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Abstract
Purpose  Chiari I malformation (CM-I) in pediatric patients can impose substantial neurologic and functional impairment. 
Additionally, the presence of syrinx is often a harbinger of clinical compromise, but little attention has been devoted to 
identifying features associated with syrinx development and the clinical impact of syrinx resolution. Therefore, this study 
aims to identify clinical and radiographic variables associated with preoperative syrinx presence and postoperative syrinx 
reduction in pediatric patients with CM-I and determine the relationship between postoperative syrinx reduction and clinical 
symptom improvement.
Methods  The authors performed a retrospective analysis of 435 consecutive pediatric patients who underwent surgical treat-
ment of CM-I from 2001 to 2021 at a single tertiary pediatric medical center. All patients underwent pre- and postoperative 
MRI, and clinical and radiographic variables were recorded and subject to inferential analysis.
Results  Syrinx at presentation was independently associated with symptoms of spinal cord dysfunction at presentation (OR 
2.17 (95% CI 1.05–4.48); p = 0.036), scoliosis (OR 5.33 (2.34–10.86); p = 0.001), and greater pB-C2 (posterior basion to 
C2 distance) measurement length (OR 1.14 (95% CI 1.01–1.30); p = 0.040). Syrinx at presentation was inversely associated 
with tussive headaches at presentation (OR 0.27 (95% CI 0.16–0.47); p = 0.001) and cranial nerve deficits at presentation 
(OR 0.49 (95% CI 0.26–0.92); p = 0.025). Postoperatively, patients with radiographic evidence of syrinx improvement had 
greater rates of symptom improvement (93.1% vs 82.1%; p = 0.049), better CCOS scores (15.4 vs 14.2; p = 0.001), and 
decreased rates of readmission (6.0% vs 25.0%, p = 0.002) and reoperation (0.5% vs 35.7%; p = 0.001). The difference in 
syrinx resolution was similar but not statistically significant (10.3% vs 16.7%; p = 0.251). AO joint anomaly (OR 0.20, 95% 
CI 0.04–0.95; p = 0.026) and foramen magnum diameter (OR 1.12, 95% CI 1.00–1.25; p = 0.049) were the only independ-
ent predictors of syrinx improvement, and surgical technique was the only predictor for syrinx resolution (OR 2.44, 95% CI 
1.08–5.50; p = 0.031). Patients that underwent tonsil reduction surgery whose syrinx improved had a wider foramen magnum 
diameter than those whose did not improve (34.3 vs 31.7; p = 0.028).
Conclusions  Radiographic syrinx improvement is associated with greater rates of symptom improvement and less readmis-
sions and reoperations for CM-I. AO joint anomalies and narrower foramen magnums were independent risk factors for the 
lack of syrinx improvement. These novel insights will help guide preoperative patient counseling, pre- and intraoperative 
surgical decision-making, and postoperative clinical prognostication in the treatment of pediatric CM-I.
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Introduction

Chiari I malformation (CM-I) is defined according to the 
following criteria: (1) greater than 5 mm of caudal descent 
of the cerebellar tonsils below the foramen magnum or (2) 
less than 5 mm tonsillar descent below the foramen magnum 
with aberrant cerebrospinal fluid (CSF) flow dynamics on 
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cine magnetic resonance imaging (MRI) [1]. Despite this 
definition’s ubiquity in clinical application, the degree of 
tonsil descent has not consistently correlated with clinical 
presentation, prognosis [2–8], or disease severity [9]. As a 
result, many alternative radiographic parameters have been 
proposed as predictors of clinical presentation and outcomes.

Clivoaxial angle (CXA) and foramen magnum (FM) 
diameter have varying evidence to support their use [3, 
10–13], and newer measurements such as obex position, 
posterior basion to C2 distance (pB-C2), and occipital con-
dyle-C2 sagittal vertebral alignment (C-C2SVA) have dem-
onstrated associations with clinical symptom severity and 
need for occipitocervical fusion or ventral decompression 
[14–20]. Similarly, preoperative syrinx size ≥ 6 mm is the 
only neuroimaging parameter included in the Chiari Sever-
ity Index as a predictor of postoperative improvement [9], 
but little attention has been devoted to clarifying the factors 
associated with the presence of syrinx or how treatment-
related changes in syrinx size correlate with symptom sever-
ity [3, 13]. Another common limitation is the small sample 
sizes of the currently available evidence relating postopera-
tive syrinx resolution and symptom improvement [3].

