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 35 

SUMMARY: 36 

The goal of this study is to modify the rat orthotopic liver transplant model to better represent 37 

human liver transplantation and improve recipient survival. The presented method 38 

reestablishes hepatic arterial inflow by connecting the donor liver’s common hepatic artery to 39 

the recipient liver’s proper hepatic artery.   40 

 41 

ABSTRACT:  42 

The rat orthotopic liver transplantation (OLT) model is a powerful tool to study acute and 43 

chronic rejection. However, it is not a complete representation of human liver transplantation 44 
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due to the absence of arterial reconnection. Described here is a modified transplantation 45 

procedure that includes the incorporation of hepatic artery (HA) reconnection, leading to a 46 

marked improvement in transplant outcomes. With a mean anhepatic time of 12 min and 14 s, 47 

HA reconnection results in improved perfusion of the transplanted liver and an increase in long-48 

term recipient survival from 37.5% to 88.2%. This protocol includes the use of 3D-printed cuffs 49 

and holders to connect the portal vein and infrahepatic inferior vena cava. It can be 50 

implemented for studying multiple aspects of liver transplantation, from immune response and 51 

infection to technical aspects of the procedure. By incorporating a simple and practical method 52 

for arterial reconnection using a microvascular technique, this modified rat OLT protocol closely 53 

mimics aspects of human liver transplantation and will serve as a valuable and clinically 54 

relevant research model.  55 

 56 

INTRODUCTION: 57 

 58 

The global burden of liver disease continues to increase, with a 30% rise in liver disease-related 59 

deaths from 2005 to 20131,2. Liver transplantation is often the only recourse for patients with 60 

end-stage liver disease. The liver is the second most frequently transplanted solid organ, and 61 

the number of liver transplants performed globally increased by 7.25% from 2015 to 20161,2.. 62 

Despite its prevalence, post-transplantation survival rates have become stagnated3-5. The 15 63 

year patient survival rate is reported to be 53%, and the 20 year patient survival rate may be as 64 

low as 21%3,5..While there are exciting new immunobiology initiatives that may lead to new 65 

treatments and improved clinical outcomes, there is not yet a reliable small animal model in 66 

which to test them.  67 

 68 

The rat OLT model has been widely used in the investigation of liver transplantation, including 69 

rejection6-10, immune tolerance11, transplant ischemia-reperfusion injury12, 70 

immunosuppression13, and biliary tree injury14-17. However, a disadvantage of the model in its 71 

current form is its high post-operative morbidity and mortality18,19. This is a serious drawback 72 

that is at odds with the human operation, and it compromises the ability to draw clinically 73 

relevant conclusions from the model20.  74 

 75 

Additionally, a large proportion of this morbidity can be attributed to an absent or imperfect 76 

hepatic artery (HA) reconnection18. Although a critical step in human liver transplantation, 77 

technical difficulties tend to compromise HA reconnection in the rat OLT model. As a result, bile 78 

duct (BD) anastomosis is tenuous and results in high rates of bile leakage and BD necrosis21. 79 

Beyond the high incidence of biliary complications22, an absence of arterial inflow alters the 80 

physiology of the graft liver post-transplantation23, with hypoxia in the donor liver graft24 and 81 

liver damage observed in inflamed lobes19,25,26. Rat OLT without arterial reconnection also tends 82 

to promote fibrosis27. The rat OLT protocol described below addresses these issues by 83 

incorporating a simple HA reconstruction step with a previously published rat OLT method28, 84 

resulting in preservation of liver parenchyma and improved survival rates.  85 
 86 
Liver transplantation has three phases: (1) extraction of the liver graft from the donor, (2) 87 

preparation of the donor liver graft, and (3) replacement of the recipient liver with the liver 88 
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graft. The procedure involves the manipulation of five anatomical structures: the suprahepatic 89 

inferior vena cava (SHVC), portal vein (PV), infrahepatic inferior vena cava (IHVC), hepatic artery 90 

(HA), and bile duct (BD).  91 

 92 

OLT in the rat was first introduced by Lee et al. using microsuture anastomosis of the SHVC, PV 93 

and IHVC, and a pull-through technique for the BD29. This model was later improved through 94 

use of the two-cuff technique in 197930. Since then, several alternative techniques have been 95 

proposed, with the majority focusing on venous anastomosis and using a two-cuff technique 96 

with a few modifications31. Although HA anastomosis has been described previously in the rat 97 

OLT model using techniques such as microsuture, cuff, and intraluminal sleeves26,31,32-34, these 98 

techniques often require highly trained microsurgical skills, significantly alter rat physiology, 99 

and are hampered by thrombosis and/or biliary complications27,35.  100 

 101 

Furthermore, the choice of surgical procedure can also influence the anhepatic time (time from 102 

PV clamping to reperfusion of graft through the reconstituted PV), which is critical for the 103 

success of rat liver transplantation. Specifically, high survival rates are observed with anhepatic 104 

times of 15–20 min36, and 30 min is the upper limit for success37,38. Therefore, the goal of this 105 

method is to implement a less invasive and more easily adoptable surgical rat OLT model that is 106 

able to reconnect the hepatic artery, promote efficient perfusion of the transplanted liver, 107 

maintain flow to the recipient bile duct, and preserve the recipient’s physiological condition. 108 
 109 
Detailed here are all the steps of this revised protocol, including the manipulation of the celiac 110 

trunk of the donor liver as well as the use of 1) a 1.5 mm stent to perform an extraluminal 111 

sleeve connection with the recipient proper HA, 2) a running suture for the SHVC 112 

reconstruction, 3) two 3D-printed plastic cuffs for PV and IHVC reconstruction39,40, 4) a 113 

microvascular sleeve reconnection for the HA18,27,41 and 5) a previously described BD stenting 114 

technique28. Two additional steps are also included: a cold flush via the PV, and an antibiotic 115 

regimen that is based on previous findings17. This optimized OLT protocol minimizes 116 

perioperative complications and morbidity and more closely models the surgical operating 117 

procedure employed in human liver transplantation. 118 

 119 

PROTOCOL: 120 

The study was performed according to the guidelines of rodent handling and surgery, and the 121 

study protocol was approved by the University Health Network Animal Care Committee (UHN 122 

AUP #: 5840.3) and follows the guidelines of the Canadian Council of Animal Care. The study 123 

uses male Lewis rats (strain LEW/SsNHsd), 12–14 weeks old, weighing between 250–300 g. 124 

 125 

1. Equipment set-up 126 

 127 

1.1. Hold a 31 G sharp tip with a needle holder and create a blunt L-shaped injector by flexing 128 

the tip repeatedly back and forth until the tip snaps off. Using a flat metal file, blunt and 129 

smooth the end of the injector. 130 

 131 

1.1.1. Cut the portal vein (PV) and infrahepatic inferior vena cava (IHVC) cuffs from the 3D-132 
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printed base with a scalpel (Supplementary Material 1, Supplementary Material 2, Figure 1, 133 

Supplementary Figure 1). 134 

 135 

NOTE: A 3D design software is used to design the cuffs and holders, which are printed on a 3D 136 

printer (Table of Materials) using autoclavable resin39,40 (specifications for all 3D-printed 137 

material included in the Supplementary Material 1–10). 138 

 139 

1.1.2. Use a new scalpel to cut the 22 G catheter into a double-sided slanted tube (3.5 mm in 140 

length). Using the scalpel, gently etch lines onto the surface of the bile duct (BD) stent (do not 141 

cut through the wall of the tube). These etchings will prevent ties from slipping during the 142 

procedure. 143 

 144 

1.1.3. Use a new scalpel to cut the 24 G catheter into a one-sided slanted-edge tube (2.0 mm in 145 

length), and create several scratches on the surface of the new arterial stent.  146 

