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1. Introduction 
The external appearance might not always be indicative with the amount of internal injuries. Similarly, 
the repercussions of missing an internal injury might be severe – and might in some cases outweigh the 
morbidity of a negative explore. 
 
2. Types of wounds/injuries: 
Broadly, perforating wounds can be divided by two big classification systems: by body area or by 
etiology. Perforating wounds to the head (brain), neck, thorax, abdomen and pelvis/perineum all have 
their individual concerns and diagnostic focus – this series focuses on neck, thorax, abdomen and 
perineum. Similarly, different etiologies, such as blunt trauma, bite wounds, or impalement injuries 
might dictate a different course of action in the diagnostic and treatment plan. 
 
3. Location: 
Although often multiple structures will be involved simultaneously, and can extend into different body 
areas, they will be addressed separately below under 4 main areas: cervical, thoracic, abdomen, and 
perineal. 
 
Cervical: 
Bite wounds occur frequently in the neck, and often external appearances do not seem to extend 
beyond puncture wounds, and bruising. The trachea is a relatively fixed and rigid structure, and 
puncture wounds after a fight can occur. These tend to be in between tracheal rings, but are sometimes 
more extensive. Cervical hyperextension (Lawrence et al, 1999) can lead to tracheal avulsion, either 
cervical or intrathoracically. Cats can present acutely, or a pseudotrachea can form, connecting the 2 
parts – and symptoms can develop later due to narrowing of the lumen. 
Air can be seen tracking along the cervical fascial planes into the mediastinum, radiographically outlining 
the esophagus and large vessels, but does not necessarily involve a pneumothorax.  In caudal wounds, 
there might be a direct connection to the thoracic cavity, leading to pneumothorax. Tracheal air leakage 
should be distinguished from external air trapping from the wounds themselves. 
Esophageal perforation can occur in conjunction with, or separately from, tracheal damage, but due to 
the esophagus’ collapsed state and relative mobility, esophageal injuries might occur less frequently 
than tracheal injuries. The trachea is a more rigidly open, less mobile tube, and puncture wounds can 
occur. 
Muscle trauma, sometimes very extensive, can occur in bite wounds, due to shaking and the animals 
trying to get away, tearing several muscles. Any asymmetry, or discontinuity or indentations on 
palpation should raise suspicion for more extensive muscle damage that might require repair. 
 
Thorax: 
Intercostal muscle tears can occur both with blunt and sharp trauma, but are most commonly associated 
with bite wounds. Several intercostal spaces can be involved, creating palpable defects, and widening of 
the IC spaces on radiographs. The skin can be seen sucked internally upon inspiration (pseudoflail chest, 
figure 1). If multiple rib fractures are present, with a freely moving segment of ribs, the entire segment 
will move upon inspiration (flail chest, figure 2). 
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Figure 1: thoracic movement in pseudoflail chest 

 
Figure 2: thoracic movement in flail chest 

 
Diaphragmatic rupture/tear: this can occur as a standalone, or together with other trauma, and can be 
diagnosed based on survey thoracic radiographs. 
Direct damage to the lung in conjunction to chest wall trauma appears infrequent (Risselada et al, 2008) 
– most likely due to the lung collapsing and retracting from the body wall at the time of loss of negative 
pressure. However, inspection of the lungs at time of chest wall repair is recommended. 
 
Abdomen: 
Body wall damage can be extensive, and can range from multiple puncture wounds with bruising and 
crushing, to muscle tears and avulsions. Careful palpation might lead to an index of suspicion, but 
bruising & edema might interfere with full identification of muscle interruptions, and imaging might be 
of help to fully assess discontinuity of the abdominal wall. 
Damage to hollow viscera, such as the intestinal tract or the bladder should be ruled out in any 
perforating abdominal wound. Damage to vascular organs such as liver, spleen, kidney can occur, and 
can be self-limiting, but assessment for ongoing bleeding in an acute presentation might be prudent. 
 
Perineum: 



While bite wounds in the perineal area occur less frequently than in the cervical area, they can occur. 
Inspection of this area, together with a rectal exam, and inclusion in abdominal radiographs might allow 
early identification of rectal damage.  
Urethral damage can similarly occur secondary to pelvic fractures, or bite wounds, and might not be 
immediately evident. Sometimes signs only occur after urine extravasation causes local swelling and 
cellulitis if the tear is small. 
 
4. Etiology:  
Various etiologies exist, and can be broadly categorized into sharp (impalement, gunshot wounds, bite 
wounds, other fight wounds) or blunt (car accidents, fall), or can be a combination (bite wounds).  
 
Impalement & projectiles/gunshot wounds 
Impalements can occur due to a fall (or jump) onto a fence, or by spear or arrow. There is a fair risk of 
perforation or injury to an internal organ. Ideally, the impaling object is only removed in a controlled 
fashion in order to stop bleeding or leakage immediately. If possible, the external part should be cut 
short, or if difficult/impossible, the external portion should be immobilized, to minimize the chance of 
additional trauma during transport caused by movement of the object. If the object has barbs, removal 
will cause additional injury, and a surgical extraction is preferred.  
Gunshot wounds, and their damage will depend on the distance and type of projectile, and signs can 
range from incidental finding on radiographs, to GI perforation, or to extensive appendicular bone & 
muscle damage.  
 
