Large blood vessel stretch in lumbar spine through
anterior surgical approach: An experimental study in
adult goat
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ABSTRACT

Background: Various anterior lumbar surgical approaches, including the minimally invasive approach, have greatly improved in
recent years. Vascular complications resulting from ALIF are frequently reported. Little information is available about the safety
of large blood vessel stretch. We evaluated the right side stretch limit (RSSL) of the abdominal aorta (AAA) and the inferior vena
cava (IVC) without blood flow occlusion and investigated stretch-induced histological injury and thrombosis in the iliac and femoral
arteries and veins and the stretched vessels.

Materials and Methods: The RSSL of blood vessels in five adult goats was measured by counting the number of 0.5-cm-thick
wood slabs that were inserted between the right lumbar edge and the stretch hook. Twenty seven adult goats were divided into
three groups to investigate histological injury and thrombosis under a stretch to 0.5 cm (group I) 1.5 cm (group Il) for 2 h, or no
stretch (group lll). Blood vessel samples from groups | and Il were analyzed on postsurgical days 1, 3, and 7. Thrombogenesis
was examined in the iliac and femoral arteries and veins.

Results: The RSSL of large blood vessels in front of L4/5 was 1.5 cm from the right lumbar edge. All goats survived surgery
without complications. No injury or thrombosis in the large blood vessels in front of the lumbar vertebrae and in the iliac or
femoral arteries and veins was observed. Under light microscopy, group | showed slight swelling of endothelial cells in the AAA
and no histological injury of the IVC. The AAA of group |l showed endothelial cell damage, unclear organelles, and incomplete
cell connections by electron microscopy.

Conclusions: The AAAand IVC in a goat model can be stretched by <0.5 cm, with no thrombosis in the AAA, IVC, iliac or femoral
arteries and veins.
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INTRODUCTION technique, and fast postsurgical recovery.}? Various

anterior lumbar surgical approaches, including the

s a commonly used technique with a long surgical
history, anterior lumbar interbody fusion (ALIF)
has several advantages, including its minimal
invasiveness, reduced bleeding, simple operative

Departments of Orthopedics, Orthopedics Center of PLA, 'Pathology, Southwest
Hospital, *Surgically Applied Anatomy and Surgery, *Health Statistics, Third Military
Medical University, Chongging, China

Address for correspondence: Prof. Qiang Zhou,

Department of Orthopedics, Orthopedics Center of PLA,
Third Military Medical University, Chongqing 400038, China.
E-mail: zq_tlh@163.com.

Access this article online

Quick Response Code:

Website:
www.ijoonline.com

DOI:
10.4103/0019-5413.128762

minimally invasive approach, have greatly improved
in recent years.®>* Nevertheless, vascular complications
resulting from ALIF are frequently reported. In Baker’s
series et al.,> 15.6% of ALIF patients had vascular
injury to the inferior vena cava (IVC, 4 cases) or the
common iliac vein (11 cases). Among 212 ALIF cases,
Gary et al.® found 1 case of major arterial injury and
12 cases of venous injuries. Three case studies of artery
embolization after ALIF have been independently
reported.”®

Little information is available about the safety of large blood
vessel stretch. Here, we evaluated the right side stretch
limit (RSSL) of the abdominal aorta (AAA) and the IVC
without blood flow occlusion. We also investigated stretch
induced histological injury and thrombogenesis in the iliac
and femoral arteries and veins and the stretched blood
vessels, in an adult goat model.
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MATERIALS AND METHODS

The study was conducted in Youyang black goats. Each
experiment used blood-vessel hooks (3 cm wide, with a
blunt edge), wood blocks (0.5 X 2 X 4 c¢m), and different
individuals. The wood block was placed between the hook
and the right edge of the lumbar spine [Figure 1].

Blood vessel stretch limit

Five 10-month-old goats (average weight: 23.0 + 1.2 kg)
received anesthesia through intramuscular injection of
0.06 mL/kg sumianxin II (Veterinary Research Institute,
Changchun PLA Quartermaster University, China) and
2 mg/kg ketamine hydrochloride (Jiangsu Hengrui Medicine
Co., Ltd, China).

