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Summary. This report describes pathologic findings of
pencil-shaped softening in 12 autopsy cases. Nine cases
were associated with extradural metastasis of malig-
nant tumor and three were observed in brain death. The
cavity of the pencil-shaped softening containing ne-
crotic debris and abundant macrophages was located
mainly in the ventral part of the posterior column or the
dorsal horn. It extended longitudinally over several
segments of the cord, predominantly in an upward
direction, and had a very clear demarcated margin from
the compressed surrounding tissue. Reactive change of
the surrounding tissue was very rare. Pencil-shaped
softening was found most often in the level of the
thoracic cord. The cavity was always continuous with
an area of transverse necrosis or and area of patchy
necrosis. In previous reports, the factor of circulatory
disturbance was considered important for the patho-
genesis of pencil-shaped softening. In addition, we
believe that mechanical compression is also an impor-
tant factor.
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Introduction

Pencil-shaped softening (PS) is an unusual cavitated
lesion in the ventral part of the posterior column, or the
posterior horn, which extends longitudinally over sev-
eral segments of the spinal cord. PS is most frequently
observed in compression myelopathy secondary to
extradural metastasis of malignant tumor (Gruner and
Lapresle 1962; Nagashima and Shimamine 1974), but
is also seen in spinal cord trauma (Holmes 1915;
Jellinger 1964), adhesive arachnoiditis (McLaurin et al.
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1954), primary and metastatic intramedullary spinal
cord tumor (Barnett et al. 1973; Jellinger et al. 1979;
Hirose et al. 1980), and brain death (Schneider and
Matakas 1971).

In Japan, the pathology of PS was first described in
1974 by Nagashima et al. and was later on confirmed by
Makifuchi (1975), Hirose et al. (1980), and Inoue et al.
(1982).

In its pathogenesis, circulatory disturbances must
be considered, but mechanical factors may also play an
important role.

In this paper, we present the histopathologic find-
ings of PS in 12 autopsy cases and discuss the patho-
genesis of PS.

Materials and Methods

At Nagoya University Hospital and Nagoya City University
Hospital and related hospitals 372 spinal cords were examined
between 1978 and 1982. Spinal cords were removed by anterior
abdominal approach. Transverse sections were made at each segmen-
tal level of the spinal cord and were stained with hematoxylin-eosin
(HE), Kliiver-Barrera, Elastica van Gieson, and Bodian methods.

Compression myelopathy by extradural metastasis of malignant
tumor was observed in 15 of 372 cases and six of these cases showed
PS. The spinal cord from two “brain death” patients also had PS.

In the autopsy files of Montefiore Medical Center, Bronx, New
York, three cases of PS were found in the spinal cord associated with
extradural metastasis of malignant tumor and one case with “brain
death”. Altogether 12 cases were studied.

Results

Table 1 shows the summary of the pathologic findings
of PS. In nine of 12 cases, transverse necrosis was seen
with complete destruction of both gray and white
matter (Fig.1). The pia mater was intact (Fig.2). In
three cases without transverse necrosis, status spon-
giosus was seen in most areas of the involved white
matter with loss of myelin and axonal swelling (Fig. 3).
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Table 1. Summary of pathological findings of pencil-shaped softening
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Case no. Age Sex  Disease Transverse Status spongiosus Pencil-shaped
necrosis or patchy necrosis softening
1 (8490) 7 F Neuroblastoma C8 C7 Thi, 2 C7
2 (T8104) 56 M Lung cancer Below the level Th3,4,5,6,7 Th2,3,4,5,6
of Th9
3 (1641) 39 M Plasmacytoma Below the level C6,7,8,Thl,2 C6,7,8,Thi
of Th3
4 (8563) 37 M Renal cell carcinoma ) Th8,9,10,11 Th8, 11
5 (8646) 52 M Gall bladder cancer - Th4,5,6 Th4,5
6 (17312)* 22 F Rhabdomyosarcoma ©) Thé, 10 Thé
7 (12101)* 67 M Chronic lymphocytic leukemia Th2 Thoracic
8 (8548) 33 F Choriocarcinoma Below the level Th6,7,8,9,10, 11 Th6,7,8,9
of Th12
9 (15848)* 60 F Hodgkin’s lymphoma Midthoracic Midthoracic Midthoracic
10 (8627) 11 M Brain death, Below the level Th7,8 Thé,7,8
embryonal cell carcinoma of Th9
11 (8636) 37 F Brain death, systemic Ce,7 C8—-11 Thi—12
lupus erythematous
12 (83-14)* 32 F Brain death, Above the level C7—Thé C7—Thé

toxoplasmosis

of C6

3 Autopsy case of Montefiore Medical Center

‘Where the status spongiosus was most severe, it was
continuous with patchy necrotic areas. Status spon-
giosus predominantly involved the lateral and posterior
columns. In contrast, the gray matter was relatively
intact, although degenerative changes were seen in
some neurons. In nine of these 12 cases, serial section-
ing revealed continuity of PS with areas of transverse
necrosis or patchy necrosis. In three cases, detailed
examination was not possible. PS extended upward or
downward from the level of necrotic areas. In eight of
12 cases, the cavity of PS extended upward.

