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Abstract: Postoperative adhesive arachnoiditis is an inflammatory response of the spinal leptomeninges that
occurs after surgery, resulting in scar formation in the avascular nature of the arachnoid layer. Clinical
manifestations of this condition include pain, sensory deficits, motor dysfunction, reflex abnormalities, and
bladder/bowel impairments. In MRI scans, the signs of postoperative adhesive arachnoiditis can vary, but some
specific indicators can assist surgeons in locating the lesion and planning surgical interventions more
accurately. In this report, we reported a 37-year-old man with postoperative adhesive arachnoiditis after two
surgeries for Chiari I malformation, demonstrating that the gradually-forming the delta cord sign with
sequential syringomyelia. During the intraoperative examination, we identified the presence of the delta cord
sign, which was formed by an arachnoid scar that was tethering the dorsal spinal cord to the dura. This
discovery allowed us to precisely pinpoint the location of the arachnoid scar, thereby providing valuable
guidance to avoid any unnecessary exploration of innocent structures during the procedure. Other localization
signs were also reviewed.

Keywords: adhesive arachnoidit; postoperative; Chiari 1 malformation; syringomyelia; reoperation;
neuroimaging

1. Introduction

Postoperative adhesive arachnoiditis refers to an inflammatory response of the spinal
leptomeninges following surgery. Previous studies have reported a prevalence of up to 20% [1]. The
most common symptom is pain (92.9%), followed by motor deficits (35.7%) and sensory deficits
(28.6%) [2]. Magnetic resonance imaging (MRI) is widely used for the diagnosis of postoperative
adhesive arachnoiditis. MRI findings associated with adhesive arachnoiditis include various features
at the adhesive site, such as clumped nerves [3,4], cord tethering [3-6], arachnoid septations [4], and
arachnoiditis ossificans [4]. Additionally, non-specific findings may include hydrocephalus,
syringomyelia [4,6] and arachnoid cysts [4]. These findings can be categorized as either localization
signs or associated signs. Localization signs indicate the location of adhesive arachnoiditis, while
associated signs are consequences of adhesive arachnoiditis. In cases where there is a lack of
localization signs before surgery, the diagnosis is typically established during surgical exploration
[7]. However, surgical exploration in the spine is a time-consuming and invasive procedure.
Therefore, precise localization of the adhesive site before the operation can help avoid unnecessary
surgical exploration. Recognizing the localization signs of adhesive arachnoiditis is crucial in this
regard. This case report aims to present a new localization sign of adhesive arachnoiditis on MRI
which was confirmed by intraoperative findings in a young adult patient with postoperative
adhesive arachnoiditis after a surgery for Chiari I malformation. Additionally, it reviews the
literature on adhesive arachnoiditis and categorizes the imaging findings as localization or associated

signs.

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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2. Case illustration

A 29-year-old man presented with bilateral hand numbness and clumsiness. Neurological
examination showed hyperreflexia in all limbs, suggesting cervical myelopathy. MRI revealed a 5mm
descent of the tonsil below the foramen magnum, with syrinx formation, leading to a diagnosis of
Chiari I malformation. No congenital abnormalities were found. The patient underwent a
decompressive surgery involving suboccipital craniectomy, laminectomy of Cl1 and C2, and
duroplasty. The first operation included a 2.5cm high and approximately 3cm wide suboccipital
craniectomy. Intra-operatively, arachnoid space was dissected to confirm cerebrospinal fluid (CSF)
flow patency. After the surgery, the patient's clumsiness improved, but poor wound healing and
cerebral spinal fluid leakage occurred after 3 months, leading to a revision surgery for wound repair.

Over the 8-year follow-up, the patient's MRI studies revealed that the syrinx initially subsided
after the 3-month post-operative MRI, but subsequently progressed over the next 5 years (Figure 1).
By the 8th year, the patient returned with worsening symptoms, including intermittent neck and back
pain, progressive left hemiparesis, and paresthesia over 6 months. Initially, the patient could walk
with a cane, but his ambulation gradually deteriorated, and he required a quadricane for walking
support. He also experienced numbness, clumsiness, and loss of grasp strength. His modified
Japanese Orthopaedic Association (mJOA) scale score was 10, and the Barthel Index was 50.
Neurological examination revealed muscle strength of 4 in the right upper and lower extremities and
muscle strength of 2 in the left extremities. Atrophy of the intrinsic hand muscles was observed, along
with hyperreflexia in all four limbs. However, there were no Hoffman's or Babinski's signs, and no
cranial nerve involvement was noted. Cervical myelopathy was suspected, and cervical spine MRI
confirmed the progression of the syrinx, extending to the C4 level, with edematous changes in the
spinal cord. No brain or thoraco-lumbar abnormalities were found, and there was no epidural mass
at the craniocervical junction.

