injuries of similar grade within the kidney 116 

and spleen. 117 

 118 

4. Surgery: Simulated Solid Organ Injury 119 

 120 

Note: The injuries described below represent a worsening hierarchy of injuries. The injuries are 121 

created by an expert trauma surgeon and hemostasis will be obtained by another surgeon. 122 

 123 

4.1. Using a #10 scalpel blade, apply an abrasive (back and forth) force to the liver capsule in 124 

order to induce capsular bleeding. The injury should be superficial (i.e., 1 - 2 mm) and 2 cm2 in 125 

size. The size of the injury can then be increased in increments of 1 cm2 at the operator’s 126 

discretion. 127 

 128 

4.2. Create solid organ lacerations of increasing severity using the direct application of a scalpel. 129 

The length of the laceration can extend from 5 cm to the entire length of the organ. The depth 130 

of the laceration should be 1 cm and then increased in increments of 1 cm at the operator’s 131 

discretion. 132 



  

 
 

 133 

4.3. Create penetrating injuries with a blunt device such as a Kelly clamp using a stabbing motion. 134 

These can be of a partial thickness (i.e., 50% of the organ) or of full thickness (i.e., passing 135 

completely through the organ). 136 

 137 

5. Hemostasis 138 

 139 

5.1. Depress the handpiece’s button, initiating the simultaneous flow of saline and the delivery 140 

of bipolar radiofrequency energy. The saline will boil at the site of application. 141 

 142 

5.2. Apply the device’s tip directly onto the liver’s raw surface, to superficial areas of bleeding, 143 

or within defects in the liver itself. Do not stab the organ with the end effector. 144 

 145 

5.3. Apply concurrent suctioning from a standard surgical sucker as needed in order to deliver 146 

the heated saline and energy directly to the areas of ongoing hemorrhage. This also helps 147 

visualize the precise location of the ongoing hemorrhage. 148 

 149 

5.4. Heat the tissues to approximately 100 °C (thermal coagulation without significant charring) 150 

using a gentle back and forth motion. An auditory ‘pop’ will occur after 3 - 5 s and signifies that 151 

the burn is complete. The user may then move the instrument in an organized manner to the 152 

next targeted site. 153 

 154 

5.5. If necessary, apply precisely directed high-voltage electrocautery in conjunction with the 155 

application of the SBRF and suction devices in order to obtain hemostasis. This may be required 156 

for the largest and most vigorous hemorrhage. 157 

 158 

6. Sealing Small to Medium Bile Ducts 159 

 160 

6.1. Using the same method as described above, apply the instrument tip across the cut/injured 161 

edge of the liver parenchyma to seal small to medium bile ducts. 162 

 163 

7. Model Euthanasia 164 

 165 

7.1. At the completion of the experiment, euthanize the anesthetized model via exsanguination 166 

according to the institution’s Animal Care Guidelines. 167 

 168 

REPRESENTATIVE RESULTS:  169 

The SBRF device described herein provides effective hemostasis for a variety of solid organ 170 

injuries. The efficacy of the SBRF device in a porcine model has been described previously8. The 171 

results of this study are republished here with permission from the authors. 172 

 173 

Using a porcine model, injuries of increasing severity were applied to four separate models. The 174 

injuries were described as surface decapsulation, superficial laceration, deep laceration, 175 

penetrating ‘through and through’ missile trajectories, and complete transection. Effective 176 



  

 
 

hemostasis was determined by five operating surgeons as well as a careful video review by a 177 

separate group of two surgeons. Regardless of the injury severity, the SBRF device was 178 

determined to be effective in achieving hemostasis by the operating surgeons in 99% of the 179 

injuries, and by the video review surgeons in 97% of the injuries. Additionally, due in large part 180 

to the simple design, the operating surgeons involved in the initial study also found the device 181 

very easy to use8. 182 

 183 

The depth of the tissue penetration by the SBRF device was also determined in the previous 184 

porcine study8. The tissue penetration varied by target organ (Table 1). Notably, no tissue 185 

coagulation was observed when the inferior vena cava was targeted. This is likely due to the heat 186 

sink effect from significant blood flow and further supports the safety of the device’s use around 187 

large vascular structures. 188 

 189 

FIGURE AND TABLE LEGENDS: 190 

 191 

Figure 1: Saline/bipolar radiofrequency (SBRF) energy device. (A) This panel shows the SBRF 192 

device handpiece with the single-button design. (B) This panel shows the SBRF’s 6.0 blunt bipolar 193 

sealing tip. 194 

 195 

Table 1: Tissue penetration by target organ. This table has been modified from Ball et al8. 196 