To address this knowledge gap, our study provides 
a large, single institution series detailing (1) clinical and 
radiographic predictors of syrinx presence in the preopera-
tive setting and (2) the association of postoperative syrinx 
improvement and clinical symptoms after surgical treatment 
of CM-I. Outcomes were compared between two thresholds 
of syrinx improvement, as there remains uncertainty on the 
targeted syrinx improvement required to minimize long-term 
neurological decline and thus justify surgical intervention.

Methods

Study design and data collection

The study was conducted in compliance with the Health 
Insurance Portability and Accountability Act (HIPAA) 
and received institutional review board (IRB) approval. All 
patients younger than 18 years who underwent surgery for 
Chiari I malformation between May 2001 and May 2021 
were retrospectively reviewed. Patients were excluded from 
the study if they were diagnosed with craniofacial dysostosis 
or skeletal dysplasia or if they had less than 3 months of 
postoperative follow-up. All eligible patients were evaluated 
with preoperative and postoperative MRI, and demographic, 
clinical, procedural, and radiographic variables were 
recorded. Preoperative presentation symptoms included 
occipital tussive (Chiari) headaches, headaches atypical 
for CM-I (non-Chiari), vomiting, cranial nerve dysfunction 
(ocular palsies, choking, gagging, snoring, dysphagia, or 
breathing issues), cerebellar dysfunction (ataxia, clumsiness, 

nystagmus, vertigo, or coordination problems), and spinal 
cord dysfunction (abnormal reflexes, toe-walking, enuresis, 
paresthesia, or weakness).

The following preoperative radiographic parameters were 
measured: the presence of syrinx, scoliosis, medullary kink, 
hydrocephalus, maximal anterior–posterior diameter of syr-
inx, syrinx length by number of vertebral body levels, fora-
men magnum diameter (anterior–posterior), tonsil length 
below the foramen magnum, CXA, retroversion of the dens, 
and pB-C2. Anomaly of the atlantooccipital joint was defined 
as abnormal structural apposition on MRI. Postoperative syr-
inx measurements were performed using the patient’s most 
recent follow-up MRI. Postoperative syrinx improvement was 
defined as a decrease in anterior–posterior maximal syrinx 
diameter compared to the preoperative syrinx diameter, while 
syrinx resolution was defined as greater than 50% reduction 
in either syrinx length or anterior–posterior diameter. When 
evaluating the presence of syrinx, we did not distinguish 
between syringomyelia and hydromyelia (dilation of the cen-
tral canal of spinal cord). While the developmental etiology 
of these entities is distinct, clinical and neurologic sequelae 
are often very similar.

All surgeries were performed at a single tertiary pediatric 
medical center. Most patients had clinical symptoms that 
led to their diagnosis of CM-1, but a subset of patients were 
incidentally found to have CM-1 with syrinx, such as after 
presenting for a trauma, and were operated on to prevent 
expansion or neurologic decline related to their syrinx. All 
patients underwent suboccipital craniectomy (SOC) with 
duraplasty. Intradural work was performed according to sur-
geon preference and was classified into two groups: decom-
pression without tonsil reduction (with or without lysis of 
arachnoid adhesions) or decompression with tonsil reduction 
(tonsillar coagulation or subpial tonsillar resection). Postop-
erative symptom improvement was defined as the reduction 
or improvement of preoperative Chiari-related symptoms, as 
expressed by the patient or parents in postoperative follow-
up visits. Postoperative outcome was also quantified by the 
Chicago Chiari Outcome Score [21]. Noted complications 
include aseptic meningitis, pseudomeningocele, and CSF 
leak, along with readmission and reoperation rates.

Statistical analysis

Statistical analyses were performed using STATA Statistical 
Software (version 16, StataCorp). Descriptive statistics were 
used to determine the frequency, mean, median, standard 
deviation, interquartile range, or 95% confidence interval. 
Quantitative variables were first assessed for normal dis-
tribution using the Shapiro–Wilk’s test. Pearson chi-square 
was performed to compare the difference in frequencies 
between categorical variables. Differences in means of nor-
mally distributed variables were compared using Student’s t 
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test. Variables with non-normal distributions were compared 
using the Mann–Whitney U test. Univariate and multivariate 
logistic regression were used to determine the independent 
association of multiple risk factors with categorical outcome 
variables. Statistical significance was set at α = 0.05.

