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                    Abstract
Objective
The aim of our study was to compare pre- and postoperative radiologic data of posterior fossa and the improvement of syringomyelia after posterior fossa decompression (PFD) with and without tonsillar management in Chiari type І malformation (CM-I).
Material and methods
A retrospective analysis was made of all patients who underwent PFD between Oct 1991 and March 2007 for CM-I. Fifty-seven patients treated for CM-I at a single institution were included in the study. Patients were divided into two groups according to the procedures used during their PFD: PFD vs. PFD with tonsillar management. To determine whether the tonsillar management or changes of posterior fossa volume relate with surgical outcome, we measure posterior fossa size and syringomyelia pre- and postoperatively using magnetic resonance imaging.
Results
Forty patients (70.2%) received PFD and 17 patients (29.8%) received PFD with tonsillar management. The length of syringomyelia affected improvement of syringomyelia (alteration rate, A-rate). Clinical symptoms, craniectomy size, syringomyelia type, and the surgeon’s specialty did not affect A-rate. Tonsillar management has no significant effect on improvement of syringomyelia. Four patients need repeated surgery due to recurrence.
Conclusion
We have shown that tonsillar management do not lead to improve A-rate, and the radiologic changes of posterior fossa volume do not relate with radiologic improvement of syringomyelia. PFD without tonsillar management is sufficient to improve syringomyelia. The longer syrinx, the more A-rate improve in our study. However, a wider craniectomy is unrelated to A-rate. In cases of recurrent patients, we obtained good results with tonsillar management or syringosubarachnoid shunt.
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                                    Introduction
Chiari type I malformation (CM-I) is characterized by downward herniation of the caudal cerebellum or medulla oblongata into the spinal canal [21]. Although suboccipital decompression is widely performed for most cases of CM-I with syringomyelia, the surgical methods used to achieve decompression have not been standardized [19, 35].
If hydrocephalus coexist, this situation should be resolved before any consideration is given to Chiari decompression [25]. After shunting, if symptoms persist or the syrinx is large and unchanged for months, then consideration should be given to Chiari decompression [35]. Various techniques were proposed to increase posterior cranial fossa volume, including superficial incisions of the dura mater, duraplasty, and resection of the cerebellar tonsils [6, 10, 14, 16, 19, 20, 29–31]. There has been controversy regarding whether tonsillar management or not.
To compare the effects of the PFD and PFD with tonsillar management, we measure pre- and postoperative radiologic data of posterior fossa volume and the improvement of syringomyelia after PFD in CM-I. We assessed improvement of syringomyelia and outcomes of Chiari decompression that were treated with PFD vs. PFD with tonsillar management.


Materials and methods
A retrospective analysis was made of all patients who underwent PFD between October 1991 and March 2007 for CM-I. Fifty-seven patients were treated with PFD for CM-I at Severance Hospital. We excluded nonsurgical patients and Chiari malformation types II, III, and IV. The age of patients ranged from 1 month to 62 years (mean 24.3 ± 17.37 years). We divided patients into two groups based on the type of PFD they had undergone: PFD vs. PFD with tonsillar management. We performed PFD with suboccipital craniectomy and duraplasty on all patients. In 27 patients, we underwent C1 laminectomy to decompress sufficiently at the cervicomedullary junction. We added C2 laminectomy in six patients who was not fully decompress at this level. The cerebellar tonsils was coagulated or dissected in 22 patients when they obstructed cerebrospinal fluid (CSF) pathway at this level.
We reviewed medical records, radiology reports, and surgical methods. We assessed clinical manifestations, surgeon’s specialty, need of shunt surgery, and revision cases. Pain and weakness were classified motor and sensory symptoms. Nystagmus, lower cranial nerve dysfunction, respiratory irregularity, and hyperreflexia were classified in brain stem syndrome as described [35].
To determine whether the tonsillar management or change of posterior fossa volume relate with surgical outcome, we measure posterior fossa size and syringomyelia pre- and postoperatively using magnetic resonance imaging (MRI). For quantitative analysis of hindbrain migration, pre- and postoperative MRI T1-weighted (T1W) sagittal images were assessed using a modification of the method described by Duddy and Williams [7]. Midsagittal T1-weighted images of MRI were used to trace and measure anatomical lines (Fig. 1a,b). The basal line, drawn by extending the posterior edge of the hard palate, served as a reference for calculating the following distances in millimeters: (1) fastigium–basal line (FB), from the fastigium to the basal line; (2) pons–basal line (PB), from the basal line to the upper part of the pons at the union between midbrain and pons; (3) the length of the supraocciput between the internal occipital protuberance and opisthion (OP–IOP); and (4) the length of the suboccipital craniectomy (CRL). The difference of pre- and postoperative PB and FB was defined “Diff PB” and “Diff FB” by subtracting the values of paired data.

