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INTRODUCTION
The liver is an immunologically complex organ. It is 
involved in various physiological and pathophysio-
logical functions such as immunity, metabolism, and 
detoxification. Due to these functions, the liver 
becomes susceptible to various microbial organisms 
during sepsis 1. Sepsis leads to multiple organ failure 
and is characterized by severe inflammation and 
immune system dysregulation2. Acute liver injury 
(ALI) due to sepsis is one of the major causes of 
mortality in patients in intensive care units 3. Sepsis is 
a critical condition which leads to disease progres-
sion and death. Despite massive global research 
efforts, there has been little effective target therapy 
for septic liver injury. Several risk factors contribute to 
acute liver injuries such as drug usage, viral infec-
tions, and inadequate nutrition4.
 
LPS, a large molecule of glycolipid, belongs to the 
gram-negative bacteria and is present in the outer-
most layer of the bacteria cell wall. Many studies 
and experimental animal model studies supported 
that LPS behaves as an endotoxin-inducing liver  
sepsis which leads to liver dysfunction4. LPS activates 
the inflammatory macrophages that are identified 
as subpopulations in the Kupffer cells. Activation of 
Kupffer cells leads to massive production of inflam-
matory cytokine interleukin-6.  LPS, acts as a poten-
tially immunogenic molecule due to its conserved 
Lipid A region, jeopardizing the overall health of the 
liver.  In our current research, the clinical implication 
of liver injury is a result of LPS which is used as a hepa-
totoxin.  Therefore, promising preliminary studies 
from animal studies are urgently required and await-
ing translation to human studies5.
 
Thus LPS-induced hepatic insult in an animal model 
caters to a practical implication for the evaluation 
of natural compounds that interfere with liver immu-
nology. IL-6 synthesis and secretion is increased in 
hepatocytes during inflammatory responses such as 
stimulation of Toll-like receptor 4 (TLR-4) by lipopoly-
saccharide. Moreover, persistent activation of IL-6 
signaling pathways may lead to the development 
of various liver ailments. Intracellular signaling is 
induced when IL-6 binds to either soluble IL-6 recep-
tors or signal transducing subunit gp 130 6. IL-6 
belongs to a membrane of the cytokine family that 
is the main activator of liver physiopathology since it 
is the major inducer of the hepatic acute phase 
proteins. In our present study, we selected interleu-
kin-6 (IL-6) as a major proinflammatory cytokine 
against LPS-induced ALI7.
 
The use of natural compounds is used in many 
intervention studies to alleviate inflammatory diseas-
es. Natural pharmacological compounds play an 
important role in medicine due to their safety and 
potency. Vanillin (4-hydroxy-3-methoxybenzalde-
hyde) is a polyphenol with a molecular formula of 

C8H8O3. It is abundant in beans and pods of perenni-
al plant species, notably Vanilla planifolia  8.  Vanillin 
is a spice that is mostly used around the globe since 
it has fewer side effects, advantage of low cost, and 
is extracted from various sources. Vanillin has anti-in-
flammatory, anti-microbial, and anti-carcinogenic 
activities 9.
 
Based on the properties mentioned above, we 
anticipate that vanillin has broad pharmacological 
activities that can be used for the prevention of 
acute liver injury. There have been no studies that 
reported the hepatoprotective influence of vanillin 
in LPS-induced liver injury. In this study, we elucidat-
ed the role of vanillin in septic liver injury and its 
potential molecular mechanism with a focus on IL-6 
in mice models.

METHODS
This is an in-vivo experimental study, and the random 
sampling technique was used. Before the conduct 
of the study, the study was approved by the Ziaud-
din University Animal Ethics Committee and a certifi-
cate was generated with an animal study protocol 
(ASP) number 2022-05/RK/FHS. The study was 
conducted in the MDRL-1 and 2 research labs, at 
Ziauddin University, Karachi between March-De-
cember 2023. The inclusion criteria included 36 
healthy male BALB/c weighing around 20-30 grams, 
which were purchased from the University of Kara-
chi, Karachi.  The animals were kept at a 23°C 
controlled environment and a 12-h light-dark cycle 
and provided with rodent food and water ad 
libitum.
 
At the start of the experiment, the mice were 
randomly assigned to six groups (n=6). Control 
Group:  Animals were administered with saline 
intraperitoneally for four days. Diseased Group: 
Mice were given saline for four days and then 
intraperitoneal injection of LPS (2 mg/kg body 
weight). Treatment group- Pure compound: Vanillin 
50 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS-2 (mg/kg) intraperi-
toneally. Treatment group- Pure compound: Vanillin 
100 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS 2 (mg/kg) I.P. Toxicity 
Testing Group: Animals will be given vanillin at 
100mg/kg I.P. Positive Control Group: Animals will be 
given Silymarin 200mg/kg at standard dose P.O. for 
four days simultaneously and LPS-2 mg/kg I.P. 
Silymarin is the most convenient and highly compli-
ant route for delivery since it has high oral bioavail-
ability and solubility. Also, silymarin has been found 
to have a good safety profile without any adverse 
effects10.
 
The pre-treatment study with vanillin and silymarin 
was continued for four days, on 5th day, animals 
were given an intraperitoneal injection of LPS 

(except the animals in group 1 and in the toxicity 
groups, they were given normal saline instead of LPS 
via the same route.  After 24 hours of LPS injection, all 
animals will be sacrificed. The blood was immedi-
ately isolated from the dissected mouse by a cardi-
ac puncture in an anticoagulant tube and centri-
fuged immediately at 3000g to obtain serum and 
stored at −20◦C for biochemical analysis. The liver 
was also harvested and a portion of the liver sample 
was taken for histology and the remaining liver tissue 
was stored in an Eppendorf tube at –80◦C for ELISA.
LPS from Escherichia coli (O55:B5), Catalog number: 
L2880, was purchased from Sigma Aldrich (St. Louis, 
MO, United States), Silymarin, (Catalog number 
S0292) was purchased from Sigma Life Sciences, 
vanillin (Catalog number:  10387020) was purchased 
from Fischer Scientific, US and Rat IL-6 (Interleukin-6) 
ELISA kit (Catalog number EH0201) was purchased 
from Wuhan Fine Biotech Ltd.

Liver tissue was fixed in formalin for 24hrs., and after 
tissue processing embedded in paraffin wax. The 
tissue was then sectioned at 5 μm thicknesses 
followed by staining with hematoxylin and eosin. The 
histological changes were observed on a Nikon 
Ts2R-FL Inverted research microscope at 200X mag-
nification. A total of 80 mg of stored liver tissue 
sample was washed with distilled water to remove 
any residual blood. Lysis buffer was added to the 
liver tissue to make a homogenate with a homoge-
nizer. The supernatant was collected by centrifuga-
tion to estimate the concentration of interleukin 6 
(IL-6) by ELISA as per the kit protocol. Optical densi-
ties obtained were used to plot a standard curve. 

The extrapolated values were used to determine the 
concentrations in unknown samples. The obtained 
results were presented as pg/ml. The levels of aspar-
tate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP) in the 
serum were determined by the kit method through 
Microlab 300 instrument (ELITech Group of compa-
nies).
 
For statistical analysis, data was analyzed by SPSS 
version 24 and presented as means ± standard 
deviation (n=6). To assess the statistical significance 
between different groups, one-way ANOVA was 
performed followed by Tukey and Bonferroni’s post 
hoc for comparison between results of different 
groups. The normality of the distribution of individual 
variables was measured by applying the Shap-
iro-Wilk test. The graphs were made on GraphPad 
Prism 9.5.0 software. Statistical significance of a 
p-value less than 0.05 was considered significant.