Results

Presence of syrinx and symptomatology

Of the 435 patients in total, 22 (50.1%) had a preoperative 
syrinx (Table 1). Patients with syrinx at presentation were 
older (9.7 years vs 7.0; p = 0.001) and were less likely to 
endorse Chiari-type headaches (29.6% vs 55.8%; p = 0.001) 
or vomiting (3.2% vs 7.8%; p = 0.033). There was no differ-
ence in sex (45.9% male vs 53.0% female; p = 0.138) and 
the reported rates of non-Chiari headaches (10.0% vs 8.3%; 
p = 0.537). Additionally, patients with syrinx were more 
likely to present with symptoms of spinal cord dysfunction 

(27.7% vs 17.5%; p = 0.011) but less likely to present with 
cranial nerve symptoms (20.0% vs 37.8%; p = 0.001). Cer-
ebellar symptoms were not related to preoperative syrinx 
presence (7.3% vs 9.7%; p = 0.367). Forty-one (18.6%) of the 
syrinx patients presented after incidentally identifying Chi-
ari pathology on imaging, whereas only 3 (1.4%) non-syrinx 
patients presented in this manner (p = 0.001). Twenty-two 
patients presented incidentally without symptoms or scolio-
sis. There was no difference in average follow-up (31.1 vs 
34.5 months; p = 0.231).

Tables 1 and 2 summarize the clinical and radiographic 
parameters associated with preoperative syrinx presence. Nota-
bly, patients with syrinx had higher rates of scoliosis (31.7% vs 
5.9%; p = 0.001) and hydrocephalus (8.2% vs 3.7%; p = 0.043), 
but rates of retroflexed odontoid (40.0% vs 30.0%; p = 0.059) 
and medullary kink (10.0% vs 13.8%; p = 0.217) were not sig-
nificantly different. Patients with syrinx had greater pB-C2 dis-
tance (7.2 vs 6.5mm; p = 0.007) and foramen magnum diam-
eter (33.9 vs 32.9mm; p = 0.022), but there was no significant 
difference in cerebellar tonsil length or CXA.

Table 1   Relationships between preoperative syrinx and clinical variables

P values in bold reached statistical significance, i.e., < .05

Total Syrinx present Syrinx absent p-value

Overall population: n (%) 435 218 (50.1%) 217 (49.9%)
Demographic
Age (years): mean (95% CI) 8.4 (7.9–8.9) 9.7 (9.1–10.3) 7.0 (6.4–7.7) 0.001
Sex (male): n (%) 216 (49.4%) 101 (45.9%) 115 (53.0%) 0.138
Symptoms: n (%)
Chiari headache 186 (42.6%) 65 (29.6%) 121 (55.8%) 0.001
Non-Chiari headache 40 (9.2%) 22 (10.0%) 18 (8.3%) 0.537
Vomit 24 (5.5%) 7 (3.2%) 17 (7.8%) 0.033
Cranial nerve 126 (28.8%) 44 (20.0%) 82 (37.8%) 0.001
Cerebellar 37 (8.5%) 16 (7.3%) 21 (9.7%) 0.367
Brainstem/spinal cord 99 (22.7%) 61 (27.7%) 38 (17.5%) 0.011
None (incidental) 44 (10.1%) 41 (18.6%) 3 (1.4%) 0.001

Table 2   Association of 
preoperative radiographic 
factors with syrinx at 
presentation

P values in bold reached statistical significance, i.e., < .05
CXA clivoaxial angle, pB-C2 basion to posterior C2 length

Total Syrinx No syrinx p-value

Scoliosis 66 (19.8%) 57 (31.7%) 9 (5.9%) 0.001
Dens retroflexion 141 (35.6%) 82 (40.0%) 59 (30.9%) 0.059
Hydrocephalus 26 (6.0%) 18 (8.2%) 8 (3.7%) 0.043
Medullary kink 52 (11.9%) 22 (10.0%) 30 (13.8%) 0.217
CXA: Degrees (95% CI) 134.7 (133.2–136.1) 133.8 (131.8–135.7) 135.8 (133.5–138.0) 0.185
pB-C2: mm (IQR) 6.9 (5.8–8.1) 7.2 (6.0–8.3) 6.5 (5.6–7.5) 0.007
Tonsil length: mm (IQR) 13.0 (9.5–16.7) 12.8 (9.5–13.7) 13.3 (9.4–18.0) 0.640
Foramen magnum diam-

eter: mm (95% CI)
33.4 (33.0–33.9) 33.9 (33.3–34.5) 32.9 (32.4–33.5) 0.022
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Determining which factors were independently associated 
with syrinx (Table 3), multivariate logistic regression analysis 
revealed that scoliosis (OR 4.09; 95% CI 1.76–9.50; p = 0.001) 
and age (OR 1.13; 95% CI 1.06–1.21; p = 0.001) were predic-
tors of preoperative syrinx presence, while Chiari headaches 
(OR 0.20; 95% CI 0.11–0.36; p = 0.001) was associated with 
the absence of preoperative syrinx. Vomiting (OR 1.17; 95% CI 
0.35–3.94; p = 0.801), brainstem/spinal cord dysfunction (OR 

1.80; 95% CI 0.85–3.83; p = 0.126), cranial nerve symptoms 
(OR 0.55; 95% CI 0.29–1.05; p = 0.069), hydrocephalus (OR 
3.41; 95% CI 0.98–11.86; p = 0.054), pB-C2 (OR 1.12; 95% CI 
0.96–1.30; p = 0.160), and foramen magnum diameter (OR 0.98; 
95% CI 0.91–1.06; p = 0.615) were not independent risk factors.