Fig. 1[image: figure 1]

                                    a In the T1-weighted midsagittal MRI scan, a line continuing to the hard palate is drawn and considered the basal line (B). From the basal line, heights of the fastigium (FB) and upper pons (PB) are measured in millimeters. b The OP–IOP distance mean length between opisthion (OP) and internal occipital protuberance (IOP), CR mean length between OP, and the highest inner dipole point at suboccipital decompression in the T1W1 midsagittal plane [30]


Full size image


                     Measurements were converted to real distances using the MRI conversion scale. We performed quantitative analysis of hindbrain migration through a variation of the method described by Sahuquillo et al. [30]. Vermis levels (VL) were measured with reference to the basal line, and positive vermis levels were superior to basal line. Postoperative vermis levels were subtracted from preoperative levels to calculate upward or downward hindbrain migrations after surgery. Accordingly, positive migrations were descending and negative migrations were ascending. All values were rounded to the nearest millimeter. Differences of plus or minus 2 mm were not considered significant.
We described syrinxes in 43 patients with syringomyelia. First, syrinx formations were described as distended, moniliform, slender, or circumscribed [23, 24]. We classified 43 patients into four categories. In addition, syringo-cord ratio (SCR) [9] was used for quantitative comparison of syrinxes. SCR was calculated by dividing the maximum anteroposterior (AP) width of the syrinx by AP of the spinal cord at the same level (SCR (%) = AP diameter of the syrinx/AP diameter of spinal cord × 100). We determined the alteration rate (A-rate) through T1W MRI to compare pre- and postoperative appearances of the syrinx. For example, an A-rate of 100% indicated complete resolution of the syrinx, and 0% indicated no change in syrinx size [9].
Pearson correlation and multiple linear regression analysis was used for A-rate change. Analysis of variance (ANOVA) test and t tests were used to evaluate statistical significance. p values <0.05 were considered significant. Mean values are presented as plus or minus the standard deviation (±SD). Analyses of data were performed using SPSS version 12.0.


Results
Clinical manifestations
This study group was composed of 22 men and 35 women, with a mean age of 24.3 years (24.5 years ± 17.37). The age of patients at the time of diagnosis ranged from 4 months to 62 years. The symptom durations ranged from 1 to 180 months prior to surgery (25.1 months ± 34.57). Forty-seven (82.5%) patients presented with syringomyelia, nine (15.8%) with hydrocephalus, and ten (17.5%) with scoliosis. The syringomyelia extended in spinal column was 8.7 ± 4.35 level in 35 patients. A-rate was −48.7 ± 27.55%. The mean pre- and postoperative PBs were 36.16 ± 4.13 and 36.68 ± 3.73 mm, respectively. Mean pre- and postoperative FBs were 26.72 ± 3.76 and 28.70 ± 3.67 mm, respectively.
The difference between postoperative and preoperative PB (Diff PB) was 0.44 ± 1.39 mm. The difference of postoperative and preoperative FB (Diff FB) was 2.65 ± 2.00 mm. VL was 1.59 ± 3.07 mm, and OP–IOP distance was 37.6 ± 4.4 mm (Table 1).

