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Abstract

Context: Somato-sensitive innervation of bowels are maintained by lower segments of spinal cord and the blood supply
of the lower spinal cord is heavily dependent on Adamkiewicz artery.Although bowel problems are sometimes seen in
subarachnoid hemorrhage neither Adamkiewicz artery spasm nor spinal cord ischemia has not been elucidated as a cause
of bowel dilatation so far. Aims: The goal of this study was to study the effects Adamkiewicz artery (AKA) vasospasm
in lumbar subarachnoid hemorrhage (SAH) on bowel dilatation severity. Settings and Design: An experimental
rabbit study. Materials and Methods: The study was conducted on 25 rabbits, which were randomly divided into
three groups: Spinal SAH (N = 13), serum saline (SS) (SS; N = 7) and control (N = 5) groups. Experimental spinal SAH
was performed. After 21 days, volume values of descending parts of large bowels and degenerated neuron density
of LSDRG were analyzed. Statistical Analysis Used: Statistical analysis was performed using the PASWV Statistics
18.0 for Windows (SPSS Inc., Chicago, lllinois). Two-tailed t-test and Mann—Whitney U-tests were used.The statistical
significance was set at P < 0.05. Results: The mean volume of imaginary descending colons was estimated as 93 + 12 cm?
in the control group and 121 + 26 cm® in the SS group and 176 + 49 cm® in SAH group.Volume augmentations of the
descending colons and degenerated neuron density LSDRG were significantly different between the SAH and other
two groups (P < 0.05). Conclusion: An inverse relationship between the living neuronal density of the LSDRG and the
volume of imaginary descending colon values was occurred. Our findings will aid in the planning of future experimental
studies and determining the clinical relevance on such studies.
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neurosurgical diseases.'”! Despite the recent developments

bol: in technology,® incidence of vasospasm is still high.[6”

10.4103/0974-8237.156056 Extracerebral organ dysfunction after SAH is closely linked
to the magnitude of the primary neurological insult.”! It was
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reported that interruption of bilateral segmental arteries at the
level of Adamkiewicz artery (AKA) risks producing ischemic
spinal cord (SC) dysfunction in a dog model.l Kato et al,
reported that interruption of bilateral segmental arteries at >4
consecutive levels including the level of AKA risks producing
ischemic spinal cord dysfunction.”’ Having broad knowledge
of anatomy is essential for practicing neurosurgery. Certain
anatomical structures call for detailed study due to their
functional importance.'®!!] One of this structure is DRG. Many
studies on ganglionary and neuronal cell changes following
SAH were published by various authors.®'%1217 Spinal SAH is a

[L18) Tnterruption of the artery of Adamkiewicz leads

rare entity.
to the spinal cord ischemia because the blood supply of the
lower spinal cord is heavily dependent on this artery. Vasospasm
of this artery, following spinal SAH may lead to changes in
dorsal root ganglion (DRG). The vasospasm following spinal
SAH can lead to damage of the third and the second sensory
neurons of the spino-cortical sensory pathways, and result in
neurodegeneration of DRG. Upper cervical ganglions innervate
many organs, glands and parts of the carotid system in the head

and, also anterior spinal artery by vasodilating effects,!s”]

so
that ischemic injuries of these structures secondary to SAH may
lead to anterior spinal artery vasospasm. Kanat et al,, recently
reported that anterior spinal artery vasospasm after SAH may
lead to degeneration in DRG neurons at C3 level.?®) Upper
gastrointestinal motility inhibition after spinal cord injury
has been classically considered to result from autonomic
dysreflexia.?!) Animal models have been designed in rats to
evaluate the presence of AD induced by colonic or bladder
distension.?"! Previous studies in rat documented that DRG
innervate large intestines in rats.?! Also, clinical studies suggest
that irritable bowel syndrome pain inputs from an inflamed
colon sensitizes neurons that receive convergent input to the
same DRG from an unaffected visceral organ,®*! but the cause
of intestinal distension, dilatation or paralysis following SAH
has not been studied so far. The aforementioned artery may be
responsible for the pathogenesis of bowel dysfunctions after
SAH. We investigated the effect of AKA vasospasm following
spinal SAH on the L4DRG.

