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Introduction

 Instrumented fusion for the treatment of 
degenerative spine conditions is nowadays a common 
and widely used technique among spinal surgeons. 
Stabilization of spine using transpedicular screws is 
the strongest stabilization system in use1,2. Placing 
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 SUMMARY – Stabilization of spine using transpedicular screws is the most commonly used 
instrumentation technique among spinal surgeons. Th e ‘free hand’ technique is considered relatively 
safe and can be performed under x-ray control. Vascular injuries with misplaced screws are rare but 
potentially fatal complications. Injury of thoracoabdominal aorta by malpositioned screw demands 
a multidisciplinary approach. Injury of vessel wall might demand screw removal and vessel wall 
repair. Here we present a case of 72-year-old female patient who underwent long segment fi xation of 
thoracolumbar spine. During follow up, computed tomography (CT) scan and afterwards aortography 
showed a lesion of the posterior aortic wall by malpositioned screw without signs of bleeding. After 
meticulous preparation, combined endovascular repair with stent-graft and removal of the penetrating 
screw were performed. Endovascular treatment was performed simultaneously with screw removal. 
During screw removal, the patient was in lateral decubital position. Th e patient was discharged on 
postoperative day 8. Follow up CT aortography 6 months later showed no leak or other changes in 
the aorta. We found combined endovascular vessel repair with simultaneous screw removal safe and 
suffi  cient for this kind of aortic injury. Although lateral decubital position bears limitations, it gives 
enough space for the operator. Performing intraoperative aortography provides good insight into stent 
position and possible bleeding after screw removal.
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of a transpedicular screw in the vertebral body using 
the ‘free hand’ technique is considered a relatively safe 
technique that can be performed under intraoperative 
x-ray control. However, optimal placement of 
pedicle screw often presents a substantial surgical 
challenge especially in cases of severe spinal deformity. 
Every surgeon must have in mind that changes of 
vertebral body position due to sagittal or lateral 
bending also refl ect on the surrounding anatomical 
structures1,2. For increased accuracy and reduction 
of screw malpositioning, screws can be placed under 
intraoperative navigation. 
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 Vascular injuries are rare but well-known compli-
cations of spinal instrumentation especially at the 
upper thoracic spine, and although their incidence is 
not precisely defi ned, it is considered to be low1-3. In 
their paper, Hicks et al., systematically reviewed 14570 
pedicle screws placed in thoracic or lumbar spine of 
1666 patients and found only 0.7% screws to have 
come in contact with the aorta, without major vessel 
complications reported4. Th e incidence of major vessel 
injury by pedicle screw does not vary signifi cantly 
among other authors, but the overall opinion is that 
the incidence of vascular injuries is underreported1,4-6.
Injury of thoracoabdominal aorta by a malpositioned 
screw most often demands a multidisciplinary 
approach to the patient. Presentation of injury can 
vary from dramatic acute bleeding due to perforation 
of blood vessel to completely asymptomatic patients. 
In some cases, pseudoaneurysm or thrombotic 
formation can be found. However, most frequently 
the fi nding is incidental, i.e., observed during routine 
radiological follow up1,2,4,7-9. Delayed injury can occur 
due to movement of the screw (e.g., body collapse 
and possible screw breakthrough) that penetrates the 
periaortic space even 20 years after initial operation 
was performed5,10. When the aortic wall is injured, 
general opinion is that the penetrating screw should 
be removed, while for screws impinging to vessels 
there is no clear treatment opinion in the literature3,5,8. 
Valič et al. proposed an algorithm for the treatment 
of suspected aortic wall injury with pedicle screw as 
the only available evidence-based literature for adverse 
vascular events9. In some other cases, only radiological 
follow up is recommended as a precaution measure1,3,9. 
Treatment options for aortic lesions due to screw 
penetration include endovascular repair, open surgical 
repair, or a combination of both with or without 
removal of the malpositioned screw. In this article, we 
report our experience in a case of aortic wall injury 
with malpositioned pedicle screw. Relevant available 
literature regarding management of the potential 
vascular complications after spine surgery is reviewed.