Bite wounds 
The bite wounds with most damage are the large animal vs small animal ones, where a hold +- shake 
occurs. Cervicothoracic injuries are common, and life-threatening damage (lung, heart, trachea) should 
be ruled out. 
 
Other 
Car accidents 
These wounds are not commonly perforating unless an extensive shearing injury occurs, but can be 
accompanied by avulsions and muscle tears. Crushing/Shearing injury can also be associated with car 
accidents, due to the animal being dragged over the road. If over a body cavity, these can involve 
evisceration. 
 
Some other causes might be a migrating foreign body, or a traumatic catherization with urethral 
perforation. Migrating foreign bodies can be via airway inhalation, external migration, or migration from 
the GI tract, and more often lead to chronic draining tracts or intermittent fistulation and non-healing 
wounds. Traumatic catherization can occur in de-obstructing male blocked cats, and most frequently 
occurs dorsally at the junction of perineal to pelvic urethra. 
 
4. Wounds 
External part 
Bite wounds follow the ‘tip of the iceberg’ principle, where only bilateral puncture wounds (typically of 
the canines) might be visible, in conjunction with bruising. Clipping the fur (widely) around any areas 
with bleeding or discharge will typically lead to discovery of more wounds. Lavage and flushing without 
surgical exploration carries the risk of carrying debris, hair and contamination further in the wound. 
 
Body wall injury 



These might be small (puncture wounds only) or might be more involved, and lead to functional 
impairment, or organ herniation. Findings on physical examination will lead to a high index of suspicion, 
although sometimes further imaging might be needed. The need for surgical repair (and urgency) is 
based on the extent, suspicion of underlying organ damage, and the general status of the patient. 
 
Internal injuries 
Additional diagnostics typically are needed to evaluate the extent of organ damage. This can include 
ultrasound, CT, contrast studies, and centesis for fluid cytology and analysis. 
 
 
5. Diagnostics: 
Laboratory tests 
CBC & chemistry will help establish a baseline for further patient care, as well as what stabilization might 
be needed prior to anesthesia, such as fluid therapy or blood products. 
If free fluid is present, a sample for cytology and/or creatinine analysis might help diagnose GI 
perforation or urinary tract trauma respectively. A fluid creatinine 2 times the serum value is diagnostic 
for an uroabdomen.  
 
Imaging 
AFAST/TFAST upon admission will help with triaging and establishing larger air/fluid pockets, and can 
guide where to focus additional diagnostics. These methods should not replace a full abdominal 
ultrasound, and this might still be indicated if organ damage is suspected. 
Radiographs are a helpful baseline diagnostic tool, and can establish whether there was a penetrating 
body cavity injury when intra-abdominal air is present, raise suspicion for a perforating thoracic injury in 
the case of a pneumothorax (although lung, and tracheal trauma must be ruled out). Often times muscle 
disruption, widening of IC spaces (indicating muscle tears), tracheal disruptions, as well as other injuries 
can be identified as well.  
Horizontal beam radiographs might be helpful in identifying small pockets of abdominal air and can be 
considered in addition to a 3 view abdominal study. 
If available, a trauma CT can be performed, imaging all major body areas. If indicated, a contrast study 
can be performed to evaluate urinary leakage, as well as to identify the location of the urine leakage 
(ureter vs bladder vs urethra).  
Endoscopy might be used to identify tracheal and esophageal lesions, although there is a risk for a false 
negative study, and care must be taken not to exacerbate the leakage by insufflation. If contrast is used 
to assess the esophagus, ideally agents should be used that are non-toxic for subcutaneous tissues, such 
as diluted IV contrast media. Smaller tears are easily missed if the lumen is not distended enough to 
obtain sufficient pressure to fully ‘leak’ test. 
 
6. Stabilization/immediate management 
The immediate management open wounds is focused on stabilization, including protecting the airway, 
negative thoracic pressure and hemostasis.  
Cervical wounds: a temporary bandage can be placed, protecting the wounds from the clinic 
environment and to compress/stop ongoing bleeding. However, this might cause leakage of contents 
from the esophagus to accumulate in the tissues, similar to air trapping from a tracheal tear.  
Thoracic wounds: a protective temporary bandage might be needed for open chest wounds. A sterile 
layer is placed first after introducing a thoracostomy tube through the existing defect. The remainder of 
the bandage can be placed routinely, and after placement of the bandage the thoracostomy tube can be 
emptied and checked intermittently as needed.  



Abdomen: a soft padded bandage with a sterile first layer can be placed to protect the abdominal organs 
from further damage. 
While cleaning the area prior to bandaging is ideal, caution must be exercised in order not to introduce 
foreign bodies or bacteria into the wound or body cavity by probing the wound, lavage or flushing. 
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1. Introduction 
The goals of this lecture are to discuss immediate wound management options, and different surgical 
options for various different cervical and thoracic wounds. Management and surgical options will be 
split by body area. 
 
2. Immediate wound management 
The primary goal should be to protect the wound from further contamination and damage. In some 
cases care should be taken to maintain or re-establish an airway, or avoid creating a pneumothorax.  
 