During the review of the patient's cervical MRI series from previous years, a significant finding
was identified at the C2 level. A thick arachnoid band was observed, attaching to the spinal cord and
the dural sac, causing the cord to take on a triangular shape in the axial view. This characteristic
change in cord shape was termed the "delta cord " sign (Figure 2). Over time, there was progression
of the syrinx from the C2 level to the C4 level. Taking into account other potential factors that could
contribute to recurrent syringomyelia, post-operative adhesive arachnoiditis was suspected.

To address this issue, a third surgery was performed, involving laminoplasty of C3-4 and
extensive duroplasty from the suboccipital region to the C4 level. During the surgery, a thick
arachnoid band was found tethering the cord at the C2 level, confirming the presence of the "delta
cord" sign. After separating the arachnoid band, the syrinx collapsed, and there was no obstruction
in the arachnoid space (Figure 3). Following one year of post-operative follow-up, the syrinx
collapsed, and there was an improvement of the edematous change in the spinal cord (Figure 4). The
patient's functional status also improved, with an increase in the mJOA scale score from 10 to 11 and
in the Barthel Index score from 50 to 60.
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Figure 1. The series of cervical MRI (A) Typical Chiari 1 malformation before decompressive surgery
(B)Due to transient dysphagia, we arranged C-spine MRI 1 week after decompressive surgery. Mild
edematous change over medulla was found, short-term steroid was prescribed . Besides, adequate
decompression was achieved and syrinx shrunk. (C) However, CSF leakage was noted 3 month after
first operation, we performed dura repair. MRI before the operation showed no infection sign, and
syrinx length decreased. (D) After half-year from revision surgery, MRI showed syrinx mild
progression and a tethered cord to thecal sac. (E) In the 5th years follow-up, syrinx still progressed
and extended to C3 level and edematous change of spinal cord was found. However, no clinical
symptoms developed. (F) In the 8th years, progressive left side hemiparesis was found, MRI revealed
syrinx extended to C4 level (arrow) and the revision surgery was performed.

Figure 2. Axial view of C2 level in different period (A) after 3 month from the first operation. (B) After
1 year, a thick arachnoid band (white arrow) attached posterior aspect of thecal sac, and made cord
into a triangular shape: the delta cord sign. Syrinx progression was observed from this year. (C) spinal
cord attached the thecal sac, and progressive syrinx and cord edematous change were found.
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Figure 3. Operative finding (A)at C2 level, a thick arachnoid band (white arrow) extended to C4 level
and obstructed the CSF flow between cranial and caudal site. It was compactible to previous MRI
finding of the delta cord sign (we rotated the axial MRI view 180 degree to match the operative
finding) (B) after releasing the arachnoid band (arrow heads), the cord collapsed and connected CSF
flow from cranial and caudal site was found.
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Figure 4. (A) and (B) the delta cord sign and one year post-operation in MRI. The shape of cord became
more oval. (C) Sagittal view of post-operative one year MRI. Decreasing diameter of the syrinx and
absence of edematous change were found.

3. Discussion

Adhesive arachnoiditis, or arachnoid scar, is an inflammatory response of the arachnoid mater
after prior spinal surgery, infection, subarachnoid hemorrhage, or foreign body reaction after lumbar
epidural injections, oil-based myelographic contrast agents, chemical irritation, or idiopathic [8-10].
Clinical manifestations include pain, sensory deficit, motor dysfunction, reflex abnormality and
bladder/bowel impairment [2, 11]. However, the mechanism of postoperative adhesive arachnoidits
is still not clear. The inflammation process from cytokines in cerebral spinal fluid inhibited healing
process and caused scar formation at the avascular nature of arachnoid layer [8]. Adhesions or
scarring within arachnoid channels may cause persistent syrinx or new onset symptoms without clear
evidence of obstruction to CSF flow [12]. When the arachnoid scar blocked the CSF flow, the pressure
gradient cause the syrinx formation [13]. Difference of microanatomical structure from ventral and
dorsal subarachnoid space was well described, and dorsal site have more mesh-like arachnoid
trabeculae than ventral site [14]. Theoretically, Koyanagi supposed that the dorsal subarachnoid
space with rich arachnoid trabeculae and veins is prone to adhesive changes [10].