Case Report

 A 72-year-old female patient was previously 
treated for osteoporotic L2 body fracture with absolute 
stenosis of the spinal canal. Primary surgery included 
transpedicular stabilization two levels above and two 

levels below the fractured vertebra and decompression 
without vertebral body collapse correction. During 
follow up examination after a few years, the patient 
complained of increased low back pain with inability 
to maintain upright posture. Radiological assessment 
showed failure of the hardware and new L5 vertebral 
body fracture occurred. Her back pain was accentuated 
with loading during standing position and the 
patient developed limitation in walking with the 
range of movement limited to short distance (Fig. 1). 
Considering the symptoms and radiological fi ndings, it 
was decided to perform a revision surgery for correction 
of the fracture and re-alignment of the sagittal balance. 
Transpedicular fi xation from Th 9 to S1 with pelvic 
alar screw was done, combined with a posterolateral 
corpectomy of the collapsed L2 body and L1-L3 
interbody fusion with Harms cage and autologous bone 
(Fig. 2). Postsurgical course was uneventful, the patient 
was mobilized with thoraco-lumbo-sacral orthosis and 
was discharged on postoperative day 8. A month later, 
the patient was readmitted due to acute back pain after 
fall on the back and diffi  cult ambulation. Computed 
tomography (CT) scan of thoracolumbar spine 
showed no additional fractures or hardware failure but 
eventually showed malposition of the left pedicle screw 
at Th 11 level, which was outside the vertebral body and 
penetrated the periaortic space. Further examination, 
angiography and CT aortography were performed 
and showed lesion of the posterior aortic wall by the 
malpositioned screw that was penetrating inside the 
vessel by approximately 3.5 mm (Fig. 3). However, no 
periaortic contrast extravasation signs were observed 
nor the patient complained of symptoms that could 
be connected with it. A multidisciplinary consultation 
with vascular surgeon and interventional radiologist/ 
cardiologist (in our institution, endovascular repair 
of thoracic aorta is performed by cardiologist) was 
arranged and it was decided to perform screw removal 
using a combined approach, i.e., endovascular repair of 
the aorta and removal of the malpositioned screw in the 
same act. Th e surgery was performed in angiography 
theater (cath lab), but we had operating room prepared 
for immediate conversion to open surgery in case of 
uncontrolled hemorrhage. Initially, the patient was in 
supine position for endovascular catheter placement 
through the right femoral artery and another one 
through the left femoral artery. Aortography and 
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intravascular ultrasound (IVUS) were performed to 
demonstrate clear screw penetration in the aorta by 
approximately 0.7 cm. Th en, the patient was turned to 
the right lateral position for posterior approach to the 
spine for screw removal. Intravascular balloon catheter 
was placed proximally to the lesion as a prophylactic 
measure for vessel occlusion if major bleeding should 
occur. Th e initial plan was to place a short stent-
graft at the aff ected aortic segment to avoid possible 
occlusion of the supplying arteries to the spinal cord 
and possible spinal cord ischemia. It was supposed 
to be gradually deployed as the screw removal would 
proceed. However, after screw removal and stent 
deployment (BeGraft 22x48 mm), it migrated caudally 
below the level of the lesion and major bleeding was 
observed originating from the screw path, and follow 

up aortography showed leakage. Due to this event, a 
longer self-expendable stent graft was positioned above 
the short one and deployed (Valiant 26x150 mm). 
Follow up aortography and IVUS showed satisfactory 
position of the implanted graft, without any further 
signs of periaortic contrast leak. Malpositioned screw 
in Th 12 was removed and rods were connected (Fig. 
4). Th e patient was stable throughout the procedure. 
Postoperatively, the patient was admitted in the 
Intensive Care Unit for the fi rst postoperative night 
and removed to the ward on the next morning. Th e 
patient recovered well without complications and was 
discharged on postoperative day 8. CT aortography 
obtained at 6 months showed no contrast leak or any 
other changes in the aff ected aorta.

