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™ The Vascular Pattern of the Human Dorsal Root
Ganglion and Its Probable Bearing on a

Compartment Syndrome

Wesley Wilkin Parke, PhD,* and Joseph Leo Whalen, MD, PhDt

Study Design. A descriptive anatomic investigation of
the vasculature of the dorsal root ganglions.

Objectives. To determine whether the blood supply of
the various spinal ganglions is sufficiently consistent to
derive a “generic” description and illustration that would
be applicable to all spinal levels, and to ascertain whether
this vascular pattern is inherently predisposed to the de-
velopment of a closed compartment syndrome.

Summary of Background Data. The few previous de-
scriptions of spinal ganglionic vasculature do not include
photographic evidence showing uniformity in the arterial
distribution plan at all ganglionic levels. The venous
drainage, although verbally reconstructed from micro-
scopic sections, lacks any indication of its probable role in
the etiology of a compartment syndrome.

Methods. Three perinatal cadavers received latex/India
ink injections, and their removed radiculomedullary sys-
tems were cleared, transilluminated, and macroscopically
photographed. Paravertebral sections were grossly re-
moved from the spines of two adult anatomic cadavers and
received retrograde venous injections of a fine suspension
of barium sulfate. The intervertebral foraminal tissues were
then dissected from the bone, and radiographs of them
were made. For comparative reference, a nerve root/gan-
glion complex of a rabbit was arterially injected with a more
dilute preparation of the latex/India ink suspension.

Results. Macroscopic photographs of perinatal dorsal
root ganglions showed that the pattern of the intragan-
glionic arterial distribution was sufficiently consistent to
allow a graphic rendering and labeling of a “generic”
ganglion. The series of incomplete retrograde venous in-
jections adequately indicated the pressure labile location
of a periganglionic venous plexus.

Conclusions. The common development, structure,
and function of the human dorsal root ganglions have
resulted in the evolution of a uniform nutritional vascular
pattern that can be conceptualized in a single visual im-
age. Its plan of a primarily internal arterialization with a
superficial venous drainage renders it vulnerable to the
ischemic conditions consequent on external pressures
and/or internal edematous swelling. This vascular ar-
rangement may contribute to a propensity for the gan-
glion to develop a compartment syndrome when sub-
jected to compression by periforaminal degenerative or
neoplastic space-occupying lesions. [Key words: spinal
ganglion, neural ischemia, radiculopathy, mechanosensi-
tivity] Spine 2002;27:347-352
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Relatively contemporary and reasonably comprehensive
accounts of the radiculomedullary circulation provide
little or no mention of the nutrient vascular distribution
to the dorsal root ganglion (DRG)."**7>!7 The scarcity
of citations specifically referable to these blood vessels
may give the impression that such information is gener-
ally unknown. However, the vascular patterns unique to
the DRG received a well-detailed treatment by Bergmann
and Alexander? several decades before most investiga-
tions of the intrinsic radicular circulation were con-
ducted. Although some basic elements of their report
have been briefly substantiated by two subsequent arti-
cles,>*! it has not been superseded in its wealth of obser-
vation, description, and illustration. The lack of a gen-
eral awareness of this work may be attributed to the fact
that its publication preceded the development of suffi-
cient interest and background information necessary to
emphasize its clinical significance.

Unfortunately, Bergmann and Alexander relied only
on pen-and-ink graphics to corroborate their verbal de-
scriptions of the larger vessels, although they provided
an exceptional series of photomicrographs to illustrate
the microscopic cross-sections of their injections of the
finer intraganglionic vasculature. Subsequently, Day,’ in
1964, in a study of the arterial circulation of the lumbo-
sacral plexus, published photographs of darkly injected
DRGs, but they were confined to a few examples of the
lower lumbosacral ganglions. Somogyi et al,*! in 1973,
provided fairly clear photographic depictions of the T6
and L4 ganglions that substantiated the drawings of
Bergmann and Alexander, but a comprehensive photo-
graphic display of a series of injected DRGs derived from
the four major regions of the spine was still lacking.

More recent studies”'!'%!%1? have concentrated on
the functional aspects of DRG circulation with a greater
regard for the measurable physiologic reactions than for
the morphologic intricacies of the vascular pattern. Al-
though many of these physiologic responses are widely
understood to be caused by alterations in the nutritive
system, interest in the structural arrangements of the ves-
sels has not received equivalent consideration. This ap-
parent neglect of the probable roles of the vascular pe-
culiarities of the DRG may originate somewhat in the
recognition that much of the vessel architectonics of the
entire human radiculomedullary circulation is unique to
the species, and the functional generalizations derived
from various experimental animals are demonstrably
more reliable than the morphologic ones.'® Therefore,
the major intentions of this study were to provide a pho-
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tographic review of the human DRG vasculature relative
to diverse spinal areas to possibly formulate a graphic
generalization that could conceptually represent a pat-
tern applicable to the “generic” DRG, and to determine
whether this pattern might be a significant factor in the
production of a DRG compartment syndrome.