RESULTS
Liver markers AST, ALT, and ALP were evaluated to 
see the preventive effects of vanillin in the experi-
mental liver injury model. A significant elevation in 
the LPS group was observed when compared to the 
normal group, indicating liver injury as shown in 
Table 1. The treatment groups (Vanillin 100mg/kg 
and 50mg/kg) and positive control groups display a 
significant decline in the levels (p < 0.001). Positive 
control groups showed similar results in comparison 
with vanillin groups on AST, ALT, and ALP (n=6; 
p<0.001)
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DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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INTRODUCTION
The liver is an immunologically complex organ. It is 
involved in various physiological and pathophysio-
logical functions such as immunity, metabolism, and 
detoxification. Due to these functions, the liver 
becomes susceptible to various microbial organisms 
during sepsis 1. Sepsis leads to multiple organ failure 
and is characterized by severe inflammation and 
immune system dysregulation2. Acute liver injury 
(ALI) due to sepsis is one of the major causes of 
mortality in patients in intensive care units 3. Sepsis is 
a critical condition which leads to disease progres-
sion and death. Despite massive global research 
efforts, there has been little effective target therapy 
for septic liver injury. Several risk factors contribute to 
acute liver injuries such as drug usage, viral infec-
tions, and inadequate nutrition4.
 
LPS, a large molecule of glycolipid, belongs to the 
gram-negative bacteria and is present in the outer-
most layer of the bacteria cell wall. Many studies 
and experimental animal model studies supported 
that LPS behaves as an endotoxin-inducing liver  
sepsis which leads to liver dysfunction4. LPS activates 
the inflammatory macrophages that are identified 
as subpopulations in the Kupffer cells. Activation of 
Kupffer cells leads to massive production of inflam-
matory cytokine interleukin-6.  LPS, acts as a poten-
tially immunogenic molecule due to its conserved 
Lipid A region, jeopardizing the overall health of the 
liver.  In our current research, the clinical implication 
of liver injury is a result of LPS which is used as a hepa-
totoxin.  Therefore, promising preliminary studies 
from animal studies are urgently required and await-
ing translation to human studies5.
 
Thus LPS-induced hepatic insult in an animal model 
caters to a practical implication for the evaluation 
of natural compounds that interfere with liver immu-
nology. IL-6 synthesis and secretion is increased in 
hepatocytes during inflammatory responses such as 
stimulation of Toll-like receptor 4 (TLR-4) by lipopoly-
saccharide. Moreover, persistent activation of IL-6 
signaling pathways may lead to the development 
of various liver ailments. Intracellular signaling is 
induced when IL-6 binds to either soluble IL-6 recep-
tors or signal transducing subunit gp 130 6. IL-6 
belongs to a membrane of the cytokine family that 
is the main activator of liver physiopathology since it 
is the major inducer of the hepatic acute phase 
proteins. In our present study, we selected interleu-
kin-6 (IL-6) as a major proinflammatory cytokine 
against LPS-induced ALI7.
 
The use of natural compounds is used in many 
intervention studies to alleviate inflammatory diseas-
es. Natural pharmacological compounds play an 
important role in medicine due to their safety and 
potency. Vanillin (4-hydroxy-3-methoxybenzalde-
hyde) is a polyphenol with a molecular formula of 

C8H8O3. It is abundant in beans and pods of perenni-
al plant species, notably Vanilla planifolia  8.  Vanillin 
is a spice that is mostly used around the globe since 
it has fewer side effects, advantage of low cost, and 
is extracted from various sources. Vanillin has anti-in-
flammatory, anti-microbial, and anti-carcinogenic 
activities 9.
 
Based on the properties mentioned above, we 
anticipate that vanillin has broad pharmacological 
activities that can be used for the prevention of 
acute liver injury. There have been no studies that 
reported the hepatoprotective influence of vanillin 
in LPS-induced liver injury. In this study, we elucidat-
ed the role of vanillin in septic liver injury and its 
potential molecular mechanism with a focus on IL-6 
in mice models.

METHODS
This is an in-vivo experimental study, and the random 
sampling technique was used. Before the conduct 
of the study, the study was approved by the Ziaud-
din University Animal Ethics Committee and a certifi-
cate was generated with an animal study protocol 
(ASP) number 2022-05/RK/FHS. The study was 
conducted in the MDRL-1 and 2 research labs, at 
Ziauddin University, Karachi between March-De-
cember 2023. The inclusion criteria included 36 
healthy male BALB/c weighing around 20-30 grams, 
which were purchased from the University of Kara-
chi, Karachi.  The animals were kept at a 23°C 
controlled environment and a 12-h light-dark cycle 
and provided with rodent food and water ad 
libitum.
 
At the start of the experiment, the mice were 
randomly assigned to six groups (n=6). Control 
Group:  Animals were administered with saline 
intraperitoneally for four days. Diseased Group: 
Mice were given saline for four days and then 
intraperitoneal injection of LPS (2 mg/kg body 
weight). Treatment group- Pure compound: Vanillin 
50 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS-2 (mg/kg) intraperi-
toneally. Treatment group- Pure compound: Vanillin 
100 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS 2 (mg/kg) I.P. Toxicity 
Testing Group: Animals will be given vanillin at 
100mg/kg I.P. Positive Control Group: Animals will be 
given Silymarin 200mg/kg at standard dose P.O. for 
four days simultaneously and LPS-2 mg/kg I.P. 
Silymarin is the most convenient and highly compli-
ant route for delivery since it has high oral bioavail-
ability and solubility. Also, silymarin has been found 
to have a good safety profile without any adverse 
effects10.
 
The pre-treatment study with vanillin and silymarin 
was continued for four days, on 5th day, animals 
were given an intraperitoneal injection of LPS 

(except the animals in group 1 and in the toxicity 
groups, they were given normal saline instead of LPS 
via the same route.  After 24 hours of LPS injection, all 
animals will be sacrificed. The blood was immedi-
ately isolated from the dissected mouse by a cardi-
ac puncture in an anticoagulant tube and centri-
fuged immediately at 3000g to obtain serum and 
stored at −20◦C for biochemical analysis. The liver 
was also harvested and a portion of the liver sample 
was taken for histology and the remaining liver tissue 
was stored in an Eppendorf tube at –80◦C for ELISA.
LPS from Escherichia coli (O55:B5), Catalog number: 
L2880, was purchased from Sigma Aldrich (St. Louis, 
MO, United States), Silymarin, (Catalog number 
S0292) was purchased from Sigma Life Sciences, 
vanillin (Catalog number:  10387020) was purchased 
from Fischer Scientific, US and Rat IL-6 (Interleukin-6) 
ELISA kit (Catalog number EH0201) was purchased 
from Wuhan Fine Biotech Ltd.

Liver tissue was fixed in formalin for 24hrs., and after 
tissue processing embedded in paraffin wax. The 
tissue was then sectioned at 5 μm thicknesses 
followed by staining with hematoxylin and eosin. The 
histological changes were observed on a Nikon 
Ts2R-FL Inverted research microscope at 200X mag-
nification. A total of 80 mg of stored liver tissue 
sample was washed with distilled water to remove 
any residual blood. Lysis buffer was added to the 
liver tissue to make a homogenate with a homoge-
nizer. The supernatant was collected by centrifuga-
tion to estimate the concentration of interleukin 6 
(IL-6) by ELISA as per the kit protocol. Optical densi-
ties obtained were used to plot a standard curve. 

The extrapolated values were used to determine the 
concentrations in unknown samples. The obtained 
results were presented as pg/ml. The levels of aspar-
tate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP) in the 
serum were determined by the kit method through 
Microlab 300 instrument (ELITech Group of compa-
nies).
 
