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SUMMARY
a 9.5- year- old, 22.6 kg, castrated male mixed breed 
dog was diagnosed with a paravertebral myxosarcoma 
invading into the t9–t11 vertebrae and dorsal left- sided 
thoracic wall. a total multisegment vertebrectomy of 
t9–t12 and chest wall resection of the left 8th–12th ribs 
were performed to resect the tumour en bloc. a patient- 
specific, three- dimensional implant was designed and 
printed to reconstruct the defect in the vertebral column 
following resection of the tumour. this implant was 
supplemented with four 2.7 mm string- of- pearl plates. 
the chest wall defect was reconstructed with a latissimus 
dorsi muscle flap. postoperative complications included 
neurological deterioration, and necrosis of the latissimus 
dorsi muscle flap resulting in marked pneumothorax and 
cardiorespiratory arrest 17 days postoperatively.

BACkgRoUnd
The management of vertebral tumours is chal-
lenging in both human and veterinary medicine. The 
majority of published studies in veterinary medicine 
describe cytoreductive surgery for the management 
of primary vertebral tumours, such as decompressive 
surgery or partial vertebrectomy, with or without 
adjuvant radiation therapy or chemotherapy.1–4 The 
vast majority of these cases fail because of either 
local disease progression or local tumour recur-
rence. In humans, the type of treatment and aggres-
siveness of treatment depends on the tumour type 
and the circumferential extent of vertebral involve-
ment, as defined by the Weinstein–Boriani–Biagini 
vertebral tumour staging system.5 For malignant 
vertebral tumours, surgery is the preferred modality 
for treatment of the local tumour. The aggres-
siveness of surgery has evolved from a cytoreduc-
tive approach, such as decompressive surgery or 
partial vertebrectomy, to en bloc vertebrectomy (or 
spondylectomy). En bloc vertebrectomy is defined 
as complete resection of all affected vertebra(e), 
including paraspinal muscles and ligaments, and 
adjacent anatomic barriers, without violation of the 
tumour capsule.6–10 Multiple studies have shown a 
significantly improved outcome in patients treated 
with en bloc vertebrectomy in comparison to less 
aggressive surgical techniques.7 11–19

Our objectives were to describe surgical procedure 
and postoperative outcome following multisegment 
en bloc vertebrectomy and chest wall resection in a 
dog with an invasive myxosarcoma, and discuss the 
role of total en bloc vertebrectomy in the manage-
ment of dogs with tumours involving the vertebra.

CASe pReSenTATion
A 9.5- year- old, 22.6 kg, castrated male mixed breed 
dog presented with a 2- month history of difficulty 
jumping and pain while posturing to defecate, and a 
palpable 4 cm subcutaneous mass on the left dorso-
lateral aspect of the thoracolumbar region. An MRI 
showed a left dorsal paravertebral soft tissue mass 
extending into the proximal aspect of the 12th rib, 
left dorsolateral lamina and left lateral T12 verte-
bral body. On physical and neurologic exam, the 
dog had a palpably painful left dorsal paraverte-
bral mass, extending from T11 to T13, with mild 
conscious proprioceptive deficits in both pelvic 
limbs, but no evidence of either reflex abnormali-
ties or ataxia.

inveSTigATionS
The dog was sedated with dexmedetomidine (13.4 
mcg/kg intravenously) and a pre- contrast and 
post- contrast CT scan was performed followed by 
an 8 mm punch biopsy of the mass. The CT scan 
revealed a 6.9 cm by 6.0 cm by 5.3 cm lobulated soft 
tissue mass (figure 1). The soft tissue component of 
the mass extended into the left paraspinal muscles 
from T9 to T13, and ventrally into the thoracic 
cavity to cause an extrapleural mass effect at the 
medial aspect of the left diaphragmatic crus. The 
mass invaded medially with lysis of the T9 dorsal 
lamina and spinous process, T10 dorsal lamina, 
spinous process, left pedicle, left aspect of the verte-
bral body, and costal fovea, and the T11 left pedicle, 
left aspect of the vertebral body, costal fovea and 
rib head. This invasion into the spinal canal caused 
marked left dorsolateral spinal cord compression 
from the caudal end plate of T9 to the caudal end 
plate of T10. In addition, there were multiple, ill- 
defined, contrast- enhancing hepatic nodules. There 
was no evidence of pulmonary metastasis. The mass 
was histologically diagnosed as a grade I myxosar-
coma, with one mitotic figure per 10 high- power 
fields (HPFs) and mildly pleomorphic nuclei.

TReATMenT
Options discussed with the owner included 
ultrasound- guided aspirates of one or more of 
the liver lesions, referral for either stereotactic or 
intensity- modulated radiation therapy, surgical 
decompression or total en bloc vertebrectomy. The 
advantages, disadvantages and potential compli-
cations of each approach were discussed; this 
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Figure 1 Preoperative contrast- enhanced CT scan showing a large, 
multilobulated soft tissue mass invading into the dorsal spinous process, 
dorsal lamina, left pedicle and left aspect of the vertebral body of t10.