B Materials and Methods

The observations described here were derived from the arterial
injections of three human perinatal cadavers, one adult rabbit,
and venous injections of vertebral segmental tissues of two
adult human anatomic cadavers.

The perinatal series consisted of tissues taken from a still-
born of 35 weeks gestation that had been injected as part of a
previous investigation, and the spines from a week-old neonate
and a 29-week-old spontaneously aborted fetus acquired spe-
cifically for this investigation. All the specimens received a per-
fusion of a 2:1:1 ratio of India ink, neoprene latex, and water in
a modification of the Spalteholtz technique, which has previ-
ously given excellent results with small-bore vessels.'* The pre-
term fetuses were injected via one of the exposed umbilical
arteries, and the neonate was perfused through a cutdown of a
femoral artery.

The perinatal specimens having been stored by freezing
were allowed to reach ambient room temperatures (approxi-
mately 20 C) before they were injected with the perfusate of the
same temperature. Injection pressure was supplied by a hand-
held syringe, and the extent of the vascular bed perfusion was
monitored by noting the degree of penetration evident in the
conjunctival and gingival membranes.

After the arterial perfusion, the intravascular pressures were
allowed to equalize before the specimens were preserved by
body-cavity and fascial plane injections with an aqueous solu-
tion of 2.0% formalin and 0.5% phenol.

Three days after embalming, the entire spines were removed
and bleached in a 1.5% solution of hydrogen peroxide, dehy-
drated in 100% ethanol, and cleared in methyl salicylate to
permit transillumination for photography. The spinal cord, the
dural sac, and all the spinal ganglions were dissected en bloc,
and the lateral parts of the dura were permitted to remain intact
to splint the roots and keep them in their proper relation during
hardening. The adult Belgian female rabbit was injected via a
femoral artery with a medium of the same constituents but of a
more dilute nature to allow deeper capillary penetration to
demonstrate arteriovenous anastomoses and consequent
periradicular venous drainage.

Vertebral segmental areas of adult anatomic cadavers re-
ceived a venous injection of a fine suspension of barium sulfate
(Micropaque, Demancy & Co., Ltd., Birmingham, UK) via the
approaches described by Bergmann and Alexander for their
ink-injected gross arterial studies.” The paraspinal tissues of
lumbosacral regions of conventionally prepared anatomic ca-
davers were removed en bloc from two male bodies aged 65
and 72 years. Exposed intercostal and/or lumbar veins were
identified, cannulated, and injected with the Micropaque sus-
pension. Because the removal of the paravertebral sections cut
numerous branches of the paraspinal and vertebral epidural
venous plexuses, maintaining any consistent degree of intravas-
cular pressure was virtually impossible, and the individual
preparations provided only partial injections. The subarticular
intervertebral tissues related to the DRGs were then dissected

Figure 1. A, Dorsal macrophotograph of an injected, cleared and
transilluminated example of the lower cervical and upper thoracic
radicular/dorsal root ganglion (DRG) complexes taken from a 35-
week stillborn perinate. Notice the consistent general pattern of
ganglionic arterial vascularity. A meningeal intersegmental artery
(MIA) runs on the external surface of the dura. DSA = dorsolateral
spinal artery. B, Cleared, transilluminated macrophotograph of the
lumbosacral radicular/DRG complexes taken from a week-old neo-
natal cadaver. Notice the consistency of the DRG vascular pattern
in both A and B. P = proximal polar ganglionic arteries; D = distal
polar ganglionic arteries, SA = lumbar segmental artery; CN6 =
cervical nerve six; CN8 = cervical nerve eight.

from their foramens and placed on Kodak mammogram cas-
settes for radiography.

