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Iatrogenic Lumbar Artery Injury in Spine Surgery: A Literature Review
Liehua Liu1,4, Nan Li5, Qian Wang6, Haoming Wang5, Yuexiang Wu2, Weidong Jin3, Qiang Zhou4, Zili Wang3
-BACKGROUND: We reviewed the reported data related to iatrogenic lumbar
artery injury (ILAI) in spine surgery with a focus on which iatrogenic procedure
might cause lumbar artery injury.

-METHODS: We conducted a comprehensive search in the Web of Science,
PubMed, EMBASE, and Chinese biomedical databases in July 2018.

-RESULTS: A total of 20 reports on ILAI were selected for the present study.
Most of these were case reports, with a total of 26 cases. The causes of ILAI
were as follows: puncture injury in 9 cases, transforaminal endoscopic opera-
tion in 5 cases, pedicle screw injury in 3 cases, intervertebral foramen
decompression in 2 cases, disc rongeur injury during discectomy in 2 cases,
lumbar artery tear caused by transverse process fracture in 1 case, vertebral
fracture restoration in 1 case, retractor injury in 1 case, cage insertion or pedicle
screw injury in 1 case, and drainage tube stimulation in 1 case. The treatment
methods included transarterial embolization in 20 cases, percutaneous emboli-
zation in 2 cases, surgical ligation in 1 case, and steroid and cyclophosphamide
treatment in 1 case. All patients were treated successfully. One patient died
during antishock therapy, and another patient died because her family refused
any further intervention.

-CONCLUSIONS: Attention should be given to the surgical procedures that are
likely to cause ILAI, such as percutaneous vertebroplasty/percutaneous
kyphoplasty, vertebral biopsy, pedicle screw implantation, discectomy, trans-
foraminal endoscopic operation, and intervertebral foramen decompression.
Once a diagnosis of ILAI has been confirmed, selective endovascular trans-
arterial embolization is the preferred treatment.
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INTRODUCTION

The lumbar arteries (LAs) are small blood
vessels originating from the abdominal
aorta that are mostly distributed in L1-L4
in pairs and, rarely, in L5.1 They traverse
the posterolateral side of the vertebral
body and are divided into 3 branches in
front of the intervertebral foramen
(anterior branch, posterior branch, and
middle branch).2 However, the origin,
distribution, and branches could have
some variations.3,4 Some studies have
reported that bleeding and/or a
pseudoaneurysm can occur in the LA
from trauma,5,6 vascular disease,7,8 and
iatrogenic injury.9-27 These cases are
uncommon in clinical practice and easy
to ignore; however, a belated diagnosis
can lead to serious consequences, such
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266 www.SCIENCEDIRECT.com
as massive bleeding, shock, and, even,
death.25

The present study reviewed the reported
data related to iatrogenic LA injury (ILAI)
during spine surgery, with a focus on
which iatrogenic operation caused the LA
injury. We also analyzed its causes, diag-
nosis, and treatment with the aim of
alerting spine surgeons to pay attention to
ILAIs.

METHODS

The present study did not require ethical
review because all analyses were of data
from previous reports. We conducted a
comprehensive search in the Web of Sci-
ence, PubMed, EMBASE, and Chinese
biomedical databases in July 2018. The
searched titles or keywords were lumbar
artery, lumbar artery hemorrhage, lumbar
WORLD NEUROSURGERY, http
artery injury, lumbar artery aneurysm,
lumbar artery pseudoaneurysm, segmental
artery, segmental artery injury, segmental
artery aneurysm, and segmental artery
pseudoaneurysm. The inclusion criteria
were the receipt of spine surgery for spine
disease, LA bleeding, and/or a pseudoa-
neurysm confirmed during or after
surgery; detailed diagnosis and treatment
information available; and report of the
reason for analysis of the ILAI. The
exclusion criteria were trauma and arterial
vasculopathy leading to LA bleeding and/
or a pseudoaneurysm.