For statistical analysis, data was analyzed by SPSS 
version 24 and presented as means ± standard 
deviation (n=6). To assess the statistical significance 
between different groups, one-way ANOVA was 
performed followed by Tukey and Bonferroni’s post 
hoc for comparison between results of different 
groups. The normality of the distribution of individual 
variables was measured by applying the Shap-
iro-Wilk test. The graphs were made on GraphPad 
Prism 9.5.0 software. Statistical significance of a 
p-value less than 0.05 was considered significant.

RESULTS
Liver markers AST, ALT, and ALP were evaluated to 
see the preventive effects of vanillin in the experi-
mental liver injury model. A significant elevation in 
the LPS group was observed when compared to the 
normal group, indicating liver injury as shown in 
Table 1. The treatment groups (Vanillin 100mg/kg 
and 50mg/kg) and positive control groups display a 
significant decline in the levels (p < 0.001). Positive 
control groups showed similar results in comparison 
with vanillin groups on AST, ALT, and ALP (n=6; 
p<0.001)
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INTRODUCTION
Chiari malformations (CMs) encompass a range of 
clinicopathological conditions that exhibit diverse 
etiology, pathophysiology, and clinical characteris-
tics1. These involve different levels of hindbrain herni-
ation through the foramen magnum. Professor Hans 
Chiari (1851–1916) established a classification 
system consisting of four tiers to categorize these 
conditions. His classification was primarily derived 
from over 40 autopsies he conducted during his time 
as a pathologist in Prague2.

Chiari malformation Type-1 (CM1) is a congenital 
condition characterized by a notable protrusion of 
the cerebellar tonsils through the foramen magnum. 
The occurrence of CM1 can often be detected 
through radiographic evidence, specifically mag-
netic resonance imaging (MRI), with a prevalence 
of around 4% in children3. Although some individuals 
with CM1 may not experience any symptoms, the 
narrowing of the posterior fossa frequently results in 
the compression of the cerebellum and the cortico-
medullary junction, leading to various manifesta-
tions, including headaches and compromises to the 
brainstem4. Posterior fossa decompression for CM-1 
has remained the primary therapeutic approach for 
individuals, both children and adults, who exhibit 
symptoms related to the malformation and require 
surgical intervention due to their severity5.

In children, surgery for CM-1 is a frequently 
performed neurosurgical procedure, yet there is a 
lack of agreement among medical professionals 
regarding the preferred surgical approach. Several 
posterior fossa decompression techniques yielding 
positive results have been documented for pediat-
ric CM-16. There is significant debate surrounding the 
necessity of dural opening for sufficient decompres-
sion. Surveys indicate that approximately 75% of 
pediatric neurosurgeons routinely perform dural 
opening, while others base their decision on various 
clinical, radiographic, or intraoperative factors7.

The absence of comparative local literature on 
“posterior fossa decompression with duraplasty 
(PFDD)” versus “posterior fossa decompression 
without duraplasty (PFD)” for treating CM-1 in 
children highlights a significant gap in research. 
Conducting comparative studies exploring the 
efficacy, outcomes, and potential advantages or 
disadvantages of these surgical approaches locally 

could provide valuable insights into optimizing treat-
ment strategies for CM-1 in pediatric populations 
within the specific context of our region or locality. 
So, the present study was planned and aimed to 
compare the resolution of syringomyelia between 
PFDD and PFD in the treatment of CM-1 in children.

METHODS
This comparative study was performed at the 
Department of Neurosurgery, Mardan Medical 
Complex, Mardan, Pakistan, from January 2023 to 
November 2023. We analyzed children of either 
gender, aged below 16 years and presenting with 
CM-1 during the study period, and planned to 
undergo either PFDD or PFD. Children having Chiari 
malformations other than type 1 were excluded. 
Children who had undergone previous surgical 
interventions for Chiari malformations or those who 
had coexisting neurological conditions or disorders 
that could confound the outcomes or complicate 
the interpretation of the study results were also not 
included. Cases missing any of the planned 
follow-ups were excluded. Non-probability, consec-
utive sampling technique was adopted. Approval 
from the “Ethical Research Committee” of Mardan 
Medical Complex was acquired (481-38 MTI/MMC). 
Informed and written consents were acquired from 
parents/guardians of all study participants. A total of 
32 children fulfilled inclusion and exclusion criteria 
during the study period as CM-1 is not a very 
common entity in our healthcare setting. Allocation 
to both treatment groups was made non-randomly, 
based on the treating surgeon’s discretion.

At the time of enrollment, demographic information 
like age and gender were noted. Presenting symp-
toms and pre-surgery magnetic resonance imaging 
(MRI) findings were documented (Figure 1).  The 
diameter of the syrinx and cord was determined 
using sagittal and axial spine images. The axial 
image at the level of the syrinx's maximum diameter 
was used for quantitative assessment of the syrinx 
diameter. Follow-up measurements were obtained 
at the corresponding vertebral level. Changes in 
syringomyelia size on postoperative MRI scans were 
evaluated.
 
The surgical treatment criteria consisted of confir-
mation of CM1 with syrinx through MRI imaging and 
the presence of symptoms related to the condition. 
A standard suboccipital craniectomy measuring 3 

cm × 3 cm was performed on all patients, either with 
or without duraplasty. A consistent bony decom-
pression was carried out for all patients. The decision 
to perform a specific surgical procedure, whether 
PFD without duraplasty or PFDD, was based on the 
individual surgeon's preference. Duration of proce-
dure (minutes) and estimated blood loss (ml) were 
noted. Post-surgical complications during the hospi-
tal stay were noted and managed as per standard 
protocols. Length of hospitalization (days) was 
noted. Pre-surgery, syrinx diameter (mm), and cord 
diameter (mm) were measured. Patients were 
asked to follow up after 2 weeks, 8 weeks, and 12 

weeks. Outcomes in terms of resolution or reduction 
in syringomyelia along with syrinx diameter were 
compared after 6 months (24 weeks) of follow-up 
between both management approaches. A profor-
ma was formatted to record all study data.
Data analysis was performed using “IBM-SPSS Statis-
tics” version, 26.0. Percentages were shown for qual-
itative variables. Mean and standard deviation 
were computed for numeric variables. Qualitative 
variables were compared using chi-square or 
Fisher's exact test, and quantitative variables were 
assessed using independent sample t-tests. A signifi-
cance level of p < 0.05 was considered.

DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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INTRODUCTION
The liver is an immunologically complex organ. It is 
involved in various physiological and pathophysio-
logical functions such as immunity, metabolism, and 
detoxification. Due to these functions, the liver 
becomes susceptible to various microbial organisms 
during sepsis 1. Sepsis leads to multiple organ failure 
and is characterized by severe inflammation and 
immune system dysregulation2. Acute liver injury 
(ALI) due to sepsis is one of the major causes of 
mortality in patients in intensive care units 3. Sepsis is 
a critical condition which leads to disease progres-
sion and death. Despite massive global research 
efforts, there has been little effective target therapy 
for septic liver injury. Several risk factors contribute to 
acute liver injuries such as drug usage, viral infec-
tions, and inadequate nutrition4.
 
LPS, a large molecule of glycolipid, belongs to the 
gram-negative bacteria and is present in the outer-
most layer of the bacteria cell wall. Many studies 
and experimental animal model studies supported 
that LPS behaves as an endotoxin-inducing liver  
sepsis which leads to liver dysfunction4. LPS activates 
the inflammatory macrophages that are identified 
as subpopulations in the Kupffer cells. Activation of 
Kupffer cells leads to massive production of inflam-
matory cytokine interleukin-6.  LPS, acts as a poten-
tially immunogenic molecule due to its conserved 
Lipid A region, jeopardizing the overall health of the 
liver.  In our current research, the clinical implication 
of liver injury is a result of LPS which is used as a hepa-
totoxin.  Therefore, promising preliminary studies 
from animal studies are urgently required and await-
ing translation to human studies5.
 
