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SHORT ABSTRACT: 24 
Anastomotic leak or breakdown after surgery is a major cause of postoperative morbidity and 25 
mortality. Our surgery for creating a colonic anastomosis is a reliable and reproducible method 26 
for studying the healing mechanisms of anastomoses. 27 
 28 
LONG ABSTRACT:  29 
Intestinal anastomoses are commonly performed in both elective and emergent operations. Even 30 
so, anastomotic leaks are a highly feared complications of colonic surgeries and can occur in up 31 
to 26% of surgical anastomoses, with mortality being up to 39% for patients with such a leak. 32 
Currently, there remains a paucity of data detailing the cellular mechanisms of anastomotic 33 
healing. Devising preventative strategies and treatment modalities for anastomotic leak could be 34 
greatly potentiated by a better understanding of appropriate anastomotic healing.  35 
 36 
A murine model is ideal as previous studies have shown that the murine anastomosis is the most 37 
clinically similar to the human case as compared with other animal models. We offer an easily 38 
reproducible murine model of colonic anastomosis in mice that will allow for further illustration 39 
of anastomotic healing.  40 
 41 
INTRODUCTION:  42 
A highly feared complication of surgical anastomosis of the intestine is anastomotic breakdown 43 
or leak. Anastomotic leak, which causes spillage of the intraluminal contents into the abdominal 44 
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cavity, is life threatening and can quickly lead to intra-abdominal sepsis; shock rates vary from 45 
0.3% to 5.5% following small bowel anastomoses, and rise to between 0.5% and 26% for colonic 46 
anastomoses1,2. Mortality rates following leaks can be as high as 39% due to the swift onset of 47 
sepsis and rapid progression to death following intraabdominal contamination3. Preventative 48 
strategies and treatment modalities are currently based on pathophysiology that is not fully 49 
understood. 50 
 51 
Currently, anastomotic healing is often compared to the more widely studied cutaneous wound 52 
healing, which is proving to be a relatively poor facsimile. Healing occurs in a series of overlapping 53 
phases, starting with the initial lag phase. During days 0-4 after creation of the intestinal 54 
anastomosis, the lag phase is defined by an acute inflammatory response that clears the wound 55 
of cellular debris. Next, over days 3-4, fibroblastic proliferation and production of collagen 56 
typifies the fibrophasia phase. Finally, after day 10, a prolonged period of collagen remodeling is 57 
known as the maturation phase. It is important to note that anastomotic strength is quite low 58 
and depends on the extrinsic support of surgically placed staples or suture until collagen is 59 
deposited4. Understanding the role and timing each layer of the bowel wall plays in anastomotic 60 
wound healing and the involvement in inflammatory-mediated cell types such as macrophages, 61 
as well as elucidating surrogate markers to predict anastomotic failure or success could greatly 62 
reduce morbidity, mortality, and healthcare expenditure following colon operations5. 63 
 64 
The murine model has been shown in previous studies to be the useful in mimicking human 65 
anastomosis6. While there are popular, proven and well-studied examples of the murine colonic 66 
anastomotic model, particularly the method described by Komen et al.7, these models favor 67 
ileocecal or ascending colocolonic anastomotic techniques8. Previous studies of human patients 68 
have demonstrated significant difference in leak rates between ileocecal, colocolonic and 69 
colorectal anastomoses, highlighting the need for further experimental models at varying 70 
anatomic locations. Additional, popularly used methods are aimed at developing a model which 71 
intentionally creates an anastomotic leak rather than elucidate the cellular mechanisms required 72 
for normal anastomotic wound healing9. Rat models have been attempted in the past but have 73 
rates of anastomotic dehiscence and/or signs of leak (i.e., abscess formation) significantly lower 74 
than humans and mice6,7. Additionally, more genetically modified experimental lines are 75 
available in mice than rats. This makes the rat model less useful for an anastomotic model. In 76 
addition, porcine and canine models have had less clinical investigation than the murine model6,7.  77 
 78 
We propose a safe, technically simple, and easily and quickly reproducible procedure for the 79 
creation of colonic anastomoses in a murine model that should facilitate further investigation 80 
into the underreported mechanism of anastomotic wound healing10. 81 
  82 
PROTOCOL: 83 
The following protocol has been approved by the University of Oklahoma Health Sciences Center 84 
Institutional Animal Care and Use Committee (IACUC) and complies with all institutional ethical 85 
guidelines regarding the use of research animals. Additionally, all experiments were performed 86 
in accordance with institutional, state and federal regulations regarding experimental animal 87 
research. 88 