RESULTS

A total of 102 reports were found and
included, 42 of which involved an LA
injury associated with spine surgery. Thus,
22 non-ILAI reports were excluded, and 20
s://doi.org/10.1016/j.wneu.2018.10.219
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Table 1. Details of the Studies of Iatrogenic Lumbar Artery Injury

Investigator State Patient Sex
Age

(years)
Primary
Disease Operation

Other
Indications

Symptom of
ILAI

Diagnostic
Point

Diagnostic
Method

Affected
LA

Cause of
ILAI Treatment Outcome

Smith et al.,9

1991
USA 1 M 62 LSS (L3-L4, L4-L5) Spinal canal

decompression
Atherosclerosis Right lower limb

neural symptom,
acute hypotension

POD 2 CT Right 4 Intervertebral
foramen

decompression

Ligation Cured

Stevens
et al.,10 1997

UK 2 M 80 Lymphoma Needle biopsy
(L4)

Paravertebral mass POD 180 CT Right 4 Puncture Conservative
treatment

(steroid þ CP)

Cured

Biafora
et al.,11 2006

USA 3 F 84 OVCF (L5) PKP (L5) Anticoagulant
agents

Incision bleeding POD 10 Angiography Right 4 Puncture TAE Cured

Dausse
et al.,12 2006

FRA 4 F 66 Infection (L2-L3) Needle biopsy Lymphoma Left lower abdominal
pain

POD 11 Enhanced CT Left 2 Puncture TAE Cured

FRA 5 ? 81 Paravertebral
abscess

Drainage Septicemia No (repeat CT
examination)

POD 15 Enhanced CT Left 3 Drainage tube TAE Cured

Kulkarni
et al.,13 2007

UK 6 M 79 Infection (L1-L2) Needle biopsy Low back pain POD 20 Enhanced MRI ? Puncture Percutaneous
embolization

Cured

Domenicucci
et al.,14 2008

ITA 7 ? 23 Fracture (T12-L1),
SCI

Reduction þ PS Incision hematoma,
hyperpyrexia, anemia

POD 7 CT Left 1 Fracture
restoration

TAE Cured

Nijenhuis
et al.,15 2009

NED 8 M 69 LSS (L4eS1) PLIF þ PS Low back pain, lower
limb neural symptom

POD 90 MRI Right 4 Intervertebral
foramen

decompression

TAE Cured

Karaikovic
et al.,16 2010

USA 9 F 48 LDH (L4-L5) Discectomy Surgical field bleeding During
surgery

Angiography Right 3 Disc rongeur TAE Cured

Santillan
et al.,17 2010

USA 10 M 55 LDD (L2-L3) XLIF Shock, retroperitoneal
hematoma

POD 2 CT Left 2 Retractor TAE Cured

Heo et al.,18

2011
KOR 11 F 73 OVCF (L2) PVP Backache, left lower

limb neural symptom,
acute hypotension

POD 1 Enhanced MRI Left 2 Puncture TAE Cured

Puri et al.,19

2011
USA 12 F 67 OVCF (L3, L4) PVP (L3, L4) Backache, psoas

hematoma
POD 42 CTA Left 3 Puncture TAE Cured

USA 13 F 81 OVCF PVP Anemia POD 9 CTA Right 3 Puncture TAE Cured

Ikeda et al.,20

2012
JPN 14 M 56 Infection (L2-L3) Needle biopsy AML Low back pain POD 4 CTA Left 2 Puncture Percutaneous

embolization
Cured

Oh et al.,21

2013
KOR 15 F 55 LSS (L3-L4) PLF þ PS Anticoagulant

agents
Stomach ache, acute
hypotension, anemia

POD 9 Enhanced CT Right 2 Transverse
process
fracture

Embolization Cured

Sugimoto
et al.,22 2013

JPN 16 M 65 Burst fracture (L1),
CES

Reduction þ PS Anemia POD 2 Enhanced CT Right 2 PS TAE Cured

ILAI, iatrogenic lumbar artery injury; LA, lumbar artery; M, male; LSS, lumbar spinal stenosis; POD, postoperative day; CT, computed tomography; CP, cyclophosphamide; F, female; ?, unclear; OVCF, osteoporotic vertebral compression fracture;
PKP, percutaneous kyphoplasty; TAE, transarterial embolization; FRA, France; MRI, magnetic resonance imaging; ITA, Italy; XLIF, extreme lateral interbody fusion; SCI, spinal cord injury; PS, pedicle screw; NED, the Netherlands; PLIF, posterior
lumbar interbody fusion; LDH, lumbar disc herniation; LDD, lumbar degenerative disease; KOR, Korea; PVP, percutaneous vertebroplasty; CTA, computed tomography angiography; JPN, Japan; CES, cauda equina syndrome; DLS, degenerative
lumbar spondylolisthesis; AML, acute myeloid leukemia; PLF, posterolateral lumbar fusion; mCa, metastatic carcinoma; ESP, Spain; CHN, China; GRE, Greece; PTED, percutaneous transforaminal endoscopic discectomy.
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reports
on

ILA
I
w
ere

selected
for

inclusion
in

the
present

study
9-27

(Table
1).