Fig. 1. Preoperative computed tomography scan, with reconstruction, and magnetic resonance imaging.
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Fig. 2. Postoperative anteroposterior and profi le radiogram.

Fig. 3. Computed tomography of thoracic spine showing misplaced left pedicle screw in Th  11;  computed tomography 
aortogram showing the tip of the screw penetrating vessel wall.
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Literature Review

 We searched the PubMed database for case reports 
using the search terms “aortic injury” and „pedicle 
screw“, which yielded 78 results. Titles and abstracts 
were reviewed, and 16 papers reporting aortic lesions 
due to misplaced pedicle screw where endovascular 
surveillance or repair had been performed, were 
analyzed. Six papers where there was no removal of 

misplaced screw or the cause of spine pathology was 
fresh trauma were excluded. Eventually, 10 papers, all 
single case reports were analyzed5,7,8,12,13,15,17-19,21. A list 
of analyzed papers of aortic lesions due to misplaced 
pedicle screw in spine deformity surgery that included 
endovascular surveillance or repair and removal of 
misplaced screw is shown in Table 1.

Fig. 4. (A) Intraoperative aortography; (B) stent placing at the level of aortic lesion; (C) initial stent positioned; (D) fi nal 
aortography, rod continuity established with side connectors and traversing rod.
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Discussion

 Pedicle screw placement in ideal trajectory runs 
through the center of the pedicle and adequately 
penetrates vertebral body between 50% and 80% 
of its volume. Penetration by more than 80% of the 
vertebral body length on profi le radiograph or lateral 
deviation of the screw trajectory can raise concern for 
penetration of the anterior or lateral edge of vertebral 
body and possible injuries to the nearby structures, 
possibly major blood vessels9. In our institution, plain 
radiographs are performed postoperatively to estimate 
the pedicle screw position, and if there is suspicion of 
malposition, CT scan is performed. Vascular injuries 
due to screw misplacement, although rare, pose a 
very real risk of spinal instrumentation and present a 
serious and potentially devastating complication1,2,6-8. 
If there is suspicion of vessel injury with malpositioned 
screw intraoperatively, extreme caution is needed if 
attempting to remove the screw without confi rmation 
of the possible vessel lesion because massive bleeding 

from a perforated vessel could present a serious, 
life-threatening adverse event9,19. Most injuries 
reported in the available literature were late fi ndings 
in asymptomatic or mildly symptomatic patients, 
as shown in Table 11,3, 5,7-9,12,13,15,17-19,21.  In such cases, 
decision on surgical intervention can be based on 
two facts: (1) constant pulsatile microtrauma can 
cause thinning and eventual erosion of vessel wall 
with further consequences (bleeding, thrombosis, 
pseudoaneurysm...), and (2) depth of the screw 
encroaching, i.e., the deeper the screw is protruding, 
the higher is the mechanical strength of microtrauma 
due to larger contact surface1,9. For a clearly penetrating 
screw, it is inevitable to perform surgical intervention 
with vessel repair1,5,8,9,21.  Multidisciplinary evaluation 
of the patient is necessary including spinal surgeon, 
vascular surgeon, anesthesiologist, and radiologist/
cardiologist1,5,11,12. 

Table 1. List of case reports of aortic lesion endovascular repair and penetrating pedicular screw removal

Author Year Level Pathology Presentation Aortic lesion Endovascular 
intervention

Minor et al.18 2004 T5 Degenerative 
kyphoscoliosis

Incidental Penetration Stent graft

Hu et al.17 2009 T5 Pyogenic spondylitis Incidental Impingement Stent graft

Clarke et al.8 2011 T6 Burst fracture 
(osteoporotic)