Impact of syrinx improvement on postoperative 
outcomes

Table 4 compares clinical variables and postoperative out-
comes with syrinx improvement status. Notably, postopera-
tive improvement in syrinx diameter was significantly asso-
ciated with patient-reported postop symptom improvement 
(93.1% vs 81.5%, p = 0.038), higher CCOS (15.4 vs 14.2; 
p = 0.001), and lower rates of readmission (6.0% vs 26.1%; 
p = 0.001) and reoperation (0.5% vs 37.0%, p = 0.001). There 
was also less follow-up for those whose syrinx improved 
(29.4 months vs 45.7; p = 0.005). The incidence of asep-
tic meningitis, pseudomeningocele, and CSF leak were 
not associated with postoperative syrinx outcomes. Syrinx 
resolution followed similar patterns, apart from there was 
no difference in symptom improvement (93.3% vs 87.0%; 
p = 0.147) despite a similar difference in CCOS values (15.4 
vs 14.7; p = 0.001) as well as follow-up length (29.4 months 
vs 37.3; p = 0.077). There was also no difference in age or 
sex between syrinx response status groups.

Table 3   Multivariate regression of preclinical factors associated with 
the presence of syrinx

P values in bold reached statistical significance, i.e., < .05
pB-C2 basion to posterior C2 length

Presence of syrinx

OR (95% CI) p-value

Age 1.13 (1.06–1.21) 0.001
Chiari headache 0.20 (0.11–0.36) 0.001
Cranial nerve 0.55 (0.29–1.05) 0.069
Brainstem/spinal cord 1.80 (0.85–3.83) 0.126
Vomit 1.17 (0.35–3.94) 0.801
Scoliosis 4.09 (1.76–9.50) 0.001
Hydrocephalus 3.41 (0.98–11.86) 0.054
pB-C2 1.12 (0.96–1.30) 0.160
Foramen magnum diameter 0.98 (0.91–1.06) 0.615

Table 4   Association of radiographic syrinx improvement with clinical factors

P values in bold reached statistical significance, i.e., < .05
CCOS Chicago Chiari Outcome Scale, CSF cerebrospinal fluid

Syrinx improvement No syrinx improvement p-value Syrinx resolution No syrinx resolution p-value

Overall 191 (87.6%) 27 (12.4%) 165 (75.7%) 53 (24.3%)
Follow-up (months): mean 

(95% CI)
29.4 (26.0–32.7) 45.7 (26.3–65.2) 0.005 29.4 (25.7–33.2) 37.3 (26.9–47.7) 0.077

Demographic
  Age (years): mean (95% 

CI)
9.8 (9.1–10.4) 8.9 (6.8–10.9) 0.320 9.9 (9.2–10.5) 9.0 (7.7–10.2) 0.203

  Sex (male): n (%) 89 (46.6%) 10 (37.0%) 0.350 75 (45.7%) 10 (44.4%) 0.869
Symptom outcome
  Improved: n (%) 178 (93.2%) 22 (81.5%) 0.038 153 (93.3%) 47 (87.0%) 0.147
  CCOS: mean (95% CI) 15.4 (15.2–15.5) 14.2 (13.3–15.0) 0.001 15.4 (15.2–15.5) 14.7 (14.2–15.2) 0.001

Complications: n (%)
  Readmission 9 (6.0%) 6 (26.1%) 0.001 7 (5.6%) 8 (16.3%) 0.023
  Aseptic meningitis 5 (3.3%) 0 (0.0%) 0.386 4 (3.2%) 1 (2.1%) 0.695
  Pseudomeningocele 3 (1.6%) 1 (3.7%) 0.440 3 (1.8%) 1 (1.9%) 0.991
  CSF leak 3 (1.6%) 0 (0.0%) 0.512 3 (1.8%) 0 (0.0%) 0.317
  Reoperation 1 (0.5%) 10 (37.0%) 0.001 1 (0.6%) 10 (18.5%) 0.001
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Other radiographic associations with postoperative 
outcomes