Figure 2 Lateral (A) and ventral (B) views of the patient- specific 
prosthesis for vertebral column reconstruction showing the clam shell 
design of the prosthesis and ventral and dorsolateral integrated plates 
to secure the prosthesis to the adjacent cranial and caudal vertebral 
bodies.

included that total en bloc vertebrectomy had not previously 
been reported in veterinary medicine, to the best of the authors’ 
knowledge, and that pelvic limb paralysis with urinary and faecal 
incontinence were possible consequences following total en bloc 
vertebrectomy. The owner elected to proceed with total en 
bloc vertebrectomy, without preoperative aspirates of the liver 
lesions, because the aim of the owner was curative- intent treat-
ment with the knowledge that paralysed dogs can be managed 
with a good quality of life.20 21

To reconstruct the vertebral column after total en bloc verte-
brectomy, a patient- specific implant was designed. The DICOM 
files of the CT scan were sent electronically to one of the authors 
(JK) for computer- aided design and manufacture (Additive 
Design in Surgical Solutions (ADEISS) Centre, London, ON, 
Canada) of a customised, three- dimensional (3D)- printed tita-
nium implant. The implant had a clam- shell design to allow inser-
tion of one half of the implant into the vertebral column defect 
to maintain spatial alignment prior to repositioning the dog and 
completing the remainder of the resection. The second half of 
the implant would then be inserted into the contralateral defect 
and connected to the first half of the implant with machined 
screws. In addition, each half of the implant had two integrated 
plates with four non- locking 2.7 mm screw holes to secure the 
implant to the dorsolateral and ventral components of the two 
vertebrae cranial (T7 and T8) and caudal (T13 and L1) to the 
T9–T12 multisegment total en bloc vertebrectomy (figure 2A,B). 
While T12 was not involved in the disease process at the time of 
the CT scan, en bloc resection of T12 with T9–T11 was planned 
because of the growth rate of the tumour and the proximity of 

the tumour to the cranial aspect of T12. Due to the complexity 
of the design and the design process, the time period between 
submission of the CT and delivery of the implant was 42 days.

Preoperative complete blood count and serum biochemistry 
abnormalities included increases in alanine transferase (128 U/L; 
reference range, 12–118 U/L) and alkaline phosphatase (627 U/L; 
reference range, 5–131 U/L). Based on these results, his under-
lying diseases, and the findings on preoperative exam, the dog 
was classified as an American Society of Anesthesiologists (ASA) 
II anaesthetic risk. The dog was premedicated with 2.0 mg/kg 
lidocaine intravenously and 1.0 mg/kg maropitant citrate intra-
venously 1 hour prior to induction. Constant rate infusions 
(CRI) of remifentanil (6.0 mcg/kg/hour*), lidocaine (0.9 mg/
kg/hour) and ketamine (0.3 mg/kg/hour) were started prior 
to surgery. Flow- by oxygen was provided via a facemask. The 
patient was then bolused with 5.0 mcg/kg remifentanil intra-
venously and 0.5 mg/kg ketamine intravenously. Intravenously, 
alfaxan at 2.0 mg/kg was titrated until the patient was able to 
be intubated. The patient was placed on an F- circuit anaes-
thetic machine with a 2 L rebreathing bag with 100% oxygen at 
1.5 L/min and initially maintained at 1.5% to 2.0% isoflurane. 
The remifentanil CRI was increased to 12.0 mcg/kg/hour. The 
patient was maintained on intravenous Plasma- lyte A with total 
intravenous fluids delivered at a rate of 5.0 mL/kg/hour. An arte-
rial line was placed in the right dorsal pedal artery for invasive 
blood pressure monitoring and blood analysis intraoperatively. 
The dog was placed on a mechanical ventilator. Patient moni-
toring equipment included electrocardiography, pulse oximetry, 
capnography, oesophageal temperature, and invasive and non- 
invasive blood pressures. The patient was given intravenously 
22.0 mg/kg cefazolin slowly 30 min prior to surgery and this was 
repeated every 90 min perioperatively.

The dog was positioned in sternal recumbency and aseptically 
prepared. A dorsal midline thoracolumbar incision was made 
extending from the mid- thoracic to the mid- lumbar region. The 
thoracolumbar fascia was incised on the right side from T6 to 
L2. The multifidus muscles were reflected off the dorsal spinous 
processes and articular facets from T6 to L2. A hemilaminec-
tomy, extending from the dorsal spinous process to the ventral 
floor of the vertebral canal, was performed from T8 to T13 with 
a Hall's air drill, curettes and Kerrison rongeurs (figure 3). The 
aim of this part of the surgery was to expose the spinal cord and 
the ventral aspect of the spinal canal to allow for a paramedian 
hemivertebral osteotomy later in the surgery.