 147 

NOTE: Prevent narrowing or occlusion of the lumen of the BD stent by avoiding the application 148 

of pressure to the stent. If the stent is narrowed or occluded, the recipient’s survival will be 149 

compromised by biliary obstruction.  150 

 151 

2. Donor operation 152 

 153 

2.1. Set a heat pad to 37 °C and place it underneath the surgical platform. Turn on the 154 

temperature monitor so that the rat’s core temperature can be monitored via rectal probe. Set 155 

up the isoflurane anaesthesia apparatus.  156 

 157 

NOTE: During surgery, monitor the depth of anesthesia by noting the breathing rate, heart rate, 158 

coloration of the organs/mucous membranes, and presence of any pedal withdrawal reflexes.  159 

 160 

2.2. Arrange the workspace with all necessary instruments and materials (i.e., scissors, forceps, 161 

gauze, heparin, retractors, midsection pad, cotton tips, 4-0 silk, 7-0 silk, 8-0 non-absorbable 162 

sterile suture, and 10-0 non absorbable monofilament suture) placed conveniently at the sides 163 

of the surgical platform.  164 

 165 

2.3. Arrange the workstation with all solutions, including Ringer’s lactate solution and 300 IU of 166 

sodium heparin (see List of Materials).  167 

 168 

2.4. Weigh the animal. Anesthetize the donor rat by placing it in the anaesthetic chamber with 169 

5% isoflurane, 5 L/min air flow, and 70% FiO2 for induction. When the rat loses consciousness, 170 

decrease anaesthesia to 3% isoflurane, 0.5 L/min air flow, and 70% FiO2. Check for the lack of 171 

pedal response by pinching the toe.  172 

 173 

2.5. Prepare the skin of the abdomen. Using an electric shaver, remove the fur from the ventral 174 

side. Attentively observe the donor’s respiration rate until it attains a stable and deep rate.   175 

 176 
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2.5.1. Lay the rat so that its ventral side is facing the ceiling. Place the nose in an anesthesia 177 

scavenger with 3% isoflurane, 0.5 L/min air flow, and 70% FiO2. Prepare the abdominal wall with 178 

povidone-iodine, working from the midline outward, followed by 70% ethanol.  179 

 180 

2.6. Make an incision from the xiphoid process to the pubic symphysis using a round-tipped 181 

surgical scissor, then improve exposure with a bilateral transverse incision. Stop any bleeding 182 

from the abdominal wall using a bi-polar electrosurgical unit for cautery. After the incision, 183 

decrease maintenance isoflurane to 2%, 0.5 L/min air flow, and 70% FiO2. 184 

 185 

NOTE: Adjust the isoflurane vaporizer to achieve a respiration rate of approximately one breath 186 

per second and remember to regularly assess the depth of anesthesia throughout the course of 187 

the operation. 188 

 189 

2.7. Place a 4-0 silk stitch in the xiphoid process and use the suture to retract the chest wall 190 

cephalad. Tape the silk thread to the top of the structure that holds the anesthesia scavenger in 191 

place. Hold the donor rat’s body cavity open with 3D-printed retractors (see Supplementary 192 

Material 3) placed on the either side of the abdomen (retractors are held in place with rubber 193 

bands attached to magnets on the surgical platform).  194 

 195 

NOTE: Mosquito forceps also can be used to grasp the xiphoid process and retract the 196 

cephalad. Fix the mosquito forceps in place using tape.  197 

 198 

2.8. Use a nonwoven gauze sponge (4 cm x 4 cm) dampened by Ringer’s lactate solution to 199 

enclose the small and large intestines. Use a small, wet, nonwoven gauze sponge (2 cm x 4 cm) 200 

to gently cover the liver.  201 

 202 

2.9. Place a small rolled gauze under the midsection to lift the abdomen and improve exposure 203 

of the suprahepatic inferior vena cava (SHVC). 204 

 205 

2.10. Cut the falciform ligament. Separate the left diaphragmatic vein from the SHVC using 206 

micro-forceps. Ligate the left diaphragmatic vein with 7-0 silk, staying close to the SHVC. 207 

 208 

NOTE: Use the small, wet, nonwoven gauze sponge, dampened with Ringer’s lactate and placed 209 

on the liver, to gently retract the liver away from the xiphoid process and expose the left 210 

diaphragmatic vein. 211 

 212 

2.11. Cut the left triangular and the gastro-hepatic ligaments with round-tipped scissors.  213 

 214 

2.12. Expose the caudate lobe by carefully pulling back the left and middle lobes towards the 215 

xiphoid process using a small, wet, nonwoven gauze sponge. Release the ligament separating 216 

the caudate lobe from the rest of the liver with a round-tipped scissor. 217 

 218 

2.13. Divide and separate the hepato-esophageal ligament using a bi-polar electrosurgical unit 219 

close to the esophagus.  220 
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 221 

NOTE: Gently shift the small and large intestines to the left side of the abdominal cavity and 222 

cover them with wet, nonwoven gauze. 223 

 224 

2.14. Dissect the retroperitoneum and fat covering the IHVC. Expose and isolate the IHVC down 225 

to the left renal vein.  226 

 227 

2.15. Slightly displace the IHVC with a cotton swab to expose and then cauterize any small veins 228 

merging into the right side of the IHVC, using the bi-polar electrosurgical unit. Also cauterize 229 

any lumbar veins merging into the IHVC. 230 

 231 

2.16. Divide the right suprarenal (adrenal) vein between two 7-0 silk ligatures, staying close to 232 

the IHVC. Free the liver from its posterior ligaments by cutting these under gentle traction. 233 

 234 

2.17. Isolate the right renal vein from the right renal artery and from the neighboring tissue 235 

using a fine-tip cautery.  Seal the right renal vein orifice with an 8-0 non absorbable sterile 236 

ligature.  237 

 238 

2.18. Detach the fat covering the PV to locate the pyloric vein (right gastric vein) and the splenic 239 

vein at the points where they merge the PV. Ligate these veins with 7-0 silk, reinforcing the side 240 

closest to the PV with an 8-0 non absorbable sterile suture stitch. Divide the veins between the 241 

ties. 242 

 243 

NOTE: Expose the PV by using small, wet gauze to draw back the duodenum. The insertion of 244 

the cuff is easier if fat is detached from the PV, which also prevents stenosis of the PV cuff. 245 

