
According to the development of spinal endoscope instru-
ment and concept of minimally invasive spine surgery (MISS),
selective chromoendoscopic nuclectomy for the degenerative
nucleus pulposus (NP) has been designed by using a vital or
contrast stain (1).

Agents used for chromoendoscopy are categorized accord-
ing to their working principle. A vital stain such as methy-
lene blue is absorbed into the cells. However, a contrast stain
such as indigo carmine is not absorbed but accumulates in
pits and valleys between cells highlighting mucosal archi-
tecture (2). The low values of pH seen in some degenerate
discs are thus likely to be involved in breakdown of the disc
matrix (3). Indigo carmine has a molecular weight of 466.35
with its pH 11.6-14.0. This study was undertaken to prove
that the selectively infiltrated parts of nucleus pulposus with
indigo carmine was degenerated parts of nucleus pulposus.

This study was done, between August and October 2002,
in 5 patients, who received endoscopic discectomy, due to
intervertebral disc herniation.

Discogram was done with mixture composed of 1 mL of
0.8% indigo carmine (Carmine�, United Korea Pharma.,
Yeongi, Korea) and 4 mL of radioactive dye (Telebrix�, Gluer-
bet, Aulnay-sous-Bois, France). Blue discolored part was
removed through the endoscope, and small undiscolored part
was removed together for the control. The two parts were
stained with hematoxylin and eosin (HE) and compared under
the microscope.

Undiscolored part was normal nucleus pulposus, composed

of chondrocytes with a matrix of type II collagen and proteo-
glycan, mainly aggrecan (Fig. 1). However, in discolored part,
slits with destruction of collagen fiber array and vessel and
nerve ingrowth were observed (Fig. 2).

There are typical features of discal degeneration in the three
components of the intervertebral disc (IVD), the end-plate
(EP), nucleus pulposus, and annulus fibrosus (AF). The nor-
mal structure of the NP consists of chondrocytes within a
matrix of type II collagen and proteoglycan, mainly aggre-
can. The type II collagen fibers do not give the same level of
order to the structure or the same degree of mechanical sta-
bility to the matrix as in articular cartilage. The proteoglycans
are hydrophilic, causing the NP to swell. On HE stained sec-
tions, the NP appears homogenous and pale lilac-blue, con-
sistent with its complement of proteoglycans. With the excep-
tion of the outer third of the AF, the normal adult IVD is
avascular and aneural; there is a relatively clear demarcation
between the AF and the NP; and the end-plate forms an intact
layer of cartilage overlying cortical bone.

The NP is disrupted in degeneration, with changes in the
proportion and types of proteoglycans and collagens (making
the NP more eosinophilic), a reduction in the total number
of lacunae containing viable chondrocytes, but the formation
of chondrocyte clusters in many lacunae, just as in osteoarthri-
tis of articular cartilage, which may even increase the total
number of cells present in the diseased tissue. In addition,
there is breakdown of the matrix with the formation of per-
meative ‘slit-like’ spaces. There is often also disruption of the
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Indigo Carmine for the Selective Endoscopic Intervertebral Nuclectomy

This study was undertaken to prove that the selectively infiltrated parts of nucleus
pulposus with indigo carmine was degenerated parts of nucleus pulposus. This study
was done, between August and October 2002, in 5 patients, who received endo-
scopic discectomy, due to intervertebral disc herniation. Discogram was done with
mixture of indigo carmine and radioactive dye. Blue discolored part was removed
through endoscope, and small undiscolored part was removed together for the con-
trol. The two parts were stained with hematoxylin and eosin and compared under
the microscope. Undiscolored part was normal nucleus pulposus, composed of chon-
drocytes with a matrix of type II collagen and proteoglycan, mainly aggrecan. How-
ever, in discolored part, slits with destruction of collagen fiber array and ingrowth of
vessel and nerve were observed. Using indigo carmine in endoscopic discectomy gives
us selective removal of degenerated disc.
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collagen fiber arrays in the AF, traumatic damage to the end
plate, and vessel and nerve ingrowth into the inner AF and
NP (4). In this study, normal nucleus pulposus, undiscolored
part, was composed of chondrocytes with a matrix of type II
collagen and proteoglycan, mainly aggrecan. However, dis-
colored part had proper characteristics of degenerated nucle-
us pulposus, with some slits, destruction of collagen fiber
array, and vessel and nerve ingrowth.

Normal discal chondrocytes are characterized by expres-
sion of type II collagen and proteoglycans and regulated by
the master chondro-regulatory gene, SOX-9. However, in
discal degeneration, chondrocyte synthesis of matrix molecules
changes differentially with the degree of degeneration, lead-
ing to an increase in the synthesis of collagens I and III and
decreased production of aggrecan. The regulation of matrix
turnover is deranged, affecting both synthesis and degrada-
tion. There is a net increase in matrix-degrading enzyme
activity over natural inhibitors of such activity, which leads
to loss of discal matrix.

Indigo carmine, Indigotindisulfonate, consists essentially
of a mixture of disodium 3,3′-dioxo-2,2′-bi-indolylidene-5,5′-
disulfonate and disodium 3,3′-dioxo-2,2′-bi-indolyldene-5,7′-
disulfonate (C16H8N2Na2O8S2) and subsidiary coloring mat-
ters together with sodium chloride and/or sodium sulfate as
the principal uncolored components. Molecular weight is
466.35 and pH is 11.6-14.0. Indigo carmine, like methylene
blue, may inhibit endothelium-dependent relaxation by a
mechanism that involves two levels. The major action of indigo
carmine appears to be at the level of nitric oxide generation
and/or release from the endothelial cell. In addition, indigo
carmine appears to inhibit vascular smooth muscle guanylyl
cyclase. Thus, indigo carmine may elevate blood pressure by
interfering with these nitric oxide-mediated vasodilatory mech-

anisms (5). In this study, intradiscal injection of indigo carmine
had little risk to be exposed to blood vessels owing to scant
blood supply in the NP.

Selective chromoendoscopy in the spine surgery is based
on the specific indicator of indigo carmine that is highly reac-
tive with acidic extracellular matrix in degenerated NP. This
study showed a strong evidence for usefulness of application
of indigo carmine for selective endoscopic intervertebral nucle-
ctomy in degenerated nucleus. However, there is no strict
difference between normal aging and degeneration in IVD.
Acidic condition of IVD does not always mean pathologic
condition. Removal of all blue-colored nucleus pulposus means
removal of all degenerated nucleus pulposus. So as to remove
the neural compression of herniated nucleus, decompression
has to become the only and main purpose.
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Fig. 1. Normal nucleus pulposus appears homogenous and pale
lilac-blue and shows regular chondrocytes array with a matrix of
type II collagen and proteoglycan, mainly aggrecan in undiscol-
ored part on H&E stain. With the exception of the outer third of
the AF, the normal adult IVD is avascular and aneural (×10).

Fig. 2. Degenerated nucleus pulposus shows some slits with de-
struction of collagen fiber array, vessel and nerve ingrowth, and
irregular chondrocytes aggregation (H&E, ×200). 