 197 

DISCUSSION: 198 

The rapid and effective control of hemorrhage is an essential component of modern damage 199 

control resuscitation10. A variety of operative and adjunctive techniques are available to arrest 200 

hemorrhage in a solid organ injury3. None of these techniques has proven to be universally 201 

applicable or successful in achieving hemostasis. The initial experience with the SBRF device 202 

described here has been positive6-8. This device is a valuable adjunct in achieving rapid and 203 

effective hemostasis in complex solid organ injuries.  204 

 205 

In the current protocol, a porcine model was employed to simulate traumatic solid organ injuries. 206 

In doing so, the characteristics of the study’s device are demonstrated in a high-fidelity setting. 207 

Porcine models have previously been demonstrated to be an effective model for equivalent 208 

human disease processes, particularly in the area of surgical education and simulation11.  209 

 210 

This protocol does have one notable limitation. The simulated injuries are created in a porcine 211 

model which is anesthetized under standardized conditions. Although the simulated injuries are 212 

relatively realistic, they are created in isolation to the physiologic state of the model. As a result, 213 

the model is not necessarily exposed to the acute coagulopathy and other physiological 214 

derangements that normally influence outcomes in traumatically injured patients.  215 

 216 

Despite this limitation, the human patient experience with the device in solid organ hemorrhage 217 

has been extremely encouraging6,7. The SBRF device is simple to use and has demonstrated 218 

effective hemostasis in a highly selected group of trauma patients with challenging solid organ 219 



  

 
 

injuries. The SBRF device also allows simultaneous hemostasis and the sealing of small- and 220 

medium-sized bile ducts within the liver.  221 

 222 

To our knowledge, there have been no reports of short-term or long-term complications related 223 

directly to the use of an SBRF device in trauma patients or during its use in elective surgery. 224 

Because the device functions at a relatively low operating temperature (e.g., 100°C), there is less 225 

risk of injury to innocent bystander vascular structures in the operative field. For example, there 226 

appears to be no or very limited risk to structures such as the inferior vena cava and portal vein 227 

due to the strong heat sink created by the high blood flow through these structures. As the use 228 

of and the experience with the SBRF device increases, its users will have to remain observant for 229 

any potential complications. 230 

 231 

Damage control laparotomy is associated with significant potential morbidity and mortality11,12. 232 

This is particularly true in the management of complex solid organ injuries. Possessing a versatile 233 

device for effective primary hemostasis in these complex injuries may lead to a reduction in the 234 

need for temporary abdominal closure and its inherent risks. It is also a superb instrument for 235 

surgeons who must stop ongoing hemorrhage in these challenging areas, but do not necessarily 236 

have comfort in either the intra-organ anatomy or the anatomical region of the injury. 237 

 238 
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Table 1. Tissue penetration by target organ

Target organ
Depth of tissue 

penetration (mm)

Liver 2.7

Spleen 2.5

Kidney 3

Abdominal wall 2.4

Lung 1.1

Heart 1.3

Inferior vena cava 0
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Name of Material/ Equipment Company Catalog Number

Aquamantys pump generator Medtronic 40-402-1

Aquamantys 6.0 bipolar sealer Medtronic 23-112-1

Electrosurgical pencil with tip Megadyne 0039

Porcine animal

Porcine ventilator/induction and anesthetic medications

2 x 1 liter bags of 0.9% normal saline

2 x scalpels (#10)

Belfour abdominal retractor

Suction tubing

Suction tip

Suction device/wall connector

Suction canister

Debakey forceps

Metz scissors

Curved Mayo scissors

Closing suture (1-0 Nylon)

20 x Laparotomy sponges

2 x Kelley clamps

2 x snap clamps
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March 21,  2018 

Re: A novel saline/bipolar radiofrequency energy device as an adjunct for 
hemostasis in solid organ injury/trauma 

Dear colleagues,  

Thank you for your effort and time in helping improve our manuscript, “A novel 
saline/bipolar radiofrequency energy device as an adjunct for hemostasis in solid organ 
injury/trauma”. We truly appreciate each of your comments and suggestions. We have made 
each of your requested alterations in the manuscript. More specifically: 

EDITORIAL SUGGESTIONS 
 

 The manuscript has been reviewed for grammar and format as suggested. 

 All protocol steps have been edited to appear in the imperative tense. 

 All commercial language has been removed with the exception of the Table of 
Materials.  

 The embedded table (Table 1) has been removed and uploaded as a separate xls file. 

 An additional reference (Swindle, 2013) has been included supporting the swine 
model protocol. 

