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INTRODUCTION

Chiari malformation (CM), a condition where the cerebellar tonsils herniate into the 
foramen magnum (FM), often with associated syringomyelia resembling spinal cord lesion 
features, is commonly congenital, particularly in cases linked to spina bifida (type  II) or 
without it (type  I). Acquired forms may result from irregular cephalo-cranial development 
or disparities in cranial and spinal pressures.[1,2,54] While those with tonsillar herniations over 
12  mm usually exhibit symptoms, approximately 30% with 5–10  mm herniations remain 
asymptomatic.[51] Syringomyelia, a complication, typically emerges in early or middle adulthood, 
where the condition tends to be most prevalent.[13,69]

Abnormal cerebrospinal fluid (CSF) flow in CM type  I often leads to syringomyelia. 
Several surgical approaches exist for managing neurological symptoms linked to this 
condition.[63] Posterior fossa craniectomy, with or without obex plugging, has been a standard 
surgical procedure aimed at improving irregular CSF flow. However, it is mainly recommended 
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Background: This study aims to evaluate the surgical outcomes of elderly patients with Chiari malformation 
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for younger and middle-aged patients.[17] Limited reports 
discuss the late onset of symptoms related to this condition 
in elderly individuals and potential surgical solutions.[17,24,36] 
This recounts a rare case of an older woman experiencing 
late-onset Arnold CM type I and syringomyelia, successfully 
treated with FM decompression.[37] This study aims to 
evaluate the surgical outcomes of elderly CM patients who 
underwent suboccipital craniectomy (SC) with duraplasty 
(DP) or dural splitting (DS).

Elderly patients with CM may experience different outcomes 
than younger patients due to age-related changes and 
comorbidities. Our study aims to evaluate postoperative 
complications, recovery times, and success rates in this 
specific age group. By focusing on elderly patients, we 
address a gap in neurosurgery research, as older patients 
are often underrepresented. This research is crucial for 
developing age-specific surgical strategies and improving 
guidelines to enhance outcomes and quality of life for elderly 
patients.

MATERIALS AND METHODS

Study design

A retrospective study was performed after obtaining ethical 
approval to evaluate the outcomes of elderly CM patients 
who underwent SC with DP or dural splitting (DS).

Patient selection

Patients were selected based on the following inclusion 
criteria: individuals aged 60 years and older with a confirmed 
diagnosis of CM, evidenced by craniocervical magnetic 
resonance imaging (MRI) showing a tonsillar descent of 
more than 5 mm from the FM. Only symptomatic patients 
presenting with CM-related symptoms such as headache, 
neck pain, ataxia, or paresis were included. In addition, 
the study focused on those who underwent posterior fossa 
decompression (PFD) with either DP or dural splitting (DS) 
between 1989 and 2022. Included patients also had to have 
follow-up data available from the time of surgery until at 
least November 2023, with a minimum follow-up duration 
of 12 months.

Exclusion criteria were as follows: patients with significant 
preexisting neurological conditions unrelated to CM that 
could confound the outcomes and those with incomplete 
preoperative or postoperative data, including follow-up 
information. Individuals who underwent alternative surgical 
approaches not involving SC with DP or DS were excluded. 
Also excluded were cases that did not meet the diagnostic 
criteria for CM, such as those lacking measurable tonsillar 
descent or with major anatomical abnormalities that would 
invalidate the standard CM diagnosis.

Treatment protocol

Symptomatic patients aged over 60, diagnosed with CM, 
underwent craniocervical MRI to confirm the diagnosis. 
The diagnostic criterion involved a tonsillar descent of over 
5  mm from the FM observed on MRI. In addition, head 
computed tomography (CT) scans were conducted to rule 
out hydrocephalus, while three-dimensional CT scans were 
used to exclude atlantoaxial instability and severe basilar 
invagination. Whole-spine MRI was employed to assess 
syrinx extension and eliminate spinal tumors and tethered 
cord syndrome. Surgery was performed for symptomatic 
patients, regardless of syrinx formation. Asymptomatic 
patients incidentally diagnosed were closely monitored, 
and surgery was only considered if associated symptoms 
emerged. Patients were divided into two categories based 
on their surgical approach: (i) SC with DP and (ii) SC with 
DS surgery. Both groups underwent follow-ups at specific 
intervals (1 week, 1 month, 3 months, 6 months, 12 months, 
and 24  months) with serial MRI scans and subsequent 
symptomatic assessments.