The dog was then rolled into a right lateral recumbent posi-
tion. A skin incision was performed over the tumour, and the 
skin reflected. The mass was excised with 2 cm lateral margins in 
the subcutaneous tissue and muscles. Incisions were made along 
the ventral, caudal and dorsal borders of the latissimus dorsi 
muscle, and this muscle flap was raised, and protected in moist-
ened laparotomy sponges, for later use to reconstruct the chest 
wall defect. The caudodorsal portion of the latissimus dorsi 
muscle flap was resected to remove the biopsy tract. An incision 
was made along the caudal aspect of the 12th rib to expose the 
abdominal cavity and diaphragm. Multiple liver nodules were 
noted. In- house cytologic assessment of these lesions was not 
available. The possibility that these lesions represented meta-
static disease was discussed intraoperatively with the owner; 
the owner elected to continue with surgery. Three of these liver 
lesions were biopsied with a 5 mm punch biopsy.

An incision was made along the left diaphragmatic crus to 
expose the caudal thoracic cavity, ventral aspect of the thora-
columbar vertebrae and ventral aspect of the tumour along 
the vertebral body (figure 4). The left 8th–12th ribs were 
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Figure 3 Right- sided hemilaminectomy from T8 to T13. The aim of 
this part of the surgery was to expose the spinal cord and the ventral 
aspect of the spinal canal to allow for a later paramedian hemivertebral 
osteotomy.

Figure 4 Following isolation of the caudal left chest wall (ribs 8–12), 
the chest wall was reflected dorsally to expose the ventral aspect of the 
tumour (arrows) adjacent to the aorta.

Figure 5 An oscillating saw was used to osteotomised the vertebral 
bodies of T9–T12 through the ventral aspect of the vertebral canal via 
the T8–T13 hemilaminectomy.

Figure 6 Following completion of the multisegment vertebral 
osteotomy, A. 1″ penrose drains were placed around the spinal cord and 
B. the T9–T12 vertebral segment and left chest wall were gently rotated 
away from the spinal cord.

ostectomised at the mid- aspect of the ribs with bone cutters and 
the intercostal muscles were transected transversely at this level. 
A seventh intercostal incision was then performed from the level 
of the eighth rib ostectomy proximally.

The aorta was protected via the diaphragmatic approach with 
a malleable retractor. Returning to the right side of the dog, the 
spinal cord was then gently retracted towards the midline with 
malleable retractors to expose the floor of the vertebral canal. 
Rhizotomy of the right T9–T12 nerve roots was performed 
within 10 mm of the spinal cord and bleeding from spinal vessels 
was controlled with cautery. An oscillating saw was used to 
perform an osteotomy of the T9–T12 vertebral bodies along the 
right paramedian aspect of these vertebral bodies (figure 5). The 
T8–T9 and T12–T13 intervertebral disks were incised. Two 1″ 
Penrose drains were placed circumferentially around the spinal 
cord through the cranial and caudal aspects of the hemilami-
nectomy site (figure 6A). With the spinal cord stabilised with 
Penrose drains, the paravertebral mass, with the T9–T12 verte-
bral segments left of the right paramedian vertebral osteotomy 
and proximal half of the 8th–12th ribs, was removed en bloc 
by gently manipulating the resected tumour so that the spinal 
cord slipped through the hemilaminectomy site (figure 6B). 
Rhizotomy of the left T9–T12 nerve roots was performed when 
these nerve roots became visible during manipulation of the 
tumour away from the stabilised spinal cord segment.

The left side of the patient- specific, 3D- printed titanium 
implant was inserted into the vertebral defect (figure 7). The 
surgical plan was modified following delivery of the implant; 
the integrated non- locking plates were malleable and we were 
concerned that these would be inadequate for long- term stabil-
isation of the vertebral column. As a result, the implant with its 
integrated plates was secured with stacked contoured 20- hole 

2.7 mm string- of- pearls (SOP) plates ventrally and dorsolaterally 
with two 2.7 mm screws cranially and caudally in each of the T7, 
T8, T13 and L1 vertebral bodies.

The dog was repositioned into a left oblique sternal position. 
The right side of the T8–T9 and T12–T13 intervertebral disks 
was incised and the rib heads were ostectomised with bone 
cutters, which allowed the residual right side of the vertebral 
bodies of T9–T12 to be removed. The right side of the patient- 
specific, 3D- printed implant was inserted into the vertebral 
defect. The dorsolateral integrated plate was secured with a 
stacked 20- hole contoured 2.7 mm SOP plate with two 2.7 mm 
screws per plate in each of the T7, T8, T13 and L1 vertebral 
bodies. The intention was to secure the two halves of the implant 
together with machined screws, but this was not possible intra-
operatively because of interference of the paravertebral soft 
tissues.