 246 

2.19. Inject 300 IU of heparin sodium into the IHVC, diluted to 1 mL of normal saline, using a 1 247 

mL syringe (31 G needle). 248 

 249 

2.20. Make an incision 5 mm below the BD bifurcation and insert the BD stent into the common 250 

BD. Secure the stent with a 7-0 silk ligature 1 mm above the incision. An extra tie can be made 251 

below the incision, which is 10 mm below the bifurcation. Once the stent is secured, cut the BD 252 

between these two ties.  253 

 254 

2.21. Never clip the BD or proper hepatic artery (HA). Place a 10-0 non absorbable sterile 255 

surgical monofilament suture stitch at the 3 o'clock position in the BD at the incision as a 256 

marker to prevent twisting after reconnection.  257 

 258 

2.22. Expose the proper HA and divide the gastroduodenal artery (GDA) between two 7-0 silk 259 

ligatures. Expose the left gastric artery, splenic artery, and celiac trunk. Tie the three arteries 260 

both distally and close to their take-offs. 261 

 262 

2.23. Cut the left gastric artery, splenic artery, and celiac trunk between the artery ties. Slowly 263 

inject 20 mL of cold (4 °C) Ringer’s lactate solution into the PV, using a 20 mL syringe with a 21.5 264 
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G needle. Cut the vena cava below the point at which the left renal vein merges with the IHVC 265 

to permit flush outflow. 266 

 267 

NOTE: The needle should be kept as far as possible from the hilum. The donor liver cold 268 

perfusion should last between 1–2 min. While flushing the liver, use the other hand to squirt 269 

cold Ringer’s lactate onto the liver surface. 270 

 271 

2.24. Cut the PV trunk below the splenic vein after the flush. Cut the IHVC just above the left 272 

renal vein. Cut the SHVC directly adjacent to the diaphragm.  273 

 274 

2.25. Cut the ligaments and connective tissue between the liver and retroperitoneum. 275 

 276 

NOTE: Ensure that there are sufficient lengths of the anterior and posterior SHVC walls to 277 

facilitate the upper caval anastomosis. It is crucial to cut immediately adjacent to the 278 

diaphragm to retain as much length as possible.  279 

 280 

2.26. After the liver has been removed from the abdomen, quickly place it into a dish filled with 281 

4 °C Ringer’s lactate solution. Place the dish on top of an ice pad to maintain a cold 282 

temperature.  283 

 284 

2.27. Discard the donor rat’s remains, following institutional guidelines. 285 

 286 

3. Donor rat liver preparation (“back bench”) 287 

 288 

3.1. Fill the cold Petri dish with a sufficient volume of 4 °C Ringer’s lactate solution to submerge 289 

the donor rat liver. Carefully rotate the donor liver floating in the dish carefully so that the 290 

inferior surface faces upward. Put the cuffs for PV and IHVC (Supplementary Material 1 and 291 

Supplementary Material 2, respectively) into the dish. 292 

 293 

3.2. Pull the PV through the PV cuff and fold the end of the vein over the cuff. Tie the PV 294 

securely around the cuff using 7-0 silk. Flush the PV with 10 mL of 4 °C Ringer’s lactate solution. 295 

 296 

3.3. Repeat step 3.2 with the IHVC, without the flush.   297 

 298 

3.4. Remove the fat tissue around the celiac trunk. Form a larger arterial sleeve cuff by cutting 299 

open the bifurcation of the celiac trunk, splenic artery, and left gastric artery (Figure 2A).  300 

 301 

NOTE: It is difficult to insert the arterial stent into the common HA. Stretch and straighten the 302 

artery out with forceps several times before inserting the stent. Make sure that the bevel of the 303 

stent faces upward and that the artery is not twisted (Figure 2B).  304 

 305 

3.5. Put the 1.5 mm length 24 G arterial stent into the donor common HA via the arterial cuff. 306 

Secure the stent with an 8-0 polypropylene ligature (Figure 2C) and flush the stent with Ringer’s 307 

lactate solution (Figure 2D).  308 
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 309 

3.6. Position a micro-clamp (4–6 mm in length) onto the proximal IHVC, which is intended to 310 

prevent blood loss after portal reperfusion and avoid air embolism. 311 

 312 

3.7. Rotate the liver and expose its superior side. Insert two 8-0 polypropylene taper point 313 

sutures on the lateral and medial edges of the SHVC.  314 

 315 

3.8. Keep the liver at 4 °C so it is ready for transplantation into the donor. 316 

 317 

4. Recipient operation 318 

 319 

4.1. Refer to the donor operation section above and repeat steps 2.1–2.4.  320 

 321 

NOTE: Male Lewis rats aged 12–14 weeks old are used here, weighing 5–20 g heavier than the 322 

donors. During the surgery, monitor the depth of anesthesia by noting the breathing rate, heart 323 

rate, coloration of the organs/mucous membranes, and presence of any pedal withdrawal 324 

reflexes.  325 

 326 

4.2. Lay the rat with its ventral side facing upwards. Place the nose in the anesthesia scavenger 327 

for isoflurane inhalation. Moisten the eyes with opthalamic lubricant. Prepare the abdominal 328 

wall with providone-iodine first, then with 70% ethanol.  329 

 330 

4.3. Inject 5 mL of Ringer’s lactate solution subcutaneously on both lower sides of the ventral 331 

abdominal wall. Inject 0.5 mL of 200 mg/kg piperacillin sodium intramuscularly into the left 332 

abdominal wall before laparotomy. In addition, administer 0.5 mL of 10 mg/mL bupivacaine 333 

subcutaneously into the right abdominal wall.  334 

 335 

NOTE: Administer the same dose of piperacillin sodium 1x/day for 3 days post-operatively.  336 

 337 

4.4. Make a midline incision from the sternal xiphoid to 1 cm above the pubic symphysis. 338 

Decrease isoflurane to 2%, 0.5 L/min air flow, and FiO2 70% for maintenance of anesthesia 339 

after making the incision.  340 

 341 

NOTE: Mosquito forceps can be used to grasp the xiphoid process and retract the cephalad. Fix 342 

the mosquito forceps in place using tape. The body cavity is kept open by 3D-printed retractors 343 

(see Supplementary Material 3) on both sides with rubber bands magnetically held to the 344 

surgical platform. 345 

 346 

4.5. Wrap the small and large intestines with a wet, nonwoven gauze sponge (4 cm x 4 cm) 347 

dampened with Ringer’s lactate solution. Use a small (2 cm x 4 cm), wet, nonwoven gauze 348 

sponge dampened with Ringer’s lactate solution to gently cover the liver.  349 

 350 

4.6. Place a small 3D-printed support pad (back holder; see Supplementary Material 4) under 351 

the rat midsection to increase exposure of the SHVC by flexing the spin. This can safely be 352 
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performed in rats.  353 

 354 

4.7. Cut the falciform ligament and use the small, wet nonwoven gauze sponge to gently retract 355 

the liver away the xiphoid process and expose the left diaphragmatic vein. Separate the left 356 

diaphragmatic vein from the SHVC using micro-forceps. Ligate the left diaphragmatic vein with 357 

7-0 silk close to the diaphragm. 358 

 359 

4.8. Cut the left triangular and the gastro-hepatic ligaments with round-tipped scissors.  360 

 361 

4.9. Pull the left and middle lobes delicately toward the xiphoid process with a small, wet 362 

nonwoven gauze sponge to reveal the caudate lobe. Sever the ligament that separates the 363 

caudate lobe from the remainder of the liver.  364 

 365 

4.10. Divide the hepato-esophageal ligament and coagulate any bleeding points with the bi-366 

polar electrosurgical unit, staying close to the liver. Cut the ligaments at the posterior aspect of 367 

the liver.  368 

 369 

4.11. Retract the small and large intestines carefully to the left side of the abdominal cavity and 370 

cover them with wet, nonwoven gauze. 371 

 372 

4.12. Dissect the retroperitoneum and fat on the IHVC to expose and isolate the IHVC down to 373 

the right renal vein. Slightly displace the IHVC with a cotton swab and cauterize any small veins 374 

merging into the right side of the IHVC, using the bi-polar electrosurgical unit. Similarly, 375 

cauterize any lumbar veins entering the IHVC. 376 

 377 

4.13. Divide the right suprarenal (adrenal) vein between two 7-0 silk ligatures. Free the liver 378 

from its posterior ligaments by cutting them under gentle traction. 379 

 380 

4.14. Use small, wet gauze dampened with Ringer’s lactate solution to retract the duodenum 381 

and expose the PV. Detach fat from the bifurcation of the PV and pyloric vein.  382 