MATERIALS AND METHODS

This study was conducted on 25 male rabbits. The animal
protocols were approved by the Ethics Committee of
Erzurum Ataturk University, Medical Faculty. Rabbits were
randomly divided into three groups: Spinal SAH (N = 13),
serum saline (SS) (SS; N = 7) and control (N = S) groups.
Experimental spinal SAH was performed. After 21 days, volume
values of descending parts of large bowels and degenerated
neuron density of LSDRG were analyzed. The animals were
anesthetized by subcutaneous injection of a mixture of ketamine
hydrochloride (25 mg/kg), lidocaine hydrochloride (15 mg/
kg), and acepromasine (1 mg/kg). After the occipito-cervical
region was prepared, autologous blood (0.5 mL) was taken from
the auricular artery and injected into the spinal subarachnoid
space at the level L4 in the SAH group, and 0.5 mL SS injected
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to same spinal subarachnoid space of SS groups with a 22-gauge
needle. Prior to injecting 0.5 cc of saline, 0.5 cc of blood was
removed from the SS group. The animals in the control group
were not subjected to this procedure. All animals were followed-
up for three weeks and sacrificed. For the light microscopic
analysis, these materials were preserved in 10% formalin
solution. Their lumbar DRGs at the LS levels and descending
colons were removed. Volume values of 5 cm parts of
descending colons were estimated ascylinder volume calculation
methods (V = nr*h) in normal, SHAM and study groups. AKA,
lumbar LSDRG and descending parts of colons were examined
histopathologically after stained by hematoxylin&eosin and
tunel. Histopathological changes were investigated and the
density of normal and degenerated neurons of LSDRG was
calculated. Neuronal shrinkage, perinuclear halo formation,
stoplasmic condensation, cellular angulation and neuronal loss
were accepted as ganglionary degeneration criteria.

Stereological analyses of histopathological data were made
by according to the principles described previously.?*?s) To
obtain an estimation of the total degenerated neuron number,
we used the two-dimensional dissector technique. A counting
frame was placed on a monitor, and the sampled area was
selected by a systematic uniform random manner via the dial
indicator controlled specimen stage. Physical dissector method
was used to evaluate the numbers of degenerated and live
neurons of LSDRG cells. Two consecutive sections (dissector
pairs) obtained from tissue samples with named reference
were mounted on each slide. Reference and look-up sections
were reversed in order to double the number of dissector pairs
without taking new sections. The mean numerical density of
neurons of LSDRG cells/mm?® was estimated using the following
formula;

NvGN = ZQ N/txA.

Where YQ N is the total number of counted neurons appearing
only in the reference sections; t is the section thickness, and A
is the area of the counting frame. Cavalieri volume estimation
method was used to obtain the total number of neurons in
each specimen. Total number of neurons was calculated by
multiplication of the volume (mm?) and numerical density of
neurons in each LSDRG.

To calculate the volumetric changes of the descending
colon value due to dilatation factors DRG ischemia, a three-
dimensional (3D) cylindrical colon model was created by the
reconstruction of seven consecutive histological sections of each
colon. In the colon model, the luminal radius is represented by
“r”, and the height is represented by “h” 10 mm segment of colon
was evaluated as a standard model and it accepted as the height
of colon. Geometrical volume calculation methods were used
in the reconstructed cylindrical colon sample. The standardized
colon’s volume was calculated with the following formula:

V = mrth

Colon dilatation index (CDI) was preferred over the only
measurement of lumen radius and volume values because
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the volume estimation method can be readily performed, is
intuitively simple, more reliable, free from assumptions about
vessel diameter of various segments and is unaffected by
overestimation error of radius values of the colons. The wall
ring surface values were calculated as the following formula: S1
= 7R *7R % The lumen surface area was calculated as the same
method. So, lumen surface value (S,) = nR % The CDI was
calculated as the proportion of S1/S2. CDI = S1/S2 = 7R *
AR /7R ? = x (R R 2)/nR ? = R R ?/R % CDI = (R*R?)/R%

Statistical methods

The volumetric changes of the colon, alive and degenerated
neuron number of LSDRG were compared between groups
using two-tailed f-test. Nonparametric relationships were
examined with Mann-Whitney U-tests. P < 0.05 was considered
as significant.