The dog was repositioned into right lateral recumbency. The 
right ventral integrated implant plate could not be secured to the 
vertebral body because of poor fit, but a 20- hole 2.7 mm SOP 
plate was used to bridge the defect on the right ventral aspect 
of the vertebral bodies of T7, T8, T13 and L1 (figures 8 and 
9). The surgery site was lavaged with warmed sterile isotonic 
saline, avoiding direct lavage of the spinal cord. A 14 FG Miele 
thoracostomy tube was inserted into the left hemithorax. The 
dorsal and caudal aspects of the latissimus dorsi muscle were 
sutured to right epaxial muscles with 0 polydioxanone (PDS) 
cruciate suture pattern. The diaphragm was advanced cranially 
and sutured to the ventral aspect of the latissimus dorsi muscle 
flap and the dorsal aspect of the 8th–12th ribs with 0 PDS 
cruciate suture pattern. The abdominal wall defect was closed 
with doubled over prosthetic polypropylene mesh (PROLENE 
Mesh, Ethicon, Johnson & Johnson) because reconstruction of 
this defect was not possible with the latissimus dorsi muscle flap, 
which was sutured to the abdominal wall and latissimus dorsi 
muscle flap with 0 PDS simple continuous suture patterns. A 7″ 
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Figure 7 To maintain spatial alignment of the vertebral column prior 
to completion of the en bloc vertebrectomy, the left half of the patient- 
specific prosthesis was inserted into the vertebral defect and secured 
to the adjacent cranial and caudal vertebral bodies with the screws 
through the integrated prosthesis plates.

Figure 8 Following completion of the multisegment vertebrectomy, 
both halves of the prosthesis were used to reconstruct the vertebral 
column and this was secured to T7 and T8 cranially and T13 and 
L1 caudally with a combination of integrated prosthesis plates and 
supplemental 2.7 mm SOP plates ventrally and dorsolaterally. SOP: 
string- of- pearls.

Figure 9 Immediate postoperative lateral (A) and ventrodorsal (B) 
radiographs showing multisegment en bloc vertebrectomy of T9–T12 
and reconstruction with a patient- specific prosthesis and three 2.7 mm 
SOP plates.SOP: string- of- pearls.

pain soaker catheter was inserted through a separate stab inci-
sion. The subcutaneous tissue and skin were closed routinely. 
The surgical margins of the resected tumour were inked and 
both the mass and liver biopsies were submitted for histopa-
thology. The tumour was confirmed as a grade I myxosarcoma 
with complete histologic excision (closest histologic tumour- free 
margin was 15 mm) and rare mitotic figures, and the liver lesions 
were diagnosed as nodular hyperplasia.

During surgery, the dog was initially hypertensive (inva-
sive blood pressure measurements: 160–194 mm Hg systolic, 
82–95 mm Hg mean) with a sinus bradycardia (40–48 beats/
min). The lidocaine CRI was increased to 10.0 mcg/kg/min for 
the first hour of surgery then adjusted between 3.0 and 5.0 mcg/
kg/min for the remainder of surgery. Remifentanil was adjusted 
between 18.0–30.0 mcg/kg/hour and ketamine remained at 
0.6 mg/kg/hour throughout surgery. Between 2 and 4 hours of 
surgery, systolic and mean blood pressures decreased steadily 
to 118 and 41 mm Hg, respectively, with an increase in heart 
rate (60–77 beats/min). There was minimal response to two 
10.0 mL/kg crystalloid fluid boluses administered over 15 min. 
Two colloid (Voluven) boluses, administered at 5.0 mL/kg over 
15 min and decreased isoflurane (1.25% to 0.8%), resolved 
the hypotension. During the fifth hour of surgery, blood loss 
resulted in further hypotension. Dopamine was started at 5.0 
mcg/kg/min intravenously, but this was discontinued because 
of an arrhythmia. A 250 mL bag of cross- matched, packed red 
blood cells was transfused over 2 hours at 5.5 mL/kg/hour after 
an initial test dose of 1.0 mL/kg/hour over 15 min. Hypotension 

continued to be an issue until the finish of the 7.5- hour surgery; 
this was managed with one 10.0 mL/kg crystalloid bolus intra-
venously and three 5.0 mL/kg colloid boluses over 15 min each, 
and a second 250 mL packed red blood cell transfusion.

The dog was recovered in our critical care unit. Hypotension 
resolved postoperatively, although urine production was initially 
<1.0 mL/kg/hour and his intravenous fluid rate was increased to 
60.0 mL/kg/day. Neurologically, the dog was paraplegic with no 
deep pain sensation in the pelvic limbs and a Schiff- Sherrington 
posture of the thoracic limbs. A cutaneous trunci reflex was 
present to T7 on the left side and T9 on the right side. Passive 
range of motion was started and he was rotated every 6 hours 
to prevent decubital ulcer formation and pulmonary atelectasis. 
The remifentanil–ketamine–lidocaine CRI was weaned down 
over a 4- day period starting on his first postoperative day and 
stopped on his fifth postoperative day; analgesia was continued 
with oral deracoxib (1.6 mg/kg), tramadol (3.3 mg/kg) and 
gabapentin (13.3 mg/kg).

oUTCoMe And Follow-Up
Neurologically, the dog remained paraplegic with an absence of 
deep pain in both pelvic limbs. Cutaneous trunci reflexes deterio-
rated on day 3 and were absent on the left side and was present to 
T8 on the right side; however, within 24 hours, cutaneous trunci 
reflexes improved and were present to T7 on the left side and to 
T9 on the right side. A postoperative CT scan was performed on 
day 4. Two screws in T6 and one screw in T7 coursed through 
the dorsolateral aspect of the vertebral canal. The proximity of 
these screws to the spinal cord could not be evaluated because 
of metallic artefact caused by the patient- specific implant, SOP 
plates and screws. Multiple thoracic radiographs were taken 
over the following 13 days; there was no evidence of implant- 
associated complications. The dog improved to ambulatory 
status in the thoracic limbs by day 14.