Goats were placed in a supine position, prepped and draped.
To perform the L4/5 anterior lumbar surgery, an incision
was made at the ventral midline and the intraperitoneal
approach was used. The AAA and IVC were isolated at the
L4/5 level and their transverse diameters between L4 and
L5 were measured. The surgeon determined whether the
abdominal aortic blood flow is obstructed by investigating
the pulse at 2 cm to the start point of the bilateral iliac
arteries. If three surgeons could not reach a concensus, the
experiment was reperformed. Vessels were stretched to the
right side with a special 3 cm wide vessel hook. Then, 0.5 cm
thick slabs of wood were inserted into the cleft between the
hook and the right edge of the lumbar spine until the iliac
artery pulse disappeared [Figure 1]. One piece of wood
was removed to reduce the stretch intensity slightly and to
restore the iliac artery pulse.

Methylene blue solution (10 mL) was injected into the
iliac vein. Blood was sampled upstream of the stretched
IVC. The result was considered negative if the blood was

Figure 1: Peroperative photograph showing (1) Abdominal aorta; (2)
inferior vena cava; (3) 0.5-cm-thick wood slabs

blue; otherwise, it was considered positive. If the extracted
blood was not blue, then the stretch intensity was gradually
reduced (i.e. the 0.5 cm thick wood slabs were removed
individually) until the blood became blue. The RSSL was
determined as the distance between the vessel hook and
the right edge of the lumbar spine, which was the product
of the number of wood slabs and the thickness of wood
slabs (0.5 cm).

Histological injury and thrombogenesis in the AAA
and IVC under different stretch intensities

Twenty seven 10 month old goats (average weight:
24.1 = 2.3 kg) were divided into three groups. Group [
underwent blood vessel stretch to 0.5 cm (i.e. 1 wood
slab was inserted between the hook and the right lumbar
edge) for 2 hours. Group Il underwent blood vessel stretch
to 1.5 cm (i.e. 3 wood slabs were inserted) for 2 hours.
Group Il was employed as control (neither the AAA nor
the IVC was stretched after isolation). The surgical process
was the same as described above.

The blood vessel sampling sites after stretching are
shown in Figure 2. Ring-shaped blood vessel samples
were collected from three goats in groups I, II, and III on
postsurgical days 1, 3, and 7 after sacrificing the animals.
Blood vessel samples were investigated by general
observation (of injury or thrombosis in the vessel wall),
light microscopy (hematoxylin and eosin [HE] and elastic
fiber staining) and transmission electron microscopy (TEM).
The iliac and femoral arteries and veins were opened to
investigate thrombus formation.

The intimal layer, middle smooth muscle layer and outer layer
at points A, B, and C of the AAA and points A, B and C’ of
the IVC were observed under light microscopy. Observation
included the morphology of the endothelial cells, smooth muscle

Figure 2: A schematic diagram showing sampling sites of the abdominal
aorta (A, B, C) and the inferior vena cava (A’, B, C’) after stretching
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cells and elastic fibers. Injury was determined on the basis of
organizational continuity, completeness, and uniformity. The
degree of injury was determined as follows: intact = vascular
ring on the slide was set as 100%; score = O represented
no injury, score = 1 represented < 10% injury, score = 2
represented 10% to 25% injury, score = 3 represented 25% to
50% injury and score = 4 represented > 50% injury. Scoring
was performed by a single pathologist. The ultrastructure of
cells was observed with TEM.

All goats were provided by the experimental animal
center of Third Military Medical University. The animal
experimental design and sacrificing methods were approved
by the experimental animal ethics committee of Third
Military Medical University.

Statistical analysis

Blood vessel diameters are reported as X = S. Quantitative
data acquired by light microscopy were analyzed with
factorial variance analysis in the SPSS 18.0 software
package. Intragroup analysis was performed using repeated
measures analysis of variance. Differences with P < 0.05
were considered statistically significant.

REesuLTs

Blood vessel stretch limit

The results for the blood vessel stretch limit are shown
in Table 1. The blood vessel transverse diameters were
0.78 = 0.08 cm for the AAA and 1.72 + 0.08 cm for the
IVC. The lumbar spine was divided into three parts: left,
middle, and right. The AAA was in the middle part and
the IVC was adjacent to the AAA on the right side. In four
goats, when the AAA was stretched to 1.5 cm from the
right lumbar edge, blood in the AAA and IVC still flowed.
However, if the distance was > 2 cm, then the blood flow
in the AAA was blocked. In the fifth goat, when the AAA
was stretched to 2 cm from the right lumbar edge, the
blood in the AAA and IVC still flowed. However, if the
distance was > 2.5 cm, then the blood flow in the AAA