Adhesive arachnoiditis has been a significant focus of investigation in the past era when
studying failed back surgery syndrome. Studies conducted in 1978 by Benner, Burton, Auld, and
Quiles et al. provided evidence of adhesive arachnoiditis through myelography [15-18]. Subsequent
research has delved into various imaging findings related to adhesive arachnoiditis. For instance,
Matsui et al. revealed cauda equina adhesion on MRI in their study on a group with adhesive
arachnoiditis.19 To identify adhesive arachnoiditis in MRI, using T2 MRI with true fast imaging with
steady-state precession (TrueFISP) or acquisition sequences has proven to be helpful for localization
[10,20]. The MRI signs associated with adhesive arachnoiditis encompass a range of features, such as
hydrocephalus, syringomyelia [4,6], arachnoid cyst [4], clumped nerve [4], cord tethering [3-6],
arachnoid septations [4], and arachnoiditis ossificans [4]. These signs are categorized as either
localizzation signs, indicating the location of adhesive arachnoiditis, or associated signs, which
represent the consequences of the condition (Table 1). In the case described in this report, the delta
cord sign suggested an adhesive arachnoid scar at the C2 level, which was later confirmed during the
operation. The delta cord sign uniquely provides diagnostic information from an axial view over the
cord level while offering insights into the natural history of syrinx formation simultaneously.

Typically, the arachnoid space is challenging to visualize on MRI due to its woven and loose
tubular texture filled with cerebrospinal fluid [14]. However, pathological changes can cause the
arachnoid to become more compact and thicker, making it visible on MRI In the case under
consideration, the arachnoid band connecting the spinal cord to the thecal sac initially caused cord
distortion, leading to the formation of a triangular shape (Figures 2 and 3). This separation of CSF
flow from cranial to caudal sides resulted in CSF filling the spinal canal and eventual syrinx
formation. The impact of localization signs proves valuable for neurosurgeons in making precise
surgical plans and avoiding unnecessary exploration of innocent structures. Cord tethering, which is
often revealed on sagittal views on MR], is another localization sign [3-6]. In a Chiari 1 malformation
case with postoperative pseudomeningocele and cord distortion, Belen et al. successfully detethered
the spinal cord based on the localization sign and repaired the pseudomeningocele [5]. Clumped root
is another reported sign in lumbar adhesive arachnoiditis [3,4].