Cervical 
Airway 
If there is damage to the larynx, (potentially including fractures of the hyoid bones), then luminal 
narrowing might be severe enough to warrant a temporary tracheostomy. 
A tracheal laceration in combination with external (open) wounds typically does not cause severe 
respiratory signs – similar to allowing a tracheostomy to heal by second intention – but bandaging over 
the site might exacerbate or cause dyspnea by trapping air in the subcutaneous tissues. If the patient’s 
breathing pattern changes after applying a bandage (even a loose bandage), then removal of the 
bandage is indicated and a suspicion of a tracheal injury should be considered. 
Tracheal transection: it is possible that the peri-tracheal tissues provide enough of a pseudotrachea that 
a tracheal transection or separation of the tracheal rings can exist while still allowing airpassage. 
Intubation might cause the more distal piece to be pushed away by the tip of the endotracheal tube. If 
the patient decompensates/desaturates post intubation, this might be a differential. Reintubation w a 
smaller diameter tube or temporary tracheostomy at the transection site/intubation via a ventral 
cervical incision might be needed. 
 
Bleeding 
Severe hemorrhage from the carotid arteries or jugular veins can occur, but most often the crushing 
injury of the bite wound will cause sufficient vasospasm, inflammation and thrombosis that blood loss is 
limited. If the bleeding continues, the carotid or jugular can be clamped or ligated. The vagus and left 
recurrent laryngeal nerves lie close to the carotid, and care must be taken to separate these prior to 
hemostasis. One – potentially both – carotid arteries can be sacrificed in the dog (Holmberg et al, 1997), 
but not in the cat (Gillilan, 1976). One (or both) jugular veins can be ligated. 
 
Esophagus 
Esophageal injuries are difficult to detect without a direct surgical explore, and do not need immediate 
intervention prior to surgery, given its mostly empty state. If longer stabilization is needed prior to 
surgery, bypassing the esophagus (NE or NG tube) might be appropriate. 
 
Thoracic 
Open chest 
Initial care: Protecting the wound with a bandage will protect further contamination of the wounds. By 
providing support, it might also increase comfort level, especially if rib fractures are present, as well as 
decrease subcutaneous bleeding. Ideally all wounds are treated with sterile gloves and a sterile 
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protective layer, and the tissues in the wound bed protected from desiccation by applying either Triple 
Antibiotic ointment or sterile KY. Even if there was not time yet, or the animal was not stable, or 
analgesed/sedated enough for clipping and cleaning, providing coverage might help protect the tissues. 
If a clear communication to the chest cavity can be visualized, placing a thoracostomy tube prior to 
placing the bandage will prevent a tension pneumothorax, and will allow continued emptying of the 
thoracic cavity while the animal is stabilized. 
If only puncture wounds are present, smaller bandages, just protecting the wounds might be 
appropriate while awaiting confirmation of presence of a pneumothorax, as this would allow access to 
perform a thoracocentesis or place a thoracostomy tube, and place a more encompassing bandage later.  
Larger wounds: if the wound is large enough that the cavity can be visualized, and/or lung tissue 
herniates out, and approximating the skin with staples can help protect the lung from abrasion from the 
primary bandage layer. A temporary thoracostomy tube can be inserted through the wound for ease & 
efficiency, as further wound care/exploration will be needed after stabilization, and a tunneled 
thoracostomy tube can be placed afterwards. 
 
Pre-surgical assessment & management: Clear external debris and contamination is removed. Presence 
of a similar level of debris in the wound is an indication for surgical explore of the wound. Lavage of the 
deeper structures is done at that time, as opposed to lavage with only a smaller entry site, as this would 
risk pushing debris into the deeper tissues. 
Puncture wounds often only have a small external wound, and the deeper damage is due to tearing and 
crushing of the tissues. This can lead to a large subcutaneous pocket, or to larger wall defects. A large 
subcutaneous pocket, without evidence of major organ or thoracic wall trauma could be managed 
conservatively by compressing the tissues & preventing the pocketing from re-occurring. The animal 
should be checked for development of skin necrosis due to devascularization, or for site infection.  
Presence of larger defects in the thoracic wall, unstable rib fragments or recurring pneumothorax or 
bleeding are indications for a targeted or more extensive explore.  
 
Rib fractures 
Presence of rib fractures is not necessarily an indication for surgical exploration, but having an unstable 
segment or severely displaced fractures with risk for trauma to lungs could be. Oftentimes, the chest 
cavity is entered at the time of skin incision, or removal of the bandage, and the patient should be 
intubated with ventilatory support prior to bandage removal & start of surgery.  
If feasible with regards to pulmonary contusions and saturation, managing the patient flail side down 
might help minimize pain by reducing the motion of the ribs. Similarly, analgesia can help counteract the 
decreased respiratory effort caused by pain, although titrating of the best analgesic dose while avoiding 
respiratory depression is advisable. 
 
Damage to other structures: Bandage support might help increase comfort as well, although if the 
bandage is too rigid or too compressive it might push any segments or fractured ribs inward. 
 