Table 1: Blood vessel stretch limit

Animal Weight Transverse No. of MB

(kg) diameter wood slabs staining
(cm) at IAP
AAA IVC At IAP AtIAP recovery
disappearance recovery

1 21 07 17 4 3 Negative
2 23 08 1.8 4 3 Negative
3 24 08 1.8 4 3 Negative
4 23 07 16 4 3 Negative
5 24 09 17 5 4 Negative

*AAA=Abdominal aorta, IVC=Inferior vena cava, IAP=lliac artery pulsatility,
MB=Methylene blue

was blocked. These results indicate that the RSSL for large
blood vessels in front of the lumbar spine was 1.5 cm from
the right lumbar edge.

Histological injury and thrombogenesis in the AAA
and IVC under different stretch intensities

All goats survived surgery without developing complications.
General observation revealed no injury or thrombosis in the
vascular wall or in the iliac or femoral arteries and veins.

According to light microscopy, the AAA of group I specimens
showed only slight swelling of the endothelial cells without
stripping off and the middle and outer membranes showed
no histological injury. The IVC showed no injury. On
postoperative days 1 and 3, TEM revealed that the group [
specimens showed many organelles, such as mitochondria,
vesicles, and some endoplasmic reticulum, in the AAA.

For group II, light microscopy revealed obvious injuries in
the two types of blood vessels. On postoperative days 1 and
3, the AAA showed endothelial cell shedding, endothelial
denudation and swelling, inflammatory cell infiltration and
intimal thickening, but no injury in the middle and outer
membranes [Figure 3]. These results were in sharp contrast
to observations in the control group. On postoperative
day 7, the AAA showed obvious intimal thickening and
the IVC showed occasional endothelial cell swelling. The
TEM results indicated that the AAA of group I showed
endothelial cell damage, unclear organelles, and incomplete
cell connections, with some endothelial cells attached to
red blood cells [Figure 4]. For group III, light microscopy
revealed no injuries to the blood vessels.

Comparing the injuries at points A, B and C of the AAA,
groups I, I, and Il showed significant differences (P = 0.000).
Injuries at points A, B and C of the AAA in group I showed

Figure 3: Sample image of point C in group Il at 1 postsurgical day.
Some endothelial cells have fallen off (HE x400)
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Figure 4: Transmission electron microscopy image of point A in group
II'at 1 postsurgical day. Endothelial cells are attached to red blood
cells and incomplete cell connections can be observed (TEM x8000)

no differences (P = 0.296); the same result was obtained
in group II (P = 0.216).

DiscussioN

Anterior lumbar spinal surgery requires the AAA and IVC to
be stretched to the right side without blockade of blood flow.
However, blockade of the IVC can reduce back flow and
result in systemic hemodynamic disorders, which cannot be
tolerated by some patients.'° Due to its large stretch intensity,
the AAA can be easily blocked. A “safe” time limit of 30 min
for blockade of the AAA has been determined.!! Within
this safe limit, the hemodynamics, pH, blood biochemical
indicators and ultrastructure of the major organs (e.g. brain,
lungs, liver, kidneys, pancreas, intestines and spinal cord)
show only mild, reversible changes. However, if the safe
limit is exceeded, then irreversible changes could occur in
the organ ultrastructure.'? Hypoxic-ischemic injury caused
by blockade of the AAA, systemic inflammatory response
syndrome and clamp withdrawal induced reperfusion
injury can result in multiple organ failure and endanger
life. Anterior lumbar spinal surgery requires that the blood
vessels be stretched for no less than 1 hour. Therefore, it is
important to maintain blood flow in the AAA and IVC during
surgery. In the present study, we found that blood flow in
the large blood vessels in front of the lumbar spine was not
blocked when the vessels were stretched by <1.5 cm. When
stretched by >1.5 cm, the blood flow was blocked in the
AAA but not in the IVC, probably because, compared to the
AAA, the IVC was closer to the right lumbar edge. Hence
was less stretched and its blood flow is easier to maintain.