On day 3, the dog developed tachypnoea. Orthogonal thoracic 
radiographs showed mild bilateral pleural effusion. Thoracocen-
tesis was performed via the thoracostomy tube and the pleural 
fluid was serosanguineous (packed cell volume (PCV), 8%; total 
solids (TS), 0.2 g/L). Peripheral PCV and TS were stable at 28% 
and 3.0 g/L, respectively. A coagulation profile was within the 
normal reference ranges (prothrombin 8.5 s, reference range 
6.0–12.0 s; partial thromboplastin time 17.1 s, reference range 
10.0–25.0 s). Due to continued dyspnoea and tachypnoea, 
thoracocentesis was repeated bilaterally on day 4 (320 mL sero-
sanguineous pleural fluid) and day 5 (320 mL serosanguineous 
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pleural fluid, PCV 5%). Mild- to- moderate pleural effusion 
persisted on day 6, but thoracocentesis was not required because 
the tachypnoea was considered mild. The dog was stable for 3 
days, but then developed acute dyspnoea on day 9; dyspnoea 
resolved following left- sided thoracocentesis. The pleural fluid 
was submitted for culture; there was no bacterial growth after 
72 hours. The dog did not have dyspnoea or tachypnoea for a 
further 7 days.

Incisional healing was uneventful until day 6 when mild skin 
necrosis was noted at the junction of the T- shaped skin closure. 
This did not require revision initially and healed by second inten-
tion, but this area reopened at day 15. The area was aseptically 
prepared and closed with skin staples. On day 16, a hissing noise 
was noted at the incisional junction during manual expression of 
his urinary bladder. Orthogonal thoracic radiographs were taken 
and there was no evidence of pneumothorax. The same finding 
was noted on day 17, but the dog also became acutely dyspnoeic 
and tachypnoeic. Thoracocentesis was performed with air being 
aspirated continuously from the left hemithorax (>1800 mL). 
The dog arrested at this time. He was intubated and closed 
cardiopulmonary resuscitation was initiated while the surgical 
area was aseptically prepared and explored. The subcutaneous 
tissue and latissimus dorsi muscle flap were necrotic. The dog 
did not respond to resuscitative efforts and, combined with the 
emergent surgical findings, further cardiopulmonary resuscita-
tion was stopped 15 min after respiratory arrest was first noted.

A necropsy was performed. There was marked, generalised 
myonecrosis of the latissimus dorsi muscle flap with regenera-
tion, mineralisation and fibrosis; as well as marked, generalised 
myonecrosis of the epaxial muscles with fibrosis. Marked myelo-
malacia was noted from T9 to T12, with mild- to- moderate 
ascending and descending axonal degeneration to T2–T4 and 
L2, respectively.

diSCUSSion
Total en bloc vertebrectomy was elected by the owner of this 
dog because of the curative- intent potential of this proce-
dure compared with the more commonly described palliative 
approaches in veterinary medicine, such as decompressive 
surgery or partial vertebrectomy, with or without adjuvant radi-
ation therapy or chemotherapy.1–4 The vast majority of these 
cases fail because of either local disease progression or local 
tumour recurrence. In one study, 20 dogs with primary or meta-
static vertebral tumours were treated with surgery alone (n=4), 
surgery and chemotherapy (2), surgery, radiation, and chemo-
therapy (8), or radiation therapy and chemotherapy (6). Overall, 
15 dogs were euthanised because of local failure, but the local 
failure rates for each group were not reported.1 In a study of 
26 cats with non- lymphoid vertebral and spinal cord tumours 
treated with cytoreductive surgery, all four cats with primary 
vertebral tumours were euthanised because of local tumour 
recurrence.2 Two of three dogs with surgically treated primary 
vertebral chondrosarcoma were euthanised because of local 
failure.3 Finally, in one study of 22 dogs with primary vertebral 
osteosarcoma treated with surgery alone or in combination with 
various adjuvant modalities, all dogs surviving the initial postop-
erative period were euthanised because of local failure.4 Based 
on these retrospective clinical studies, cytoreductive surgical 
techniques result in incomplete microscopic or macroscopic 
resection and a high local failure rate with only a short- term 
palliation of neurologic signs. As the authors of two of these 
studies stated,1 2 better treatment options should be investigated 
for the treatment of primary bone tumours in cats and dogs.