Table 5 summarizes the relationships between preoperative 
radiographic parameters and postoperative syrinx improve-
ment and symptom improvement. The factors to demon-
strate a significant association with syrinx improvement 
were atlantooccipital (AO) joint anomaly (9.9% vs 27.3%; 
p = 0.019) and foramen magnum width (34.2 vs 32.2 mm; 
p = 0.041). The difference in syrinx resolution was similar 
but not statistically significant for both variables (10.3% vs 
16.7%; p = 0.251 and 34.2 vs 33.3 mm; p = 0.214). Control-
ling for radiographic variables (Table 6), AO joint anom-
aly (OR 0.20, 95% CI 0.04–0.95; p = 0.026) and foramen 
magnum diameter (OR 1.12, 95% CI 1.00–1.25; p = 0.049) 
were both independent predictors of syrinx improvement, 
and surgical technique was the only predictor for syrinx 
resolution (OR 2.44, 95% CI 1.08–5.50; p = 0.031). When 
patients were stratified by surgical technique and syrinx 
improvement status (Table 7), there was a significant dif-
ference in the foramen magnum diameter between patients 
whose syrinx improved versus did not improve that under-
went tonsil reduction surgery (34.3 vs 31.7; p = 0.028) but 

not in patients who underwent non-tonsil reducing surgery 
(33.2 vs 33.3; p = 0.959).

Discussion

The pathophysiology of syrinx is complex and multifacto-
rial. It is both influenced by pressure differentials secondary 
to obstruction of CSF flow at the cervicomedullary junction 
as well as disturbances in transcellular fluid dynamics in the 
spinal cord vasculature [22]. Despite progress in our under-
standing of syrinx pathophysiology, the predictive and prog-
nostic values of radiographic markers for CM-I and syrin-
gomyelia remain inconsistent [4, 9]. While multiple studies 
have attempted to identify associations between such fac-
tors with syrinx presence or improvement [5, 6, 8, 13, 23], 
our study of a large cohort of consecutively treated patients 
uncovers novel relationships between radiographic variables 
and syrinx incidence and postoperative improvement.

Preoperatively, our study found multiple associations 
between symptomatology and syrinx presence. The rela-
tionship between syrinx and scoliosis or older age has been 
described previously [8, 13, 24], but it is curious that age 

Table 5   Association of preoperative radiographic variables with syrinx and symptom outcomes

P values in bold reached statistical significance, i.e., < .05
CXA clivoaxial angle, pB-C2 basion to posterior C2 length

Syrinx improvement No syrinx improvement p-value Syrinx resolution No syrinx resolution p-value

CXA: Degrees (95% CI) 134.2
(132.1–136.7)

130.5
(124.0–137.0)

0.227 133.8
(131.5–136.0)

133.6
(129.3–137.8)

0.941

pB-C2: mm (IQR) 7.3 (6.9–7.6) 7.2 (6.3–7.9) 0.832 7.3 (5.9–8.3) 7.2 (6.0–8.2) 0.754
Tonsil length: mm (IQR) 13.7 (12.6–14.9) 12.8 (10.0–15.6) 0.564 12.9 (9.7–15.6) 11.9 (8.8–17.8) 0.496
Foramen magnum diam-

eter: mm (95% CI)
34.2 (33.5–34.8) 32.2 (29.6–34.7) 0.041 34.2 (33.5–34.8) 33.3 (31.9–34.6) 0.214

Basilar invagination: n (%) 15 (9.9%) 3 (13.6%) 0.588 14 (11.1%) 4 (8.3%) 0.591
Atlantooccipital joint 

anomaly: n (%)
15 (9.9%) 6 (27.3%) 0.019 13 (10.3%) 8 (16.7%) 0.251

Dens retroflexion: n (%) 69 (38.6%) 12 (50.0%) 0.282 60 (39.5%) 21 (41.2%) 0.830
Scoliosis: n (%) 51 (32.7%) 5 (22.7%) 0.346 46 (35.4%) 10 (20.8%) 0.064

Table 6   Multivariate regression 
for syrinx improvement

P values in bold reached statistical significance, i.e., < .05

Syrinx improvement Syrinx resolution

OR (95% CI) p-value OR (95% CI) p-value

Surgery group (tonsil reduction) 2.35 (0.85–6.54) 0.100 2.44 (1.08–5.50) 0.031
Basilar invagination 2.75 (0.36–20.86) 0.330 4.14 (0.66–25.86) 0.128
Atlantooccipital joint anomaly 0.20 (0.04–0.95) 0.043 0.30 (0.07–1.34) 0.114
Foramen magnum diameter 1.12 (1.00–1.25) 0.049 1.03 (0.95–1.12) 0.450
Dens retroflexion 0.76 (0.27–2.17) 0.613 0.90 (0.42–1.93) 0.790



2532	 Child's Nervous System (2024) 40:2527–2534

remained an independent risk factor for syrinx after multi-
variate regression. It is possible that there is a change in CSF 
dynamics over the course of central nervous system develop-
ment, increasing the risk of syringogenesis, but that has yet 
to be described. The observation between syrinx presence 
and symptoms of spinal cord dysfunction aligns with previ-
ous smaller studies [25–27]. It is likely that these symptoms 
arise from centrifugal compression of the spinal cord by an 
expansile syrinx or from disruption of neuronal pathways by 
syrinx dissection through spinal cord parenchyma [28–30].