Bleeding  
Any intrathoracic bleeding (heart, large vessels) should be stopped as part of initial stabilization – but 
realistically, if these are damaged, the patient might not survive long enough to reach emergency care. 
Intercostal arteries and the internal thoracic artery (along the sternum) can bleed profusely, but 
potentially intermittently due to blood pressure – and these sites should be checked if bleeding 
continues or occurs after initial stabilization. 
 
3. Surgical options 



Cervical 
Surgical dose/surgical extent: 
The subcutaneous pocketing typically is extensive, and potentially is connected across different areas. If 
not, a connection can be established, to allow using only one negative suction drain. This would require 
all individual puncture wounds to be closed.  
 
A full explore of the neck might necessitate both a dorsal and a ventral approach. However, all 
important structures can be targeted via a ventral approach. The left and right lateral skin can be lifted 
in a ‘hanging’ prep by using a towel clamp to elevate the skin – this will allow more dorsal draping, and 
thereby more dorsal access for bilateral puncture wounds. 
 
Muscle trauma 
Muscles are re-attached and reapposed to help restore the function and continuity. If the ends are 
clearly devitalized, debridement is performed, but given robust blood supply, minimal resection is 
typically necessary. If larger areas are removed, muscles can be tacked down in place, rather than a 
repair under high tension, as this is most likely to fail – given the lack of holding strength of muscle 
tissue without a fascial component. 
 
Thoracic 
Body wall reconstruction 
Rib fractures and dislocations can occur, and the primary goal is to stabilize the rib fragments and relieve 
the pain during breathing by shortening the ribfragments to the point where the ends do not touch. The 
easiest, and preferred, surgical stabilization is a ‘basket weave’ pattern, by placing circumcostal sutures 
around several adjacent ribs, two at a time, similar to normal intercostal thoracotomy closure. An 
external bandage can be used to provide additional support and for comport, but external splints are 
typically not necessary. Use of external splints without surgical exploration has been described, but can 
further compromise already traumatized skin. If respiratory compromise and pain are severe enough to 
warrant intervention, surgical stabilization might be a safer option in the long term. 
Intercostal muscles are often damaged over several intercostal spaces. If possible, suturing can be 
attempted, but is often not possible due to the size of the animal. The latissimus dorsi can be elevated 
and moved over larger defects to provide additional coverage.  
Use of Negative Pressure Wound Therapy (NPWT) to treat a thoracic wall defect is not commonly used 
in veterinary medicine, but has been described in a dog (Nollf 2016). 
 
Targeted explore 
This can be done by visual inspection of cardiovascular structures, the esophagus, lungs, combined by 
submerging the lungs to check for air leaks. Overinflating of the lungs beyond 10-15cm H2O and/or a 
prolonged breath hold is not needed, and is ideally avoided as this might create additional damage to 
the pulmonary parenchyma.  
If a leak is detected, a partial or total lung lobectomy is performed. Severely bruised lung is inspected, 
and could be preventatively removed, if no insufflation is detected during the explore – but erring on 
the side of caution if only areas of a lung are under insufflated is preferred. 
 
Full Explore 
A full explore of the thoracic cavity can be either done by median sternotomy, or by bilateral lateral 
thoracotomies. Given the additional anesthesia & surgical time, as well as additional destabilization of 
the chest cavity by a median sternotomy in the case of bilateral rib trauma, this is best avoided. The side 



of most trauma, and/or suspicion of underlying lung damage should be targeted first, and the second 
side can be addressed next, or potentially in a separate anesthetic event. 
 
Combined 
If multiple areas are involved, the benefits must be weighed of being able to reach multiple areas even if 
this compromised ideal positioning, versus having to reposition and redrape for each site individually. 
Similarly, if multiple sites are involved, and repositioning is necessary, an order of priority is chosen, and 
the site with the most life-threatening injuries addressed first, in case the animal is not stable enough 
under anesthesia for the additional surgical interventions. Generally, while the explore should be 
thorough, it should be targeted in order to minimize anesthetic time. 
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1. Introduction 
The goal of this lecture is to discuss monitoring options to recognize potential postoperative 
complications early, or avoid them. Secondarily, managing complications will be discussed for each 
separate body area. 
 
2. Drains 
Intracavitary 
Closed suction drains are the preferred method to monitor postoperative abdomens for development of 
peritonitis. Drains are protected from the environment, and handled aseptically to provide bacterial 
contamination within the grenade, and potentially tracking into the abdomen. 
Abdominal monitoring: Drain production is monitored throughout the postoperative period by grenade 
emptying and noting the removed fluid. Ideally drain production should be less than 1-2 ml/kg/24hrs, 
but might not reach that target in inflammatory circumstances or if the patient is hypoalbuminemic. A 
sustained downward trend is another indicator for improvement. Calculating the daily production can 
be started immediately after surgery, but as there still will be lavage fluid present in the initial readings, 
starting the calculation at the morning TPR check the following morning might be preferred. This will 
allow a repeatable time point, and the perioperative fluid will have been removed by that point, so the 
readings will be more representative of actual fluid production. 
A second parameter is daily fluid cytology – this can be done daily, but if concerns arise can be checked 
more frequently. Acellular samples can be spun down prior to slide preparation. Saving all the daily 
cytology slides can be helpful to check the progression of cellularity, type of cells, degenerative nature of 
the neutrophils. Any postoperative patient with abdominal surgery, and especially cases where 
extensive peritoneal inflammation was present at time of surgery, are expected to have cellular samples 
with neutrophils postoperatively. If bacteria are seen, the following questions & flow diagram can be 
followed for decision making (Fig 1). 
Using fluid glucose and lactate are a well established method for differentiating bacterial septic effusion 
from non-septic effusion (Levin et al, 2004). However, using fluid glucose and lactate in postoperative 
abdomens might not provide a reliable indicator for peritonitis as it would in preoperative settings, as 
found by Szabo et al in non-septic, routine postoperative abdomens (Szabo et al, 2011). 
 