Thrombosis is a severe postsurgical complication of lumbar
surgery. A thrombus can partially or completely occlude the

vessel and can migrate with the blood flow to clog the blood
vessels or cause an embolism. In a study of 336 cases of
ALIF treatment, Kulkarni et al.'3 found 5 cases of common
iliac artery thrombosis. Of these, four cases were related to
the left side artery and one case was related to the right side;
two cases were treated with the extraperitoneal approach
and three cases were treated with an abdominal approach;
one case was diagnosed during surgery and the other cases
were diagnosed <16 h after surgery. Thomas? reported
25 cases of ALF treatment and found 1 case of DVT. The
average incidence rate for DVT after thoracolumbar spinal
surgery is 0.9% to 14% and the incidence for secondary
fatal pulmonary embolism is 1.7% to 2.8%.* Thrombosis
has three major risk factors, arteriovenous stasis, intimal
injury and hypercoagulable state. All of which exist in
patients treated with anterior lumbar spine surgery. Surgery
and trauma can cause bleeding, stress can reduce blood flow
and anesthesia and controlled hypotension can decelerate
the blood flow and cause platelet aggregation and adhesion
to the blood vessel walls. Perisurgical blood vessel isolation
and stretching can injure or even destroy the vascular
endothelial cells, exposing subendothelial collagen and
activating the endogenous coagulation system.

The injured tissues can release large amounts of prothrombin
to induce a hypercoagulable state during surgery. Platelet
adhesiveness peaks at 3 postoperative days!® and the
surgical area shows cell metabolic disorders, thrombin
aggregation, and decreased fibrinolytic activity, which in
turn can promote thrombogenesis. Wilson et al. suggested
that DVT usually occurs within 1 week after trauma; for
this reason, we monitored the animals for 7 postsurgical
days. Our blood vessel specimens showed no obvious
injury or thrombogenesis and the iliac and femoral arteries
and veins did not display thrombi. Although injury to the
intimal membrane of the AAA may activate the extrinsic
coagulation pathway through the release of tissue factor,
the endothelial cells, and various physiological factors show
anticoagulant effects. In addition, the arterial blood flow is
very fast. As a result, the impaired AA wound cannot form
a thrombus.

Overstretching of the large blood vessels can induce obvious
histological injury in the blood vessels. Although we did not
observe thrombosis during the 7-day monitoring period,
we cannot exclude the possibility that thrombosis can
occur after 7 days. Endothelial exfoliation and shedding,
as well as red blood cell adhesion, may provide a suitable
environment for thrombogenesis. Therefore, we suggest
that the exposed surgical field and the traction of the
blood vessels be minimized during ALIF surgery, to reduce
damage to the vessels, especially the endothelium. This
tactic could also reduce the pressure on the blood vessels
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and prevent blood deposition. To minimize the occurrence
of thrombosis and related complications, surgeons should
maintain hypocoagulability through moderate infusion of
anticoagulants, physical therapy, etc.

Lumbar surgery through the transabdominal approach
can significantly affect the intestines, induce large loss
of body fluids and temperature and cause postoperative
intestinal paralysis.'® A left extraperitoneal approach for
the surgery is common, because the spleen and aorta are
more suitable for operation than the liver and IVC. L5/S1
surgery can be accomplished through the iliac vascular
space without isolating the iliac vessel,!” whereas 1.3/4
and L4/5 intervertebral surgeries require isolation of the
AAA and IVC on the right side.?8 In these cases, the AAA
withstands the major stretch force and amplitude and can
be easily injured.

In the present study, we found that AAA injury was mainly
focused on the endothelial cells of the intimal layer but
not the middle or outer layers of the artery. The IVC was
injured to a lesser degree, probably because the IVC is
on the right side and thus had less stretch injury. The
AAA showed only slight histological injuries under light
and electron microscopy when stretched by 0.5 cm to
the right lumbar edge. However, the AAA showed very
significant injury when stretched by 1.5 cm. For instance,
the TEM results indicated endothelial cell damage, unclear
organelles, and incomplete cell connections, with some
endothelial cells attached to red blood cells. We did not
find any significant difference in the injury of points A,
B, and C in groups I and II. This finding indicates that
when the blood vessels were stretched, the free ends of
the blood vessels and the contact site between the stretch
equipment and the blood vessels can be injured. Hence,
it is necessary to protect the whole isolated blood vessel
and the stretch should be gentle.

We employed a large animal model of goats, whose lumbar
spine and front vascular anatomy are similar to those of
humans. Many studies have reported the successful use
of goat models to study the spine.!*?! Therefore, although
the results cannot be directly extrapolated to humans the
experimental results obtained may play an important role
in guiding human lumbar anterior surgery.

We conclude that during lumbar anterior surgery, the AAA

and IVC should not be stretched by more than 0.5 cm to
the right lumbar edge.
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