RESULTS

In the SAH group, bowel and bladder dysfunctions occurred
in the majority of the animals. Their S cm parts of descending
colons were removed, and volume values of were estimated as
cylinder volume calculation methods (V = mr*h) in normal,
SHAM and study groups. Figure 1 shows a a gross anatomical
appearance of LS dorsal root ganglion anterior-posterior roots
together with spinal cord nerve roots section with Adamkiewicz
artery. Stereologic cell counting method of DRG of LS root is
seen in a rabbit [Figure 2a and b]. Application of the physical
dissector method in which micrographs in same fields of view
are taken from two paralel adjacent thin sections separated
by a distance of S um. Upper and right lines of unbiased
counting frames represent the inclusion lines and the lower
and left lines including the extensions are exclusion lines. Any
neuron nucleolus hitting the inclusion lines were excluded
and nucleolus profiles hitting the inclusion lines and located
in side the frame are counted as dissector particles unless
their profile extends up to the look-up section. The number of
neurons from the two dissectors occurs in a volume given by

Figure 1:L5DRG anterior-posterior roots together with spinal cord
(SC); nerve roots section with Adamkiewicz artery (AKA) are seen
(LM, H and E, x20)
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the product of the counting frame are and distance between
the sections. The numerical density of neurons was calculated
from NvGN = 2Q "GN/txA. In this application, the nucleoli of
normal neurons marked with “1, 3, 5, 6” are dissector particles
on A section as it disappeared section B, and the marked with
“2,4,7 and 8” are not dissector particles. The nucleoli appears in
both sections was not accepted as dissector particles. In Figure 3,
gross anatomical appearance of L5 dorsal root ganglion roots
together with spinal cord and histopathological appearance of
LS nerve roots section with AKAare seen of a rabbit with SAH.
Demonstrable severe apoptosis in LSDRG were observed in a
animal of SAH group [Figure 4]. Gross anatomical appearance
of dilated colon at the descending segment, normal histological
appearance of normal descending colon some apoptotic changes
are detected in colonic structures [Figure S]. The mean alive
neuron density of the LSDRG was 17230 + 1640/mm® and
degenerated neuron density was 65 = 11/mm?® in the control
group. Whereas, the density of living and degenerated neurons
density were 16410 + 1120/mm® and 1340 + 410/mm’ in
serum saline (SS), 10540 + 928/mm? and 5580 + 1030/mm?
in the SAH group. The mean volume of imaginary descending
colons was estimated as 93 * 12 cm® in the control group
and 121 + 26 cm® in the SS group and 176 * 49 cm® in SAH
group. Volume augmentations of the descending colons and
degenerated neuron density LO(DRG were significantly different
between the SAH and other two groups (P < 0.05).

LSDRG  was
17230 £ 1640/mm® and degenerated neuron density was
65 + 11/mm®in the control group. Whereas, the density of
living neurons was 16410 = 1120/mm?® and degenerated neuron

The mean alive neuron density of the

density was in 1340 + 410/mm® for the SS group. Neuron
density of LSDRG was 10540 + 928/mm?® and degenerated
neuron density was 5580 + 1030/mm?®in the SAH group and
hence we found that numerous neuron degenerations secondary
to vasospasm of AKA at the LSDRG in the SAH group, but not
in SS and control groups [Table 1]. Vasospasm of AKA was also

{5}4 u.f._,
Figure 2: (a and b) Stereologic cell counting method of DRG of
L5 root is seen in a rabbit. The degenerated neurons (DN) are
estimated the same method of normal neurons (H and E, x20, LM).
Gross anatomical representation of L5DRG is seen at the right
sides of the pictures
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not occurred in SS and control groups. The density of living
neuron was statistically significantly reduced in the SAH group
compared with the control and SS groups (P < 0.05).

The mean volume of imaginary descending colons was estimated
as 93 £ 12 cm’ in the control group and 121 #* 26 cm? in the SF
group and 176 £ 49 cm® in SAH group. Volume augmentations
of the transverse colons and degenerated neuron density
LSDRG were significantly different between the SAH and other
two groups (P <0.05).

The CDI values of descending colon was 1.029 + 0.20 in control
group, 0.75 + 0.28 in SF and 0.56 £ 0.10 in SAH group. The
differences between the degenerated neuron density of LSDRG
and CDI values was meaningful in SAH group (P < 0.005).
Demonstrable severe apoptosis was detected on DRG of
animals with high CDI in SAH group. Apoptotic degeneration
of AKA was also noted especially in animals with massive SAH.
Comparison for the SS group versus controls for the DRG,
colon volumes, and CDI values were not showed statistically
significant difference (P > 0.05).