Data collection

Patient information consisted of name, age, sex, and 
presenting symptoms, which included:

(1) Headache, (2) Neck pain, (3) Arm pain, (4) Ataxia, 
(5) Paresis, (6) Paresthesia, (7) Sleep apnea, (8) Hoarseness 
of voice. Hospital records entered by clinicians during the 
inpatient stay and outpatient follow-up were reviewed. 
The following conditions were noted for each patient: 
syrinx, preoperative hydrocephalus, scoliosis, flat posterior 
skull based on imaging, CSF leakage, meningitis, pseudo 
meningocele, wound infection, epidural or subdural 
hematoma (SDH), disappearance of syrinx following surgery, 
postoperative hydrocephalus, Chicago Chiari Outcome Scale 
(CCOS), and re-operation. The data were entered into a 
spreadsheet in Microsoft Excel 2022.

CCOS

The CCOS, a system for evaluating outcomes post-CM 
surgery, comprises four categories: pain, nonpain symptoms, 
functionality, and complications. Each category is graded 
on a scale of 1–4, culminating in a potential maximum 
score of 16 and a minimum of 4. A total score of 4 signifies 
incapacitation, 8 indicates a compromised outcome, 12 
signifies a functional outcome, and a score of 16 denotes an 
outstanding outcome.[59]

Operative procedure

Following the administration of general anesthesia, the 
patient was positioned in the Concorde stance, securing 



Surgical Neurology International • 2024 • 15(443)  |  3

Badary and Atallah: Chiari malformation on elderly

the head with three-pin fixators. A midline cut on the skin, 
ranging from 3  cm above the FM to 2  cm below it, was 
executed. A small SC, approximately 3 cm tall and 3 cm wide, 
was performed. Using a high-speed drill and a bony rongeur, 
the posterior arc of the first cervical vertebra was cut to 
reveal a space approximately 2 cm wide. Delicately dissecting 
and eliminating the adhesions between the craniocervical 
junction, the posterior atlanto-occipital membrane, and the 
dura followed.

Dural splitting

Decompression - An incision was made vertically on the outer 
layer of the dura mater. Subsequently, the lateral dissection 
of the outer layer from the inner layer occurred, extending 
from the midline up to the upper edge of C1, utilizing a blunt 
dissector. Coagulation was avoided to minimize the risk of 
dural contraction, and any minor bleeding was managed 
with gel foam and surgery.

DP

A Y-shaped incision in the dura exposed the cerebellar 
tonsils and the cervical spinal cord. Partial resection of the 
cerebellar tonsils was performed to alleviate compression on 
the medulla oblongata and superior spinal cord. In addition, 
the patency of the foramen of Luschka and the foramen 
of Magendie was visually confirmed using an operating 
microscope. The dura was closed with a dural patch.

Statistical analysis

The statistical analyses were conducted using the Statistical 
Package for the Social Sciences (SPSS) statistical software, 
version  26 (SPSS Inc., IBM, USA), with a significance level 
set at P < 0.05 to establish statistical significance. Patient 
demographics such as age, gender, and the duration of 
symptoms were analyzed, along with comorbidities and types 
of CM. Primary outcome variables included postoperative 
changes in symptoms, complications, and Chiari Clinical 
Outcome Score (CCOS). The mean values and standard 
deviations were computed for these variables.

Secondary outcomes involved comprehensive radiological 
assessments, including the analysis of syrinx diameter and its 
correlation with CCOS scores. Radiological assessments were 
conducted through preoperative, postoperative, and follow-
up imaging studies.