Thus LPS-induced hepatic insult in an animal model 
caters to a practical implication for the evaluation 
of natural compounds that interfere with liver immu-
nology. IL-6 synthesis and secretion is increased in 
hepatocytes during inflammatory responses such as 
stimulation of Toll-like receptor 4 (TLR-4) by lipopoly-
saccharide. Moreover, persistent activation of IL-6 
signaling pathways may lead to the development 
of various liver ailments. Intracellular signaling is 
induced when IL-6 binds to either soluble IL-6 recep-
tors or signal transducing subunit gp 130 6. IL-6 
belongs to a membrane of the cytokine family that 
is the main activator of liver physiopathology since it 
is the major inducer of the hepatic acute phase 
proteins. In our present study, we selected interleu-
kin-6 (IL-6) as a major proinflammatory cytokine 
against LPS-induced ALI7.
 
The use of natural compounds is used in many 
intervention studies to alleviate inflammatory diseas-
es. Natural pharmacological compounds play an 
important role in medicine due to their safety and 
potency. Vanillin (4-hydroxy-3-methoxybenzalde-
hyde) is a polyphenol with a molecular formula of 

C8H8O3. It is abundant in beans and pods of perenni-
al plant species, notably Vanilla planifolia  8.  Vanillin 
is a spice that is mostly used around the globe since 
it has fewer side effects, advantage of low cost, and 
is extracted from various sources. Vanillin has anti-in-
flammatory, anti-microbial, and anti-carcinogenic 
activities 9.
 
Based on the properties mentioned above, we 
anticipate that vanillin has broad pharmacological 
activities that can be used for the prevention of 
acute liver injury. There have been no studies that 
reported the hepatoprotective influence of vanillin 
in LPS-induced liver injury. In this study, we elucidat-
ed the role of vanillin in septic liver injury and its 
potential molecular mechanism with a focus on IL-6 
in mice models.

METHODS
This is an in-vivo experimental study, and the random 
sampling technique was used. Before the conduct 
of the study, the study was approved by the Ziaud-
din University Animal Ethics Committee and a certifi-
cate was generated with an animal study protocol 
(ASP) number 2022-05/RK/FHS. The study was 
conducted in the MDRL-1 and 2 research labs, at 
Ziauddin University, Karachi between March-De-
cember 2023. The inclusion criteria included 36 
healthy male BALB/c weighing around 20-30 grams, 
which were purchased from the University of Kara-
chi, Karachi.  The animals were kept at a 23°C 
controlled environment and a 12-h light-dark cycle 
and provided with rodent food and water ad 
libitum.
 
At the start of the experiment, the mice were 
randomly assigned to six groups (n=6). Control 
Group:  Animals were administered with saline 
intraperitoneally for four days. Diseased Group: 
Mice were given saline for four days and then 
intraperitoneal injection of LPS (2 mg/kg body 
weight). Treatment group- Pure compound: Vanillin 
50 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS-2 (mg/kg) intraperi-
toneally. Treatment group- Pure compound: Vanillin 
100 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS 2 (mg/kg) I.P. Toxicity 
Testing Group: Animals will be given vanillin at 
100mg/kg I.P. Positive Control Group: Animals will be 
given Silymarin 200mg/kg at standard dose P.O. for 
four days simultaneously and LPS-2 mg/kg I.P. 
Silymarin is the most convenient and highly compli-
ant route for delivery since it has high oral bioavail-
ability and solubility. Also, silymarin has been found 
to have a good safety profile without any adverse 
effects10.
 
The pre-treatment study with vanillin and silymarin 
was continued for four days, on 5th day, animals 
were given an intraperitoneal injection of LPS 

(except the animals in group 1 and in the toxicity 
groups, they were given normal saline instead of LPS 
via the same route.  After 24 hours of LPS injection, all 
animals will be sacrificed. The blood was immedi-
ately isolated from the dissected mouse by a cardi-
ac puncture in an anticoagulant tube and centri-
fuged immediately at 3000g to obtain serum and 
stored at −20◦C for biochemical analysis. The liver 
was also harvested and a portion of the liver sample 
was taken for histology and the remaining liver tissue 
was stored in an Eppendorf tube at –80◦C for ELISA.
LPS from Escherichia coli (O55:B5), Catalog number: 
L2880, was purchased from Sigma Aldrich (St. Louis, 
MO, United States), Silymarin, (Catalog number 
S0292) was purchased from Sigma Life Sciences, 
vanillin (Catalog number:  10387020) was purchased 
from Fischer Scientific, US and Rat IL-6 (Interleukin-6) 
ELISA kit (Catalog number EH0201) was purchased 
from Wuhan Fine Biotech Ltd.

Liver tissue was fixed in formalin for 24hrs., and after 
tissue processing embedded in paraffin wax. The 
tissue was then sectioned at 5 μm thicknesses 
followed by staining with hematoxylin and eosin. The 
histological changes were observed on a Nikon 
Ts2R-FL Inverted research microscope at 200X mag-
nification. A total of 80 mg of stored liver tissue 
sample was washed with distilled water to remove 
any residual blood. Lysis buffer was added to the 
liver tissue to make a homogenate with a homoge-
nizer. The supernatant was collected by centrifuga-
tion to estimate the concentration of interleukin 6 
(IL-6) by ELISA as per the kit protocol. Optical densi-
ties obtained were used to plot a standard curve. 

The extrapolated values were used to determine the 
concentrations in unknown samples. The obtained 
results were presented as pg/ml. The levels of aspar-
tate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP) in the 
serum were determined by the kit method through 
Microlab 300 instrument (ELITech Group of compa-
nies).
 
For statistical analysis, data was analyzed by SPSS 
version 24 and presented as means ± standard 
deviation (n=6). To assess the statistical significance 
between different groups, one-way ANOVA was 
performed followed by Tukey and Bonferroni’s post 
hoc for comparison between results of different 
groups. The normality of the distribution of individual 
variables was measured by applying the Shap-
iro-Wilk test. The graphs were made on GraphPad 
Prism 9.5.0 software. Statistical significance of a 
p-value less than 0.05 was considered significant.

RESULTS
Liver markers AST, ALT, and ALP were evaluated to 
see the preventive effects of vanillin in the experi-
mental liver injury model. A significant elevation in 
the LPS group was observed when compared to the 
normal group, indicating liver injury as shown in 
Table 1. The treatment groups (Vanillin 100mg/kg 
and 50mg/kg) and positive control groups display a 
significant decline in the levels (p < 0.001). Positive 
control groups showed similar results in comparison 
with vanillin groups on AST, ALT, and ALP (n=6; 
p<0.001)

INTRODUCTION
Chiari malformations (CMs) encompass a range of 
clinicopathological conditions that exhibit diverse 
etiology, pathophysiology, and clinical characteris-
tics1. These involve different levels of hindbrain herni-
ation through the foramen magnum. Professor Hans 
Chiari (1851–1916) established a classification 
system consisting of four tiers to categorize these 
conditions. His classification was primarily derived 
from over 40 autopsies he conducted during his time 
as a pathologist in Prague2.

Chiari malformation Type-1 (CM1) is a congenital 
condition characterized by a notable protrusion of 
the cerebellar tonsils through the foramen magnum. 
The occurrence of CM1 can often be detected 
through radiographic evidence, specifically mag-
netic resonance imaging (MRI), with a prevalence 
of around 4% in children3. Although some individuals 
with CM1 may not experience any symptoms, the 
narrowing of the posterior fossa frequently results in 
the compression of the cerebellum and the cortico-
medullary junction, leading to various manifesta-
tions, including headaches and compromises to the 
brainstem4. Posterior fossa decompression for CM-1 
has remained the primary therapeutic approach for 
individuals, both children and adults, who exhibit 
symptoms related to the malformation and require 
surgical intervention due to their severity5.