M
ost

of
these

w
ere

case
reports,

w
ith

a
total

of
26

patients.
These

reports
cam

e
from

10
countries

and
had

been
published

from
1991

to
2018,

including
5
from

the
U
nited

States,
3

from
Italy,

2
each

from
the

U
nited

K
ingdom

,
Japan,

K
orea

and
C
hina,

and
1
each

from
the

N
etherlands,

Spain,
France,

and
G
reece.

O
fthe

26
patients,11

w
ere

m
en,13

w
ere

w
om

en,
and

2
did

not
report

their
sex.

Their
age

w
as

66.23�
14.21

years
(range,

23e
84).

The
age

of
the

m
en

w
as

68.64�

In
addition,

4
patients

had
lum

bar

lum
bar

tum
ors.

O
ther

predisposing
factors

included
4
case-tim

es
of

anticoag-
ulant

therapy,
5
case-tim

es
of

a
m
alignant

tum
or,

1
case-tim

e
of

atherosclerosis,
and

1
case-tim

e
of

sepsis.
The

perform
ed

operations
w
ere

as
follow

s:percutaneous
vertebroplasty

(PVP)
and

percutaneous
kyphoplasty

(PK
P)

in
5

patients,
percutaneous

transforam
inal

endoscopic
discectom

y
in

5
patients,

needle
biopsy

in
4,

posterior
lum

bar
interbody

fusion
and

pedicle
screw

fi
xa-

tion
in

3,
fracture

reduction
and

pedicle
screw

fi
xation

in
2,

discectom
y
in

2
pa-

tients,and
vertebralsubtotalresection

and
pedicle

screw
fi
xation,

posterior
decom

-
pression

of
the

spinal
canal

and
pedicle

screw
fi
xation,posterior

decom
pression

of
the

spinal
canal,

extrem
e
lateral

interbody
fusion,

and
drainage

of
an

abscess
in

1
patient

each.
Intraoperative

LA
bleeding

w
as

found
in

7
patients,

of
w
hom

6
presented

w
ith

surgical
fi
eld

bleeding
and

1
show

ed
acute

hypotension.
D
uring

the
postoperative

period,
from

1
day

to
6
m
onths,

an
ILA

I
w
as

diagnosed
in

19
patients,

including

Table 1. Continued

Investigator State Patient Sex
Age

(years)
Primary
Disease Operation

Other
Indications

Symptom of
ILAI

Diagnostic
Point

Diagnostic
Method

Affected
LA

Cause of
ILAI Treatment Outcome

17 M 82 DLS (L4-L5) PLIF þ PS Anticoagu nts Left 4 PS TAE Cured

Giordano
et al.,23 2017

ITA 18 M 73 mCa (L2) PVP þ
cryoablation (L2)

Kidney ca er Left 2 Puncture TAE Cured

Álvarez
et al.,24 2017

ESP 19 F 77 LSS (L3-L4, L4-L5) Decompressionþ
PS

Right 5 PS TAE Cured

Ventura
et al.,25 2017

ITA 20 F 38 LDH (L5-S1) Discectomy Right 4 Disc rongeur Antishock
therapy

Death

Chen et al.,26

2017
CHN 21e24 2

M þ
2 F

67 (65
e71)