 89 
NOTE: For this protocol, we used female and male congenic in-bred C57BL6/J mice at 12 to 72 90 
weeks of age. All mice used for this procedure were kept at our non-barrier facility for at least 91 
one week prior to the operation to adapt to the local biome. Animals were allowed to feed up to 92 
time of operation and we used neither oral mechanical bowel preparation nor rectal flushing 93 
prior to procedure.  94 
 95 
1) Creation of Anastomoses 96 
 97 
1.1) Autoclave the surgical instruments, warm the saline irrigation solution and thoroughly clean 98 
all operative surfaces with 70% ethanol. 99 
 100 
1.2) Anesthetize the mouse with 2-3% inhaled isoflurane. 101 
 102 
1.3) Place the animal on a warming device, such as a heating pad, to prevent hypothermia. 103 
 104 
1.4) Subcutaneously inject 0.1 mg/kg buprenorphine (3 µg for a 30 g mouse) for postoperative 105 
analgesia and 10 mg/kg of enrofloxacin for preoperative antibiotic prophylaxis. 106 
 107 
NOTE: Though pre- and postoperative antibiotics are not required for this operation, institutional 108 
guidelines and the animal care and use committee at our institution recommended their use at 109 
our facility.  110 
 111 
1.5) Place the anesthetic nose cone around the mouse's snout. Throughout the operation, 112 
carefully monitor the respiratory rate of the animal and adjust the anesthetic flow rate as 113 
needed. Maintain a respiratory rate at 30-40 breaths per minute. 114 
 115 
1.6)  Use a hair clipper followed by a depilatory agent to remove the hair from the entire skin 116 
surface of the abdomen. Thoroughly remove the depilatory agent with gauze wetted with water 117 
or 70% ethanol. Thoroughly dry the animal.  118 
 119 
1.7) Prior to prepping the abdomen, tape the mouse’s limbs to the heating pad or operative 120 
surface at the end of each leg to prevent the mouse from shifting during surgery. Disinfect the 121 
abdomen with chlorhexidine. Include the entire shaved area as well as the hair on the edges of 122 
the shaved area. Place a sterile drape over the mouse (Figure 1A).  123 
 124 
1.7.1) Prior to draping, cut a small ovoid or rectangular window into the drape to expose the 125 
prepped abdomen.  126 
 127 
NOTE: The window should expose the entire abdomen of the mouse but cover the limbs, tail, 128 
head and thorax. We cut a 4 x 3 cm2 window for our operations (Figure 1B). 129 
 130 
1.7.2) Make a small slit along the drape midline, from the bottom edge towards the ovoid or 131 
rectangular window, to allow access to the rectum during the procedure (Figure 1C). 132 