In children, surgery for CM-1 is a frequently 
performed neurosurgical procedure, yet there is a 
lack of agreement among medical professionals 
regarding the preferred surgical approach. Several 
posterior fossa decompression techniques yielding 
positive results have been documented for pediat-
ric CM-16. There is significant debate surrounding the 
necessity of dural opening for sufficient decompres-
sion. Surveys indicate that approximately 75% of 
pediatric neurosurgeons routinely perform dural 
opening, while others base their decision on various 
clinical, radiographic, or intraoperative factors7.

The absence of comparative local literature on 
“posterior fossa decompression with duraplasty 
(PFDD)” versus “posterior fossa decompression 
without duraplasty (PFD)” for treating CM-1 in 
children highlights a significant gap in research. 
Conducting comparative studies exploring the 
efficacy, outcomes, and potential advantages or 
disadvantages of these surgical approaches locally 

could provide valuable insights into optimizing treat-
ment strategies for CM-1 in pediatric populations 
within the specific context of our region or locality. 
So, the present study was planned and aimed to 
compare the resolution of syringomyelia between 
PFDD and PFD in the treatment of CM-1 in children.

METHODS
This comparative study was performed at the 
Department of Neurosurgery, Mardan Medical 
Complex, Mardan, Pakistan, from January 2023 to 
November 2023. We analyzed children of either 
gender, aged below 16 years and presenting with 
CM-1 during the study period, and planned to 
undergo either PFDD or PFD. Children having Chiari 
malformations other than type 1 were excluded. 
Children who had undergone previous surgical 
interventions for Chiari malformations or those who 
had coexisting neurological conditions or disorders 
that could confound the outcomes or complicate 
the interpretation of the study results were also not 
included. Cases missing any of the planned 
follow-ups were excluded. Non-probability, consec-
utive sampling technique was adopted. Approval 
from the “Ethical Research Committee” of Mardan 
Medical Complex was acquired (481-38 MTI/MMC). 
Informed and written consents were acquired from 
parents/guardians of all study participants. A total of 
32 children fulfilled inclusion and exclusion criteria 
during the study period as CM-1 is not a very 
common entity in our healthcare setting. Allocation 
to both treatment groups was made non-randomly, 
based on the treating surgeon’s discretion.

At the time of enrollment, demographic information 
like age and gender were noted. Presenting symp-
toms and pre-surgery magnetic resonance imaging 
(MRI) findings were documented (Figure 1).  The 
diameter of the syrinx and cord was determined 
using sagittal and axial spine images. The axial 
image at the level of the syrinx's maximum diameter 
was used for quantitative assessment of the syrinx 
diameter. Follow-up measurements were obtained 
at the corresponding vertebral level. Changes in 
syringomyelia size on postoperative MRI scans were 
evaluated.
 
The surgical treatment criteria consisted of confir-
mation of CM1 with syrinx through MRI imaging and 
the presence of symptoms related to the condition. 
A standard suboccipital craniectomy measuring 3 

cm × 3 cm was performed on all patients, either with 
or without duraplasty. A consistent bony decom-
pression was carried out for all patients. The decision 
to perform a specific surgical procedure, whether 
PFD without duraplasty or PFDD, was based on the 
individual surgeon's preference. Duration of proce-
dure (minutes) and estimated blood loss (ml) were 
noted. Post-surgical complications during the hospi-
tal stay were noted and managed as per standard 
protocols. Length of hospitalization (days) was 
noted. Pre-surgery, syrinx diameter (mm), and cord 
diameter (mm) were measured. Patients were 
asked to follow up after 2 weeks, 8 weeks, and 12 

weeks. Outcomes in terms of resolution or reduction 
in syringomyelia along with syrinx diameter were 
compared after 6 months (24 weeks) of follow-up 
between both management approaches. A profor-
ma was formatted to record all study data.
Data analysis was performed using “IBM-SPSS Statis-
tics” version, 26.0. Percentages were shown for qual-
itative variables. Mean and standard deviation 
were computed for numeric variables. Qualitative 
variables were compared using chi-square or 
Fisher's exact test, and quantitative variables were 
assessed using independent sample t-tests. A signifi-
cance level of p < 0.05 was considered.

RESULT
Out of these 32 children, there were 18 (56.3%) boys 
with a mean age was 11.4±4.2 years. The residential 
status of 21 (65.6%) children was rural. The most 
common presenting symptoms were headache, 
neck pain, and sensory changes noted among 28 
(87.5%), 10 (31.2%), and 9 (28.1%) children respec-

tively. Pre-surgery, the mean tonsillar descent was 
calculated to be 11.2±6.4 mm. There were 18 
(56.3%) patients who underwent PFDD while the 
remaining 14 (47.7%) had PFD performed. Compari-
sons of demographical, clinical, and pre-surgery 
characteristics between both management 
approaches are shown in Table 1.

Figure 1: Pre-operative MRI images showing tonsillar herniation with syringomyelia 

Characteristics Total (n=32) PFDD (n=18) PFD (n=14) p-value 

Gender Boys 18 (56.3%) 12 (66.7%) 6 (42.9%) 0.2831 

Girls 14 (47.7%) 6 (33.3%) 8 (57.1%) 

Age (Mean±S.D) 11.4±4.2 11.1±4.2 11.8±4.7 0.6602 

Residence Urban 11 (34.4%) 6 (33.3%) 5 (35.7%) 0.8881 

Rural 21 (65.6%) 12 (66.7%) 9 (64.3%) 

Table 1: Comparisons of demographical, clinical, and pre-surgery characteristics between study groups 

DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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INTRODUCTION
The liver is an immunologically complex organ. It is 
involved in various physiological and pathophysio-
logical functions such as immunity, metabolism, and 
detoxification. Due to these functions, the liver 
becomes susceptible to various microbial organisms 
during sepsis 1. Sepsis leads to multiple organ failure 
and is characterized by severe inflammation and 
immune system dysregulation2. Acute liver injury 
(ALI) due to sepsis is one of the major causes of 
mortality in patients in intensive care units 3. Sepsis is 
a critical condition which leads to disease progres-
sion and death. Despite massive global research 
efforts, there has been little effective target therapy 
for septic liver injury. Several risk factors contribute to 
acute liver injuries such as drug usage, viral infec-
tions, and inadequate nutrition4.
 
LPS, a large molecule of glycolipid, belongs to the 
gram-negative bacteria and is present in the outer-
most layer of the bacteria cell wall. Many studies 
and experimental animal model studies supported 
that LPS behaves as an endotoxin-inducing liver  
sepsis which leads to liver dysfunction4. LPS activates 
the inflammatory macrophages that are identified 
as subpopulations in the Kupffer cells. Activation of 
Kupffer cells leads to massive production of inflam-
matory cytokine interleukin-6.  LPS, acts as a poten-
tially immunogenic molecule due to its conserved 
Lipid A region, jeopardizing the overall health of the 
liver.  In our current research, the clinical implication 
of liver injury is a result of LPS which is used as a hepa-
totoxin.  Therefore, promising preliminary studies 
from animal studies are urgently required and await-
ing translation to human studies5.
 
Thus LPS-induced hepatic insult in an animal model 
caters to a practical implication for the evaluation 
of natural compounds that interfere with liver immu-
nology. IL-6 synthesis and secretion is increased in 
hepatocytes during inflammatory responses such as 
stimulation of Toll-like receptor 4 (TLR-4) by lipopoly-
saccharide. Moreover, persistent activation of IL-6 
signaling pathways may lead to the development 
of various liver ailments. Intracellular signaling is 
induced when IL-6 binds to either soluble IL-6 recep-
tors or signal transducing subunit gp 130 6. IL-6 
belongs to a membrane of the cytokine family that 
is the main activator of liver physiopathology since it 
is the major inducer of the hepatic acute phase 
proteins. In our present study, we selected interleu-
kin-6 (IL-6) as a major proinflammatory cytokine 
against LPS-induced ALI7.
 