Thoracostomy tubes: These should be monitored for air, fluid and cytology. Presence of air 
postoperatively can occur due to: entry site leakage/tube dislodgement issues, lung parenchyma 
leakage, necrosis and leakage through the body wall. The thoracostomy tube itself is trouble shot first, 
and replaced if needed, after which tissue leakage should be investigated. If the air production is minor, 
the leak might be treated conservatively at first, such as continuous suction by Pleurovac, or blood 
pleurodesis can be considered (Oppenheimer et al, 2014). Blood pleurodesis is performed by drawing 5-
10 ml/kg of uncoagulated autologous blood from an intravenous line, and administering through the 
thoracostomy tube after removing any existing effusion (generally treatment is started with 5ml/kg, and 
can be repeated with another 5ml/kg). The patient is then alternated between left and right 
recumbency and kept quiet in the hope of the blood forming a seal over the area of leakage. While the 
reported success rate by Oppenheimer et al was 62%, which corresponds with my personal experience 
of ~50% of attempts working in cases of spontaneous pneumothorax, it is a benign intervention that 
might help.  

mailto:mrissela@purdue.edu


If the air leakage is sudden, and of a high volume, tissue necrosis – either of the lung or the bodywall 
would be the top differential, and re-explore should be considered (see below). 
 

 
Figure 1: flow chart for drain cytology 

 
Subcutaneous drains: a similar monitoring set up (fluid production, and drain cytology) can be used, 
although fluid production generally will be lower in subcutaneous drains than abdominal drains. Placing 
a drain should be weighed against the risk of presence of a foreign body, if the level of contamination is 
still questionable, it might be preferred to wait another day, and re-lavage the wound prior to closure.  
 
3. Tissue necrosis 
Skin 
Debridement of skin should be performed serially, and with discretion initially. Often after 2-3 days a 
clear demarcation line will become evident. As long as skin is still of questionable viability, treating the 
wound ‘open’ might of benefit, as this will allow preservation of the most amount of skin (which will 
make reconstruction easier) and will prevent loss of negative pressure (over a drain), or incision site 
dehiscence.  
 
Thoracic wall 
Typically, these wounds are closed immediately, as closure of the thoracic wall should be re-established. 
If tissues appear of questionable viability postoperatively, the thoracostomy tube should be left in place, 
to monitor fluid production and air, and as a method to remove air, should the thoracic wall dehisce. 
Any defects in the thoracic wall that develop postoperatively should be treated surgically by aggressive 
removal. Devitalized tissues should be debrided en bloc, and exposed bone (from ribs) taken down 



further. This might create a large defect that might need a mesh or advanced reconstructive technique 
(such as a diaphragmatic advancement) to close. 
 
Abdominal wall 
Aggressive debridement at time of surgery is possible due to the more ‘stretchy’ nature of the 
abdominal wall vs the thoracic wall. Postoperative defects in the abdominal wall generally don’t 
manifest as immediate tissue necrosis due to its muscular and well vascularized nature, but are rather 
seen as long(er) term complications, such as herniations, and failure to fully heal. 
 
Organs 
Any questionable lesions ideally are treated at time of surgery, but sometimes issues only declare 
themselves postoperatively. Drains can be used to monitor for organ lesions, by checking drain cytology, 
fluid & air production, or chemistry (for example creatinine or bilirubin) can be run. 
 
4. Support 
Nutrition 
Any postoperative trauma patient, and especially in the case of a large amount of tissue damage or 
ongoing effusion will be in a negative metabolic state, and aggressive nutritional measures might be 
needed. Placing a feeding tube at time of surgery, or the following day, should be considered. Placing a 
larger lumen tube, such as E tube, or PEG/G-tube might be advantageous over a smaller lumen NE or NG 
tube, but if the patient is not stable enough for a second anesthesia, or prolonged anesthesia, then an 
NE or NG tube that do not require full anesthesia might be preferred. 
 
Antibiotics 
Broad spectrum antibiotherapy should be started while awaiting culture results, and the patient’s 
postoperative progression should be weighed against adding/changing antibiotic coverage, either while 
awaiting results, or after receiving the antibiogram. After the results become available, antibiotics are 
tailored to those results to choose the one (or a combination) that treats the cultured bacteria, while 
not over treating. 
 