 An ethics statement regarding the humane treatment of animals has been included at 
the beginning of the protocol (page 1, line 76). Relevant statements regarding the 
type of anesthesia, humane treatment of the swine model (e.g., eye ointment) and 
euthanasia have also been included (page 1, line 80-101). 

 The steps describing injury creation have been described in greater detail (page 2, 
line 126-142). 

 I have requested written permission from Elsevier for publication of results from 
reference 8 (Ball et al). At the time of this submission, this document is pending and 
can be forwarded when it becomes available. 

 A Table of Materials has now been included and is uploaded as a separate xls file. We 
have included product names and catalogue numbers for the energy devices used. 
The secondary materials include only standard surgical and anesthetic materials that 
are unlikely to influence the results and have therefore company and catalogue 
information has not been included. 
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…/3 

Reviewer 1 
 
1) Table 1 is referred to in the text but the second table 1 and 2 are referred to as 'previous 

work'. 
 
Thank you for this important clarification. The updated manuscript now only refers to Table 1 
with results from the swine model. The tables with representative human results have been 
removed but that study is referenced briefly in the discussion (page 4, line 218). 
 
2) I did not see any short-term complications of the device discussed. Long-term 

complications of its use are unknown given that the animals were sacrificed and the long-
term human experience was not discussed.  

 
Thank you for this important observation. The manuscript has been updated to more clearly 
discuss the short and long-term complications (page 5, line 224). To our knowledge, there 
have been no short or long-term complications related to the use of a SBRF device. We 
believe this is due largely to the low operating temperature relative to standard 
electrocautery and energy devices. 
 
Reviewer 2 
 
Thank you very much for your review. Any concerns have been addressed and detailed above 
under ‘Editorial Suggestions’. 
 
Reviewer 3 
 
1) The protocol could be improved by describing a method to quantify efficacy of 

haemostasis so that it can be used to compare other methods. 
 
Thank you for this important observation. The method used in the current study was a 
simple subjective binary assessment of effective hemostasis by a general surgeon. In other 
words, a surgeon answered ‘yes’ or ‘no’ to the question, “was hemostasis achieved?”. There 
are no laboratory markers that reflect surgical hemostasis. Our model does result in 
euthanasia of the swine, however, if the model was kept alive following the injury and 
surgical hemostasis, serial hemoglobin and hematocrit measurements could potentially help 
in quantifying hemostasis. Given the current study design, we do not think it would be 
ethical for the model to be kept alive following creation of severe solid organ injuries. 
 
2) I also wonder if the injury model can be standardised further in description so it can be 

replicated by other groups. 
 
Thank you for this important suggestion. Your thoughts were shared by the other reviewers. 
The injury model has been standardized and described in greater detail as you have 
suggested (page 2, line 126-143). 
 



…/4 

 

Thank you again for your review and comments. We look forward to any further suggestions. 

Sincerely, 

 
Chad G. Ball MD MSc FRCSC FACS 
Department of Surgery 
University of Calgary 
Foothills Medical Center 
E-mail: ball.chad@gmail.com 



  
 
    Foothills Medical Centre 
 1403 29 Street NW,  
 Trauma Services, Main Bldg. 
 Calgary, Alberta  
 Canada, T2N 2T9 
 Telephone: 403 944-3417 
 Facsimile: 403 944-8799 
 www.calgaryhealthregion.ca 
  

Department of Surgery 
Chad G. Ball 
MD, FRCSC, MSc, FACS 
Associate Professor of Surgery 

 

 
Apri l  18,  2018 

Re: A novel saline/bipolar radiofrequency energy device as an adjunct for 
hemostasis in solid organ injury/trauma 

Dear colleagues,  

Thank you for your effort and time in helping improve our manuscript, “A novel 
saline/bipolar radiofrequency energy device as an adjunct for hemostasis in solid organ 
injury/trauma”. We have made each of your requested alterations in the manuscript. More 
specifically: 

EDITORIAL SUGGESTIONS 
 

 The manuscript has been reviewed for grammar and format as suggested. 

 A step has been added indicating how proper anesthesia is confirmed (page 3, line 
94). 

 Step 5.4: the text has been modified to indicate the time required for coagulation. 

 Step 7.1:  the text has been modified to indicate the method of euthanasia. 
 

Thank you again for your review and comments. We look forward to any further suggestions. 

Sincerely, 

 
Chad G. Ball MD MSc FRCSC FACS 
Department of Surgery 
University of Calgary 
Foothills Medical Center 
E-mail: ball.chad@gmail.com 
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