Table I:Table shows mean number of living,
degenerated of the LSDRG and, imaginary
volume of descending colon

Groups The mean The mean  The volume
number of number of of imaginary
living neuron L5 degenerated descending
DRG neuron of colon
L5DRG
Control 17230+ 1640/mm*  65%1|/mm? 93+12 cm?
groups
SHAM (serum 16410£1120/mm? 1340+410/mm? 121+26 cm?
saline) group
SAH group 10540+928/mm?® 5580£1030/mm?® 176£49 cm?

histopathological appearance of L5 nerve roots section with
Adamkiewicz artery (AKA) are seen of a rabbit with SAH created
animal at the left upper corner (LM, H and E, x10). At the base,
histological appearance of L5 root with SAH appearance with
normal (NN) and degenerated neurons (DN) (LM, H and E, x20)
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DISCUSSION

Dysfunction of neuronal signal processing and transmission
occurs after SAH and contributes to the high morbidity and
mortality of this pathology. The underlying mechanisms may
be neuronal cell death. Direct influence of subarachnoid blood
metabolites on neuronal signaling should be considered.l?”
In other hand, in cerebral hemorrhage, sensitive reflex arches
of striated muscles and bowels may be disturbed due to DRG
degeneration and results in spasticity and/or ileus.'” The
extrinsic sensory innervation of the gastrointestinal tract is the
conduit through which the gut and the central nervous system
communicate. The hindbrain receives information directly
from the bowel via the vagus nerve, while information from
spinal afferents arrives in the central nervous system through
the dorsal root ganglia.?®! Intracerebral hemorrhage causes
descending neurodegeneration from the cortex to the DRG.!
Then, ICH causes neurodegeneration in the lumbar DRG.!?”
This degeneration may be reason of bowel problem which could
be sometimes observed in the patients suffering from spinal
SAH, which is a rare event.!! Sensory information from
the bowel is conveyed to the CNS by two separate extrinsic
pathways. The vagal sensory innervation sends information
to the brain via the nodose ganglia. Input to the spinal cord
comes from the sensory innervation provided by the DRG.!*!
The normal function of the gut requires both components of
innervation, the intrinsic and extrinsic, to be intact and working
in coordination.”®! Axons from neurons in the thoracic and
lumbar DRG travel via the sympathetic chain and grow into the
gut along the splanchnic nerves, traversing the celiac ganglion to
reach the esophagus, stomach and small intestine and traveling
through the mesenteric ganglia to reach the colon.?®) However,
axons from neurons in sacral DRG follow the parasympathetic
pelvic splanchnic nerves to supply the colon and rectum.?!
In this study, we showed the volume values of transverse parts

Figure 4: Histopathological appearance of L5 dorsal root ganglion
(DRG) roots together with spinal cord (SC); nerve roots (NR),
Adamkiewicz artery (AKA) are seen of a rabbit with SAH at the
left upper corner (LM, Tunnel stain, x10). At the base, histological
appearance of L5 root with SAH appearance with normal (NN)
and apoptotic neurons (AN) (LM, Tunnel stain, x40)

72
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Figure 5: Gross anatomical appearance of dilated colon, normal
histological appearance of normal descending colon (At the right
upper corner and of a dilated part with some apoptotic changes
are detected at the right bottom (LM, Tunnel stain, x20)

of large bowels and histopathological feature degenerated
neuron density of LSDRG following spinal SAH. Our result
was occurred by AKA vasospasm. AKA is the most important
feeding artery of the thoracolumbar spinal cord, also known as
the great anterior radiculomedullary artery. Interruption of this
artery by vasospasm leaded to LS DRG neuron degeneration.
As a result, colon dilatation occurred. Knowledge of the
ischemic neurodegenerative changes of the LSDRGs in this
study may also be meaningful for understanding of neuro-
pathophysiologic mechanism of bowel dilatation following
subarachnoid hemorrhage. Intracranial SAH may also lead to
intestinal dysfunction and problems. Kamel et al.,, reported three
cases in 2008.°%! Ruptured anterior spinal artery aneurysm may
lead to urinary and bowel incontinence.’*’ Urinary and bowel
incontinence may be occurred by spinal spinal SAH affecting
the spinl cord. Visceral organs such as the colorectum and the
urinary bladder are innervated both by sensory and autonomic
neurons.* Brumovsky et al., showed that that large intestines
are innervated by DRG in rats.?? Also, Li ef al,, suggest that
irritable bowel syndrome pain inputs from an inflamed colon
sensitizes neurons that receive convergent input to the same
DRG from an unaffected visceral organ.??! Our study first-
time showed vasospasm of AKA secondary to spinal SAH.
The DRG is located between the dorsal root and the spinal
nerve. It contains pseudounipolar neurons that convey sensory
information from the periphery to the CNS.’S) According
the finding of present study, the AKA vasospasm seems to be
responsible for the pathogenesis of bowel distension or paralysis
after spinal SAH.