Descriptive statistics were used to calculate frequencies for 
categorical variables such as gender, comorbidities, types 
of CM, and presence of syrinx, hydrocephalus, scoliosis, 
and platybasia. The statistical significance of differences 
in frequencies between groups was tested using Pearson’s 
Chi-square test and Fisher’s exact test where appropriate. 

For continuous variables, independent sample t-tests were 
used to compare mean values between groups (e.g., male 
vs. female patients), and paired sample t-tests were used 
to compare variables within the same patients before and 
after surgery (e.g., preoperative vs. postoperative syrinx 
diameter).

Pearson’s correlation and Spearman’s correlation tests were 
employed to assess the relationship between changes in 
syrinx diameter and changes in CCOS scores. Specifically, 
these correlations were used to determine if smaller 
postsurgical syrinx diameters were associated with better 
CCOS outcomes. If a statistically significant difference in 
variances was detected through Levene’s test for equality of 
variances, adjustments were made accordingly.

Patients’ management approaches, such as the type of 
surgery performed (PFD, DP, or dural splitting [DS]) and the 
presence of complications, were also analyzed. The outcomes 
were evaluated through detailed follow-up data, and the 
incidence of complications and the need for reoperation 
were recorded. The statistical analysis aimed to determine the 
effectiveness of the surgical interventions and the relationship 
between radiological findings and clinical outcomes.

The mean follow-up duration was also analyzed to assess 
long-term outcomes and the progression of symptoms and 
radiological findings over time. Statistical significance for all 
analyses was set at P < 0.05.

Potential biases and reasons for surgical selection

Surgical candidacy in our study was influenced by factors such 
as disease severity, overall patient health, and comorbidities. 
Decisions were also affected by the recommendations of a 
multidisciplinary team, patient preferences, and institutional 
resources.

RESULTS

Patient characteristics

Of the seven patients, five (71.4%) were females and two 
(28.6%) were males. Mean age at the time of the operation 
is 65.14  years [Table  1]. The mean age difference between 
genders is not estimated due to the risk of bias. The mean 
duration of symptoms is around 18  months. The total 
hospital admission period ranged from 5 to 21  days, with 
a mean of 11.14  days. Cervicalgia predominates in all the 
patients (100%), ataxia in six patients (85.7%), brachialgia 
and headache in five patients (71.4%), paresthesia in 
extremities in four patients (57.1%), paresis in three patients 
(42.9%), sleep apnea in two (28.6%), and hoarseness in one 
patient (14.3%). Dysphagia did not present in any of the 
patients [Figure  1]. Three patients were diagnosed with 
cardiac arrhythmias, two patients with arterial hypertension, 
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one patient with gallbladder carcinoma, and the last one was 
free from any comorbidities.

Imaging findings

Radiologically, CM type  II predominates and is presented 
in four patients (57%), type  I in two patients (28.6%), and 
type  III in one patient (14.3%). Among the seven patients, 
six had syrinx (85.7%) with a mean diameter of 6.17  mm, 
and one patient (14.3%) had hydrocephalus. One patient 
(14.3%) had scoliosis, and no one had platybasia. Five of the 
six patients with syrinx (83.3%) had syrinx passing at levels 
C4-C7. There is no correlation between the diameter of the 
syrinx and its extent in the spinal cord (P > 0.050).

Patient management

All patients underwent PFD; six patients also underwent 
DP, and one patient underwent DS. One patient presented 
with hydrocephalus in addition to the CM and got a 
ventriculoperitoneal (VP) shunt in the same sitting. Of the 
seven patients, one patient developed cervical CSF fistula 
without other complications such as meningitis, pseudo 
meningocele, extradural hematoma, or wound infection.

Symptoms gradually improved, as shown in Table  2. Five 
patients (71.4%) – four with syrinx and one without – 
improved by the 1st month following surgery, and symptoms 
were relieved in their 6-month follow-up visits, whereas two 
(28.6%) patients worsened; pain worsening in both of them, 
ataxia worsening in one of them, new apnea in the other one. 
The median CCOS at the time of discharge is 13.