Analgesia 
These patients are extremely painful due to the amount of tissue trauma, and opioid analgesia, as a 
base, is mixed with other options. One of such options are NSAIDs – especially due to the amount of 
tissue inflammation, but their use should be instituted carefully and only if the general state of the 
patient allows. Gabapentin can be considered as an adjunctive medication as well, especially as a TGH 
medication if use of NSAIDs is prohibited. For critical patients, adding Ketamine and Lidocaine to a 
fentanyl CRI might be needed to get the initial, immediate pain controlled. 
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1. Introduction 
The goals of this lecture are to discuss immediate wound management options, and different surgical 
options for various different abdominal and perineal wounds. The main focus will be abdominal wounds. 
Management and surgical options will be split by body area, and type of management. Postoperative 
management will be discussed in the next proceeding/lecture. 
 
2. Immediate wound management 
The primary goal should be to protect the wound from further contamination and damage, and prevent 
evisceration or organ damage. This can be done at time of initial assessment and stabilization. Further 
inspection and cleaning can be done as the patient is more stable and has received analgesics and/or 
sedatives – potentially following imaging. 
 
Abdominal 
Initial management: 
Protecting the wound with a bandage will protect further contamination of the wounds. By providing 
support, it might also increase comfort level, as well as decrease subcutaneous bleeding. Ideally all 
wounds are treated with sterile gloves and a sterile protective layer, and the tissues in the wound bed 
protected from desiccation by liberal application of either Triple Antibiotic ointment or sterile KY 
ointment. Even if there was not time yet, or the animal was not stable, or analgesed/sedated enough for 
clipping and cleaning, providing coverage might help protect the tissues. This will be even more 
important if any intraabdominal structures can be seen in the wound. 
Herniated organs are gently lavaged with warmed isotonic saline to clear off gross contamination. If 
herniated fat is necrotic, it can be ligated prior to repositioning, but care must be taken that no vital 
vascular supply is compromised. In case of doubt, repositioning is preferred. The skin can be temporarily 
stapled closed to protect the herniated organs, and to prevent additional contamination of the 
abdominal cavity during clip and prep. 
If herniated organs are visible, then the animal is managed until stable enough to undergo exploratory 
laparotomy.  If need be contrast imaging of the urinary system can be performed prior to surgery to 
identify the location of a urinary leak, but the value of these diagnostics must be weighed against the 
delay in exploring the abdomen and decreasing the contamination by copious lavage of the abdominal 
cavity. 
 
Pre-surgical assessment & management: 
The level of contamination is an important factor in deciding whether surgical intervention and 
exploratory surgery is needed. In any instance where devitalized tissue is seen or debris is stuck to the 
tissues, surgical exploration of the wound is recommended. However, the approach might differ, 
whether or not a full exploration of the abdomen is concurrently performed. 
Using the externally visible extent of the wound might be deceiving, as deeper parts might exist. If a 
large tissue flap isThe extent of the visible wound 
Assessment of the deeper damage and decision making for amount of surgical explore. 
 
Perineal 
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Recognition of rectal or urethral involvement is more important than full coverage. Keeping the area 
clean might be more effective than trying to place and maintain a bandage over the side adjacent to the 
anus.  
The urethra can be temporarily bridged using a urinary catheter (or urinary diversion) during 
stabilization, but rectal perforation repair is best left until the definitive repair in surgery given the 
fragility and relative lack of tissues.  
 
3. Surgical options 
Abdominal 
Regardless of the extent of the abdominal surgery, placement of an intra-abdominal closed suction drain 
should be considered to monitor for effusion, peritonitis or uroabdomen due to organ compromise. 
Open abdominal management, either by partial closure of the linea and a bandage, or by using 
intraabdominal Negative Pressure Wound Therapy (NPWT) can be considered if there is high concern for 
vascular compromise of the GI tract with potential for necrosis, or gross contamination that cannot be 
removed, or to reconstruct large defect (Nolff 2015) Both strategies will require extensive monitoring 
due to increased loss of fluids and proteins, and any bandage removal/change needs to be performed 
under general anesthesia in aseptic conditions. Open abdominal management has largely been 
abandoned for abdominal NPWT as maintaining sterility in the site is easier in a closed system. Another 
option is to fully close, but plan for a second look abdominal exploratory surgery and lavage 24 hrs later. 
In this setting, the first surgery is deemed damage control, and more involved measures can be left for 
the second procedure after additional stabilization. Similar measures have been used for traumatic 
bleeding from the liver, by placing towels or laparotomy sponges to tamponade bleeding in human 
trauma surgery with the intent to re-explore when the patient is more stable. 
Local management can be performed if the perforating part of the injury is not deemed to have major 
intra-abdominal components, or if the body wall damage itself is only limited to a minor puncture 
wound. Additionally, if the owners decline abdominal exploratory surgery (limited or full), a more 
conservative approach can be taken by only treating extra-abdominally. 
Limited, or targeted abdominal explore. This approach can be taken in terms of assessing the local intra-
abdominal structures when exploring the wound at the area of the body wall damage itself, without 
fully opening the abdominal cavity with a midline incision. For example, if the patient is not stable 
enough to reposition during anesthesia and the local wound is far enough away from the ventral midline 
to address both in one field. 
Full abdominal explore is the recommended extent of assessing the abdominal cavity for any potential 
damage. Different strategies can be used to systematically assess all structures: by quadrant, by body 
system, or even a different method – as long as all organs are checked. After the full abdominal explore, 
the defects in the body wall can be closed.  
Body wall reconstruction: this can range from closing pinpoint defects, to herniorraphy by apposing 
muscles, using muscle flaps, or in extreme cases by using mesh. If only pin point defects are visible, they 
can be closed in 1 or two layers. Closure intra-abdominally will allow the suture line to be away from a 
larger wound – especially if there is devitalized tissue, or potential for ongoing wound management. 
Extra-abdominal wound management: 
The intra-abominal component is taken care of first – and after the body wall continuity is restored, the 
peripheral wound(s) are addressed. If both can be addressed through one incision that would be 
preferred, but if not, but approaches should be chosen so that the tissue between the two surgery sites 
will not become compromised or devitalized. While debridement and removal of grossly contaminated 
and devitalized tissue is recommended, it might be worth considering to remove skin in a conservative 
manner, and plan to do serial debridements/wound treatments until all skin devitalization had declared 
itself. Aggressive removal of skin might lead to a difficult to close defect, with a lot of tension, or need 