Clinical Implications of the present study

At present, neurosurgical practice is confronted by an
explosion of technology,?**”! vbut SAH is still a devastating
condition.!! Any contribution to our knowledge of the cause of
the morbidity with bowel dilatation in SAH is always welcome.
Present study investigated the effect of spinal SAH with AKA
vasospasm on the LSDRG cells and descending colon dilatation
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severity. We found that decreased volume of the lumen of the
artery of Adamkiewicz is important for descending colon
diamaters of in animals with SAH compared with controls.
Increased degenerations of the LS DRG were noted in these
animals. Results of this study are most likely due to ischemia or
vasospasm in AKA. Edema of the cord and raised intramedullary
pressure may be other responsible causes. We assumed that
vasospasm of the AKA leads to apoptotic changes in transverse
colon of animals. The model used by us would have value in
cases of spinal SAH that is very rare. The spinal SAH may
occur by trauma or vascular lesions. Our results are important
explain the cause of bowel problems following thoraco-lumbar
spinal surgical procedures, spinal trauma and SAH. It is a
novel observation that that the arterial supply of LSDRG by
AKA crucial for normal bowel function and dimension. The
recognition of this fact is important. If indeed one is the first to
report something and that something is of value.[**!
Limitation of the study

Several limitations of this study deserve mention. Stereologic
methods were used for the determination of degenerative changes
of the LSDRG cells and volume estimation of transvers colon.
We know that spinal SAH is a rare entity. An estimate of the
number of live or degenerated neurons in each specimen was
the basis of our results. It was noted that there is a direct link
between degeneration of LSDRG and AKA vasospasm and bowel
dilatation. We strictly emphasize that this is an experimental,
observational study, and the relationship between AKA vasospasm
and degeneration LSDRG and bowel dilatation has first-time been
reported in rabbits by us, and they can be occur in human too.
In addition, blood was injected at the same lumbar level (L4) in
each rabbit, but the AKA is often variable. An autopsy study by
Koshino et al., showed that this artery was located on the left side
in 72% and between Th8 and L1 in 91%,0**) and dilatation did
not occur same degree in all animals. We stated that bowel and
bladder dysfunction occurred in animals with SAH, however
bladder dysfunction was not quantified. No motor functional
testing was done because the aim of this study is not to show the
motor and bladder dysfunction following spinal lumbar SAH in
rabbits. An important limitation is that our experimental rabbit
model of SAH may not accurately mimic the human disease
process.!'!! For that reason, our experimental rabbit model cannot
be representing a human spinal SAH model. Our spinal SAH
model of causing spasm in the AKA of rabbits by locally injecting
blood will have a corresponding significance in human is as stated
by us without any evidence. However, our study will promote
further studies in this subject.

CONCLUSION

In this study, neurodegeneration of animals with bowel
dilatation was occurred which were not observed in animals in
SS and control groups. The balance between cell proliferation
and cell death is crucial in all tissues, particularly in the nervous
system and DRG. AKA artery is important structure for bowel
function. Spine surgeons should know this fact. Our results show
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that AKA vasospasm with spinal SAH leads neurodegeneration
of LSDRG related bowel dilatation, which was first-time
reported. Knowledge of this neurodegeneration of LSDRG
cells by the AKA vasospasm may be important in reducing the

risk of paraplegia or paraparesis, disturbances of urination and

defecation, and impairment of pain and temperature sensations

following lumbar spinal surgery. In addition, documenting

such an irreversible ischemic neuron degeneration of the
LSDRG with AKA vasospasm related bowel dilatation will aid
in the planning of future experimental and clinical studies and

determining the clinical importance of this artery.

Abbreviations:

AKA: Adamkiewicz artery.
CDI: Colon dilatation index.
CNS: Central nervous system.

DRG: Dorsal root ganglion.
SAH: Subarachnoid hemorrhage.
SC: Spinal cord.

SS: Serum saline.
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