LDH PTED Right 3 Transforminal
endoscope

TAE Cured

LDH (L3-L4) PTED Left 3 Transforminal
endoscope

TAE Cured

LDH PTED ? Transforminal
endoscope

TAE Cured

LDH PTED Left 4 Transforminal
endoscope

TAE Cured

Ntourantonis
et al.,27 2018

GRE 25 F 76 OVCF þ canal
encroachment

Corpectomy (L1) Colon can er,
ovarian ca er,
anticoagu nt

agent

Left 3 Cage insertion
or PS

Her family
denied any
further

intervention

Death

Wang
et al.,28 2018

CHN 26 F 64 LDH (L3-L4) PTED Right 3 Transforminal
endoscope

TAE Cured

ILAI, iatrogenic lumbar artery injury; LA, lumbar artery; M, male; LSS, lumbar spinal stenosis; POD, postoperativ day; unclear; OVCF, osteoporotic vertebral compression fracture;
PKP, percutaneous kyphoplasty; TAE, transarterial embolization; FRA, France; MRI, magnetic resonance imagin ITA, ury; PS, pedicle screw; NED, the Netherlands; PLIF, posterior
lumbar interbody fusion; LDH, lumbar disc herniation; LDD, lumbar degenerative disease; KOR, Korea; PVP, pe tane PN, Japan; CES, cauda equina syndrome; DLS, degenerative
lumbar spondylolisthesis; AML, acute myeloid leukemia; PLF, posterolateral lumbar fusion; mCa, metastatic arcin us transforaminal endoscopic discectomy.
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vertebra
infection

and
2

patients
had

la

nc

c
nc
la
s

e
g;
rcu
c

9.18
years

(range,
55e

82),
and

the
age

of
the

w
om

en
w
as

70.00�
8.60

years
(range,

55e
84).

The
prim

ary
disease

w
as

lum
bar

vertebra
degeneration

in
13

patients,
including

7
w
ith

lum
bar

disc
herniation,

4
w
ith

lum
bar

spinal
stenosis,

1
w
ith

degenerative
lum

bar
spondylolisthesis,

and
1
w
ith

a
rough

diagnosis
of

lum
bar

degeneration.
The

prim
ary

disease
w
as

lum
bar

vertebra
fracture

in
7

patients,
including

5
w
ith

osteoporotic
vertebral

com
pressive

fracture
and

2
w
ith

lum
bar

vertebra
fractures

in
young

and
m
iddle-

age
patients

w
ith

neurological
sym

ptom
s.

Psoas hematoma POD 7 Enhanced CT

Stomach ache POD 2 Enhanced CT

Surgical field bleeding During
surgery

Angiography

Acute hypotension During
surgery

Autopsy

Surgical field bleeding During
surgery

Angiography

Surgical field bleeding During
surgery

Angiography

Surgical field bleeding During
surgery

Angiography

Stomachache, groin
pain

POD 1 CT

Dizzy, anemia POD 7 CTA

Surgical field bleeding During
surgery

Angiography

CT, computed tomography; CP, cyclophosphamide; F, female; ?,
Italy; XLIF, extreme lateral interbody fusion; SCI, spinal cord inj
ous vertebroplasty; CTA, computed tomography angiography; J
oma; ESP, Spain; CHN, China; GRE, Greece; PTED, percutaneo
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12 with a LA pseudoaneurysm. The
symptoms were 10 case-times of pain
exacerbation (back pain, lower back pain,
abdominal pain, and groin pain), 6
case-times of anemia, 4 case-times of
hypotension, 3 case-times of lower limb
neural symptoms, 2 case-times of incision
bleeding and hematoma, 1 case-time of
shock and retroperitoneal hematoma, 1
case-time of hyperpyrexia, 1 case-time of a
paravertebral mass, 1 case-time of a psoas
hematoma, 1 case-time of dizziness, and 1
asymptomatic case that was diagnosed by
repeat computed tomography (CT)
examination.
The diagnostic methods included CT

and/or contrast-enhanced CT in 11
patients, selective angiography in 7 pa-
tients, CT angiography in 4 patients,
magnetic resonance imaging in 3 patients,
and autopsy in 1 patient. The causes of
ILAI were as follows: puncture injury in 9
patients, transforaminal endoscopic oper-
ation in 5 patients, pedicle screw injury in
3 patients, intervertebral foramen decom-
pression in 2 patients, disc rongeur injury
during discectomy in 2 patients, LA tear
caused by a transverse process fracture in 1
Figure 1. Illustrative drawings of iatrogenic lumbar ar
an extrapedicular puncture, transforaminal endoscop
pedicle screw. (A) A lumbar artery (LA) located at the
puncture approach in L1. Red arrow indicates extraped
red �, the puncture point of the vertebral body. (B) A
branch from the third LA located at the extrapedicular