H Results

Transilluminated macrophotographs of the vascularity
of the human perinatal DRGs provided an unprece-
dented series of finely injected arterial specimens repre-
senting all regions of the vertebral segmentation. The
salient features of the DRG arterial vascular pattern as
described at specific levels by Bergmann and Alexander,”
Day,’ and Somogyi et al*! were shown to be character-
istic of the ganglions throughout their entire distribu-
tion. In essence, it was shown that the nuclear paren-
chyma is highly vascularized primarily from vessels
entering the proximal and distal poles of each ganglion.
These, through predominantly longitudinal derivatives
that course parallel to the axis of the ganglion, supply the
cordlike arrangements of the neuronal nuclei with a
dense capillary bed. A secondary, much finer, network of
arteries that is also mostly derived from the proximal and
distal polar sources forms a fine reticular system over the
surface of the ganglion. This periganglionic plexus com-
municates with the deeper vessels by a system of anasto-
motic, centripetally coursing, fine channels. The distal
and proximal polar arteries are derived from the epidural
branches of the intersegmental vertebral arteries. As can
be seen in the macrophotographs, this basic DRG vascu-
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Figure 2. A, Ventral view of the
sixth cervical (DRG), showing de-
tailed view of recurrent course of
proximal ganglionic arteries.
CM = cervical medulla; VA =
right vertebral artery. B, Enlarged
detail of first sacral DRG illustrat-
ing the intrinsic arterial supply to
the capillary beds of the cordlike
arrangements of the neuronal
cell bodies. P and D indicate the
proximal and distal polar arteries
of the L5 ganglion. This specimen
provided an exceptional example
of the fine periganglionic arterial
plexus on the surface of the DRG
and a fine external dural artery
with the subdural space separat-
ing the two. LSA = branch of
lateral sacral artery; PGA =
proximal ganglionic artery; CE =
cauda equina; PGP = perigangli-
onic plexus; DA = dura artery.

lar pattern exists from the cervical to the sacral regions
(Figures 1 and 2) and can be generalized as in Figure 3.

As the radicular branches of the intervertebral seg-
mental arteries penetrate the dura they give off cranial
and caudal branches that course along the dural outer
surface and, joining their counterparts from the adjacent
segments, form a relatively prominent previously unde-
scribed longitudinal channel that is here named the men-
ingeal intersegmental artery. It is most consistently de-
rived from the arteries of the dorsal radicular vessels and
thus constitutes an additional longitudinal pathway col-
lateral to the dorsolateral spinal arteries as shown in
Figure 1A and graphically depicted in Figure 3.

The rabbit injection provided a photographic illustra-
tion of the diversity of radicular vascular patterns in
other species. The shorter spinal nerve roots of nonhu-
man mammals allows a much finer system of arteries to
support the capillary bed, although the functional rela-
tion of a proximal and distal source to the radicular
vessels was still apparent. However, the more dilute in-
jection medium passed through the radicular arterio-
venous anastomoses and outlined part of the perigangli-
onic plexus of veins that drains to the epidural and
paravertebral venous complexes (Figure 4).

The injection of the cadaver segmental veins was a
limited success. Isolation of lower intercostal and lumbar
veins permitted cannulation, but the numerous open
channels of the paravertebral and epidural venous plex-
uses failed to provide the closed system necessary for the
development of adequate pressure. Figure 5 is an exam-
ple of one of the better injection results and illustrates
how the clotted blood components apparently resisted
the retrograde venous penetration. Regardless of its in-
complete nature, this result indicates the presence of a
superficial periganglionic venous plexus that apparently
receives the major efferent blood flow from the interior of
the DRG parenchyma, and supports the observations

that Bergmann and Alexander described from their his-
tologic sections.

W Discussion

Following the 1934 classic report of Mixter and Barr,'® a
consensus prevailed that acute spatial encroachments on
the lumbosacral nerve roots were responsible for most
back pain and sciatica. As early as 1948, Lindblom and
Rexed® postulated that compression of the DRG by dor-
solateral disc protrusions and/or hypertrophies of facet
joints might also be implicated. Yet, it was not until 1977
that Howe et al® published a physiologically based ap-
proach showing that although chronically injured roots
are quite sensitive to compression, acute pressure on nor-
mal dorsal roots failed to elicit the expected nerve exci-
tations. By contrast, prolonged periods of repetitive
nerve firings followed a minimal acute compression of
the normal DRG.