Incidental Penetration Stent graft

Potter et al.5 2013 T6 Tumor Mid-thoracic 
pain

Impingement None

Pesenti et al.15 2014 T7 Degenerative 
kyphoscoliosis

Incidental Partial 
penetration

Stent graft

Tong et al.12 2015 T11 Earlier operated 
fracture

Incidental Impingement Stent graft

Mirza et al.21 2017 T10 Degenerative spine 
disease

Mid-thoracic 
pain

Penetration with 
pseudoaneurysm

Stent graft

Martin et al.7 2018 T8 Discitis Incidental Penetration Stent graft

Yammine et 
al.13

2018 N/A Earlier operated 
fracture

Incidental Penetration Stent graft

Th arp et al.19 2022 T5, 
T6

Idiopathic scoliosis Mid-thoracic 
pain

Penetration Stent graft
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 Open surgery for aortic wall injury is major 
operation which carries high morbidity and mortality, 
especially in older population who mostly require 
spinal instrumentation7,8. Matsuzaki et al. presented a 
case of thoracic aorta perforation from an anteriorly 
placed screw found on routine CT follow up, where 
they performed thoracotomy, cardiopulmonary bypass, 
and replacement of an 8-cm thoracic aortic segment20. 
Although the patient did well, repair of chronic 
traumatic aortic aneurysms carries a mortality rate of up 
to 50% and can be easily complicated with pulmonary 
failure or spinal cord ischemia8. Endovascular approach 
bears a lower risk and morbidity, and is the most often 
used technique whenever available1,5,7-13,15,17-19,21. Since 
the fi rst reported case with endovascular repair that 
was performed in 2004 by Minor et al., a respectable 
number of cases can be found in the available 
literature, with minor diff erences. Our choice to use 
the combined endovascular approach seemed to be the 
safest and most effi  cient method, given the conditions 
of the lesion and the patient.
 Stent graft placement and hardware removal can 
be performed simultaneously by removing the screw 
partially before stent placement or fi rst deploying the 
stent and then removing the screw7. Clarke et al. describe 
their experience where they initially removed the screw, 
but after screw removal there was unanticipated gush 
of blood from the screw hole. To stop bleeding, they 
inserted a screw with larger diameter but short enough 
not to reach the aorta, which stopped bleeding, and 
eventually they positioned the stent8. Simultaneous 
careful removal of the screws with deployment of the 
endograft obviates concern of the possible damage 
to the endograft from the screw tip12,13. In our case, 
we also planned to perform simultaneous stent 
deployment during screw removal to minimize the 
risk of the possible stent damage, and as we believed, 
to best control the possible bleeding. If there is no 
sign of aortic wall penetration, as in the work by 
Potter et al., where initial aortogram did not show any 
signs of intraluminal material, removing of the screw 
without additional endovascular intervention might 
be suffi  cient5. Performing endovascular repair fi rst and 
open removal of the screw on the day after can also be 
done, as reported by Hu et al.17. Some authors report no 
further complication after endovascular intervention 

in cases of aortic wall injury without removing the 
malpositioned hardware; however, principally it was 
not their initial decision but were rather forced to do it 
due to technical problems with removing hardware10,22.
When using closed graft for endovascular repair, it 
is obligatory to bear in mind the possible closure of 
cord supplying arteries9,12. Our initial plan was to use 
a short stent (48 mm in length) but due to inadequate 
closure of the lesion, we had to adjust our approach 
with placement of an additional longer graft. To avoid 
or minimize the risk, as Tong et al. highlight, planning 
of stent dimension can be performed based on CT 
angiogram measurement12. We want to point to the 
importance of performing follow up aortography, as 
we had leakage due to graft malposition, which is the 
most important sign for additional actions. Th is may 
be an advantage of simultaneous approach because 
through performing follow up aortography whenever 
necessary, vascular team can have supervision of the 
stent-graft position and can easily record the possible 
bleeding from the lesion during or after screw removal. 
Performing endovascular intervention fi rst, and then 
posterior approach for hardware removal (e.g., changing 
position of the patient) might bear the risk of additional 
graft slip and if it is not ideally positioned, leaves the 
lesion uncovered. Additional balloon catheter in place 
of the possible bleeding can also be ‘back-up’ in case 
of unexpected event5,7,8,19. Patient positioning in the 
right lateral decubital position needs to be performed 
carefully to avoid the possible bleeding on entering the 
vessel or movement of vascular catheter7. It may seem 
that lateral position is unconventional for hardware 
manipulation but none of the authors pointed to it 
as an unbearable circumstance5,8,7,12,13,18,19,21, as also 
confi rmed by our experience. Th is position also permits 
urgent thoracotomy if necessary. 
 Performing posterior instrumentation, free hand or 
navigated, always bears the risk of screw misplacement, 
and there is always the question if there is the need 
of postoperative screw position follow up1,2,4,23. We 
consider that plain radiographs can give a relatively 
good insight in hardware position and show the 
potential need of additional radiological examination. 
However, with uncharacteristic complaints after 
pedicle screw instrumentation, the possible vascular 
injury should be borne in mind14,23.
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Conclusion 