PS extended over one to 12 segments. All were in the
thoracic cord and three involved the lower cervical cord
in addition. No PS was observed in the lumbosacral
region. PS had no communication with the central
canal. The lesion was located in the ventral part of the
posterior column or the dorsal horn in all cases (Fig. 4).
In the dorsal column, PS was unilateral and compressed
the opposite dorsal column. However, in some cases, a
large cavity was noted in the center of the posterior
columns. The cavity in the posterior horn was located
mainly in the ventral part and was either confined
within the posterior horn or extended to the posterior
column and compressed the surrounding tissue. In
cases 1, 3, 5, PS was noted in the deep part of the lateral
column (Fig. 5) and in case 5, in the anterior column.

The well demarcated round to oval cavity was
filled by necrotic debris and abundant macrophages.
Reactive changes in the surrounding tissue to the cavity

was conspicuously very minimal (Fig.6). Reactive
astrocytosis and macrophages were not present. Two
cases (cases 8,9) varied somewhat in that the necrotic
areas were small, poorly defined, did not compress the
surrounding area, and were associated with mild re-
active astrocytosis.

Occlusion or stenosis of the extradural vessels could
not be found, although the vessels were surrounded by
the tumor mass. Congestion of the veins in the sub-
arachnoid space was noted in all cases, and mild fresh
hemorrhage was noted within the cavity (cases 5,7).
Organized thrombus occluding small arteries and veins
in the subarachnoid space was present in the level of
transverse necrosis (case 2).

Tumor embolism of small veins was present in the
areas of status spongiosus in the spinal parenchyma
(case 5).

Tn case 10, which showed transverse necrosis below
the level of Th10 segment, there was irregular necrosis
of posterior half of the spinal cord in the level of Th9
segment. In the level of Th8 segment, a slit was found in
the dorsal horn, through which the PS in the level of
Thé and Th7 segments was continuous with the ne-
crotic areas. There was aggregation of degenerative
ependymal cells within the necrotic debris of the cavity
in Th7 segment (Figs. 7— 11). Furthermore, in case 12,
degenerative neurons were observed within the necrotic
debris of the cavity, which was formed in the dorsal
column.
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Fig. 1. Transverse necrosis and extradural metastatic tumor (case 2, Th12). HE, x5

Fig. 2. Pia mater is well preserved at the level of transverse necrosis (case 2, Th12). HE, x 330

Fig. 3. Status spongiosus of white matter (case 5, Th7). HE, x 130

Fig. 4. Pencil-shaped softening of the ventral part of the posterior column (case 3, C6). KB, x 6.6
Fig. 5. Pencil-shaped softening of the posterior column and the lateral column (case 5, Th4). KB, x8

Fig. 6. Surrounding tissue around the cavity does not show reactive change (case 3, C6). HE, x 130
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Fig. 7. Pencil-shaped softening of the posterior horn (case 10, Th6). KB, =3

Fig. 8. Slit in the posterior horn (arrow) (case 10, Th8). KB, x8

Fig.9. Transverse necrosis (case 10, Th10). KB, %38

Fig. 10. Degenerative ependymal cell (arrow) within the necrotic debris of the cavity {case 10, Th7). HE, x 110

Fig. 11. Schematic representation of the spinal lesions in case 10. The cavity is shown as a black area and the necrosis and status spongiosus as a
shaded area
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Discussion

In our series, PS was observed in the thoracic and lower
cervical cord, and the cavity of PS was consistently
located in the ventral part of the posterior column or
the posterior horn. This finding confirms the reported
predilection for this site (Jellinger 1964; Barnett and
Rewcastle 1973; Nagashima and Shimamine 1974),
which has been described as a watershed zone of arterial
blood supply (Ziilch 1954; Turnbull 1971) or venous
drainage (Jellinger 1972).

Infarction from venous obstruction associated with
hemorrhage was also reported as maximal in this area
(Hughes 1978). Many previous reports (Ziilch 1954;
Gruner and Lapresle 1962; Jellinger 1964 ; Barnett et al.
1973; Nagashima and Shimamine 1974) stated that
both the insufficiency of arterial supply and the failure
of venous return may play an important role in the
pathogenesis of PS.

In two cases of our series (cases 8,9), the necrotic
lesion in this area appears to be secondary to the
circulatory disturbance. However, PS characterized by
a clearly demarcated cavity, compression of surround-
ing tissue, lack of tissue reaction, and longitudinal
extension of the cavity seems to be due to a second
mechanism, most likely mechanical compression.
McVeigh (1923) obtained canine and human spinal
cords at autopsy and compressed them digitally with
subsequent parenchymal destruction. The sections
above and below the lesion for a distance of several
centimeters showed destroyed parenchyma in the pos-
terior central part of the cord.

In “toothpaste” artifact, the destroyed paren-
chymal tissue penetrates above and below the level of
constriction by mechanical compression at the time of
removal of the spinal cord. Areas of infarcts or tumors
are especially prone to these changes (Hirano et al.
1980; Hirano 1981).