 383 

4.15. Divide the BD 0.5 cm below its hilar bifurcation and insert a BD stent into the distal 384 

common BD. Secure the stent in position with a 7-0 ligature about 0.2 mm below the incision. 385 

An extra tie can be placed above the incision, close to the bifurcation. Cut the BD close to liver 386 

but distal to the tie.  387 

 388 

4.16. Separate the BD with forceps and avoid clipping the BD or proper HA. Place a 10-0 non 389 

absorbable monofilament (e.g., ethilon) stitch at the 3 o'clock position in the BD as a marker to 390 

prevent twisting after reconnection.  391 

 392 

4.17. Expose the proper HA and the bifurcation of the common HA and GDA. Expose the left 393 

HA, middle HA, and right HA. Tie the three arteries distal to the CHA bifurcation and cut the 394 

arteries close to the liver, above the ties.  395 

 396 



 10 

4.18. Put a long thin piece of gauze behind the SHVC. 397 

 398 

4.19. Place a 3D-printed IHVC holder or “handle” (Cava 150g 2.1; see Supplementary Material 399 

5) behind the IHVC, and sew the ends of the 3D-printed “handle” together using 10-0 non 400 

absorbable monofilament suture (Figure 3A).   401 

 402 

4.20. Place a 3D-printed PV holder or “handle” (Porta 1.4.1-see Supplementary Material 6) 403 

behind the PV, directly inferior to the liver, and sew the ends of the 3D-printed “handle” 404 

together using 10-0 non absorbable monofilament suture.   405 

 406 

4.21. Loosely tie a 7-0 silk ligature below both 3D-printed holders (IHVC and PV) (Figure 3A).  407 

 408 

4.22. Clamp the IHVC just above the right renal vein, which should still be below the 3D-printed 409 

caval holder.  410 

 411 

4.23. Clamp the PV just above the pyloric vein, which should be below the 3D-printed PV 412 

holder. Record the anhepatic time, which begins at this point. Decrease to 0.5% isoflurane, 0.5 413 

L/min air flow, and 70% FiO2 for maintenance of anesthesia.  414 

 415 

4.24. Flush 2 mL of 37 °C Ringer’s lactate solution via the bifurcation of the PV using a 3 mL 416 

syringe with a 27 G needle attached.  417 

 418 

4.25. Clamp the SHVC above the liver with a Kitzmiller clamp. Cut below the same clamp, 419 

staying as close to the liver as possible.  420 

 421 

4.26. Cut above the 3D-printed holders for both the PV and IHVC (Figure 3A). Remove the 422 

recipient’s liver. Carefully orient the donor liver and position it in the recipient’s body cavity in 423 

such a way that the upper caval anastomosis can be created.  424 

 425 

4.27. Use an 8-0 polypropylene running suture to join the donor’s SHVC with the recipient’s 426 

SHVC near the diaphragm. First, place stay sutures of 8-0 polypropylene to the left and right 427 

aspects of the donor and recipient SHVC. Then, tie these down on the outside of the vein wall. 428 

 429 

4.28. Use the left 8-0 polypropylene to stitch the posterior wall of the SHVC from left to right 430 

and tie to the right 8-0 polypropylene. Use the left 8-0 polypropylene to stitch the anterior wall 431 

of the SHVC anastomosis from left to right, leaving the last two-thirds of the suture line loose. 432 

Flush using 20 mL of Ringer’s lactate in between the loose stitches while making sure to extract 433 

any air bubbles.  434 

 435 

4.29. Tighten the loose stitches and make a tie on the outside of the SHVC. Cut the remaining 8-436 

0 polypropylene suture.  437 

 438 

NOTE: The clip holds the recipient’s SHVC in place, making it easier to sew the donor and 439 

recipient’s SHVC together. Record the duration of SHVC anastomosis. At this point, the porta 440 
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handles are attached to the holder arm apparatus (holder arm McGil + holder mini arm LAB + 441 

holder arm soft part 1.3; see Supplementary Material 7, Supplementary Material 8, and 442 

Supplementary Material 9, respectively), directly inferior to the liver. This apparatus is 443 

supported by a 3D-printed holder base (holder base 3.1; see Supplementary Material 10). 444 

 445 

4.30. Insert the PV cuff (Supplementary Material 1) from the donor into the recipient PV and 446 

tighten the 7-0 silk tie. Flush the PV of the donor and recipient with Ringer’s lactate solution 447 

warmed to 37 °C before the connection. 448 

 449 

4.31. Remove the atraumatic clamp from the SHVC (first), then the microvascular clip for the PV 450 

(second). Re-perfuse the liver with warm blood; at this point, the anhepatic phase time has 451 

ended. Record this time.  452 

 453 

4.32. Pour 10 mL of warm Ringer’s lactate solution on top of the liver to warm. Remove the 3D-454 

printed holders with round-tipped scissors (cut the securing stitch).  455 

 456 

4.33. Insert the donor IHVC cuff (Supplementary Material 2) into the recipient IHVC and secure 457 

with a 7-0 silk tie. Remove the donor IHVC clip first, then the recipient’s clip (Figure 3B). The 458 

cava is attached to the holder apparatus and holder base as described above, 459 

 460 

4.34. Remove the 3D printer holders (porta and cava) with round-tipped scissors (cut the 461 

securing stitch; Figure 3C), resulting in a connected IHVC (Figure 3D).  462 

 463 

4.35. Carefully examine the area around the liver for any bleeding. Instil 3 mL of 37 °C Ringer’s 464 

lactate solution inside the body cavity.  465 

 466 

4.36. Arterial anastomosis: cut off the portion of the celiac trunk from the donor that extends 467 

beyond the stent.  468 

 469 

4.37. Clamp the recipient’s proper HA and cut off the tie at the end. Cut off any extra tissue 470 

surrounding the vessel (Figure 4A). With Ringer’s lactate solution, flush the lumens of both 471 

donor and recipient vessel ends.  472 

 473 

4.38. Pull the recipient proper HA into the sleeve of the donor HA stent to accomplish the HA 474 

anastomosis. Place a 10-0 ethilon through the left aspect of the (donor) HA, 2.5 mm above the 475 

distal orifice of the stent (from outside to inside), then out through the end of the stent, with 476 