In humans, the type of treatment and aggressiveness of treat-
ment depends on the tumour type and the circumferential extent 
of vertebral involvement, as defined by the Weinstein–Boriani–
Biagini vertebral tumour staging system.5 The aggressiveness 
of surgery has evolved from a cytoreductive approach, such 
as decompressive surgery or partial vertebrectomy, to en bloc 
vertebrectomy. Total vertebrectomy has been reported in a dog 
with a primary fibrosarcoma of the fifth lumbar vertebra,22 a 
cat with a primary giant cell osteosarcoma of the first lumbar 
vertebra23 and a dog with a chronic traumatic luxation of the 
third and fourth lumbar vertebrae.24 In both cases involving a 
primary vertebral tumour, total vertebrectomy was performed 
after cytoreductive surgery failed, either because of pathologic 
fracture22 or local tumour recurrence,23 and the total vertebrec-
tomy was performed piecemeal intralesionally rather than en 
bloc. Piecemeal intralesional total vertebrectomies are defined as 
palliative because oncologic principles are compromised.12 25 In 
one series of 56 people with primary vertebral tumours treated 
initially with an intralesional approach and then subsequently 
with en bloc vertebrectomy, the margins obtained were wide, 
marginal and intralesional in 16%, 50% and 34%, respectively26; 
however, there was no correlation between margins, local recur-
rence and survival because the initial intralesional approach and 
resultant contamination compromised patient prognosis and this 
could not be salvaged with more aggressive surgery.

En bloc vertebrectomy is defined as complete resection of all 
affected vertebra(e), including paraspinal muscles and ligaments, 
and adjacent anatomic barriers, without violation of the tumour 
capsule according to the Enneking surgical margin classification 
for the management of musculoskeletal tumours.6–10 As a result, 
there is complete loss of vertebral continuity and stability at the 
resection site and circumferential reconstruction is required to 
reestablish vertebral integrity and stability. The technique used 
to stabilise the vertebral column should account for the expected 
long survival time as well as the effects of adjuvant treatment 
options, such as chemotherapy and radiation therapy.27 These 
reconstruction techniques are well established in humans and 
typically involve posterior reconstruction with pedicle screws 
and rods, and anterior reconstruction with a titanium cage.25 27 
In one series, the overall rate of construct failure was 14%, but 
only 4.1% required surgical revision.27 We elected to reconstruct 
the vertebral column defect with a patient- specific, 3D- printed 
implant because of a lack of experience and availability of 
the appropriately sized instruments used for reconstruction 
in human patients, the length of the vertebral defect (four 
vertebrae), and the inherent theoretical advantages of patient- 
specific, 3D- printed implants. These advantages include supe-
rior anatomic fit, reduced surgical time and decreased risk of 
iatrogenic damage to the spinal cord with preplanning the direc-
tion of the screws.28–30 Despite these potential advantages, we 
experienced several problems with the iteration of the implant 
used in our patient. First, the anatomic fit was not as ideal as 
we have experienced for other anatomic regions where we have 
used patient- specific, 3D- printed implants for oncologic recon-
structions, such as the mandible, maxilla, skull and limbs. The 
paravertebral soft tissues prevented an intimately contoured fit 
of the implant, especially when the second side of the clam- shell 
designed implant was attempted to be fixed to the first side of 
the implant. While we were initially satisfied with the length 
of the integrated implant plates, the length and malleability of 
these seemed inadequate when the final iteration was printed. 
As a result, we chose to supplement the implant with four SOP 
plates, two dorsolaterally and two ventrolaterally, to improve the 
stability of the vertebral column reconstruction. This decision was 
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supported by the results of one study where posterior fixation 
was too short and a lack of anterior support resulted in a signifi-
cantly increased risk of complications.27 However, in our case, 
engaging both the SOP plate hole and the implant plate hole with 
a single screw limited our ability to direct the screw and avoid 
placement of screws within the vertebral canal. In future cases, 
separate reconstruction of the ventral and dorsal components of 
the vertebral column would be less complicated and less prone 
to the complications experienced in the case described herein. 
Options for reconstruction of the ventral component include a 
titanium cage, as described in people,25 27 or a patient- specific, 
3D- printed titanium spacer, which could be designed to allow 
modular attachment of an accompanying plate, similar to what 
is used for endoimplant- based limb- sparing surgery in dogs.31–33 
Locking compression plates and a composite of positive- profile 
pins and polymethylmethacrylate (PMMA) have been reported 
for stabilisation of the thoracolumbar region in dogs,34 35 with 
the latter being stiffer biomechanically than locking plates.35 A 
lateral approach is preferred for placement of positive- profile 
pins because of greater bone purchase and less risk of iatrogenic 
trauma to the aorta, but 19% of pins placed through a lateral 
approach in the lumbar vertebral column entered the vertebral 
canal.36 A canine screw and rod fixation system, similar to what 
is typically used for posterior stabilisation in people, has been 
biomechanically tested and found to be biomechanically supe-
rior to a composite of screws and PMMA.37 The use of a screw 
and rod fixation system may be the preferred method of dorsal 
fixation based on these results, following clinical validation of 
the system, and experience in people.