for reconstructive procedures. Premature closure w/o aggressive removal of questionable skin might 
lead to dehiscence and surgical site complications due to ongoing skin necrosis. 
 
Perineal 
Wounds w/o perforation into rectum, or urethra: treatment will depend on the extent and size of the 
wound. If only a small tooth-size perforation, the wound might be able to be left to heal on its own. 
Larger wounds can be lavaged, the edges trimmed, and apposed to avoid additional contamination due 
to proximity of the anus. If closure is performed in an interrupted pattern, the ventral aspect of the 
wound can be left open to allow drainage to occur to decrease the risk for full suture line breakdown or 
abscessation. 
Perforation into rectum: This site ideally should be addressed last, if multiple areas are involved. While 
ideally a purse string should be in place to decrease additional soiling of the surgery site, it might be 
easier to have access to the anus & rectum, and use gauze (placed aborad) to get visualization of both 
sides of the perforation (intra- and extraluminally). Sutures can be placed with knots intra- or 
extraluminally, but if enough tissue is present, a two layer pattern could be considered (with a small 
diameter rapidly absorbable monofilament intraluminally and a more slowly absorbable monofilament 
extra-luminally). Oftentimes, only one layer can be placed. Debridement is done judiciously and only 
with obviously devitalized tissue, in order not to increase the risk for stricture formation. Similar to 
enterotomies, closure can be redirected in the opposite direction as the defect (ie transverse closure for 
linear defect) if there are concerns for luminal narrowing. After reconstructing the rectal wall, the 
extraluminal site is copiously lavaged (a purse string can be placed temporarily at this time to help 
decrease contamination), and open wound management should be considered, or if not possible, 
drainage options should be used (whether closed drainage, or partial closure) given the highly 
contaminated surgery site. 
 
Urethral perforation: unless the damage is extensive (requiring a permanent urethrostomy, or direct 
repair) placing an indwelling urethral catheter for 5-7 days to allow 2nd intention healing of the defect is 
typically recommended. Both 2nd intention healing as well as direct repair will carry a risk for stricture 
development. However, addressing a stricture at a later time point after full wound healing and in the 
absence of inflammation might be a preferable approach to performing a definitive surgery 
immediately. Options could include stenting, dilation or a permanent urethrostomy more proximal if 
possible. 
 
Combined 
If both the perineal and abdominal areas need to be addressed, the animal can be positioned with legs 
pulled forward, and the hind end/perineal area flush with the edge of the table. To preserve sterility of 
the cleaner areas, the initial drapes can be placed incorporating both sides, with a second drape or 
towels covering the perineal area and the field drape only cut enough to allow access to the intial area. 
Access can then be increased to both areas as needed without need to reposition. 
 
Timing of surgery 
If gross contamination (either external or from internal sources) is present, or abdominal wall defects 
within a wound with organ herniation, definitive surgery is ideally performed as soon as the animal is 
stable enough for anesthesia, and further stabilization can be performed while the patients is under 
anesthesia during surgery for source control. 
In the absence of gross contamination or evisceration, further patient stabilization prior to anesthesia 
might be preferred to decrease the anesthetic risks.   
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1. Introduction 
 
Chronic non-healing wound can be broadly divided in two large categories: 1) recurrent infections with 
fistulas and draining tracts, and 2) non healing wounds due to subcutaneous pocketing and/or 
localization in high motion areas. 
 
2. Fistulas & draining tracts 
After surgery 
Fistula formation after a total ear canal ablation with a lateral bulla osteotomy (TECABO) is a well-known 
complication, and is caused by remnant epithelium. If a TECA without an LBO was performed, this might 
also occur, and the bulla itself might be lytic due to ongoing pressure and infection, with potential for 
draining tracts ventrally in addition to extending laterally from the external acoustic meatus. These 
complications can occur years after surgery. Any local swelling and/or draining tracts after TECABO 
should be investigated using advanced imaging, and excision of the draining tract and exploration of the 
bulla with removal of any epithelial remnant. Decreasing the inflammation & infection by pretreating 
with antibiotics prior to surgery might decrease the risk for surgical complications such as Facial nerve 
paralysis. The nerve, due to its location ventrolateral to the external meatus, is typically adhered to scar 
tissue, inhibiting easy identification and retraction. Concurrent inflammation of the tissues will make 
identification even more difficult, and will also carry the risk of increased bleeding during surgery further 
increasing the risk of nerve damage. Even if the draining tract temporarily closes, its fibrous remnant can 
still be traced to the bulla – or lacking a clear tract, the bulla is approached directly as the etiology of the 
swelling/draining tract. 
 