These two patients underwent reoperation due to complaint 
resistance after 1–2-year intervals during controls in the 
follow-up visits; one of them developed postoperatively 
hydrocephalus, and the other one developed an acute SDH, 
which makes an incidence of 100% complication after the 
reoperation. The one who developed hydrocephalus died 
after 2 months due to pulmonary edema and seizures.

Follow-up

Of the six patients with a syrinx [Table 2], two cases (33.3%) 
had an increase in diameter, one case (16.7%) of syrinx 
gradually reduced following the surgery, and 3  cases (50%) 
remained unchanged. The mean diameter of the syrinx at 
the last follow-up was 6.5  mm (preoperative: 6.17  mm), 
indicating an increase in the mean diameter following 
surgery.

At the last follow-up, the median CCOS decreased from 13 
to 11. The patient without a syrinx showed an improvement 
in the CCOS score, while declines in other patients were 
associated with an increase in syrinx diameter. Notably, the 
only patient whose syrinx diameter decreased postsurgery 
had CM type  III and did not present with scoliosis, 
hydrocephalus, platybasia, or basilar invagination. Patients 
who required reoperation due to persistent symptoms 
experienced an increase in syrinx diameter. This indicates that 
further exploration of syrinx shunting, such as VP shunts, 
might benefit patients with increasing syrinx size. However, 
the patient with hydrocephalus who received a VP shunt did 
not experience improvement in the CCOS score. Patients 
with worsened outcomes were managed conservatively. The 
mean follow-up duration was 121.86 months.

Excluding cases with a follow-up duration of more than 
300  months, we calculated the change in syrinx diameter 
between admission and follow-up and correlated it with 
the change in the CCOS scale from surgery to follow-
up. A  strong Pearson’s correlation (0.882; P < 0.048) and 
Spearman correlation (0.895; P < 0.040) were found, 
indicating better outcomes in terms of the CCOS scale when 
the syrinx diameter was smaller after surgery.

DISCUSSION

CM is traditionally identified as a condition predominantly 
affecting infants and adolescents and is rare in the elderly. 
However, some documented cases in 1941 have revealed 

Figure 1: The prevalence of the clinical manifestation.



Table 2: The operative technique and some of the postoperative findings, along with the long‑term results and follow‑up findings.

Nr. Surgical technique Need 
for VPS

Postoperative 
complications

Hospital 
stay (days)

CCOS at 
discharge (4–16)

Re‑Operation
Laminiplasty With 

duraplasty
Without 
duraplasty

Yes/
No

Timing Reason Postoperative complication CCOS at last follow 
up (4–16)

Syrinx at last follow 
up (mm)

Follow up (Months)

1 Yes Yes No Yes No 16 13 Yes 26 months Worsening ataxia and 
brachialgia on both 
sides

Acute subdural hematoma 9 10 125

2 Yes No Yes No No 5 14 No No No No 14 4 59
3 Yes Yes No No No 21 10 No No ‑ ‑ 11 9 252
4 Yes Yes No No No 9 12 No No ‑ ‑ 8 6 348
5 Yes Yes No No No 7 7 Yes 12 months Apnoea, Worsening 

of pain
Cervical CSF 
fistula+Hydrocephalus

4 7 14 (Death after 2 months of 
re‑operation due to hydrocephalus, 
pulmonary oedema, and seizures)

6 Yes Yes No No No 11 14 No No ‑ ‑ 14 3 43
7 Yes Yes No No Yes (Cervical CSF fistula) 9 13 No No ‑ ‑ 14 ‑ 12
CCOS: Chicago chiari outcome scale, VPS: Ventriculoperitoneal shunt, CSF: Cerebrospinal fluid

Table 1: Clinical and radiological manifestations of the patients.