The use of natural compounds is used in many 
intervention studies to alleviate inflammatory diseas-
es. Natural pharmacological compounds play an 
important role in medicine due to their safety and 
potency. Vanillin (4-hydroxy-3-methoxybenzalde-
hyde) is a polyphenol with a molecular formula of 

C8H8O3. It is abundant in beans and pods of perenni-
al plant species, notably Vanilla planifolia  8.  Vanillin 
is a spice that is mostly used around the globe since 
it has fewer side effects, advantage of low cost, and 
is extracted from various sources. Vanillin has anti-in-
flammatory, anti-microbial, and anti-carcinogenic 
activities 9.
 
Based on the properties mentioned above, we 
anticipate that vanillin has broad pharmacological 
activities that can be used for the prevention of 
acute liver injury. There have been no studies that 
reported the hepatoprotective influence of vanillin 
in LPS-induced liver injury. In this study, we elucidat-
ed the role of vanillin in septic liver injury and its 
potential molecular mechanism with a focus on IL-6 
in mice models.

METHODS
This is an in-vivo experimental study, and the random 
sampling technique was used. Before the conduct 
of the study, the study was approved by the Ziaud-
din University Animal Ethics Committee and a certifi-
cate was generated with an animal study protocol 
(ASP) number 2022-05/RK/FHS. The study was 
conducted in the MDRL-1 and 2 research labs, at 
Ziauddin University, Karachi between March-De-
cember 2023. The inclusion criteria included 36 
healthy male BALB/c weighing around 20-30 grams, 
which were purchased from the University of Kara-
chi, Karachi.  The animals were kept at a 23°C 
controlled environment and a 12-h light-dark cycle 
and provided with rodent food and water ad 
libitum.
 
At the start of the experiment, the mice were 
randomly assigned to six groups (n=6). Control 
Group:  Animals were administered with saline 
intraperitoneally for four days. Diseased Group: 
Mice were given saline for four days and then 
intraperitoneal injection of LPS (2 mg/kg body 
weight). Treatment group- Pure compound: Vanillin 
50 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS-2 (mg/kg) intraperi-
toneally. Treatment group- Pure compound: Vanillin 
100 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS 2 (mg/kg) I.P. Toxicity 
Testing Group: Animals will be given vanillin at 
100mg/kg I.P. Positive Control Group: Animals will be 
given Silymarin 200mg/kg at standard dose P.O. for 
four days simultaneously and LPS-2 mg/kg I.P. 
Silymarin is the most convenient and highly compli-
ant route for delivery since it has high oral bioavail-
ability and solubility. Also, silymarin has been found 
to have a good safety profile without any adverse 
effects10.
 
The pre-treatment study with vanillin and silymarin 
was continued for four days, on 5th day, animals 
were given an intraperitoneal injection of LPS 

(except the animals in group 1 and in the toxicity 
groups, they were given normal saline instead of LPS 
via the same route.  After 24 hours of LPS injection, all 
animals will be sacrificed. The blood was immedi-
ately isolated from the dissected mouse by a cardi-
ac puncture in an anticoagulant tube and centri-
fuged immediately at 3000g to obtain serum and 
stored at −20◦C for biochemical analysis. The liver 
was also harvested and a portion of the liver sample 
was taken for histology and the remaining liver tissue 
was stored in an Eppendorf tube at –80◦C for ELISA.
LPS from Escherichia coli (O55:B5), Catalog number: 
L2880, was purchased from Sigma Aldrich (St. Louis, 
MO, United States), Silymarin, (Catalog number 
S0292) was purchased from Sigma Life Sciences, 
vanillin (Catalog number:  10387020) was purchased 
from Fischer Scientific, US and Rat IL-6 (Interleukin-6) 
ELISA kit (Catalog number EH0201) was purchased 
from Wuhan Fine Biotech Ltd.

Liver tissue was fixed in formalin for 24hrs., and after 
tissue processing embedded in paraffin wax. The 
tissue was then sectioned at 5 μm thicknesses 
followed by staining with hematoxylin and eosin. The 
histological changes were observed on a Nikon 
Ts2R-FL Inverted research microscope at 200X mag-
nification. A total of 80 mg of stored liver tissue 
sample was washed with distilled water to remove 
any residual blood. Lysis buffer was added to the 
liver tissue to make a homogenate with a homoge-
nizer. The supernatant was collected by centrifuga-
tion to estimate the concentration of interleukin 6 
(IL-6) by ELISA as per the kit protocol. Optical densi-
ties obtained were used to plot a standard curve. 

The extrapolated values were used to determine the 
concentrations in unknown samples. The obtained 
results were presented as pg/ml. The levels of aspar-
tate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP) in the 
serum were determined by the kit method through 
Microlab 300 instrument (ELITech Group of compa-
nies).
 
For statistical analysis, data was analyzed by SPSS 
version 24 and presented as means ± standard 
deviation (n=6). To assess the statistical significance 
between different groups, one-way ANOVA was 
performed followed by Tukey and Bonferroni’s post 
hoc for comparison between results of different 
groups. The normality of the distribution of individual 
variables was measured by applying the Shap-
iro-Wilk test. The graphs were made on GraphPad 
Prism 9.5.0 software. Statistical significance of a 
p-value less than 0.05 was considered significant.

RESULTS
Liver markers AST, ALT, and ALP were evaluated to 
see the preventive effects of vanillin in the experi-
mental liver injury model. A significant elevation in 
the LPS group was observed when compared to the 
normal group, indicating liver injury as shown in 
Table 1. The treatment groups (Vanillin 100mg/kg 
and 50mg/kg) and positive control groups display a 
significant decline in the levels (p < 0.001). Positive 
control groups showed similar results in comparison 
with vanillin groups on AST, ALT, and ALP (n=6; 
p<0.001)

Presenting symptoms Headache 28 (87.5%) 16 (88.9%) 12 (85.7%) 0.7876 

Neck pain 10 (31.3%) 6 (33.3%) 4 (28.6%) 0.7731 

Sensory changes 9 (28.1%) 5 (27.8%) 4 (28.6%) 0.9605 

Ataxia 7 (21.9%) 2 (11.1%) 5 (35.7%) 0.0949 

Bulbar dysfunction 5 (15.6%) 2 (11.1%) 3 (21.4%) 0.4252 

Weakness 5 (15.6%) 3 (16.7%) 2 (14.3%) 0.8540 

Visual complaints 3 (9.4%) 1 (5.6%) 2 (14.3%) 0.4006 

Pre-surgery tonsillar descent, mm (Mean±S.D) 11.2±6.4 11.0±6.6 11.5±6.0 0.8265 

Pre-surgery Syrinx diameter, mm (Mean±S.D) 6.8±2.3 6.5±2.1 7.0±2.6 0.5515 

Pre-surgery cord diameter, mm (Mean±S.D) 11.6±1.5 11.2±1.3 11.9±1.6 0.1820 

Resolution of Syringomyelia After Posterior Fossa Decompression with and Without Duraplasty in Chiari Malformation-1 

The mean estimated blood loss during surgery was 
statistically similar between PFDD and PFD patients 
(p=0.1373). The mean duration of surgery was signifi-
cantly less among patients undergoing PFD in com-
parison to PFDD (p=0.0035). The mean duration of 
hospitalization was significantly less among patients 
who underwent PFD vs. PFDD (p=0.0018). The cere-
brospinal fluid leak was the most common post-sur-
gery complication reported in 3 (16.6%) patients 

who underwent PFDD while none of the patients 
who had undergone PFD experienced cerebrospi-
nal fluid leak (p=0.1086). Revision duraplasty was 
needed among 1 (5.6%) patient who had under-
gone PFDD versus 2 (14.3%) with PFD, (p=0.4006). 
Details about the intra-operative characteristics, 
duration of hospitalization, and post-surgery compli-
cations are shown in Table 2.