 133 
1.8) Make a skin incision. Start along the midline of the lower abdomen and incise skin with 134 
scissors vertically to the xiphoid. Incise only the skin and avoid cutting the abdominal wall 135 
musculature (Figure 2A). 136 
 137 
1.9) Grasp the midline of the abdominal wall with forceps and lift away from the abdominal 138 
contents. Taking care not to injure intraabdominal structures, incise the length of the midline 139 
abdominal fascia vertically with sharp scissors. Extend the length of the skin incision (Figure 2B).  140 
 141 
1.10) When the intestines are exposed, locate the cecum and small bowel, and rotate the left-142 
sided viscera medially to expose the descending and sigmoid colon. Coat the blunt probe tip with 143 
lubricating jelly and carefully advance the probe into the rectum to aid in the identification of the 144 
descending/sigmoid colon (Figure 3). 145 
 146 
NOTE: Unlike humans, the mouse cecum is generally found in the left upper quadrant of the 147 
abdomen. Take care not to perforate the bowel wall with the probe in this step. If bowel wall is 148 
perforated, terminate the procedure and euthanize the mouse.  149 
 150 
1.10.1) Avoid grasping the cecum with toothed or sharp forceps. Instead use atraumatic forceps, 151 
cotton tipped applicator, or gentle finger manipulation to rotate viscera.  152 
 153 
1.10.2) Use warmed sterile saline to ensure the exposed bowel is kept moist throughout the 154 
procedure. 155 
 156 
1.10.3) The colon will be on the left of midline and attached to the retroperitoneum via the 157 
mesentery. After identification, withdraw the blunt probe partially to facilitate colotomy.  158 
 159 
1.11) Perform transverse colotomy of the sigmoid colon. 160 
 161 
1.11.1) Gently grasp the sigmoid colon superior to the pelvic inlet with atraumatic forceps (Figure 162 
4A). 163 
 164 
1.11.2) Using sharp micro-scissors, make a cut across the sigmoid colon perpendicular to the 165 
direction of the colon and extending across 80-90% the width of the colon. This will help prevent 166 
retraction of one end of the colon out of the surgical field, and facilitate repair (Figure 4B). 167 
 168 
1.11.3) If a mesenteric blood vessel is injured during the course of the visceral rotation or 169 
colotomy, gently hold pressure for up to 2 min with gauze or a cotton-tipped applicator. If 170 
bleeding persists after this time, place a figure-of-eight 8-0 monofilament suture around the 171 
point of bleeding.  172 
 173 
NOTE: If the bowel shows signs of necrosis or injury after this, terminate the procedure and 174 
euthanize the mouse using a humane method approved by your institutional animal use 175 
committee.  176 



 177 
1.12) Repair the sigmoid colotomy.  178 
 179 
1.12.1) Using a Castroviejo needle driver, place 5-6 simple interrupted 8-0 nonabsorbable 180 
polypropylene stitches to repair the colostomy. Place sutures 1 mm apart from each other with 181 
0.5 mm bites. 182 
  183 
1.12.1.1) Take care to avoid rolling the edges of bowel into the repair by taking slightly more 184 
serosa than mucosa with each stitch. Leave the tails 5 mm long. Take care not to accidentally 185 
catch surrounding bowel into the suture (Figure 4C). 186 
 187 
NOTE: It is helpful to begin suturing at the near the mesenteric border of the colotomy, saving 188 
the anti-mesenteric-most portion of the colotomy for last. 189 
 190 
1.12.1.2) As the repair progresses, advance the trans-anal blunt-tipped dissection probe to span 191 
the repair before the final sutures are placed. This will help prevent too narrow a repair and 192 
decrease rates of anastomotic stricture. 193 
 194 
1.13) Using a 10 mL syringe filled with warmed saline, irrigate the abdomen several times. If the 195 
surface underneath the mouse becomes soaked, dry the mouse or move the mouse to a dry 196 
surface in order to avoid hypothermia. 197 
 198 
1.13.1) Use a sterile gauze placed over the incision to soak up excess irrigation. 199 
 200 
1.13.2) At the final irrigation, fill the abdomen with sterile saline. Carefully advance a lubricated 201 
18 G angiocatheter into the rectum and inflate with 0.5-1 cm3 of air. This will demonstrate any 202 
leaks in the anastomosis than can be repaired with another interrupted polypropylene suture 203 
using the sterile probe to span the anastomosis.  204 
 205 
1.13.3) Deflate the colon using the angiocatheter before removal. 206 
 207 
1.14) Make sure that there is no active bleeding. If there is, apply gentle pressure directly onto 208 
the point of bleeding for 1-2 min. Place hemostatic suture as described above if bleeding 209 
continues. 210 
 211 
1.15) Gently return the medialized viscera to its normal anatomic position (Figure 5A). 212 
 213 
1.16) Close the abdominal incision (Figure 5B). 214 
 215 
1.16.1) Using 4-0 absorbable braided sutures, place a running suture along the muscular layer of 216 
the abdominal wall starting at the top of the incision and finishing at the inferior aspect of the 217 
incision. Install a tie and cut the suture leaving 5 mm tails. 218 
 219 
NOTE: Do not accidentally incorporate intestine in the abdominal wall closure. 220 