Nr. Gender Age at op Duration of 
symptoms 
(months)

Symptom Comorbidity CDT 
(I‑III)

Associated features Syrinx
Headache Cervicalgia Brachialgia Ataxia Paresis Paresthesia Sleep 

apnoe
Hoarseness Dysphagia Hydrocephalus Basilar 

Invagination
Platybasia Scoliosis Yes/No Location Diameter 

(mm)

1 F 65 9 Yes Yes Yes Yes No No No No No Cardiac Arrhythmia II Yes No No No Yes C5–6 8
2 F 72 8 Yes Yes No Yes Yes Yes No No No Arterial hypertension II No No No No Yes C0–1 4
3 F 62 23 No Yes Yes Yes Yes Yes No No No Carcinoma gallbladder III No No No No Yes C2‑T1 12
4 M 78 11 No Yes Yes Yes No Yes No No No Cardiac Arrhythmia I No No No No Yes C5‑T2 6
5 F 69 >24 Yes Yes Yes Yes Yes Yes Yes Yes No Cardiac Arrhythmia II No Yes No No Yes C4–5 4
6 M 62 >24 Yes Yes Yes No No No Yes No No None I No No No Yes Yes C6–7 3
7 F 64 >24 Yes Yes No Yes No No No No No Arterial hypertension II No No No No No ‑ ‑
CDT: Cerebellar tonsillar descent
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occurrences of CM in individuals over 60 years old,[20] together 
with some other cases reported late onset of symptoms in 
an older age group than usual >40  years.[11,14,15,34,46,52,58,61] 
Age and other factors like obesity are thought to influence 
the manifestations of CM significantly.[70] The structural 
abnormality remains consistent across age groups, but the 
impact and presentation of associated symptoms often vary 
and might remain silent for decades.[31] The craniocervical 
junction angles can be significantly influenced by age, 
exacerbating the condition in different ways.[31,42,45] As a 
result, CM may only become evident as the body ages due to 
degenerative changes in the spine,[24] decreased brain mass, 
and alterations in CSF dynamics.[21,23] In our retrospective 
study spanning over 33 years, the median age of diagnosis was 
63 years, with patients undergoing surgery at a median age of 
65  years. Due to rare documentation of CM in the elderly, 
we performed this study, which was intended to analyze the 
symptoms and compare the following outcomes with those 
of the young patients: symptom relief postoperatively, change 
in the syrinx size, total hospital admission in days, and 
postoperative complications.

Pathophysiology and clinical presentation

Developmental trajectory and clinical manifestations of CM 
in older individuals may closely resemble those observed in 
younger patients.[16,56,58] The clinical manifestations in CM 
patients involve five significant mechanisms: (a) CSF outflow 
obstruction leading to increased intracranial pressure and 
associated symptoms, (b) compression at the FM causing 
cranial nerve palsies, (c) direct bony compression of the 
brainstem, (d) compression of the cervical spinal cord, 
(e)  and manifestations due to cerebellar involvement.[64] 
In older individuals, signs and symptoms typically follow a 
consistent pattern, primarily manifesting from the last four 
categories (b-e).[18] The most common and consistent clinical 
finding is spastic tetra- or paraparesis [11,20,44,55], although this is 
not always present and is likely associated with compression 
at the cervicomedullary junction.[43] Historically, horizontal 
and vertical nystagmus have been frequently reported in 
“adult types.”[46,58,64] Of particular interest is the absence of 
“downbeat” nystagmus on downward gaze in elderly patients 
in the study, a finding recently observed in eight cases of 
adult CM.[15] This absence is speculated to indicate a lesion in 
the lower end of the brainstem or cerebellum. In addition, the 
absence of corneal and gag reflexes, observed in adults with 
the malformation, is linked to direct pressure on the medulla 
rather than compression of the cranial nerves.[20,41,43,46,64]

In contrast, newborns and infants with the malformation 
do not demonstrate nystagmus or cerebellar signs.[20] In the 
current study, no nystagmus was documented.