Surgical treatment options for postoperative adhesive arachnoiditis include adhesiolysis,
expansile duroplasty, and CSF diversion from the ventricle or syrinx [10,12]. However, the surgical
outcomes still unsatisfactory in some cases15-18.. For instance, David et al. reported eight cases of
cranio-cervical junction arachnoiditis with syringomyelia diagnosed through MRI. All cases showed
clinical improvement after undergoing adhesiolysis and duroplasty during a mean follow-up period
of 27 months (ranging from 10 to 60 months). Nevertheless, three cases required additional shunt
surgery. Hirai et al. presented a case of adhesive arachnoiditis with a large arachnoid cyst after
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epidural injection during a cesarean section. The patient received adhesiolysis and arachnoid cyst
diversion, and symptoms improved over a period of 3 years [21]. In a study by Koyanagi et al., only
30.8% of secondary adhesive arachnoiditis cases (n=4) and all idiopathic adhesive arachnoiditis cases
(n=6) showed clinical improvement after surgical treatment [10]. However, without precise
localization, the arachnoid scar may be widespread or not found during exploratory surgery [12].
Killeen et al. presented a case of severe adhesive arachnoiditis developing after obstetric spinal
anesthesia. The patient underwent several unsuccessful exploratory laminectomies and external
drainage of the syrinx [10]. In the case described in this report, the delta cord sign served as a
localization sign, indicating that the arachnoid band with cord tethering was located at the C2 level.
The surgical strategy involved exploration at the C2 level to release the arachnoid band with
expansile duroplasty. Additionally, the surgical approach was extended to the C4 level, and even
lower levels if necessary, to assess the length of the arachnoid band and the flow of CSF
intraoperatively. By utilizing the delta cord sign as a guide, the surgical team could focus on the
precise location of the arachnoid scar, which helped in planning a targeted and effective surgical
intervention. Extending the exploration to adjacent levels allowed for a comprehensive assessment
of the condition, ensuring optimal treatment for the patient. This approach aimed to alleviate the
symptoms associated with adhesive arachnoiditis and improve the patient's overall clinical outcome.
In this case, the treatment approach involved decompression surgery with duroplasty followed
by a revision surgery for CSF leakage. Posterior fossa decompressive (PFD) craniectomy,
laminectomy, and duroplasty are standard surgical treatments for symptomatic Chiari I
malformation [22]. However, the routine use of duroplasty remains a topic of debate in the medical
community. Yilmaz et al. suggested that patients with the cerebellar tonsil positioned below the C1
arch may benefit from duroplasty [23]. On the other hand, a review of 10 studies from 2000 to 2017
conducted by Xu et al. showed that PFD with duroplasty provided better clinical outcomes compared
to PFD without duroplasty (mean difference = 0.85, 95% CI (0.73, 0.99), p <0.05) [24]. However, it was
also associated with a higher complication rate (mean difference = 0.34, 95% CI (0.19, 0.60), p < 0.05)
[25]. The common complications observed were CSF leakage and arachnoid scar formation.
Arachnoid scar were theoretically attributed to the exposure of subarachnoid space to blood and
muscle cellular debris during the surgery, as well as the use of dural grafts [25]. In this specific case,
the cerebellar tonsil was situated below the C1 level, prompting the surgical team to perform
duroplasty to ensure sufficient decompression. However, the subsequent occurrence of CSF leakage
and the need for revision surgery resulted in repetitive trauma and a higher likelihood of debris
accumulation in the subarachnoid space. It is essential for surgeons to carefully weigh the potential
benefits and risks of duroplasty in each individual case, taking into account the patient's specific
anatomical characteristics and clinical condition. While duroplasty can improve clinical outcomes, it
also poses an increased risk of complications such as CSF leakage and arachnoid scar formation.
Second, we also use fibrin glue to cover the suture site of dural graft and prevent CSF leakage.
The use of fibrin glue to cover the suture site of the dural graft and prevent CSF leakage is a common
practice in surgical procedures [26-28]. However, it is essential to recognize that fibrin glue acts by
mimicking the final step in the coagulation pathway to form a fibrin clot [27]. It may cause
hypersensitivity reaction in previous observation [29]. Another possibility is that fibrin glue might
have been inadvertently squeezed into the subarachnoid space during wound closure, as it is inserted
between muscular and fascial layers. Hayashi et al. reported a case of fibrin glue-induced adhesive
arachnoiditis during the treatment of a sacral meningeal cyst. In this case, direct exposure to fibrin
glue caused adhesion processes within the subarachnoid space [30]. Exposure to fibrin glue will cause
the adhesion process within the subarachnoid space in our case. Third, dural graft material is also a
risk factor of adhesive arachnoiditis [25]. We used DuroGen (Integra®) artificial dural graft for
duroplasty in the first and revision surgery. As an allogenic substitute, it also bring a chance to
stimulate the inflammatory process, especially while it directly contacts the subarachnoid space [31].
Atlast, surgery itself and blood content are also risk factors of adhesive arachnoiditis [8,9,15-19,32,33].
Avoiding unnecessary or repetitive exploration, removing blood clots while dura closure, water-tight
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fashion closure and preventing fibrin glue injection into subdural space might be the ways to prevent
adhesive arachnoiditis.

Table 1. The localization and associated signs of adhesive arachnoiditis.

CT or MRI finding Evidence type Hypothesis of pathophysiology
Nerve root clumping localization sign forming arachnoid scar in accordance
Cauda equina adhesion with the magnitude of

surgery and wound healing [19].

Disrupted cord contour localization sign fibrinous bands lead adhesions
*“ Delta cord” sign between the cord of the thecal sac [3].
Syringomyelia/syrinx associated sign Blocked CSF flow likely

caused by adhesions or pressure

gradient at the site of obstruction [4].

Arachnoid septations associated sign Arachnoid web formation by chronic
Arachnoid cyst inflammation of the arachnoid [4].
Pseudomyelomeningocele associated sign continuous CSF pressure that forced

CSF came in contact with muscular

layer [5].

4. Conclusions

The delta cord sign revealed the arachnoid scar location and nature history of adhesive
arachnoiditis and syrinx formation. This sign will be beneficial to make a better surgical planning
and avoid unnecessary exploration of innocent structure..
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