Assessment at the last follow-up after 6 months 
post-surgery revealed that syringomyelia resolution 
or reduction occurred among 16 (88.9%) patients 
who had undergone PFDD versus 13 (92.9%) with 

PFD (p=0.7024). Syrinx diameters reduced among 
patients of both approaches showed that there 
were no statistically significant differences found 
(p=0.5181), as shown in Table 2.

DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

Parameters PFDD (n=18) PFD (n=14) p-value 

Estimated intra-operative blood loss in ml 

(Mean±S.D) 

84.52±56.18 56.84±42.95 0.1373 

Duration of surgery in hours (Mean±S.D) 3.6±1.4 2.4±0.7 0.0035 

Duration of hospitalization in days, 

(Mean±S.D) 

40.5±9.4 29.5±8.5 0.0018 

Post-surgery cerebrospinal fluid leak 3 (16.6%) 1 (7.1%) 0.1086 

Revision duraplasty needed 1 (5.6%) 2 (14.3%) 0.4006 

Table 2: Comparison of Intra-operative characteristics, duration of hospitalization, and post-surgery 
complications in both study groups (n=32) 

Outcomes PFDD (n=18) PFD (n=14) p-value 

Syrinx resolved or reduced 16 (88.9%) 13 (92.9%) 0.7024 

Syrinx diameter, mm, (Mean±S.D) 4.8±1.8 4.4±1.6 0.5181 

Table 2: Comparison of Post-Surgery Outcomes after 6 months of follow-up (n=32) 

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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INTRODUCTION
The liver is an immunologically complex organ. It is 
involved in various physiological and pathophysio-
logical functions such as immunity, metabolism, and 
detoxification. Due to these functions, the liver 
becomes susceptible to various microbial organisms 
during sepsis 1. Sepsis leads to multiple organ failure 
and is characterized by severe inflammation and 
immune system dysregulation2. Acute liver injury 
(ALI) due to sepsis is one of the major causes of 
mortality in patients in intensive care units 3. Sepsis is 
a critical condition which leads to disease progres-
sion and death. Despite massive global research 
efforts, there has been little effective target therapy 
for septic liver injury. Several risk factors contribute to 
acute liver injuries such as drug usage, viral infec-
tions, and inadequate nutrition4.
 
LPS, a large molecule of glycolipid, belongs to the 
gram-negative bacteria and is present in the outer-
most layer of the bacteria cell wall. Many studies 
and experimental animal model studies supported 
that LPS behaves as an endotoxin-inducing liver  
sepsis which leads to liver dysfunction4. LPS activates 
the inflammatory macrophages that are identified 
as subpopulations in the Kupffer cells. Activation of 
Kupffer cells leads to massive production of inflam-
matory cytokine interleukin-6.  LPS, acts as a poten-
tially immunogenic molecule due to its conserved 
Lipid A region, jeopardizing the overall health of the 
liver.  In our current research, the clinical implication 
of liver injury is a result of LPS which is used as a hepa-
totoxin.  Therefore, promising preliminary studies 
from animal studies are urgently required and await-
ing translation to human studies5.
 
Thus LPS-induced hepatic insult in an animal model 
caters to a practical implication for the evaluation 
of natural compounds that interfere with liver immu-
nology. IL-6 synthesis and secretion is increased in 
hepatocytes during inflammatory responses such as 
stimulation of Toll-like receptor 4 (TLR-4) by lipopoly-
saccharide. Moreover, persistent activation of IL-6 
signaling pathways may lead to the development 
of various liver ailments. Intracellular signaling is 
induced when IL-6 binds to either soluble IL-6 recep-
tors or signal transducing subunit gp 130 6. IL-6 
belongs to a membrane of the cytokine family that 
is the main activator of liver physiopathology since it 
is the major inducer of the hepatic acute phase 
proteins. In our present study, we selected interleu-
kin-6 (IL-6) as a major proinflammatory cytokine 
against LPS-induced ALI7.
 
The use of natural compounds is used in many 
intervention studies to alleviate inflammatory diseas-
es. Natural pharmacological compounds play an 
important role in medicine due to their safety and 
potency. Vanillin (4-hydroxy-3-methoxybenzalde-
hyde) is a polyphenol with a molecular formula of 

C8H8O3. It is abundant in beans and pods of perenni-
al plant species, notably Vanilla planifolia  8.  Vanillin 
is a spice that is mostly used around the globe since 
it has fewer side effects, advantage of low cost, and 
is extracted from various sources. Vanillin has anti-in-
flammatory, anti-microbial, and anti-carcinogenic 
activities 9.
 
Based on the properties mentioned above, we 
anticipate that vanillin has broad pharmacological 
activities that can be used for the prevention of 
acute liver injury. There have been no studies that 
reported the hepatoprotective influence of vanillin 
in LPS-induced liver injury. In this study, we elucidat-
ed the role of vanillin in septic liver injury and its 
potential molecular mechanism with a focus on IL-6 
in mice models.

METHODS
This is an in-vivo experimental study, and the random 
sampling technique was used. Before the conduct 
of the study, the study was approved by the Ziaud-
din University Animal Ethics Committee and a certifi-
cate was generated with an animal study protocol 
(ASP) number 2022-05/RK/FHS. The study was 
conducted in the MDRL-1 and 2 research labs, at 
Ziauddin University, Karachi between March-De-
cember 2023. The inclusion criteria included 36 
healthy male BALB/c weighing around 20-30 grams, 
which were purchased from the University of Kara-
chi, Karachi.  The animals were kept at a 23°C 
controlled environment and a 12-h light-dark cycle 
and provided with rodent food and water ad 
libitum.
 
At the start of the experiment, the mice were 
randomly assigned to six groups (n=6). Control 
Group:  Animals were administered with saline 
intraperitoneally for four days. Diseased Group: 
Mice were given saline for four days and then 
intraperitoneal injection of LPS (2 mg/kg body 
weight). Treatment group- Pure compound: Vanillin 
50 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS-2 (mg/kg) intraperi-
toneally. Treatment group- Pure compound: Vanillin 
100 (mg/kg) was injected into mice for four days 
simultaneously followed by LPS 2 (mg/kg) I.P. Toxicity 
Testing Group: Animals will be given vanillin at 
100mg/kg I.P. Positive Control Group: Animals will be 
given Silymarin 200mg/kg at standard dose P.O. for 
four days simultaneously and LPS-2 mg/kg I.P. 
Silymarin is the most convenient and highly compli-
ant route for delivery since it has high oral bioavail-
ability and solubility. Also, silymarin has been found 
to have a good safety profile without any adverse 
effects10.
 
The pre-treatment study with vanillin and silymarin 
was continued for four days, on 5th day, animals 
were given an intraperitoneal injection of LPS 

(except the animals in group 1 and in the toxicity 
groups, they were given normal saline instead of LPS 
via the same route.  After 24 hours of LPS injection, all 
animals will be sacrificed. The blood was immedi-
ately isolated from the dissected mouse by a cardi-
ac puncture in an anticoagulant tube and centri-
fuged immediately at 3000g to obtain serum and 
stored at −20◦C for biochemical analysis. The liver 
was also harvested and a portion of the liver sample 
was taken for histology and the remaining liver tissue 
was stored in an Eppendorf tube at –80◦C for ELISA.
LPS from Escherichia coli (O55:B5), Catalog number: 
L2880, was purchased from Sigma Aldrich (St. Louis, 
MO, United States), Silymarin, (Catalog number 
S0292) was purchased from Sigma Life Sciences, 
vanillin (Catalog number:  10387020) was purchased 
from Fischer Scientific, US and Rat IL-6 (Interleukin-6) 
ELISA kit (Catalog number EH0201) was purchased 
from Wuhan Fine Biotech Ltd.