The combination of en bloc vertebrectomy and chest wall 
resection has been reported in people with Pancoast tumour 
(squamous cell carcinoma of the right lung with invasion into 
one or more of the second to fourth thoracic vertebrae).38–47 
Similar to en bloc vertebrectomy for primary vertebral tumours, 
the combination of en bloc resection and chest wall resection for 
compartmental wide resections results in high complete histo-
logic excision rates (88%) and significantly better outcomes than 
people with incomplete histologic excision.43 The most chal-
lenging aspect of combined chest wall resections and en bloc 
vertebrectomies is reconstruction of the chest wall because of the 
lack of an anchor point dorsally.44 47–52

As expected for such aggressive and challenging procedures, 
whether a total en vertebrectomy or total en vertebrectomy 
combined with chest wall resection, there is an inherent risk of 
intraoperative and postoperative complications. Even in high- 
volume practices, the complication rate following total en bloc 
vertebrectomy can be high. In one study of 216 patients with 220 
total en bloc vertebrectomies, 153 complications were noted in 
100 patients (46.3%) and seven patients died as a result of their 
complications (4.6%).27 Complications rates are significantly 
higher in patients with multisegment vertebrectomies, patients 
treated with a combined approach and patients treated with 
either neoadjuvant chemotherapy or radiation therapy.27 The 
dog described herein had a multisegment (four vertebrae) resec-
tion through a combined bilateral approach. The most significant 
complication in our patient was associated with reconstruction of 
the chest wall defect with an autogenous latissimus dorsi muscle 
flap. An autogenous muscle flap was used because of the concern 
of a surgical site infection with prosthetic mesh, especially after 
an anaesthesia time of greater than 8 hours.53 However, in our 
patient, necrosis of a latissimus dorsi muscle flap was presum-
ably the cause of the initial non- haemorrhagic and non- septic 
pleural effusion loss, and ultimately resulted in loss of chest wall 
integrity, marked pneumothorax and cardiorespiratory arrest. 

Necrosis of the latissimus dorsi muscle flap has previously been 
reported following chest wall resection in a dog,54 and this has 
also been observed following use of the latissimus dorsi muscle 
flap for cardiac assist in dogs with dilated cardiomyopathy. As a 
result of this observation, the use of a latissimus dorsi myocu-
taneous flap was reported for chest wall reconstruction in five 
dogs following chest wall resection for primary rib chondrosar-
comas55; there was 100% survival in all flaps, possibly due to 
improved muscle perfusion because of preservation of choke 
anastomoses between the latissimus dorsi muscle and overlying 
skin. Muscle flaps that are dependent on choked vessels for 
survival in people, such as the pedicled transverse rectus abdom-
inis musculocutaneous flap, have increased risk of partial and 
total flap necrosis.56 Other contributing factors to necrosis of the 
latissimus dorsi muscle flap in the present case include surgical 
time and tension on the flap, which results in hypoxia and isch-
aemia.57 In future cases, consideration should be given to using 
prosthetic mesh alone to reduce surgical time, a composite of a 
latissimus dorsi muscle flap and prosthetic mesh so that there are 
two supplementary reconstruction techniques in case one fails, 
or a latissimus dorsi myocutaneous flap, with or without addi-
tional prosthetic mesh, to improve perfusion of the latissimus 
dorsi muscle. Despite the risk of complications with total en 
bloc vertebrectomies with experienced surgeons in high- volume 
centres, in one meta- analysis, the postoperative complication 
rate was greater in patients treated with intralesional resections 
(36.4%) compared with patients treated with en bloc vertebrec-
tomies (11.1%)13; so a less aggressive resection has minimal 
benefits with a higher complication rate and higher risk of local 
tumour recurrence.

Multiple studies have shown a significantly improved 
outcome in patients treated with en bloc vertebrectomy in 
comparison to less aggressive surgical techniques,7 11–19 even 
if histologic margins are incomplete.7 12 16 In one multi-
centre cohort study investigating the Enneking classification 
of surgical margins for resection of musculoskeletal tumours 
in the management of primary vertebral tumours,19 the local 
recurrence rate was significantly higher in patients in the 
Enneking inappropriate group (74%) compared with the 
Enneking appropriate group (20%). Furthermore, there was a 
strong correlation between first local recurrence and mortality, 
and there was a significantly higher risk of mortality in the 
Enneking inappropriate group with a HR of 3.1.19 In a study 
of 103 patients with primary vertebral tumours, intralesional 
and marginal resections were independent risk factors for 
local tumour recurrence with a HR of 38.6 and 9.5, respec-
tively, compared with en bloc vertebrectomy.14 In one meta- 
analysis, the local recurrence rate was significantly greater 
in patients treated with intralesional resections (36.7%) 
compared with patients treated with en bloc vertebrectomies 
(9.5%).13 Local tumour control rates were significantly higher 
following complete histologic excision for primary vertebral 
giant cell tumours (92.3% compared with 72.2% following 
incomplete histologic excision),58 chordomas (78% vs 22%)17 
and primary vertebral chondrosarcomas (82% vs 0%).16 The 
dog described in this case reported had a completely excised, 
grade I myxosarcoma. In a recent study of 32 dogs with myxo-
sarcomas,59 local tumour recurrence was reported in 41% of 
dogs, including 17% of dogs following complete histologic 
excision. Local recurrence and metastatic rates were signifi-
cantly greater in dogs with myxosarcomas with a mitotic rate 
≥10 mitotic figures per 10 HPFs (78% and 56%, respectively) 
compared with <10/10 HPFs (20% and 15%, respectively).59 
With complete histologic excision of a grade I myxosarcoma, 
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the dog reported herein would have likely had a very high 
chance of cure had he survived his chest wall reconstruction 
complication.