The formation of a syrinx still requires further clarification. 
Some researchers propose that parenchymal fluid dissipates 

into the central canal and forms a syrinx following a blockage 
of the CSF flow in the subarachnoid space at the level of the 
FM and accumulates outside, not inside, the spinal cord.[40] 
Alternatively, it may result from the dissociation of pressure 
between the cranial and spinal CSF compartments caused by 
obstruction at the level of the FM.[19,65] This blockage can lead 
to an engorged venous system due to the increased pressure 
buildup and continuous accumulation of fluid beyond the 
resorptive capacity of the parenchyma.[40] Breaking that circle 
is believed to relieve the circulatory disturbance caused. 
Some reports show that extension of the decompression may 
play a role in the tonsillar herniation,[33,25] which was not 
observed in our study.

The CCOS system is suitable for evaluating the outcomes 
of patients with CM. It assesses outcomes across multiple 
domains, including pain, nonpain symptoms, functionality, 
and complications, providing a detailed picture of surgical 
success. In our study, the CCOS effectively tracked 
changes in symptoms, with a median score decline from 
13 at discharge to 11 at follow-up, correlating strongly with 
increases in syrinx diameter. In detail, two patients exhibited 
symptomatic improvement following the treatment, whereas 
two patients witnessed a stable CCOS scale. Three patients 
exhibited a worsening of symptoms.

However, several factors need to be considered for elderly 
patients. Age-related comorbidities (ARC), frailty, and 
long follow-up duration contributing to the ARC may 
impact recovery and CCOS scores, potentially affecting 
the interpretation of results. In addition, while the CCOS 
captures immediate and short-term outcomes, it may not 
fully address long-term quality of life issues.

Differential diagnosis

Symptoms such as chronic headache, neck pain, balance 
issues, and distal sensory disturbances might be attributed to 
aging-related conditions, like osteoarthritis, spinal stenosis, 
or age-related headaches, making accurate diagnosis a 
complex endeavor. Tumors at the FM manifest the most 
striking similarities to those of the CM.[67] The clinical 
syndrome of tetraparesis, nystagmus, decreased corneal and 
gag reflexes, and a propensity to occur in the elderly are all 
hallmarks of neoplasm at the craniovertebral border.[8,67] 
However, nuchal pain and predilection for upper extremity 
paresis are almost constant findings in tumors of the FM.[3,68] 
At the same time, these are not prominent in the CM and 
should serve as significant differential points in the clinical 
evaluation.

Diagnosis

Imaging techniques, notably MRI and CT scans, remain 
essential in diagnosing CM.[27] Plain skull and cervical 
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spine X-rays are no longer effective but might detect 
some deformities,[16,46,52,61] although a widened cervical 
canal, occipito-vertebral fusion, platybasia, and basilar 
invagination have also been described.[20,44] Interpretation 
can be challenging due to age-related changes in the brain 
and spine, requiring meticulous assessment and correlation 
with clinical findings.[60] MRI of the brain and spinal cord is 
indispensable in recognition of the deformity in the elderly, 
where obliteration of the retro-cerebellar CSF spaces, 
tonsillar herniation to varying extent, and varying degrees of 
cranial base dysplasia are the usual characteristics of CM.[33,39] 
In our study, no cases of platybasia were observed.

A high-resolution spiral CT can replace the MRI in patients 
with contraindications to MRI.[26] Posterior displacement 
of the intracranial portion of the vertebral artery due to 
herniated cerebellar tonsils,[18] deflected posterior inferior 
cerebellar artery (PICA) by the tonsil into the cervical canal, 
and the forward displacement of the basilar artery against the 
clivus[52] are some angiographic findings in these patients.

Developmental arrest causes a small posterior fossa, leading 
to the downward shift of the Torcular Herophili (or confluens 
sinuum) and inferior displacement of sinuses in obstructive 
hydrocephalus[16,22,32,41] and in 26 cases, noting the consistently 
small posterior fossae and large incisura.[22] Recognizing 
these preoperatively is crucial for neurosurgeons, especially 
in elderly patients showing CM, distinguishing primary from 
degenerative causes.