 221 
1.16.2) Repeat with 4-0 monofilament suture to close the skin (Figure 5C). 222 
 223 
1.17) Ensure that the entire animal is warm and dry, to prevent postoperative hypothermia. 224 
 225 
1.18) Carefully monitor the animal as it recovers from anesthesia. Administer 0.1 mg/kg 226 
buprenorphine every 72 h for 2-3 days after the procedure for pain control. 227 
 228 
1.19) Mix 0.1 mg/mL of enrofloxacin with the mouse’s drinking water for 7 days following surgery 229 
to prevent intra-abdominal infection or sepsis due to fecal contamination associated with the 230 
operation.  231 
 232 
2) Harvesting Anastomotic Tissue  233 
 234 
2.1) Just before excising anastomotic tissue, euthanize the mouse using a humane method 235 
approved by the institutional animal use committee.  236 
 237 
NOTE: Based on institutional policy, we euthanize our animals by placing them in a carbon 238 
monoxide chamber with 100% carbon monoxide gas infusion for 5 min before performing 239 
bilateral thoracotomy. 240 
 241 
2.2) Sterilize the abdomen with chlorhexidine followed by 70% ethanol. 242 
 243 
2.3) Re-incise the original midline incision with sharp scissors. Start at the lower pole of the 244 
previous incision and extend this cut superiorly to the xiphoid (Figure 6A). 245 
 246 
2.4) Using scissors, cut into the muscular layer, and after entering the peritoneal space, extend 247 
the cut to the top and bottom of the incision. Take care to avoid injuring the bowel when entering 248 
the abdomen or disrupting the anastomosis, as there may be bowel adhered to the incision or 249 
anastomotic site. 250 
 251 
2.5) Carefully perform a left medial visceral rotation exposing the repaired sigmoid colon (Figure 252 
6B). There will likely be bowel to bowel adhesions surrounding the repair. Gently and bluntly 253 
dissect these adhesions away from the site of repair. Take great care not to disrupt the 254 
anastomosis. 255 
 256 
2.5.1) Identify the repair site by locating the tails of the polypropylene suture used for the repair. 257 
Using scissors and starting 1 cm proximal to the repair, transversely transect through the 258 
descending colon. Repeat this step 1 cm distal to site of anastomosis. 259 
 260 
2.6) Remove the sigmoidal segment by sharply dissecting the colon from the attached mesentery 261 
along the posterior border of the colon with fine scissors (Figure 7). 262 
 263 