WORLD NEUROSURGERY 122: 266-271,
patient, vertebral fracture restoration in 1
patient, retractor injury in 1 patient, cage
insertion or pedicle screw injury in 1
patient, and drainage tube stimulation in 1
patient.
The left affected LA was included 12

patients, including the second LA in 5, the
third LA in 4, the fourth LA in 2, and the
first LA in 1 patient. The right affected LA
was included 12 patients, including the
fourth LA in 5, the third LA in 4, the
second LA in 2, and the fifth LA in 1
patient. In addition, the right or left LA
was not confirmed in 2 patients.
The treatment methods included trans-

arterial embolization (TAE) in 20 patients,
percutaneous embolization in 2, surgical
ligation in 1, and steroid and cyclophos-
phamide treatment in 1 patient, all of
whom were treated successfully. One
patient died during antishock therapy, and
another patient died because her family
refused any further intervention.
DISCUSSION

During PVP/PKP and vertebral biopsy, both
transpedicular and extrapedicular puncture
tery injury caused by
ic surgery, and a
extrapedicular
icular puncture path;
n intersegmental
puncture approach in

L4. Red arrow indicates ext
point of the vertebral body.
intervertebral foramen regio
endoscopic region. (D) An L
L2. Dotted line indicates a

FEBRUARY 2019 ww
can damage the LA. During transpedicular
puncture, attention should be given to
whether the front of the puncture needle
breaks through the vertebral cortex.19 The
extrapedicular puncture technique carries
a greater risk of LA injury owing to the LA
distribution in the lateral sides of the
vertebral body and the intersegmental
branches coming from the upper LA on
the lateral side of the basal pedicle11,18,29

(Figure 1A and B). Heo and Cho18

reported an extrapedicular PVP for a
patient in L2 who complained of
postoperative radiation pain, numbness,
and tingling in the left leg. A CT scan
showed a large retroperitoneal hematoma,
and angiography confirmed that the left
second LA was bleeding, which was
successfully embolized. Biafora et al.11

reported an extrapedicular PKP in L5 for
treatment of a compressive fracture and
hemorrhaging from the incision on
postoperative day 10. Selective
angiography confirmed the existence of an
intersegmental branch from the right
fourth LA, and the hemorrhage was
successfully controlled by embolization.
During transpedicular puncture, the
rapedicular puncture path; red �, the puncture
(C) An LA and its branches distributed in L4-L5
n. Dotted line indicates transforaminal
A distributed in the lateral wall of the pedicle in
pedicle screw outside the pedicle.

w.WORLDNEUROSURGERY.org 269

http://www.WORLDNEUROSURGERY.org


LITERATURE REVIEW

LIEHUA LIU ET AL. ILAI IN SPINE SURGERY
position of the puncture needle should be
confirmed by fluoroscopy, especially for
patients with vertebral destruction, severe
osteoporosis, and/or vertebral cortical
fracture. During extrapedicular puncture,
determining whether the LA is distributed
on the puncture path could also be
necessary before surgery.
The branches of the LA can be damaged

by spinal canal decompression, including
central spinal canal decompression
(discectomy) and nerve root canal
decompression, and transforaminal
endoscopic surgery. Nojiri et al.30 studied
the vertical branch of the LA in the
lateral side of the intervertebral disc and
found that the vertical branch of the LA
across the middle one third of the
intervertebral disc accounted for 3% and
that across the back one third of the
intervertebral disc accounted for 30%.
This scenario can explain why
percutaneous transforaminal endoscopic
discectomy (Figure 1C) decompression
procedures in the intervertebral foramen
region, basal fracture of the transverse
process, and a pedicle screw outside the
pedicle can easily damage these
branches. During discectomy, a disc
rongeur breaking through the front of
the vertebral body can damage, not only
the prevertebral great vessels31,32 but also
the LA. Two cases of LA injuries were
found in that study. In particular, the
case reported by Ventura et al.25 should
be highly valued by every spine surgeon.
They reported a patient with a lumbar
disc herniation in L5-S1, who had under-
gone left L4-L5 half-laminectomy owing to
false positioning. During the “grabbing”
process in the L4-L5 intervertebral space,
the right fourth LA was torn, resulting in
massive retroperitoneal bleeding, shock,
and the patient’s death. Autopsy
confirmed that the massive bleeding had
been caused by iatrogenic injury of the
right fourth LA. Therefore, we should
emphasize that we must first ensure that
the surgical site is absolutely correct. If
any doubt is present, a radiograph should
be taken at any point. Second, the possi-
bility that the instrument could break
through the annulus fibrosus and the
anterior longitudinal ligament during the
discectomy must be strictly prohibited.
A pedicle screw can damage a