 Aortic injury due to malposition of spinal screw 
is a very rare and underreported but potentially 
devastating complication. Combined endovascular 
approach with simultaneous removal of malpositioned 
screw seems to be safe and effi  cient way to deal with 
this kind of challenge. Placing the patient in lateral 
decubital position for screw removal after initial 
endovascular catheter placement gives enough space 
for all operators to work. Performing intraoperative 
aortography provides good insight into stent position 
and possible bleeding after screw removal and stent 
positioning; as we showed in our case, it helps decide 
on performing additional intervention. Using a short 
graft should be considered in order to limit the risk of 
possible spinal cord ischemia.
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Sažetak

KOMBINIRANO ENDOVASKULARNO LIJEČENJE LEZIJE AORTE I UKLANJANJE PENETRIRAJUĆEG 
PEDIKULARNOG VIJKA NAKON STRAŽNJE INSTRUMENTACIJE KRALJEŽNICE: PRIKAZ SLUČAJA I 

PREGLED LITERATURE

D. Girotto, J. Burić, H. Šimić, V. Tomulić, T. Jakljević i Z. Kvas  

 Stabilizacija kralježnice transpedikularnim vijcima najčešća je tehnika instrumentacije među spinalnim kirurzima. 
Tehnika „slobodne ruke“ je relativno sigurna uz kontrolu intraoperacijskog rendgena. Vaskularne ozljede malpozicioniranim 
vijcima su rijetke, ali potencijalno kobna komplikacija. Ozljede torakoabdominalne aorte malpozicioniranim vijkom 
zahtijevaju multidisciplinarni pristup. Ozljeda stijenke krvne žile može zahtijevati uklanjanje vijka i popravak lezije. U ovom 
radu prikazujemo slučaj 72-godišnje bolesnice kod koje je učinjena duga fi ksacija torakolumbarne kralježnice. Kontrolna 
kompjutorizirana tomografi ja (CT) tijekom poslijeoperacijskog praćenja, a potom i aortografi ja pokazali su leziju stražnjeg 
zida aorte malpozicioniranim vijkom bez znakova krvarenja. Nakon minuciozne pripreme učinjen je kombinirani zahvat, 
tj. simultani endovaskularni popravak aorte stent-graftom i uklanjanje vijka. Tijekom uklanjanja vijka bolesnica je bila u 
desnom bočnom položaju. Otpuštena je na kućno liječenje osmog poslijeoperacijskog dana. Kontrolna CT aortografi ja 6 
mjeseci kasnije nije pokazala krvarenja ili bilo kakve promjene na aorti. Smatramo da je simultani endovaskularni popravak 
lezije aorte i uklanjanje vijka siguran i prikladan pristup u liječenju ove komplikacije. Bočni položaj nosi određena ograničenja 
za operatere, ali istodobno ostavlja dovoljno prostora za siguran rad. Intraoperacijska aortografi ja daje dobar uvid u položaj 
stenta ili eventualno krvarenje nakon uklanjanja vijka.
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