2.7) Identify the mesenteric border of the colon specimen and use fine scissors to cut along the 264 
length of the mesenteric border in a longitudinal fashion. This will create a square or rectangular 265 
section of colon from the cylindrical specimen previously removed (Figure 8). 266 
 267 
2.8) Use a marking pen to demarcate the anti-mesenteric border of the colon prior to removal of 268 
the colon segment. After removal, make a longitudinal cut along the length of the colon opposite 269 
the marking. Fix, embed and cut sample tissue as needed for histology and/or immunostaining.  270 
 271 
REPRESENTATIVE RESULTS:  272 
At 7 days following surgery, the anastomosis should be well healed. The anastomosis can be 273 
harvested at time points before and after seven days to better illustrate the stages of 274 
anastomotic healing. In Figure 9, the histological analysis shows a fibrotic (collagen visualized by 275 
trichrome staining) response mediated by smooth muscle alpha-actin positive myofibroblasts. 276 
However, we have found that results from histological analyses vary between mice, specifically 277 
the degree of re-epithelialization and concentration of myofibroblasts at the anastomotic site. 278 
We report mortality following this procedure to be less than 10%, with more than 90% of 279 
surviving mice having well-healed anastomoses at 7 days. 280 
 281 
FIGURE AND TABLE LEGENDS: 282 
 283 
Figure 1. Draping and surgical preparation. (A) A Sterile drape is placed over the mouse after the 284 
abdomen has been prepped. (B) A small oval or rectangle is cut into the drape to expose the 285 
abdomen. (C) A small slit should be made along the midline of the drape near the ovoid or 286 
rectangular window, to allow access to the rectum during the procedure. 287 
 288 
Figure 2. Incisions. (A) A skin incision is made while taking care not to injure the peritoneum. (B) 289 
The peritoneum is elevated away from the abdominal contents and incised exposing the intra-290 
abdominal contents. 291 
 292 
Figure 3: Probe placement. A blunt probe is gently placed in the rectum. After locating the 293 
cecum, the contents of the abdomen are rotated medially visualizing the rectal probe previously 294 
placed.  295 
 296 
Figure 4. Colotomy and repair. (A) The sigmoid is grasped with atraumatic forceps. (B) Using 297 
sharp micro-scissors, make a cut across the sigmoid colon perpendicular to the direction of the 298 
colon and extending across 80-90% the width of the colon. (C) Using a Castro-Viejo needle driver, 299 
place 5-6 simple interrupted 8-0 polypropylene stitches to repair the colotomy. Sutures should 300 
be about 1 mm apart from each other with 0.5 mm bites. 301 
 302 
Figure 5. Wound closure. (A) The visceral organs are returned to their normal anatomic position. 303 
(B) The abdominal incision is closed with 4-0 braided suture. (C) The skin is closed with 4-0 304 
monofilament suture. 305 



Figure 6. Incision post-surgery. (A) Re-open the original midline incision revealing the intra-306 
abdominal contents. Be sure to extend the incision superiorly and laterally for better exposure 307 
to the sigmoid. (B) Rotate the viscera medially revealing the sigmoid anastomosis. 308 
 309 
Figure 7: Harvesting the anastomosis. Remove the segment of bowel proximal and distal to the 310 
anastomosis by 1 cm on each side.  311 
 312 
Figure 8: Orientation for tissue sections. Cut along the length of the mesenteric border in a 313 
longitudinal fashion. This leaves a rectangular specimen. This depicts specimen of sigmoid 314 
anastomosis. 315 
 316 
Figure 9: Histology and immunohistochemical analysis of a fully healed colonic anastomosis. 317 
Histological analysis shows fibrotic (collagen visualized by trichrome staining) response mediated 318 
by smooth muscle alpha-actin positive myofibroblasts  319 
 320 
DISCUSSION: 321 
There are several key steps to ensure the success of and minimize the morbidity/mortality 322 
associated with this procedure. First, ensure careful handling of intestinal tissue and take care to 323 
prevent traction injury when rotating the viscera to expose the colon. Undue tension on the 324 
bowel or mesentery can injury the bowel or vasculature and cause bowel necrosis away from the 325 
site of anastomosis. Additionally, sharp forceps or forceps with teeth should not be used to 326 
handle the bowel.  327 
 328 
Injury to the bowel separate from the site of planned anastomosis, either during visceral rotation 329 
or by perforation with the blunt probe, should result in euthanasia of the animal. In our 330 
experience, bowel necrosis or injury can lead to intra-abdominal sepsis or death, and a greatly 331 
increased inflammatory response that makes recovery of a healed anastomotic specimen 332 
prohibitively difficult. 333 
 334 
Transection of the colon should span as much of the descending colon as possible, but care 335 
should be taken to not transect the bowel serosa in contact with the mesentery. In our 336 
experience, transection that includes the serosa—and especially the mesentery—can lead to 337 
retraction of the proximal section of the colon that makes anastomosis more difficult and can 338 
lead to further injury trying to recover the retracted segment. 339 
 340 
Anastomosis can be repaired with 5-6 interrupted sutures. More may be needed for large mice. 341 
Sutures should be 1 mm apart. Place sutures on either side of the mesenteric border and then 342 
on alternating sides of the transection to meet in the middle at the anti-mesenteric border 343 
facilitates an easier and quicker anastomosis. Before the final suture, spanning the anastomosis 344 
with the blunt probe ensures a patent anastomosis and prevents “back-walling” the anastomosis, 345 
which would effectively ligate the colon. 346 
 347 