A report showed that in the younger population affected with 
CM type II, with a mean age of 24.9 years, syrinx was found 
in 60%, scoliosis in 25%, and basilar invagination in 12%.[39] 
Some reports also show that the scoliosis rate in CM type I 
may reach up to 22.4% and syrinx in 14% of the cases.[10,28,29,57] 
Another report in patients with CM type  I showed that 
scoliosis was present in 24% of patients and syrinx in 
40–65%.[33,51] Our study showed similar results; syrinx was 
presented in 85.7%, scoliosis in 14.3%, basilar invagination 
in 14.3%. CM type II was presented in four patients (57%), 
type  I in two patients (28.6%), and type  III in one patient 
(14.3%).

Management

In cases where typical clinical and imaging findings are 
present, the surgeon would best serve by advising surgical 
intervention at that point without subjecting the patient to 
further potentially dangerous diagnostic studies.

Treatment strategies in the elderly with CM aim to 
alleviate symptoms and improve quality of life. While 
medication and physical therapy remain viable options, 
surgical intervention might pose additional risks in this age 
group.[30] Preexisting comorbidities and the overall health 
status of these individuals often factor into decision-making 

regarding surgical candidacy and the associated risks of 
interventions.[4,62]

The surgical treatment strategy aim is decompression of 
the FM blockage. It can usually be accomplished by SC, 
which includes the removal of the posterior rim of the FM, 
the upper cervical laminae, and the release of the dura. 
Abnormal tissue needs not to be excised,[20] and results 
are usually good.[20,44,46,55,58,61] PFD with or without partial 
resection of the tonsils plus DP is the primary treatment 
used by many neurosurgeons.[5,38,53] A shunting method[60] 
can treat hydrocephalus present before decompression or as a 
consequence. Some or all of the following are supplementary 
and may be appropriate in exceptional circumstances: 
reduction of the syrinx cavity using shunts, shrinking the 
tonsils with bipolar cautery, and/or dividing adhesions 
to separate the tonsils from each other as well as from the 
underlying medulla – which has risks of injuring vital 
structures such as PICAs and medulla.[12,35,50] In our study, we 
conducted PFD with DP or DS without other supplementary 
techniques.

When assessing outcome in terms of the disappearance of 
syrinx, we observed six patients with a syrinx [Table 2]; two 
cases (28.6%) witnessed an increase in diameter despite using 
a shunt in one of them due to associated hydrocephalus, 
one case (14.3 %) of syrinx gradually resolved following 
the surgery, and three cases (42.9%) remained unchanged. 
A  strong Pearson’s correlation (0.882; P < 0.048) and 
Spearman Correlation (0.895; P < 0.040) indicated better 
outcomes in terms of the CCOS scale when the syrinx 
diameter was smaller after the surgery. Although the 
younger people had a reduced syrinx size after the operation, 
the elderly in our study did not witness the same results, 
indicating that better CCOS results may be better pursued by 
reducing the syrinx diameter in this population.

Three patients showed worsening in the follow-up visits using 
the CCOS scale, comparing the values at the time of discharge 
and the follow-up visits. The first patient with persistent 
preoperative symptoms continued to receive conservative 
management due to the age and associated cardiac 
arrhythmia with infeasibility of re-operation. The other two 
patients underwent re-operation after 1–2-year intervals 
due to persisting pain, ataxia, worsening in one of them, and 
occurrence of apnea in the other. Postrevision surgery, one 
of them developed a CSF fistula and hydrocephalus, and the 
other developed an acute SDH, which makes an incidence of 
100% complication rate after the re-operation. The patient 
who developed hydrocephalus succumbed 2 months later to 
pulmonary edema and seizures.

PFD with DS or DP is equally beneficial when observed in 
terms of scaling the symptomatic outcome.[4,9] However, 
others showed less favorable outcomes regarding 
complications in the DP group.[6,66] In our study, the choice 
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to perform dural splitting (DS) was based on intraoperative 
conditions. If swelling was present or the edges could not 
be adapted, we opted for DP instead, which was the case for 
the other six patients. In favorable conditions, the patient 
who underwent DS showed postoperative improvement 
and maintained a stable CCOS during follow-up visits. It 
was suggested that the decrease in syrinx size was better for 
patients treated with PFD with DP than those treated with 
PFD alone.[4,7,48,49] Our study shows that PFD with DP or DS is 
not entirely effective regarding syrinx size and symptom relief.