10-0 ethilon (4 cm length) guided by a curved needle (Figure 4B).  477 

 478 

4.39. Transfix the recipient proper HA 0.5 mm below the vessel orifice, placing the stitch first 479 

(from inside to outside) to the left side of the vessel, then (from outside to inside) to the right 480 

side of the artery.  481 

  482 

4.40. Place the suture through the right wall of the (donor) HA from the inside to outside, at a 483 

distance from the stent orifice identical to the original stitch. Pull up on the two ends of the 10-484 
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0 non absorbable monofilament, which will slip the recipient proper HA up and into the HA 485 

stent (Figure 4C). 486 

 487 

NOTE: Observe for pumping of blood. One option is to cut the donor GDA to confirm that blood 488 

is pumping through the anastomosis. Make sure to re-tie the artery before moving onto the 489 

next step of the procedure if the GDA is severed.  490 

 491 

4.41. Tie the 10-0 non absorbable monofilament with itself, over the donor HA (Figure 4D). The 492 

arterial anastomosis is now complete.  493 

 494 

4.42. Biliary anastomosis: place a tie loosely around the recipient BD and stent (Figure 5A), then 495 

remove the BD stent. Flush the BD of both recipient and donor before the biliary connection is 496 

complete. 497 

 498 

4.43. Insert the donor’s BD stent into the recipient’s bile duct (Figure 5B) and tighten the tie 499 

that was previously placed around the recipient BD (Figure 5C). 500 

 501 

4.44. Return the intestines to the body cavity. Instill 2 mL of 37 °C Ringer’s lactate solution into 502 

the cavity to flush it. Soak some of the solution up with gauze. 503 

 504 

4.45. Ensure that the intestines are back in their original position before sewing up the parietal 505 

peritoneum and skin with 5-0 silk.  506 

 507 

4.46. Close the incision in two layers with 5-0 silk. Inject 0.5 mL of 0.5% bupivacaine around the 508 

sewn parietal peritoneum and repeat this once the skin is sewn together.  509 

 510 

4.47. Gently swaddle the recipient rat in a paper towel when transferring to the cage. Allow the 511 

animal free access to water and food from the time of awakening.  Keep a warm water-512 

circulating blanket under one-half of the cage for 24–38 h. One rat is designated to one cage 513 

during the immediate post-operative period.   514 

 515 

5. Post-operative care 516 

 517 

5.1. Soak food pellets in water and place them in a Petri dish on the cage floor.  518 

 519 

5.2. Monitor the heart rate, breathing rate, and skin color of the rat. 520 

 521 

5.3. Administer piperacillin on post-operative days 1, 2, and 3. Administer buprenorphine 522 

subcutaneously and monitor for any signs of pain such as any behavioral changes, lethargy, 523 

ungroomed fur, depression, mutilation, or loss of appetite for the first 72 h.  524 

 525 

NOTE: Pain is assessed at least 2x daily for 3 days post-transplantation, then at least 1x daily 526 

onwards.   527 

 528 
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REPRESENTATIVE RESULTS: 529 

 530 

While establishing a non-HA anastomosis rat OLT model using a previously described protocol28, 531 

our team observed 50% and 37.5% survival rates at 21 days and 60 days post-operation, 532 

respectively. Although high rates of long-term survival without HA anastomosis have been 533 

reported by some groups28, these early results highlight the drawbacks of not having arterial 534 

inflow. By contrast, the optimized HA reconnection procedure significantly increased long-term 535 

survival from 37.5% to 88.2% (p = 0.015) (Figure 6).  536 

 537 

Histological analysis of a representative subset of transplanted animals without HA 538 

reconnection (at days 6 and 13 post-operation) showed signs of hypoxic liver injury with 539 

centrilobular necrosis (Figure 7). Extensive liver necrosis was associated with tremendously 540 

elevated levels of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in 541 

these animals (Figure 7). In contrast, transplanted rats with HA reconnection showed no signs 542 

of liver injury, and histological analysis revealed a normal liver parenchyma structure with 543 

organized acini, lobules (e.g., central vein and portal triads with hepatic vein), arteries, and bile 544 

duct (Figure 7).  545 

 546 

Although the mean anhepatic time over the course of 23 separate operations was acceptable 547 

(12 min and 14 s [± 78 s]), it is still possible that survival in the non-HA reconnection model can 548 

eventually be improved with increased practice. However, it is worth noting that three of the 549 

four animals transplanted without HA reconnection (which were being followed for long-term 550 

survival) were euthanized due to distress on days 56, 96, and 111 post-operation. Additionally, 551 

histological analysis of the livers revealed reactive changes after hypoxic liver injury including 552 

marked bile duct proliferation, periportal fibrosis and inflammation, and distorted liver 553 

parenchyma (Supplementary Figure 2). The presence of morphological features of hypoxic liver 554 

injury corroborate the findings that HA reconnection is important for efficient liver perfusion 555 

and normal function.  556 

 557 

FIGURE AND TABLE LEGENDS: 558 

 559 

Figure 1: Schematic representation of the 3D-printed cuff design for portal vein and 560 

infrahepatic inferior vena cava. The first tie is tightened in the groove (ii) closest to the handle 561 

(iii), and the second tie is tightened in the groove (i) furthest away from the handle. The outside 562 

diameters are (iv) 2.38 mm for the portal vein (PV) and 2.15 mm for the infrahepatic inferior 563 

vena cava (IHVC). The inside diameters are (v) 1.74 mm for the PV and 1.38 mm for the IHVC. 564 

The lengths are (vi) 2.60 mm for the PV and 2.15 mm for the IHVC (exact specifications for all 565 

3D-printed materials can be found in Supplementary Materials). 566 

 567 

Figure 2: Hepatic artery stent insertion in graft. (A) The opening end of the celiac trunk (i) is 568 

widened by cutting the splenic artery to the left gastric artery, which exposes the bifurcation of 569 

the common HA. (ii) The BD stent is tied prior to extraction of the donor rat liver. (iii) The PV 570 

cuff and (iv) IHVC cuff are inserted and tied by folding the ends of the vessels over the cuff. (B) 571 

(i) To insert the HA stent, the exposed common HA is stretched multiple times with forceps. (C) 572 



 14 

(i) The HA stent is placed securely in the common HA and tied with 8-0 prolene. (D) (i) The HA 573 

stent is flushed with (ii) Ringer’s lactate solution (BD = bile duct, IHVC = infrahepatic inferior 574 

vena cava, HA = hepatic artery).   575 

 576 

Figure 3: Infrahepatic inferior vena cava connection using 3D-printed holder. (A) The (i) PV is 577 

connected using the same technique as the IHVC connection. The graft is (ii) clamped above the 578 

(iii) IHVC cuff. The recipient IHVC opening is (iv) sutured at the sides of the opening to a 3D-579 

printed holder to keep it stretched open. A loose (v) 7-0 silk is tied around the recipient IHVC. 580 

(B) The cuff of the graft IHVC is (i) inserted within the recipient IHVC. The loose tie is now 581 

tightened. (C) The clamp is removed, and (i) the 3D printed holder is detached with scissors. (D) 582 

An additional (i) 7-0 silk is tied around the connection if not secure, but typically one tie is 583 

sufficient (PV = portal vein, IHVC = infrahepatic inferior vena cava).    584 

 585 

Figure 4: Microvascular sleeve connection of the hepatic artery. (A) (i) The BD stent is not 586 

connected to the recipient. (ii) The HA stent is placed in the graft, which is linked to the (iv) 587 

recipient’s proper HA. (iii) The PV is connected. (B) 10-0 ethilon with a (i) curved needle is 588 

drawn through the HA stent to the sides of the recipient HA opening end. (C) The 10-0 ethilon is 589 

drawn back through the HA stent; therefore, the recipient’s proper HA is pulled through the 590 

stent like a sleeve. (D) (i) A tie with 10-0 ethilon is made once the recipient’s proper HA is pulled 591 

into the stent to the portion that first runs through the HA stent. (E) Shown here is a schematic 592 

of the HA anastomosis described in (B), (C), and (D) (BD = bile duct, HA = hepatic artery, PV = 593 

portal vein). *The opening end of the celiac trunk is widened by cutting the splenic artery to the 594 

left gastric artery. 595 

 596 

Figure 5: Bile duct connection using two stents. (A) (i) Graft BD stent is inserted into the 597 

recipient BD with the aid of the (ii) stent loosely tied at the opening of the recipient’s BD. (iii) 598 