Ensure hemostasis before abdominal closure. Despite postoperative antibiotic coverage, 348 
hemoperitoneum in the recovery period after intraabdominal contamination can lead to an 349 
unacceptably high rate of intra-abdominal infection and adhesive disease. 350 
 351 
When first performing this procedure, several mice may be lost in the postoperative period. Our 352 
initial mortality rate approximated 30%. We have found this to be mainly due to anastomotic 353 
stricture leading to obstruction and bowel necrosis, breakdown of anastomotic repair, or bowel 354 
wall necrosis away from site of anastomosis likely due to ischemia after mesenteric injury. All of 355 
these can lead to intra-abdominal infection, sepsis and death. Once experienced in this 356 
procedure, operating surgeon should experience a mortality rate of under 10%. Evidence of 357 
subclinical anastomotic site leak, illustrated by purulence and dense adhesions at the site of 358 
anastomosis, were present in a further 10%. While this procedure can be done without the aid 359 
of magnification, its largest drawback as a reproducible experimental model is the relative 360 
technical challenge when compared to ileocecal or ascending colon anastomoses. We found 361 
surgical loupes exceedingly helpful in performing the anastomosis while minimizing trauma to 362 
the bowel wall. A surgical microscope may also be used, but we did not find that necessary. 363 
 364 
Many techniques have been used to describe animal models for colonic anastomosis; particularly 365 
utilizing rat and rabbit models. We have found there to be a paucity of reproducible procedures 366 
of descending colon anastomosis in mouse models; we suspect this is due to the smaller size of 367 
mice increasing the technical difficulty of anastomotic procedures. However, mice have greater 368 
selection and wider availability of transgenic lines and antibodies, which to this point were 369 
unavailable to be used in a colon anastomosis model. We developed the current model to unify 370 
the mouse model with a model of colon anastomosis. 371 
 372 
Our experience with this procedure includes both male and female mice of varying sizes and ages. 373 
At this point, we have not compared anastomotic wound healing results between ages, sizes or 374 
sexes of mice, though differences may certainly exist, and this model would allow that 375 
comparison.  376 
 377 
We believe that this model can be easily and consistently reproduced and used to study 378 
anastomotic wound healing. Although we recommend first specimen harvests at seven days, 379 
earlier and later time points may be helpful in illustrating a timeline of anastomotic healing; 380 
demonstrating, for example, early migration of inflammatory cells and mediators into the 381 
anastomotic site and the deposition of collagen by fibroblasts in the following weeks.  382 
 383 
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Cole-Parmer Microscissors, Standard Grade, Straight, 4". Cole- Parmer EW-10818-06
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Response to Reviewers 

 

We thank both reviewers for their overall positive evaluation of our manuscript and their 

insightful critiques, which have helped to ameliorate this article. We have appreciated the 

scientific input of the reviewers, as well as their effort to help us correct grammatical errors.  We 

have scrutinized the manuscript again, and corrected identifiable mistakes.  

 

 

 

Response to Reviewer 1 

 

The author describe the rationale for choosing the mouse is that other animals do not develop 

clinical leakage. However, it seems that none of the animals develop clinical leakage in the 

present study. So why is the model superior to the common rat model of a healed colonic 

anastomosis? 