An excellent article by Yoshizawa et al** emphasizes
the spatial relations of the nerve root and its associated
DRG to their nutritional sources. Their experiments in-
dicated that the distal extension of the intradural space
envelops the DRG with cerebrospinal fluid (CSF) and
challenged some prevailing conceptions that had placed
the subarachnoid angle of reflection, and thus the distal
limit of the CSF, proximal to the ganglion. The work of
Yoshizawa et al also provided evidence that the blood
flow volume in the dorsal root of dogs is less than that of
the gray matter of the cord and the peripheral nerves, but
greater than that of the cord white matter, whereas the
DRG blood flow volume is approximately twice that of
the nerve root and similar to the gray matter blood flow
in the spinal cord. By using the hydrogen clearance
method, they were able to show that the DRG blood flow
was reduced 40 to 45% by a compression of 60 g on the
distal side of the ganglion, and 10 to 15% by equivalent
pressure on its proximal side. However, they noted that
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Figure 3. Labeled schema of a “generic” dorsal root ganglion
(DRG) with its regional vascular and dural relations. 1 = segmental
artery; 2 = lumbar intercostal or cervical somatic artery; 3 =
spinal nerve; 4 = radiculomedullary branch of segmental artery;
5 = dorsal branch of segmental artery; 6 = internal artery to
laminae; 7 = paravertebral venous plexus; 8 = distal polar DRG
arteries; 9 = proximal polar DRG arteries; 10 = periganglionic
arterial plexus; 11 = meningeal intersegmental artery; 12 = med-
ullary artery to dorsolateral spinal artery; 13 = dorsal nerve root;
14 = ventral nerve root; 15 = smaller inconsistent meningeal
intersegmental artery; 16 = spinal dura; 17 = epidural venous
plexus; 18 = dorsal artery to vertebral bodies and their ligaments.

compression on the proximal side had a more prolonged
effect, which might have resulted from the fact that the
constricting block produced an additional lack of the
highly oxygenated CSF that normally bathes the more
distal structures and has been shown to be an ancillary
nonvascular source of root nutrition by Rydevik et al.*°

Bergmann and Alexander speculated that the arterial
supply of the spinal ganglions may be rather vulnerable.?
They based this belief on the assumption that certain
distribution characteristics rendered the DRG blood
flow “inefficient” because the source arteries did not
branch from their origins in a manner that is hemody-
namically optimal with respect to the direction of the
main intervertebral artery blood flow. Instead, the ves-
sels branched off at right angles or actually recurved
counter to the prevailing vascular current.

In 1989, Rydevik et al'® published a very significant
work that can be related to both the vascular and the sur-
rounding anatomic peculiarities of the DRG. They re-
corded the endoneurial pressures within the normal rat dor-
sal nerve root and its DRG and observed it to be higher than
the internal fluid pressure within this animal’s sciatic nerve,
with a reading of 3.7 cm of water. They then noted that it
rose to as high as 9.6 cm of water subsequent to a mechan-
ical deformation. Because miniature compartment syn-
dromes have been shown to exist after compression of a
peripheral nerve,” it was concluded that such a high pres-
sure elevation in the DRG would likely affect the nutrition
of the neuron cells, and a long-standing edema could result
in DRG endoneurial fibrosis. Although Rydevik et al'” rec-
ognized that the pressure increase within the closed fibrous
dural compartment of the DRG would impede normal vas-
cular flow, they did not relate it to any predisposing char-

V&

Figure 4. Macrophotograph of an injected and cleared radicular/
dorsal root ganglion complex from L4 in an adult rabbit. The dilute
latex/India ink suspension traversed numerous arteriovenous anas-
tomoses and partially filled the periganglionic venous plexus shown
draining to the paravertebral veins and epidural veins (removed).
Notice that the shorter lumbosacral nerve roots of nonhuman spec-
imens show a very fine arterial supply intrinsic to the roots and do not
require the larger, longer radicular arteries characteristic of the long
roots of the human cauda equina. DR = dorsal root; VR = ventral
root; SN = spinal nerve; DRG = dorsal root ganglion; PV = proximal
vein; PGP = periganglionic plexus.

acteristics of the vascular pattern. The computer-generated
model of peripheral nerve compartment syndrome pro-
posed by Myers et al'! placed the primary locus of venous
vulnerability at the point where the vein obliquely exits
through the perineural sheath. However, the more spheroi-
dal nature of the DRG may indicate that an additional
factor of compressive lability is offered by the subcapsular
arrangement of the periganglionic venous plexus (Figure 6).

Bergmann and Alexander claimed that the vascular pat-
tern in the human DRG “is fundamentally different from
the pattern seen in the rhesus monkey,”? and to this it may
be here added that it is different from any of the nonhuman
species that the present authors have examined. This hu-
man uniqueness is also evident in comparisons of the radic-
ular circulation as well. As has been cautioned by Parke,"®
the physiologic analogies between various aspects of spinal
organization may more readily yield valid cross-specific
generalizations than the particular structural details, espe-
cially in relation to the vascular patterns of the radicu-
lomedullary circulation. This is well illustrated by the injec-
tion of the rabbit root and DRG complex shown in Figure
4, where one can note that the shorter nonhuman nerve
roots do not require the longer longitudinal radicular arter-
ies needed to reach the greater distances to the capillary
beds that occur only in the much longer roots of the human
cauda equina. Nevertheless, this figure shows the general
interspecific functional relations between the DRG arterial
supply and its peripheral venous drainage.