In contrast, patients without syrinx were more likely to 
present with Chiari-type headaches, vomiting, and cranial 
nerve symptoms, even after controlling for other clinical fac-
tors at presentation. Similarly, Godzik et al. found that 27% 
of patients without syrinx presented with headaches com-
pared to only 11% of patients with syrinx, but this difference 
was not statistically significant [25]. Their study, however, 
did not differentiate between Chiari- and non-Chiari head-
aches, and their sample size was limited to 36 patients. A 
potential explanation for this phenomenon is that patients 
without syrinx are more likely to present with other Chiari 
symptoms such as the trademark occipital tussive headache. 
It also may be that CM-I patients with occipital headaches 
are more likely to seek medical attention and get diagnosed 
earlier than patients without these symptoms, allowing time 
for syrinx to develop in the latter. Nevertheless, the authors 
acknowledge the heterogeneous complexity of syrinx patho-
genesis and that there are likely a variety of mechanisms in 
how syringomyelia leads to its symptomatology. Of note, we 
had 22 patients that were discovered incidentally; they pre-
sented with syrinx but no symptoms, including no scoliosis.

Radiographically, greater pB-C2 length and wider fora-
men magnum diameter both associated with preoperative 
syrinx presence while tonsil length and clivoaxial angle 
(CXA) did not, which contrasts previous reports. A recent 
systematic review only found associations between pB-C2 
and syrinx improvement, but not the presence, whereas 
tonsil length, clivus gradient, and scoliosis curvature 
greater than 20° were all associated with syrinx presence 

[3]. Additionally, Haller et al. found that obex position 
and tonsil position were independently associated with 
syrinx presence, while basilar invagination, occipitaliza-
tion of the atlas, pB-C2 distance, and clival canal angle 
were not [6]. Despite mixed conclusions in the literature, 
the relationship between pB-C2 and syrinx presence may 
be explained by the alteration of fluid pressure dynam-
ics and obstruction of CSF flow at the cervicomedullary 
junction. The pB-C2 value quantifies the degree of ventral 
brainstem impingement at the cervicomedullary junction, 
contributing to CSF flow obstruction that may drive syrinx 
development [16].

Postoperatively, patients with syrinx improvement had 
increased rates of symptom improvement, higher CCOS 
scores, and decreased rates of complications and read-
missions. Current literature on the association between 
syrinx improvement and symptom improvement is mixed. 
In a study of 20 children, Furtado et al. found no signifi-
cant association between symptomatic improvement and 
changes in syrinx size or presence [31]. Conversely, Hale 
et al. demonstrated that syrinx resolution was associated 
with improvement in headaches and neck pain (91% vs 
77%) [24]. They also found age to be a significant predic-
tor, which we did not. Neither of these studies, however, 
reported CCOS or complication rates, where we found 
lower readmission and reoperation rates but no difference 
in aseptic meningitis, pseudomeningocele, or CSF leak 
among syrinx-improved patients. Interestingly, we found 
a small but significant difference, which has not been 
described previously, in the rate of symptom improvement 
between patients who experienced no syrinx improvement 
and those who experienced no resolution. This may indi-
cate that any decrease in syrinx size, and thus centrifugal 
pressure on the spinal cord, may alleviate related symp-
toms, but given the similar number of reoperations, it 
underscores an important point for syrinx patients in that 
surgery serves a dual purpose by also preventing long-term 
neurologic decline.

The radiographic predictors of syrinx improvement in 
this cohort were AO joint anomaly and foramen magnum 
width. When performing multivariate regression, AO joint 
anomaly and foramen magnum diameter were the only 
independent predictors of syrinx improvement, while sur-
gical technique involving tonsillar reduction was the only 
one for syrinx resolution. Greater foramen magnum diam-
eter was associated with increased likelihood of syrinx 
improvement, which alludes to the importance of adequate 
decompression in alleviating the aberrant CSF dynamics 
that lead to syringogenesis. To the authors’ knowledge, the 
description of AO joint anomaly as a risk factor for syrinx 
persistence is a novel finding and requires further study 
on how to best treat these patients.