The PV is linked before the BD connection, which is located behind the BD. (B) The stent at the 599 

end of the recipient’s BD is removed and used as a widened opening to (i) insert the BD stent 600 

tied to the graft. (C) The tie that is loosely securing the recipient stent is now used to tie the 601 

connection, and (i) another 7-0 silk is used to firmly keep the stent in place to avoid slipping or 602 

twisting of the stent. 603 

 604 

Figure 6 : Transplant percent survival. Orthotopic rat liver transplantation without HA 605 

reconnection (n = 8) and with HA reconnection (n = 17). Animals are closely followed post-606 

transplantation for signs of liver failure and/or infection for at least 60 days. Rats that showed 607 

no complications after surgery were considered survivors (*p = 0.015, as calculated by Kaplan-608 

Meier estimation [long rank test]). 609 

 610 

Figure 7: Liver histopathological assessment. Representative hematoxylin and eosin-stained 611 

sections in animals (A) without and (B) with hepatic artery (HA) reconnection at days 6 and 13 612 

after liver transplant (LTx).  (C) Normal liver parenchyma showing portal triad (portal vein, 613 

artery, and bile duct), lobules including central vein, and acini. Hepatocytes next to the portal 614 

triad are zone 1 hepatocytes; hepatocytes next to the central vein within lobules are zone 3 615 
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hepatocytes; and hepatocytes between zones 1 and 3 are zone 2 hepatocytes (ALT = alanine 616 

aminotransferase, AST = aspartate aminotransferase, CV = central vein). 617 

 618 

Supplementary Figure 1: Stent and cuff dimensions. 619 

 620 

Supplementary Figure 2: Liver histopathological assessment showing disruption of liver 621 

parenchyma. Representative hematoxylin and eosin-stained sections in animals without HA 622 

reconnection at days 54, 96, and 111 after LTx. 623 

 624 

Supplementary Material 1: Porta cuff 200g - support 2.0. 625 

 626 

Supplementary Material 2: Cava cuff 200g - support 2.0. 627 

 628 

Supplementary Material 3: Liver retractor 200g. 629 

 630 

Supplementary Material 4: Back holder - 1.2. 631 

 632 

Supplementary Material 5: Cava 150g - 2.1. 633 

 634 

Supplementary Material 6: Porta 1.4.1.  635 

 636 

Supplementary Material 7: Holder arm McGil. 637 

 638 

Supplementary Material 8: Holder mini arm LAB.  639 

 640 

Supplementary Material 9: Holder and arm soft part 1.3.  641 

 642 

Supplementary Material 10: Holder base - 3.1. 643 

 644 

DISCUSSION: 645 

 646 

Small animal liver transplantation models are important for understanding transplant immunity 647 

and identifying novel therapeutic strategies32. The ideal small animal liver transplantation 648 

model replicates all steps of the human procedure, including arterial anastomosis. It can be 649 

challenging to interpret results from the rat OLT model, as most versions do not incorporate an 650 

HA anastomosis step, which leads to higher rates of complications and morbidity42. Some 651 

reconstruction procedures have used the renal artery, which requires removal of the kidney27. 652 

This protocol avoids organ removal, as it is beyond what occurs in the human procedure.  653 

 654 

Arterial reconstructions can also be performed by manipulating the rat aorta31. However, these 655 

methods require extensive dissection and clamping of the aorta. If the clamp time is prolonged, 656 

then the recipient rat will have poor outcomes related to distal ischemia43. In humans, a LT 657 

surgical technique involves the ligation and division of the recipient gastroduodenal artery 658 

(GDA). However, the physiological and anatomical features of rodents make transplantation 659 
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using this technique more physiologically challenging and may lead to complications (i.e., 660 

necrosis of the pancreas and bile duct35 and bile leakage44). The arterial reconnection in this 661 

protocol is intended to circumvent this challenge, maintain duct blood flow, and improve 662 

recipient outcome.  663 

 664 

The use of a sleeve and stenting technique for reconstruction of the rat HA has been described 665 

previously27. In this technique, a stent is used as a guide, and the artery is reconstructed from 666 

the donor celiac trunk to the recipient common HA. The recipient common HA is then dissected 667 

out, and the recipient GDA is tied off27 . As a result, the blood supply to the lower part of the 668 

recipient BD and head of the pancreas may become compromised. It is believed that the 669 

collateral circulation to this area often provides inadequate blood flow to the bile duct. For 670 

example, this protocol test-clamps the recipient GDA first with a microvascular clip, then 671 

divides the recipient BD. With the GDA clamped, the divided BD does not bleed. After removing 672 

the GDA clamp, brisk bleeding from the BD is observed. This protocol, which maintains good 673 

flow to the divided recipient bile duct, protects the physiology of the recipient liver tissue by 674 

providing adequate liver blood perfusion and preventing post-OLT hypoxic liver injury.  675 

 676 

On the donor side, the HA stent is inserted into the celiac trunk during the graft preparation 677 

with ease by creating a patch from the celiac trunk, left gastric artery, and splenic artery. The 678 

stent can be inserted through the broad opening, which is less difficult than trying to insert the 679 

stent into the celiac trunk alone. It has been found that 24 G is an ideal size to use for the HA 680 

stent. The length of the stent should be 1.0–1.5 mm long, because it acts as an open gate to 681 

allow the recipient’s proper HA to be readily pulled into the donor’s common HA. With careful 682 

attention to where the 10-0 ethilon suture is placed, blood flowing through this connection will 683 

never touch the stent directly, and the recipient’s proper HA will shield it from the inside, 684 

reducing the risk of complications. Importantly, the donor’s HA is never clamped in order to 685 

avoid vasospasm. The success of arterial reconstruction is evaluated by leaving the donor GDA 686 

open. Successful anastomosis results in good blood flow from the donor GDA once 687 

reconstruction is completed.  688 

 689 

In this protocol, similar to others, SHVC reconnection is the slowest step and ultimately dictates 690 

the duration of the anhepatic phase. As the duration of the anhepatic time increases, the risk 691 

ischemic injury and liver dysfunction increases45. Another critical component of OLT rat models 692 

is the sizes of the graft, stents, and cuffs. If the graft is too small, the graft may twist or flip, 693 

obstructing the vascular connections. The size of the stents and cuffs may require adjustments 694 

according to the age, sex, weight, and strain of the rat. The size of the cuffs used here was 695 

chosen as previously described28, and one cuff size that controlled for rat size was used. There 696 

were no signs of distress or complications (i.e., liver congestion, edema, ascites, or 697 

splenomegaly) during the follow-up period (to date: median = 133 days post-operation, 698 

minimum = 115 days post-op, maximum = 161 days post-op). Further studies to determine the 699 

suitable size of PV and IHVC for various rat strains accounting for both age and sex are 700 

warranted.   701 

 702 
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This modified rat OLT protocol uses 3D-printed cuffs for the PV and IHVC, as described 703 

previously39,40. Existing methods for connecting the PV and IHVC include a microsuture 704 

technique32, cuff technique46, and microsuture-temporary splint technique47. The 3D-printed 705 

cuff technique was chosen, since it allows the size of the cuff to be standardized according to 706 

rat strain and is easy to prepare and use. Large quantities of cuffs with the same dimensions 707 

can be printed at once. The outer surface of the cuff has two grooves to aid with securing ties 708 

and prevent slipping. A tail is also incorporated into the cuff design to allow for easier 709 

manipulation of the cuff. Overall, it is believed that incorporating 3D-printed cuffs leads to high 710 

success rates and reproducibility of the OLT procedure by shortening anhepatic time. It is 711 

determined that this technique also shortens the surgical learning curve.  712 

 713 

In conclusion, the described protocol established a model that is more similar to human liver 714 

transplantation by incorporating an arterial reconnection step. This protocol can be adapted to 715 

study many immunologic and surgical aspects of liver transplantation and can serve as a model 716 

to test novel therapeutic interventions relevant to transplantation.   717 
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Name of Material/ Equipment Company Catalog Number