The demonstrable fact that when a mechanical pres-
sure is applied to an endoneurial vascular system, a ven-
ostasis is achieved at a significantly lower pressure than
that required to stop the arterial flow'? accounts for the
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Figure 5. Radiograph of an incomplete retrograde injection of
Micropaque into a paravertebral vein draining the intervertebral
foraminal veins of L1 in an adult human anatomic cadaver. Despite
inadequate pressure and blockage by postmortem blood clots, a
“ghost” of the L1 dorsal root ganglion is outlined by a partly filled
periganglionic venous plexus. The postinjection formalin-fixed in-
tervertebral foraminal tissues were dissected from bone and un-
derwent radiography on a mammography cassette. PV = para-
vertebral veins; EV = epidural veins.

observations of Watanabe and Parke,?* which showed
that the nerve root constrictions of a lumbar stenosis
may produce a point of complete blockage of the radic-
ular veins while sparing their confluent radicular arter-
ies. Thus, as indicated in a publication by Parke,'® this
greater lability of the efferent side of the radiculomedul-
lary circulation may be more responsible for ischemic
neuropathies than was previously supposed.

With regard to the intrinsic vascularity of the human
DRG as described and illustrated here, it is obvious that
the structural arrangement of the vessels presents an in-
herent vulnerability to compressive factors. Weinstein®?
made a functional allusion that the DRG could be re-
garded as the “brain” of the motion segment unit. This
metaphor may be taken one step further with respect to
its circulation. Like the cerebral vascularity, the main
arterial supply of the DRG cellular masses tends to im-
mediately run deep and central to their position. The
efferent veins then, as in the cerebral cortical tissues, gen-
erally run a separate centrifugal course and rise to the
surface to collect in a periganglionic plexus that is dis-
tributed counter-current to the much finer, but equiva-
lently located, periganglionic arterial plexus. Although
Bergmann and Alexander provided no illustration de-
picting the pattern of this plexus, it may be mentally
reconstructed from their successively presented micro-
scopic sections of injected specimens.” They also verbally
described the general course of these veins and their man-
ner of forming the superficial plexus and its drainage to
the regional tributaries of the intervertebral veins. In ad-
dition, the series of partly successful injections of inter-
vertebral venous channels described here (Figure 5) gave
fragmentary but ancillary support to the existence of a
venous plexus lying on the surface of the DRG.

Figure 6. Schema duplicating the anatomic relations labeled in
Figure 3, but here the periganglionic venous plexus has been
reconstructed to show its vulnerable position adjacent to the
fibrous dura, where external pressures (large arrow) or edema-
tous internal pressures (small arrows) could readily create a
venostasis leading to a compartment syndrome.

An analysis of the unique structural arrangement of
the vascularity of the human DRG in relation to its rel-
atively unyielding fibrous adnexa, as graphically ren-
dered in Figure 6, shows that by the position and ar-
rangement of the major venous drainage, the human
DRG is remarkably predisposed to the development of a
classic compartment syndrome. The total effect of an
external mechanical compression may be complex. In an
acute phase, the compression would force the dural capsule
to directly impede the immediately underlying efferent flow
in the periganglionic plexus and thus resist the normal af-
ferent nutrition to the deeper parenchymal constituents. By
subsequent alterations in the vascular permeability, a re-
sulting endoneurial edema would then reflexly push the
periganglionic venous plexus against its unyielding fibrous
container and create a more chronic venostasis. Prolonged
maintenance of this condition could lead to endoneurial
fibrosis, increased sensitivity, and repetitive ectopic firing of
the contained neural elements.

Because of the salient role of the DRG in the causes of
back pain and sciatica, a primary value of this report may
depend on the creation of a general awareness and visual
image of its vascular vulnerability. This should influence
not only the judicious consideration of the surgical relief
of spatial encroachments but also a reluctance to subject
them to unnecessary manipulation.

H Key Points

e A basic pattern of vascularization is common to
all dorsal root ganglions.

e Pressure on or within the ganglion may produce
a venostasis in the periganglionic venous plexus
that may lead to a compartment syndrome.

e Because of the possible vascular reaction, pres-
sure on the dorsal root ganglion should be relieved
and/or avoided.
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