 

 

Our intention with this model is not to examine the causes or effects of clinical leakage at an 

anastomotic site, per se.  We aim to development a model of colonic anastomosis that would 

allow the study of cellular mechanisms required for appropriate anastomotic healing.  A murine 

model offers a wider and more readily available selection of genetically engineered models. 

 

Also, it is difficult to assess the value of the model without any outcome data on animal 

survival, operative findings etc. 

 

We feel we have addressed outcome data on both survival and operative finding in the discussion 

as follows: 

When first performing this procedure, several mice may be lost in the postoperative period.  Our 
initial mortality rate approximated 30%.  We have found this to mainly be due to anastomotic 
stricture leading to obstruction and bowel necrosis, breakdown of anastomotic repair, or bowel 
wall necrosis away from site of anastomosis, likely due to ischemia after mesenteric injury.   All 
of these can lead to intraabdominal infection, sepsis and death.  Once experienced in this 
procedure, operating surgeon should experience a mortality rate of under 10%.   Evidence of 
subclinical anastomotic site leak, illustrated by purulence and dense adhesions at the site of 
anastomosis were present in a further 10%.     
 

The authors should comment the rationale for choosing a different part of the colon for 

anastomosis compared with the validated model by Komen et al, where clinical leakage was 

demonstrated. 

 

The reviewers critique is well taken.  We are familiar with the Komen model and are not 

attempting to produce a better model, rather an alternative model of anastomosis at a different 

anatomic location.  We have addressed this issue in the introduction as follows: 

The murine model has been shown in previous studies to be the useful in mimicking human 
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anastomosis (6). While there are popular, proven and well-studied examples of the murine 
colonic anastomotic model, particularly the method described by Komen et al. (2009) (7), these 
models favor ileocecal or colocolonic anastomotic techniques (8). Previous studies of human 
patients have demonstrated significant difference in leak rates between ileocecal, colocolonic 
and colorectal anastomoses, highlighting the need for further experimental models at varying 
anatomic locations.  Additional, popularly used methods are aimed at developing a model which 
intentionally creates an anastamotic leak rather than elucidate the cellular mechanisms 
required for normal anastomotic wound healing (9).   
 

Response to Reviewer 2 

 

1. Regarding the introduction: The introduction is kept very brief, which is tolerable for a 

protocol, however a short paragraph about the different phases of anastomotic healing might 

be helpful. Furthermore, the authors state, that the mechanism of anastomotic healing is not 

fully understood and investigations are underreported. This is true, since in depth details of 

anastomotic healing and leakage formation are still unknown. However, there has already been 

a high number of publications in the field, that should at least be briefly mentioned. The 

method the authors describe has no novelty on itself and has been used for decades, at least the 

preceding work shall be aknowledged otherwise the reader gets the impression as if only very 

superficial literature research has been performed. 

 

As suggested by the reviewer, we have addressed this in the introduction as follows: 

 
Currently, anastomotic healing is often compared to the more widely studied cutaneous wound 
healing, which is proving to be a relatively poor facsimile.  Healing occurs in a series of 
overlapping phases, starting with the initial lag phase.  During days 0-4 after creation of the 
intestinal anastomosis, the lag phase is defined by an acute inflammatory response that clears 
the wound of cellular debris.  Next, over days 3-4, fibroblastic proliferation and production of 
collagen typifies the fibrophasia phase.  Finally, after day 10, a prolonged period of collagen 
remodeling is known as the maturation phase.  It is important to note that anastomotic strength 
is quite low and depends on the extrinsic support of surgically placed staples or suture until 
collagen is deposited (4). Understanding the role and timing each layer of the bowel wall plays 
in anastomotic wound healing and the involvement in inflammatory-mediated cell types such as 
macrophages, as well as elucidating surrogate markers to predict anastomotic failure or success 
could greatly reduce morbidity, mortality, and healthcare expenditure following colon 
operations (5). 
 The murine model has been shown in previous studies to be the useful in mimicking human 
anastomosis (6). While there are popular, proven and well-studied examples of the murine 
colonic anastomotic model, particularly the method described by Komen et al. (2009) (7), these 
models favor ileocecal or colocolonic anastomotic techniques (8).  Previous studies of human 
patients have demonstrated significant difference in leak rates between ileocecal, colocolonic 
and colorectal anastomoses, highlighting the need for further experimental models at varying 
anatomic locations.  Rat models have been attempted in the past but have rates of anastomotic 
dehiscence and/or signs of leak (i.e. abscess formation) significantly lower than humans (6, 7).  
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Additionally, more genetically modified experimental lines are available in mice than rats.  This 
makes the rat model less useful for an anastomotic model. In addition, pig and dog models have 
had less clinical investigation than the murine model (6, 7).    
 