10-0 Ethilon Ethicon 2830G

10mL Syringe BD B302995

1mL Syringe BD B309628

20mL Syringe BD B301031

3D Printed Cuff for IHVC

3D Printed Cuff for PV

3D Printed Holder for IHVC

3D Printed Holder for PV

3mL Syringe BD B309657

4-0 Sofsilk Coviden GS-835

5-0 Monocryl  Ethicon Y433H

5mL Syringe BD B309646

7-0 Silk Teleflex Medical 103-S

8-0 Prolene Ethicon 2775G
Barraquer Micro Needle Holder 

Without Catch

Aesculap Surgical 

Instruments
FD231R

Barraquer Needle Holder, Extra Fine 

Jaws 8.0mm, Curved With Out Lock 
Rumex International Co. 8-025T

Barraquer Needle Holder, Fine Jaws 

12.0mm, Curved With Out Lock
Rumex International Co. 8-021T

BD Insyte Autoguard BC 22 GA x 1.00 

IN
BD Angiocath / Autoguard 382523

BD PrecisionGlide Single-use Needles: 

Regular Bevel - Regular Wall.
BD B305106

BD Precisionglide Syringe Needle 21G BD 305167

BD Precisionglide Syringe Needle 30G BD 305128
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Betadine Solution by Purdue Products 

LP
Purdue Products Lp 67618-150-17

Bupivacaine Injection BP 0.5% SteriMax Inc. DIN:02443694

Curved Tying Forceps Duckworth & Kent 2-501E

DC Temperature Controller FHC Inc. 40-90-8D

DK Iris Scissors (Curved) Duckworth & Kent 1-211B
Ethanol, 200 proof (100%), USP, Decon 

Labs
Decon Labs, Inc. 2716

Fine Adjustable Wire Retractor Fine Science Tools 17004-05
Harvard Apparatus Isoflurane Funnel-

Fill Vaporizer
Harvard Appartus Limited 34-1040SV

Heparin LEO (heparin sodium) LEO Pharma Inc. DIN:00453811

Ice-Pak Cryopak FIP88016
Isoflurane United States Pharmacopeia 

(USP) 99.9%

Piramal Healthcare 

Limited
DIN: 02231929

Khaw Transconjunctival Adjustable 

Suture Control Forceps                   
Duckworth & Kent 2-502N

Lactate Ringer's Injected USP, 1000mL Baxter Co. DIN: 00061085

McPherson Tying Forceps Duckworth & Kent 2-500E

Metzenbaum Scissors - 14.5 cm Fine Science Tools 14024-14

Micro Kitzmiller Clamp Scanlan 3003-630

Microscope-Leica M525 F20 Leica Microsystems

Non-woven Gauze Sponges Fisherbrand 22-028-556

Olsen-Hegar with Suture Cutter Fine Science Tools 12002-14

OptixCare Eye Lube, 25gm OptixCare ES-KE8O-69U1

Piperacillin sodium salt Sigma-Aldrich P8396
Puritan 3" Standard Cotton Swab 

w/Wooden Handle

Puritan Medical Products 

Company LLC
803-WC 

Round Handled Needle Holder Straight 

w/ Lock
Fine Science Tools 12075-12

Shea Scissors Curved Blunt Fine Science Tools 14105-12



Stainless Steel Micro Serrefines Curved 

- 4mm
Fine Science Tools 18055-06

Stainless Steel Micro Serrefines Curved 

- 6mm
Fine Science Tools 18055-05

Stainless Steel Micro Serrefines 

Straight - 6mm
Fine Science Tools 18055-03

Surgical Platform 
SurgiVet Vaporstick Anesthesia 

Machine

General Anesthetic 

Services, Inc
V7015

T/Pump Localized Therapy Stryker 

Vacuum-Pressure Pump Barnant Co. 400-1901
Vannas Scissors with Microserrations 

Straight 
Fine Science Tools 15070-08

Vetergesic Buprenorphine Ceva Animal Health Ltd
NAC 

No.: 12380352
Vetroson V-10 Bipolar Electrosurgical 

Unit
Summit Hill Laboratories



Comments/Description

10-0 Ethilon Black 1X5" BV100-4 Taper

Luer-Lok Tip, Sterile, Disposable

Luer-Lok Tip, Sterile, Disposable

Luer-Lok Tip, Sterile, Disposable

Custom

Custom

Custom

Custom

Luer-Lok Tip, Sterile, Disposable

Wx coded braided silk, 30", Suture 1-Needle 26 mm Length 1/2 Circle Taper 

Point Needle 
Undyed Monofilament 1X27" TF

Luer-Lok Tip, Sterile, Disposable

Black

8-0 Prolene Blue 1X24" BV130-5 EVP Double Armed

Curved 120 mm, 4 3/4″

Small Size, Titanium

Small Size, Titanium

22 G x 1.00" (0.9 mm x 25 mm) Wingless catheter, 37 mL/min

PrecisionGlide stainless-steel needles with translucent, color-coded, 

polypropylene hubs. 22 G

Gauge 21, length 1.5 inch, hypodermic needle

Gauge 30, length 1 inch, hypodermic needle



10% povidone–iodine topical solution USP

0.5% (100mg/20mL)

6mm tying platforms, straight shafts, flat handle, length 88mm

Blunt tips, cut length 4mm, tip to pivot length 11mm, round handle, length 107mm

Dilute to 70% with d2H2O

Maximum spread: 3.5cm, Depth 5cm

10,000 i.u./10 mL

4.00 in. x 7.00 in., thickness 1.50 inch

250 mL, Inhalation Anesthetic, NDC 66794-017-25

5mm highly polished tying platforms, straight shafts, flat handle, length 84mm

JB2324

6mm tying platforms, straight shafts, flat handle, length 90mm

Straight Sharp/Blunt

Jaw length 23mm, Length 11cm

No catalog number

15 mm cutting edge, 2mm jaw surface - 14cm

Formerly Optixcare Surgical Eye Lubricant

Penicillin analog

Regular Cotton Tipped Applicator with Wooden Handle

Round handles allow easy fingertip adjustments - 12.5cm

Transplant scissors with light and delicate pattern - 12cm



Jaw length 4mm, Jaw width 0.75mm, Total length 16mm, Jaw pressure 125g

Jaw length 6mm, Jaw width 1mm, Total length 17mm, Jaw pressure 100g

Jaw length 6mm, Jaw width 1mm, Total length 15mm, Jaw pressure 100g

Custom, magnetic

TP700 Series

Cutting edge: 5mm, Tip diameter: 0.1mm - 8.5cm

0.324 mg/ml  buprenorphine hydochloride Solution for Injection for Dogs and Cats

No catalog number



RE: 60628 “Arterial Reconnection Reduces Complications in a Rat Orthotopic Liver 
Transplantation Model” 
 
Our replies to the reviewer’s comments and suggestions are indicated in italicized text here and 
the changes are highlighted in red in the manuscript.  
 