We confirmed the continuity between the cavity of
PS and the necrotic areas by serial sectioning, partic-
ularly in cases 2, 10, and 11, where the cavity of PS was
continuous with the necrotic areas through the slit in
the dorsal horn. In case 10, there was aggregation of
degenerative ependymal cell clusters within the cavity
of PS in addition to the intact central canal of the
segment. In case 12, degenerative neurons were ob-
served within the necrotic debris of the cavity. These
findings suggest that the necrotic tissue gets displaced
upward and downward from the necrotic areas.

The expanding character of the cavity appears to be
produced by the penetration of necrotic tissue or edema
fluid. With an intact pial membrane, increased intrapial
pressure may be caused by edema of spinal paren-
chyma, congestion of the spinal venous system, and
mechanical compression by an extradural mass or at
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the time of removal of the cord. The initial pressure at
the level of necrotic areas is reduced by the entrance of
the necrotic tissue or the edema fluid into the segments
of the cord above and below the lesion.

Certain anatomic features may explain the site of
predilection for PS. The posterior column is composed
of bundles of parallel fibers with no junctions between
adjacent myelinated axons (Hirano 1981) and the
ventral part of the posterior horn is rich in myelinated
fibers (Carpenter 1976). These anatomic factors seem
to permit the relatively easy penetration of necrotic
tissue or edema fluid.

Thus, it could be stated that PS is a result of the
combination of circulatory disturbance and mechanical
compression.

References

1. Barnett HJM, Jousse AT, Ball MJ (1973) Pathology and
pathogenesis of progressive cystic myelopathy as a late sequel to
spinal cord injury. In: Barnett HIM (ed) Syringomyelia.
Saunders, London, pp 179—219

2. Barnett HIM, Rewcastle NB (1973) Syringomyelia and tumors
of the nervous system. In: Barnett HIM (ed) Syringomyelia.
Saunders, London, pp 261—301

3. Carpenter MB (1976) Human neuroanatomy. Williams and
Wilkins, Baltimore, pp 213 —237

4. Gruner J, Lapresle J (1962) Etude anatomo-pathologique des
medullopathies d’originale vasculaire. Rev Neurol 106:592—
631

5. Hirano A, Iwata M, Llena JF, Matsui T (1980) Color atlas of
pathology of the nervous system. Igaku-Shoin, Tokyo New
York, pp 72, 179

6. Hirano A (1981) A guide to neuropathology. Igaku-Shoin,
Tokyo New York, p 6

7. Hirose G, Shimazaki K, Takado M, Kosoegawa H, Ohya N,
Mukawa A (1980) Intramedullary spinal cord metastasis as-
sociated with pencil-shaped softening of the spinal cord. J
Neurosurg 52:718 — 721

8. Holmes G (1915) The pathology of acute spinal injuries. Br Med
J2:769—-774

9. Hughes JT (1978) Pathology of the spinal cord. Saunders,
Philadelphia, pp 81— 83

10. Inoue K, Takemura T, Bando M (1982) Clinical and pathologi-
cal study of pencil-shaped softening. Reports of 23rd Congress of
the Japanese Neuropathological Association, Sapporo, p 130

11. Jellinger K (1964) Zur Morphologie und Pathogenese spinaler
Lisionen bei Verletzungen der Halswirbelsiule. Acta Neuro-
pathol (Berl) 3:451 —468

12. Jellinger K (1972) Traumatic vascular disease of the spinal cord.
In: Vinken PJ, Bruyn G (eds) Handbook of clinical neurology,
vol 12. North-Holland, Amsterdam, pp 556630

13. Jellinger K, Kothbauer P, Sunder-Plassmann E, Weiss R (1979)
Intramedullary spinal cord metastases. J Neurol 220:31—41

14. Makifuchi T (1975) Clinical and neuropathological investigation
of necrotizing myelopathy associated with visceral carcinoma.
Adv Neurol Sci (Tokyo) 19:163—171

15. McLaurin RL, Bailey DT, Schurr PH, Ingraham FD (1954)
Myelomalacia and multiple cavitations of spinal cord secondary
to adhesive arachnoiditis. Arch Pathol 57:138— 146



224

16.

17.

18.

McVeigh JF (1923) Experimental cord crushes with special
references to the mechanical factors involved and subsequent
changes in the areas of the cord affected. Arch Surg 7:573 —600
Nagashima K, Shimamine T (1974) Anatomo-pathologic study
of pencil-shaped softening of the spinal cord. Adv Neurol Sci
(Tokyo) 18:153—166

Schneider H, Matakas F (1971) Pathological changes of the
spinal cord after brain death. Acta Neuropathol (Berl) 18:234—
247

Y. Hashizume et al.: Pencil-shaped Softening of the Spinal Cord

19. Turnbuil JM (1971) Microvasculature of the human spinal cord.
J Neurosurg 35:141—147

20. Ziilch KJ (1954) Mangeldurchblutung an der Grenzzone zweier
GefiBgebiete als Ursache bisher ungeklarter Riickenmarks-
schiadigungen. Dtsch Z Nervenheilkd 172:81—101

Received April 6, 1983/Accepted July 11, 1983