Table 1 Pearson correlation and multiple regression test of A-rate of syringomyelia in CM-IFull size table


                        Improvement of A-rate
Forty-seven patients (82.5%) had syringomyelia. Thirty-five of forty-seven syringomyelia patients had syrinxes with A-rates that were measurable by pre- and postoperative T1W MRI. The mean A-rate for these patients was −48.7 ± 27.55%. The A-rate was −48.46 ± 27.99% in PFD, 49.22 ± 27.87% in PFD plus the tonsillar management group. The length of syringomyelia in the spinal column was significantly related to the A-rate (p = 0.020), but other factors such as age, symptom duration, VL, Diff-PB, Diff-FB, OP-IOP, and CRL did not affect the A-rate (Table 1).
PFD vs. PFD with tonsillar management
Fifty-seven patients underwent PFD. Forty patients (70.2%) received PFD and 17 patients (29.8%) received PFD with tonsillar management. Nine patients (15.8%) first received a ventriculoperitoneal (VP) shunt and subsequent PFD for progressing hydrocephalus (seven patients, 63%) or syringomyelia (two patients, 18%). Two of nine (18%) underwent endoscopic third ventriculostomy (ETV) and required shunting. Nine patients developed hydrocephalus and were initially treated with VP shunts or ETV, but later required PFD due to developing syringomyelia.
PFDs with tonsillar management group tend to need in younger patients (p = 0.003) and accompany with large craniotomy (p = 0.037) rather than PFD group. Brain specialty surgeons seems to favor wider craniectomy rather than spine surgeons (p = 0.002; Table 2).

Table 2 Pre- and postoperative clinical and radiological data depending on surgical methods, surgeon’s specialty, shunt, and need of repeated surgeryFull size table


                        Factors attributed VP shunt
Nine patients (15.8%) required VP shunt prior to PFD due to onset of hydrocephalus. Two of the nine patients (18%) developed syringomyelia postoperatively. Younger patients tend to need shunt surgery (p = 0.030). No significant relationship with other clinical factors and the size of posterior fossa (Table 2).
Revision cases
Three of four recurrent patients underwent syringosubarachnoid (SA) shunt. One case involved a dural adhesion band, noted on preoperative T1W1 enhanced MRI, so we chose to perform C1 and C2 laminectomies, which allowed removal of the dural adhesion band without SA shunt or vermis dissection (Fig. 2). In comparison to nonrevision cases, those who underwent repeated surgery had lower VL (p < 0.001). No significant relationships between revision and single surgery cases were found for age, duration of symptoms, syringomyelia level, Diff-PB, Diff-FB, or CRL as shown in Table 2.