2. Please give more detailed information about preoperative preparations: e.g. do you starve 

the animals prior to the operation? Are bowel preps used/ is the colon flushed? What age an 

weight is optimal for the operation? Do you use male and femal mice? Please say that animals 

need to be kept in the facility at least 1 week before the operation to adapt to the local 

microbiome of the facility. 

 

At the request of the reviewer, we have addressed this in the protocol: 

For this protocol, we used female and male congenic in-bred C57BL6/J (#00664 Jackson Labs) 
mice at 12 to 72 weeks of age. All mice used for this procedure are kept at our non-barrier 
facility for at least one week prior to the operation to adapt to the local biome.  Animals are 
allowed to feed up to time of operation and we use neither oral mechanical bowel preparation 
nor rectal flushing prior to procedure.   
 

 

 

3. Regarding the use of antibiotics: Not all departments use antibiotics neither single shot nor 

postop treatment. In my opionin a single shot might be useful, but is still matter of discussion. 

A postoperative antibiotic Therapie regime as you describe is not mandatory at all. Like in 

human surgery, postoperative antibiotic treatment shall only be performed in presence of 

septic complications. Please comment. 

 

We agree with the reviewer.  Our use of postoperative antibiotics was a stipulation made by the 

institution’s animal care and use committee.  We have mentioned this in our protocol: 

1.1) Subcutaneously inject 0.1 mg/kg buprenorphine (3 µg for a 30 g mouse) for 
postoperative pain control and 10 mg/kg of enrofloxacin for preoperative 
antibiotic prophylaxis. 
1.4.1) Though pre- and postoperative antibiotics are not required for this 

operation, institutional guidelines and the animal care and use committee 
at our institution were consulted and recommended their use at our 
facility.   

 

 

4. About the figures: The authors need to be complimented for very clean and good pictures of 

the operation itself. However figures 8 and 9 need major revision. Figure 8: the line for 

performance of cross sections is not correct. You should cut through the anastomosis to show 

both ends in parallel to the colon and not parallel to the anastomotic line, otherwise you will 

not see the anastomosis. Figure 9: To be honest, I can not identify the anastomosis at all. Even 

after 7 days and in fully healed anastomoses the epithelium ist not perfectly closed like in the 

figure, furthermore the submucosal reaction in the anastomosis is very limited. It would be 
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good to have a histologic picture on day3, day5 and day7 after the operation. 

 

We appreciate being made aware of this error. We do embed and section the tissue according to 

how we described it in the text, however, we did generate the figure incorrectly. We have now 

corrected the orientation in Figure 8. We originally cropped the images in figure 9, we have now 

added an uncropped version of the H&E to better illustrate the uninjured parts of tissue flanking 

the anastomosis. Figure 9 is a representative image, however, some mice do not exhibit 

epithelium that has healed this well. We better described that in the discussion: 

At seven days following surgery, the anastomosis should be well healed. Anastomosis can be 
harvested at time points before and after seven days to better illustrate the stages of 
anastomotic healing. In this representative image, the histological analysis shows a fibrotic 
(collagen visualized by trichrome staining) response mediated by Smooth muscle alpha-actin 
positive myofibroblasts (Figure 9). However, we find histological analysis varies between mice, 
specifically the degree of re-epithelialization and concentration of myofibroblasts at the 
anastomotic site.   

 