Table 7   Effect of foramen magnum diameter on surgical technique 
efficacy

P values in bold reached statistical significance, i.e., < .05

Non-tonsil reduction Tonsil reduction p-value

Foramen magnum diameter: mm 
(95% CI)

Improved 
syrinx

33.2 (31.1–35.2) 34.3 (33.7–34.9) 0.192

Unimproved 
syrinx

33.3 (30.1–36.5) 31.7 (27.8–35.6) 0.523

p-value 0.959 0.028
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Limitations and future directions

The current study is not without limitations. Retrospective studies 
inherently incorporate selection bias in data collection and analy-
sis, and not all possible radiographic parameters relevant to CM-I 
were measured (including obex position) [6, 19, 20]. Additionally, 
the study population had a preponderance of patients with syrinx 
compared to the general Chiari population, alluding to a population 
bias of patients that receive treatment at a large academic medical 
center. Future studies would benefit from further quantification of 
syrinx improvement, including a threshold value for postoperative 
syrinx size or percentage reduction in syrinx size that best pre-
dict clinical improvement or prevention of future decline. Deriv-
ing these proposed thresholds would likely require validation in a 
larger, prospective cohort of patients in a multicenter study.

Conclusion

The current study reports clinical and radiographic variables 
associated with preoperative syrinx presence and postoperative 
syrinx improvement. We observed that syrinx improvement or 
resolution after surgery is associated with greater CCOS and 
decreased complications. Moreover, surgical technique with ton-
sil reduction was associated with improved syrinx outcomes, 
and foramen magnum diameter and AO joint anomaly were the 
only two independent predictors of syrinx improvement and 
unimprovement, respectively. These insights will help guide 
preoperative patient counseling, surgical approach considera-
tions, and postoperative prognostication when treating CM-I 
with syrinx.

Author contribution  E.Y.M. collected data, wrote and reviewed man-
uscript, and prepared table. J.P.C. wrote and reviewed manuscript. 
B.P.B. wrote and reviewed manuscript and prepared table. All authors 
reviewed manuscript.

Funding  None.

Availability of data and materials  Upon request to corresponding 
author.

Declarations 

Ethical approval  The study was approved under the institutional ethical 
review board (IRB #STU-082018-025).

Conflict of interest  The authors declare no competing interests.

References

	 1.	 McClugage SG, Oakes WJ (2019) The Chiari I malformation. J 
Neurosurg Pediatr 24(3):217–226

	 2.	 Alford EN et al (2021) Imaging characteristics associated with 
surgery in Chiari malformation type I. J Neurosurg Pediatr 
27:620–628

	 3.	 Atchley TJ, Alford EN, Rocque BG (2020) Systematic review 
and meta-analysis of imaging characteristics in Chiari I mal-
formation: does anything really matter? Childs Nerv Syst 
36(3):525–534

	 4.	 Godzik J et al (2014) Relationship of syrinx size and tonsillar 
descent to spinal deformity in Chiari malformation type I with 
associated syringomyelia. J Neurosurg Pediatr 13(4):368–374

	 5.	 Hale AT et al (2020) Factors associated with syrinx size in pedi-
atric patients treated for Chiari malformation type I and syringo-
myelia: a study from the Park-Reeves Syringomyelia Research 
Consortium. J Neurosurg Pediatr 25:629–639

	 6.	 Haller G et al (2020) Obex position is associated with syringo-
myelia and use of posterior fossa decompression among patients 
with Chiari I malformation. J Neurosurg Pediatr 26:45–52

	 7.	 Strahle J et al (2011) Chiari malformation type I and syrinx in 
children undergoing magnetic resonance imaging. J Neurosurg 
Pediatr 8(2):205–213

	 8.	 Strahle JM et al (2019) Radiological and clinical predictors of 
scoliosis in patients with Chiari malformation type I and spinal 
cord syrinx from the Park-Reeves Syringomyelia Research Con-
sortium. J Neurosurg Pediatr 24:520–527

	 9.	 Greenberg JK et al (2015) The Chiari severity index: a preopera-
tive grading system for Chiari malformation type 1. Neurosurgery 
76(3):279–85. discussion 285

	10.	 Khalsa SSS et al (2017) Comparison of posterior fossa volumes 
and clinical outcomes after decompression of Chiari malformation 
Type I. J Neurosurg Pediatr 19(5):511–517

	11.	 Radmanesh A et al (2015) Tonsillar pulsatility before and after 
surgical decompression for children with Chiari malformation 
type 1: an application for true fast imaging with steady state pre-
cession. Neuroradiology 57(4):387–393

	12.	 Luciano MG et al (2019) Development of common data elements 
for use in Chiari malformation type I clinical research: an NIH/
NINDS project. Neurosurgery 85(6):854–860