Fig. 2[image: figure 2]
Revision case showing an epidural adhesion band on T1 sagittal enhanced MRI. This adhesion band compressed the dural pouch to prevent proper CSF flow. We only removed adhesion duroplasty instead of the SA shunt
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Discussion
Surgical approaches
In this study, we have shown that tonsillar management do not lead to improve A-rate, and the radiologic changes of posterior fossa size do not relate with radiologic improvement of syringomyelia. CM-I is characterized by herniation of the cerebellar tonsils outside the cranial cavity and into the upper cervical canal. It is associated with an obliteration of the subarachnoid space at the level of the foramen magnum [5, 6]. Displacement of one or both cerebellar tonsils 3 mm or more below the basion–opisthion line serves as a standard neuroimaging diagnosis of CM-I in pediatric patients [6]. Controversy persists over the surgical protocol to address this condition. Traditionally, surgical treatment of CM-I includes one or more of the following procedures: suboccipital craniectomy, C-1 or C-2 laminectomy, lysis of arachnoid adherences, tonsillar resection, or duraplasty [6]. Caldarelli et al. [6] reported that suboccipital craniectomy and C-1 laminectomy, integrated through dural delamination, may suffice in restoring CSF circulation across the foramen magnum in cases of symptomatic CM-I in the presence or absence of syringomyelia. They further asserted that tonsillectomy with syringopleural (SP) shunt should be reserved for patients who do not respond to those procedures [5, 34]. Our study also suggest tonsillar management do not need to improve syringomyelia, but it would be helpful in case of recurrence with SA shunt.
Methods involving osseous decompression remain controversial. Several researchers reported that suboccipital cranioplastic craniotomy, in place of craniectomy, secures the enlarged cisterna magna, reduces cerebellar ptosis, and prevents postoperative restenosis by epidural scar formation [2, 15, 31, 32]. Most agree that purpose of the operation is to enlarge the bony area of craniocervical junction, but the size has not been determined [35]. In this study, only craniectomy length, not width, was measured, but it did not appear to affect A-rates. Our study supported the finding that craniectomy size did not correlate with improvement of syringomyelia, but we would need to calculate the appropriate extent of craniectomy through further study.
Some authors advocate that simple bony decompression without dural opening could facilitate the resolution of clinical symptoms. Still, others believe that intradural exploration is essential to evaluate the patency of the foramen of Magendie and egression of CSF, which may necessitate tonsillar coagulation [8, 13, 22, 33]. They reported that patients with early experience with stent placement experienced poorer outcomes than those without stents [33]. In contrast, our results revealed no significant difference with or without shunting. We did not include plugging of obex as a way to block presumed CSF flow into the canal as it carries a manipulation-related complication risk [3, 36].
Placement of a SA shunt, even larger syrinx, to deflate rapidly [3, 14] and posterior craniovertebral decompression are superior to placing a shunt alone [12]. We were unable to compare the dorsal and ventral positions since we placed all distal tips into the dorsal subarachnoid space. Placement of the subarachnoid end of the shunt into the ventral subarachnoid space is associated with reduced incidence of shunt malfunction. In addition, the use of a paper-thin dorsal root entryzone at the myelotomy site reduces risk of spinal cord injury [14]. Because it required repeated surgeries, we regard SA shunt as a last resort.
Duraplasty of the posterior fossa was used classically to overcome tightness of the dura in the posterior fossa region, which is seen in CM-I [4, 27]. Transverse dura incision was introduced to protect retraction secondary to the inherent contracture capacity [29]. Isu et al. advocated dividing only the outer layer of the dura mater in foramen magnum decompression to prevent CSF leakage, pseudomeningocele, and meningitis [16]. We used “Y” shape dura incision and duraplasty using artificial dura.
We only had one patient (1.8%) of 57 who required dura repair as a consequence of CSF leakage, but there was no operative mortality and no major complications such as pseudomeningocele or cerebellar herniation through craniectomy defects. Despite the small sample size, unproportional groups, and retrospective analysis, we believe our result should be reexamined by a prospective cohort study.
Improvement of syringomyelia
Several studies show resolution of the syrinx, relief of flow disturbances, and recovery from symptoms after PFD [16, 18, 28]. The presence of syringomyelia implies a less favorable response to surgical intervention. Nevertheless, PFD relieves symptoms of syringomyelia in more than 75% of patients and is preferred over syrinx shunt placement [17, 18, 28]. The longer syrinx, the more A-rate improve in our study. However, it does not imply “longer syrinx, better clinical outcome”, but longer syrinx have more margin to radiologic improve.
Resolution of neurological symptoms following PFD does not indicate the absence or regression of a syrinx [11]. Syringomyelia accompanied with CM-I, diagnosed with MRI, should be correlated with its pertinent symptoms. All of our cases had congruent neurological symptoms. The symptoms or its type were not significantly correlated with improvement of syringomyelia. The relapse of symptoms was reported in a significant proportion of patients with foramen magnum decompression and most commonly resulted from restenosis of the dorsal cistern of the foramen magnum [26]. Postoperative expansion of the syrinx is often caused by a re-impacted foramen magnum. Ventral cervicomedullary junction compression and downward displacement of the tonsil might cause stenosis of the subarachnoid space at the level of the foramen magnum and formation of syringomyelia [1]. Therefore, several authors recommend removal or coagulation of herniated tonsils during the initial procedure [37]. Others reported that PFD, either alone or combined with a syringe-subarachnoid or syringopleural shunt, is preferred when dealing with a largely distended CM-I associated syrinx. A disadvantage of performing decompression alone is that about one in three children requires additional procedures to drain the syrinx [11, 16, 18, 33]. The degree of syringomyelia improvement, measured by A-rate, did not change with surgical methods, but four revision cases were found when PFD was performed alone. Out of four cases of relapse after PFD, three patients achieved good outcomes after tonsil coagulation with a shunting operation. The fourth patient also experienced a good outcome after removal of a thick fibrous epidural adhesion band and proper duraplasty. We performed tonsillar management which included simply coagulation, dissection of adhesive bands between tonsils, resection of tonsil, and obex plugging. Further prospective study is needed to compare each procedure.
In summary, we have shown that tonsillar management do not lead to improve A-rate, and the radiologic changes of posterior fossa size do not relate with radiologic improvement of syringomyelia. PFD without tonsillar management is sufficient to improve syringomyelia. The longer syrinx, the more A-rate improve in our study. However, a wider craniectomy is unrelated to A-rate. In cases of recurrent patients, we obtained good results with tonsillar management or SA shunt.
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