The functional sacrifices and morbidity of en bloc verte-
brectomies required to maximise oncologic outcomes should 
be considered in the decision- making process.27 60 Deliberate 
compromise of oncologic principles should be considered if 
reduced morbidity and better short- term functional results are 
achieved at the expense of a higher risk of local recurrence.14 
Quality of life following en bloc total vertebrectomy has been 
investigated in two studies with conflicting results. In one study 
of 25 people, their quality of life in the medium and long term 
was similar or identical to the general population,61 but quality 
of life was significantly worse than the general population in a 
later study of 27 people.62 Hence, in people, en bloc vertebrec-
tomy provides excellent local tumour control with significantly 
better outcomes, and it also has the potential to provide a very 
good quality of life for these patients. Similarly, good quality 
of life has been reported in paraplegic dogs following interver-
tebral disk extrusions.20 21 The owner elected to proceed with 
surgery based on the knowledge of the care required for and the 
expected quality of a paraplegic dog.

The neurologic recovery in the previously performed intrale-
sional piecemeal total vertebrectomies in two dogs and one cat 
were protracted and incomplete. One dog with a primary verte-
bral fibrosarcoma improved from non- ambulatory paraparesis to 
assisted ambulatory paraparesis 2 months postoperatively and to 
ambulatory status with normal gait, but persistent urinary and 
faecal incontinence, 7 months postoperatively.22 A cat with a 
primary vertebral giant cell osteosarcoma improved to assisted 
ambulatory paraparesis 224 days postoperatively and unassisted 
ambulatory paraparesis with urinary incontinence at 427 days 
postoperatively.23 The dog with a chronic vertebral luxation was 
a paraplegic prior to surgery and remained paraplegic following 
total vertebrectomy, but was alive 4 years postoperatively with a 
good quality of life.24 The dog described in this case report was 
paraplegic with no deep pain sensation immediately following 
surgery, presumably because of myelomalacia resulting from 
direct iatrogenic intraoperative damage to the spinal cord, 
most likely during either the paramedian vertebral osteotomy 
or manipulation of the total vertebrectomy segment away from 
the spinal cord; however, other possibilities include vascular 
compromise to the spinal cord or bone screws positioned within 
the dorsolateral aspect of the vertebral canal. On necropsy, the 
myelomalacic changes were most severe in the T9–T12 segment 
of the spinal cord, corresponding to the resected vertebrae, 
which suggests that this spinal cord damage was a result of 
either iatrogenic intraoperative trauma or vascular compromise 
rather than malpositioned screws. For future cases, iatrogenic 
damage to the spinal cord during total vertebrectomy may be 
lessened using more precise bone cutting instruments, such as 
pneumatic burrs rather than an oscillating saw; and the risk of 
vascular compromise to the spinal cord may be mitigated in cases 
requiring vertebrectomy of a single vertebra rather than multiseg-
ment vertebrectomies. The neurologic deterioration was noted 
immediately following surgery and improved with time, with the 
dog returning to assisted ambulatory status in the thoracic limbs 
by day 14, which contrasts the typical presentation for dogs with 
ascending myelomalacia.63 Based on this improvement, the mild 
axonal degenerative changes in the T2–T4 spinal cord noted on 
necropsy, and the protracted recoveries reported in previously 
reported total vertebrectomy cases, it is possible that this dog 
may have continued to improve to unassisted ambulatory status 
in at least his thoracic limbs.

In conclusion, total en bloc multisegment vertebrectomy is a 
challenging surgical procedure which may result in severe neuro-
logic deterioration, but offers the potential for curative- intent 
treatment for dogs with primary vertebral tumours. The owner 
needs to be informed of and comfortable with the potential 
consequences of total en bloc vertebrectomy, and every effort 
should be made to minimise iatrogenic trauma to the spinal cord 
to maximise postoperative neurologic recovery; this includes 
improving the surgical technique and using separate instru-
mentation to stabilise the ventral and dorsal components of the 
vertebral canal to minimise placement of pins or screws into the 
vertebral column. If combining chest wall resection with total en 
bloc vertebrectomy, then consideration should be given to recon-
structing the chest wall defect with either prosthetic mesh alone 
or in combination with a latissimus dorsi muscle flap.

learning points

 ► Total en bloc vertebrectomy is a curative- intent treatment 
option for cats and dogs with tumours involving the 
vertebra(e)

 ► Total en bloc vertebrectomy provides better local tumour 
control and better outcomes compared with less aggressive, 
palliative options in people with malignant vertebral tumours 
while maintaining a good quality of life.

 ► Total en bloc vertebrectomy is a challenging surgical 
procedure.
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