A study analyzed 30-day outcomes for adult Chiari I 
malformation surgeries from 2005 to 2016. Out of 672 patients, 
predominantly female (80%), the readmission rate was 9.3%, 
and 6.8% required reoperation. Obesity was linked to higher 
readmission and reoperation risks, while CSF leaks were the 
main cause of reoperation.[4] In a comprehensive meta-analysis 
of 23 studies involving 1541 adult patients treated with various 
dural grafts in DP, postsurgical meningitis occurred in 2.7% 
of patients, with CSF leaks and reoperations observed in 2% 
and 3%, respectively. Autografts were significantly associated 
with a lower rate of meningitis compared to synthetic grafts; 
however, no significant differences were found in rates of CSF 
leaks or revision surgeries among the different types of dural 
grafts.[47]

In our study, one patient developed a CSF fistula. This was 
promptly revised and sutured, with no subsequent CSF 
leakage. Another patient with preoperative hydrocephalus 
was treated with a VP shunt, and there were no postoperative 
complications. Postoperative recovery and rehabilitation also 
necessitate a tailored approach in the elderly, considering 
their physiological frailty and potentially slower recovery 
rates compared to the younger cohorts.

Our results may suggest that supplementary syrinx shunts in 
the elderly may support the decrease in syrinx size in these 
patients and, thus, better outcomes. However, any conclusions 
might be premature once an accurate comparison is 
performed with a larger cohort. Determining the underlying 
factors in the elderly, whether primary or secondary CM, 
is essential for decision making as physiotherapy may be a 
noninferior management if the cause is degenerative.

Limitations and suggestions

The reliance on historical medical records and clinical 
documentation introduces potential biases and gaps in data, 
which may affect the completeness and accuracy of our 
findings. In addition, the relatively small sample size limits 
the generalizability of the results and the ability to detect 
subtle differences in outcomes. These factors suggest that our 
conclusions should be interpreted with caution.

To build on the findings of this study, future research should 
focus on conducting larger, prospective, and controlled 

studies to enhance the generalizability and robustness of 
the results. Specifically, investigations with more extensive 
sample sizes would provide greater statistical power and 
allow for more detailed subgroup analyses. In addition, 
incorporating a control group of younger patients or those 
undergoing different treatment modalities could offer 
valuable comparative insights. Advanced imaging techniques 
and standardized outcome measures could further elucidate 
the effects of different surgical approaches on elderly patients 
with CM. These steps will help to refine clinical guidelines 
and improve patient outcomes through evidence-based 
practice.

Considering the above facts and limitations, under an 
experienced surgeon in a well-equipped neurosurgical 
facility, PFD and syrinx shunting in old patients may 
effectively improve CCOS score and syrinx size.

CONCLUSION

In this study of elderly patients with CM (mean age 
65.14  years), surgical intervention primarily involving PFD 
with DP or DS led to mixed outcomes. Most patients saw 
some symptom relief, though two required reoperation later 
due to persistent symptoms. Postoperative complications 
were minimal, with only one CSF fistula observed. The 
mean syrinx diameter slightly increased from 6.17  mm 
to 6.5  mm, and the median CCOS score, indicating 
worsening condition, decreased from 13 to 11. A significant 
correlation was found between a smaller syrinx diameter 
and better CCOS outcomes (Pearson’s r = 0.882, P < 0.048; 
Spearman’s Ρ = 0.895, P < 0.040). These results suggest that 
while surgery can improve symptoms, additional strategies 
like syrinx shunting may be needed for better outcomes. 
Further research with larger cohorts is required to validate 
these findings and enhance treatment approaches for elderly 
patients with CM.
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