Editorial comments: 
 
1. The editor has formatted the manuscript to match the journal's style. Please retain the 
same. Please use the attached version for subsequent revision. 
2. Please address specific comments marked in the manuscript attached. 
3. Once done please proofread the manuscript well for any errors. 
4. Please highlight 2.75 pages or less of the Protocol (including headings and spacing) 
that identifies the essential steps of the protocol for the video, i.e., the steps that should 
be visualized to tell the most cohesive story of the Protocol. 
All the editorial comments have been addressed in the manuscript as per instructions above. 
Changes are highlighted in red in the marked copy.  
 
Reviewers' comments: 
Reviewer #3:  
 
Minor Concerns: 
1) The legend and written part in the text to Figure 2 is represented in Figure 5. Please 
bring the figures into the right order. Figure 2 should be 3 and so on..... 
All the figures and legends have been placed in the correct order. 
 
2) The procedure of hepatic reconnection is difficult to understand in the text. Also the in 
vivo figures in 4 (respectively 3) are not clarifying the procedure any better. Therefore I 
would recommend to include an Illustration like done by Liu et al. in their paper cited 
under number 27 in the reference list in your manuscript. 
We have reviewed Figure 4 to include an illustration of the procedure as recommended by the 
reviewer (see below). 
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Figure	4:	Microvascular	sleeve	connection	of	the	hepatic	artery.	(A)	(i)	BD	stent	is	not	connected	to	the	
recipient.	(ii)	The	HA	stent	is	placed	in	the	graft,	which	will	be	linked	to	the	(iv)	recipient’s	proper	HA.	(iii)	
The	PV	has	already	been	connected.	(B)	10-0	ethilon	with	(i)	a	curved	needle	has	been	drawn	through	the	
HA	stent	to	the	sides	of	the	recipient	HA	opening	end.	(C)	The	10-0	ethilon	is	drawn	back	through	the	HA	
stent,	therefore	the	recipient’s	proper	HA	is	pulled	through	the	stent	like	a	sleeve.	(D)	(i)	A	tie	with	10-0	
ethilon	is	made	once	the	recipient’s	proper	HA	is	pulled	into	the	stent	to	the	portion	that	first	ran	through	
the	HA	stent.	(E)	Schematic	of	the	HA	anastomosis	described	in	B-D.	BD,	bile	duct;	HA,	hepatic	artery;	PV,	
portal	vein.	*The	opening	end	of	the	celiac	trunk	is	widened	by	cutting	the	splenic	artery	to	the	left	
gastric	artery.	
 
3) In human liver transplantation the gastroduodenal artery of the recipient is often 
ligated to be able to perform a better arterial reconnection by using the bifurcation of GD 
and HPA for the arterial anastomosis. Perhaps there is less arterial supply of the 
recipient bile duct via the mesenteric artery in the rodent model compared to the human 
setting? But the survival rate in this model is not different in comparison to the model 
(ligation of the GD-Artery of the recipient) described by Liu et al. 2015. That should be 
discussed in more detail. 
 
This is a very pertinent question. Unlike in humans where scaring and vein restriction represent 
limitations for ligating the recipient proper HA to the donor celiac trunk, anatomic and 
physiological features of the rodent model allow for this procedure, resulting in a less invasive 
procedure. The arterial reconnection using the GD-Artery ligation is a more complex procedure 
and has been associated with low frequency complications in the rodent model, such as 
necrosis of the pancreas and of the bile duct (Steffen R. Transplantation 1989) and bile leakage 
(Gao W. Transplantation 1993). With respect to Liu et al., we agree that the overall survival rate 

Recipient proper

hepatic artery
Donor celiac trunk *

 

E
 

 A curved needle is drawn through the donor HA stent (B) 
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HA opening (B)

The 10-0 ethilon is drawn back through the HA stent (C)

A tie with 10-0 ethilon is made and will be tightened once the 
recipient’s proper HA is pulled into the stent  to the portion 
that first ran through the HA stent (D)



is similar between the two procedures, however, the procedure in Liu et al,. 205 requires a 
nephrectomy, which adds complication to the procedure and thus we aimed to avoid that. 
 
We have edited our discussion to emphasize the benefits that our proposed method offers.  
 
Reviewer #4: 
 
Major Concerns: 
1. One of the advantages of arterial reconstruction is to reduce biliary complications. 
However, this manuscript does not have specific data about this. It might be better to add 
specific data from your results or previous literatures. 
The reviewer raised an important point. We have initially attributed the lower survival in our 
model to biliary complications however, the histological analysis and liver function assessment 
showed signs of advanced liver injury. This condition may be the result of a liver response to 
biliary complications, but we are not powered to state this in this in the present study. The 
association between absence of arterial reconstruction and biliary complications described in 
the literature has been stated in the introduction (second paragraph).  
 
2. Discussion about the advantages of this protocol should be detailed and objective. 
After all, there are many current ways to reconstruct the hepatic artery. 
We have reviewed our introduction and discussion to highlight the advantages of this protocol in 
comparison to other techniques.  
 
3. a. It is difficult to understand the critical procedure of arterial reconnection. It may be 
easier if there is a schematic.  
We have included a schematic representation of the procedure in Figure 4E.   
 
b. Does this method meet the endothelium to endothelium anastomosis? Is there any risk 
of thrombosis?  
This method is based on the sleeve technique and meets the endothelium to endothelium 
anastomosis. As in all anastomosis methods, there is always risk of thrombosis. 
 
4. Before biliary anastomosis, you remove the recipient's biliary stent inserted during 
recipient operation. What is the purpose of this? 
The biliary stent was used to prevent the vein to collapse during the procedure. Before biliary 
anastomosis, the recipient’s stent was removed and the donor’s stent placed into the recipient’s 
bile duct (splint technique), an easier method than the telescopic technique, for instance. 
 
Minor Concerns: 
1. A plotting scale should be added in Figure 1. 
The corresponding length of the PV and IHVC cuffs were incorporated into Fig.1.  
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Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 
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1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: “Agreement” means this Article and 
Video License Agreement; “Article” means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; “Author” 
means the author who is a signatory to this Agreement; 
“Collective Work” means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the 
terms and conditions of which can be found at: 
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based 
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means 
the institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article 
and / or the Video; “Parties” means the Author and JoVE; 
“Video” means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter 
devised, and include the right to make such modifications 
as are technically necessary to exercise the rights in other 
media and formats. If the “Open Access” box has been 
checked in Item 1 above, JoVE and the Author hereby grant 
to the public all such rights in the Article as provided in, but 
subject to all limitations and requirements set forth in, the 
CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discretion and without giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author’s institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney’s 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney’s fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author’s or the Author’s institution’s 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contamination due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 
decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifications provided herein 
shall include JoVE’s attorney’s fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publication, 
JoVE must receive payment before production and 
publication of the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement.
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