	13.	 Strahle J et al (2015) The association between Chiari malfor-
mation type I, spinal syrinx, and scoliosis. J Neurosurg Pediatr 
15(6):607–611

	14.	 Tubbs RS et al (2004) A critical analysis of the Chiari 1.5 malfor-
mation. J Neurosurg 101(2):179–83

	15.	 Bollo RJ et al (2012) Complex Chiari malformations in children: 
an analysis of preoperative risk factors for occipitocervical fusion. 
J Neurosurg Pediatr 10(2):134–141

	16.	 Grabb PA, Mapstone TB, Oakes WJ (1999) Ventral brain stem 
compression in pediatric and young adult patients with Chiari I 
malformations. Neurosurgery 44(3):520–7. discussion 527–8

	17.	 Ladner TR et al (2015) Evaluating the relationship of the pB-C2 
line to clinical outcomes in a 15-year single-center cohort of pedi-
atric Chiari I malformation. J Neurosurg Pediatr 15(2):178–188

	18.	 Bonney PA et al (2016) Clinical significance of changes in pB-C2 
distance in patients with Chiari type I malformations following 
posterior fossa decompression: a single-institution experience. J 
Neurosurg Pediatr 17(3):336–342

	19.	 Ravindra VM et al (2020) Defining the role of the condylar-C2 
sagittal vertical alignment in Chiari malformation type I. J Neu-
rosurg Pediatr 26:439–444

	20.	 Ravindra VM et al (2021) A multicenter validation of the condy-
lar-C2 sagittal vertical alignment in Chiari malformation type I: a 
study using the Park-Reeves Syringomyelia Research Consortium. 
J Neurosurg Pediatr 28:176–182

	21.	 Aliaga L et  al (2012) A novel scoring system for assessing 
Chiari malformation type I treatment outcomes. Neurosurgery 
70(3):656–64. discussion 664–5



2534	 Child's Nervous System (2024) 40:2527–2534

	22.	 Koyanagi I, Houkin K (2010) Pathogenesis of syringomyelia asso-
ciated with Chiari type 1 malformation: review of evidences and 
proposal of a new hypothesis. Neurosurg Rev 33(3):271–84. dis-
cussion 284–5

	23.	 Strahle JM et al (2020) Radiological and clinical associations with 
scoliosis outcomes after posterior fossa decompression in patients 
with Chiari malformation and syrinx from the Park-Reeves Syrin-
gomyelia Research Consortium. J Neurosurg Pediatr 26:53–59

	24.	 Hale AT et al (2020) Factors associated with syrinx size in pedi-
atric patients treated for Chiari malformation type I and syringo-
myelia: a study from the Park-Reeves Syringomyelia Research 
Consortium 25:629–639

	25.	 Godzik J et al (2016) Comparison of spinal deformity in chil-
dren with Chiari I malformation with and without syringomyelia: 
matched cohort study. Eur Spine J 25(2):619–626

	26.	 Roy AK, Slimack NP, Ganju A (2011) Idiopathic syringomyelia: 
retrospective case series, comprehensive review, and update on 
management. Neurosurg Focus 31(6):E15

	27.	 Milhorat TH et al (1999) Chiari I malformation redefined: clinical 
and radiographic findings for 364 symptomatic patients. Neuro-
surgery 44(5):1005–1017

	28.	 Greitz D (2006) Unraveling the riddle of syringomyelia. Neuro-
surg Rev 29(4):251–63. discussion 264

	29.	 Bogdanov EI, Mendelevich EG (2002) Syrinx size and duration of 
symptoms predict the pace of progressive myelopathy: retrospec-
tive analysis of 103 unoperated cases with craniocervical junc-
tion malformations and syringomyelia. Clin Neurol Neurosurg 
104(2):90–97

	30.	 Milhorat TH et al (1995) Pathological basis of spinal cord cavita-
tion in syringomyelia: analysis of 105 autopsy cases. J Neurosurg 
82(5):802–812

	31.	 Furtado SV, Thakar S, Hegde AS (2011) Correlation of functional 
outcome and natural history with clinicoradiological factors in 
surgically managed pediatric Chiari I malformation. Neurosurgery 
68(2):319–27. discussion 328

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Predictors of syrinx presentation and outcomes in pediatric Chiari malformation type I: a single institution experience of 218 consecutive syrinx patients
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and data collection
	Statistical analysis

	Results
	Presence of syrinx and symptomatology
	Impact of syrinx improvement on postoperative outcomes
	Other radiographic associations with postoperative outcomes

	Discussion
	Limitations and future directions

	Conclusion
	References