Implants, such as orthopedic implants, or mesh, are also well documented causes of draining tracts. 
Removal of the implant is the only option to fully control the recurring infection. In some cases the state 
of bone healing must be weighed against the need for implant removal. 
 
Due to foreign bodies 
Via the gastrointestinal tract 
Some foreign bodies that perforate a loop of bowel will instigate a draining tract with chronic signs such 
as (intermittent) fever, neutrophilia or non-healing wounds. This can occur at any point along the GI 
tract, but the cervical and peri-abdominal areas are most common. 
 
Cervical foreign bodies most commonly are sticks that get pushed through the wall of the 
pharynx/esophagus as the dog runs into something. If a dog presents with an acute stick injury, it might 
be worthwhile to warn the owners of any signs to look out for long term (fever, swallowing 
abnormalities, swelling, wounds) in case of any remaining pieces. If the stick has a very irregular 
appearance, and there is concern for bark, debris or splinters, advanced imaging can be pursued, but 
often is has low yield for smaller pieces, while an explore in this area without solid evidence on imaging 
(dorsal to the pharynx) has limited visualization with a risk for nerve damage. 
 
If a draining tract develops, a fistulogram (radiographs or CT) might help direct to the nidus and site 
where a surgical explore should be focused to find remaining pieces. If a clear tract is present, 
methylene blue can be injected to help guide dissection during surgery as well. Care must be taken to 
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not over-inject and spill into the surrounding tissues, and if the tract is damaged, it might leak into the 
surrounding tissues and coloring everything blue. 
 
Perforating foreign bodies from the abdominal part of the GI tract can migrate into the thoracic cavity, 
through the body wall, or into the pelvic & thigh musculature. Any draining tract or non-healing wounds 
in this area should include imaging of the GI tract/abdomen to rule out FBs from this area. 
 
Via airway/lungs 
Pyothorax, spinal involvement, and thoracic wall draining tracts have all been described secondary to 
inhaled grass awns. Advanced imaging is needed to investigate the etiology and find the area of most 
concern/nidus, although trying to pinpoint foreign bodies often proves difficult. 
In pyothorax cases, a full thoracic exploratory surgery with removal of mediastinal tissues, and any 
macroscopically unhealthy looking lung tissue in addition to long-term targeted anti-microbial and anti-
fungal therapy might be needed to adequately treat the disease. Often an inciting foreign body is not 
found. 
 
External 
Any area can be involved, such as distal limbs – especially the interdigital area, but also the thoracic 
inlet, lateral chest and flank area. Any pinpoint lesion that occurs without a known fight/bite incident 
immediately prior, should raise suspicion that a foreign body might be embedded, especially if it recurs 
after medical management. 
 
Imaging can be performed, such as ultrasound, CT, contrast studies or MR. Air in the tissues/draining 
tract will interfere with a focal ultrasound, and localizing a potential FB will be operator dependent. 
Plain radiographs will be low yield, with a CT preferred over radiographs. A contrast study, especially a 
fistulogram can lead to the site of origin and be very helpful. MRI has been described in cases where the 
potential FB will be small and the involved area is very localized, such as the footpads or interdigital skin. 
 
3. Chronic non healing wounds: Pocketing & high motion areas 
Subcutaneous pocketing can occur after closure of a chronic wound, or develop secondary to a seroma, 
especially if the seroma gets traumatized or infected. High motion areas such as the axilla, inguinal area, 
thighs are predisposed. 
A combination of a closure of a chronic wound over JP drain in a high motion area will put the incision 
site at increased risk of forming a chronic non-healing pocket. The drain will avoid fluid accumulation 
while in place, but the wound pocket remaining close post drain removal will depend on a fibrinous and 
fibrous tissue connection, that might not be strong enough to withstand a lot of movement. 
 
Some precautions that could help decrease the risk of wound healing complications are:  
- Freshen tissue, especially in mature granulation tissue. This can range from gently abrading with a dry 
gauge to excising mature fibrous tissue and scars.   
- Consider tacking sutures instead of a JP drain. Reducing dead space and sliding of surfaces on  
- Consider compression/immobilization by bandage to prevent excessive motion, together with strict 
exercise restriction. Immobilization does not need to include a splint level of rigidity – it is mostly to 
keep the two surfaces (wound bed and overlying skin) together during the initial stages of wound 
healing. 
 
Recurrent pocketing/non healing wounds: 



- investigate for fungal, mycoplasma, or Pythium. Pythium and fungal disease are difficult to cuture: 
diagnosis might be easier by identifying hyphae on cytology or histology. Or in the case of Pythium, 
serology/serum titers can be considered as an alternative to get a diagnosis. 
- consider omentalizing the wound, if cultures come back negative. This can be performed by a small 
grid approach to the abdomen, and subcutaneous tunneling. This option proved helpful in in a case 
series in cats with axillary nonhealing wounds (Lascelles et al, 2001). 
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