prevertebral vessel, such as the abdominal
aorta.33,34 In the present study, 3 cases of
270 www.SCIENCEDIRECT.com
LA injury resulted from pedicle screws.
Their commonality was that the pedicle
screw was placed outside the pedicle,
which damaged the branches of the LA
(Figure 1D). Sugimoto et al.22 reported 1
case in which pedicle screws were placed
manually. On the second postoperative
day, a right psoas hematoma was found
on CT examination, and bleeding of the
right second LA was successfully
embolized. Extreme lateral interbody
fusion requires the device to establish a
channel; thus, the retractor could damage
the adjacent LA and/or the vertical
branches of the LA.17,30 For lumbar
fractures, an LA can be affected.6 With
fracture restoration, a contused LA can be
torn. For patients receiving anticoagulant
therapy and those with a malignant
tumor, an infection, or atherosclerosis,
the risk of ILAI could be increased, which
might be related to abnormal blood
coagulation and inflammatory changes in
the vessel wall.35,36 During implantation
of a pedicle screw, the sagittal and
transverse section angles and depth
should be confirmed correctly using
fluoroscopic guidance.
Discovering an ILAI in a timely manner

is very important to guide timely treat-
ment. If unexplained blood loss or a blood
pressure decrease occurs during surgery,
the surgical field should be checked care-
fully to ensure that the bleeding has been
completely stopped. If the cause of
bleeding is not found by the naked eye,
the interventional department should be
informed in a timely manner for selective
angiography. After spine surgery, radio-
graphic reexamination often fails to detect
a psoas hematoma and retroperitoneal
hemorrhage. For patients with
postoperative aggravating back pain,
abdominal pain, nerve symptoms of the
lower limbs, anemia, hypotension, or
incision bleeding, angiography should be
performed as soon as possible. In the
present study, the left second and the right
fourth LAs were affected in 5 patients,
respectively. The fourth LA was prone to
injury and bleeding because of its larger
diameter37; however, the cause of ILAI at
the second LA was unclear.
For patients identified with ILAI, timely

treatment is very important. TAE is a well-
recognized, safe, effective, and minimally
invasive treatment for LA bleeding.7,38 In
the present study, 20 patients had been
WORLD NEUROSURGERY, http
successfully treated by TAE. During
the surgery, ligating the affected LAwas the
most direct method. However, owing to the
deep location of the LA, this method often
does not succeed. In such cases, the sur-
geon must temporarily close the incision
and maintain the patient in the supine po-
sition for femoral artery catheterization.24

For patients with less bleeding, stable
systemic conditions, or an unsuccessful
TAE, percutaneous embolization or drug
therapy were the therapeutic options.17,20

The present study included typical cases
of ILAI. Some reports related to LA injury
as a surgical complication were briefly
mentioned without detailed data and were
not included in the present study.39,40
CONCLUSIONS

During spine surgery, ILAI is uncommon
but can cause serious life-threatening
consequences if it occurs. As surgeons,
having a detailed operation plan before
surgery, understanding the anatomical
position of the LA, and having contin-
gency plans to control LA bleeding are very
important. Attention should be given to
those surgical operations that easily cause
ILAI, such as PVP/PKP, vertebral biopsy,
pedicle screw implantation, discectomy,
transforaminal endoscopic operation, and
intervertebral foramen decompression.
The position of the implant should be
monitored using 3-dimensional navigation
devices to ensure correct positioning.
Postoperative observation should be
enhanced to eliminate LA bleeding as
soon as possible. Once the diagnosis of
ILAI has been confirmed, selective endo-
vascular TAE is the preferred treatment.
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