Liver tissue was fixed in formalin for 24hrs., and after 
tissue processing embedded in paraffin wax. The 
tissue was then sectioned at 5 μm thicknesses 
followed by staining with hematoxylin and eosin. The 
histological changes were observed on a Nikon 
Ts2R-FL Inverted research microscope at 200X mag-
nification. A total of 80 mg of stored liver tissue 
sample was washed with distilled water to remove 
any residual blood. Lysis buffer was added to the 
liver tissue to make a homogenate with a homoge-
nizer. The supernatant was collected by centrifuga-
tion to estimate the concentration of interleukin 6 
(IL-6) by ELISA as per the kit protocol. Optical densi-
ties obtained were used to plot a standard curve. 

The extrapolated values were used to determine the 
concentrations in unknown samples. The obtained 
results were presented as pg/ml. The levels of aspar-
tate aminotransferase (AST), alanine aminotransfer-
ase (ALT), and alkaline phosphatase (ALP) in the 
serum were determined by the kit method through 
Microlab 300 instrument (ELITech Group of compa-
nies).
 
For statistical analysis, data was analyzed by SPSS 
version 24 and presented as means ± standard 
deviation (n=6). To assess the statistical significance 
between different groups, one-way ANOVA was 
performed followed by Tukey and Bonferroni’s post 
hoc for comparison between results of different 
groups. The normality of the distribution of individual 
variables was measured by applying the Shap-
iro-Wilk test. The graphs were made on GraphPad 
Prism 9.5.0 software. Statistical significance of a 
p-value less than 0.05 was considered significant.

RESULTS
Liver markers AST, ALT, and ALP were evaluated to 
see the preventive effects of vanillin in the experi-
mental liver injury model. A significant elevation in 
the LPS group was observed when compared to the 
normal group, indicating liver injury as shown in 
Table 1. The treatment groups (Vanillin 100mg/kg 
and 50mg/kg) and positive control groups display a 
significant decline in the levels (p < 0.001). Positive 
control groups showed similar results in comparison 
with vanillin groups on AST, ALT, and ALP (n=6; 
p<0.001)

DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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INTRODUCTION
COVID-19 caused by SARS-CoV-2 is now a well-known 
disease entity, primarily causing respiratory illnesses. In 
late 2019, it had started from a few undiagnosed 
cases in Wuhan China, and spread rapidly, leading to 
a Global Pandemic by March 20201. As of now, the 
pandemic may be past us but has left a devastating 
impact on the global population. The disease itself 
was initially quite mysterious and raised many ques-
tions. Several unusual pathological processes were 
observed, including a hypercoagulable state in 
almost 20% of patients leading to several thromboem-
bolic events, such as pulmonary embolism (PE) /MI/C-
VA 1,2.
 
Pulmonary vascular thrombosis was also confirmed by 
post-mortem examination of patients who expired 
due to COVID-19 infection further consolidating this 
association1. PE in COVID is of utmost importance and 
demands major attention owing to its clinical impact, 
including patients in the ED requiring Oxygen adminis-
tration more frequently and having a longer time from 
symptoms to hospital admission and overall poor prog-
nosis3. Almost 1/3 of the critically ill patients with 
COVID-19 needing ICU admission had PE, hence 
postulating a direct relation with disease severity3. In 
addition, Han et al. confirmed Covid-19 associated 
hypercoagulable state in their study, which also 
showed elevated levels of D-dimers, Fibrinogen, and 
Fibrinogen Degradation products, prolonged 
Prothrombin time (PT) and Thrombin time (TT) 3. 
Oudkerk et al. further proposed that this observation in 
COVID-19 patients is likely due to true thrombotic 
disease, suspected due to cellular activation of the 
thrombotic pathway3.
 
A better understanding of this concept is therefore 
required, to understand COVID-19, in its entirety, to 
better diagnose and treat critical patients. Globally 
Computed tomography pulmonary angiography 
(CTPA) is the most used modality to detect Pulmonary 
embolism2. To overcome the challenges faced in 
diagnosing PE, it has been suggested that a more 
readily available and perhaps affordable test of 
D-dimer levels, may help to improve risk stratification 
for PE2. Herein, we conducted a study to ascertain the 
frequency of PE and its association with D dimer levels 
in COVID-19 patients admitted to a tertiary care hospi-
tal in Karachi.

METHODS
This prospective cross-sectional study took place at a 
private tertiary care teaching hospital in Karachi from 
June 1st to December 31st, 2021. A purposive sampling 
technique was used. The study targeted hospitalized 
patients with confirmed COVID-19 pneumonia, where 
a computed tomography pulmonary angiography 

(CTPA) was conducted for clinical reasons such as 
shortness of breath, tachypnea, tachycardia, and 
increased oxygen demand, aimed at ruling out 
pulmonary embolism. Laboratory confirmation of 
Covid-19 was established through PCR testing using 
nasopharyngeal swabs. D-dimer levels and other 
predictive variables for the patients under study were 
monitored daily. Inclusion criteria encompassed 
individuals aged 18 years or older with confirmed 
active COVID-19 infection throughout the six-month 
study period. Exclusions comprised individuals below 
18 years of age and those referred from external 
facilities.

The sample size was determined using CUEMATH 
(https://www.cuemath.com/sample-size-formula/). 
The population prevalence was derived from a 
comparable previous study 3. The prevalence of 
Pulmonary embolism in the literature varied from 
20-40%. We took a 30% prevalence for PE in our study 
to calculate the sample size. To, account for potential 
loss, a 10% attrition rate was incorporated to calculate 
the final sample size. The calculated sample size for 
the cross-sectional study, using a margin of error of 
0.05, Z score of 1.96, and an estimated prevalence 
from various studies of 30% for pulmonary embolism is 
337. The formula used is n = (Z^2 * P * (1 - P)) / E^2. 
(Reference for the formula 1: "Sample Size Calcula-
tions in Clinical Research" by Shein-Chung Chow and 
Jun Shao.

Data were extracted from the medical records of 
hospitalized patients using a self-administered ques-
tionnaire. Trained data collectors, having undergone 
prior training, collected the data, which was subse-
quently verified by the principal investigator for consis-
tency and errors. The study received ethical approval 
from the Ziauddin University Ethics Review Committee 
(ERC) with reference number 3920621UGMED.

The data underwent input into SPSS version 21 for 
conducting statistical analyses. Frequencies and 
percentages were employed to summarize categori-
cal variables, while continuous variables were 
expressed using the median along with the interquar-
tile range (IQR) following an assessment of normality 
assumptions through the Shapiro-Wilk test. A compari-
son of study variables between two groups, one with 
pulmonary embolism (Thrombosis) and the other 
without, was conducted using the Chi-square test. The 
Mann-Whitney U test was applied to assess age differ-
ences between the two groups. The study variables 
included Age in years, gender, Duration of disease, 
D-dimer values, Comorbidities, smoking, Hypertension, 
Diabetes Mellitus, Heart Disease, History of Venous 
Thromboembolism, History of CVA, COPD, History of 
surgery,  anticoagulation status, Functional status, 

DISCUSSION
Syrinx is a common observation among CM1 cases, 
and its presence can significantly impact the clinical 
presentation and prognosis. Individuals with syrinx 
often exhibit more pronounced neurological symp-
toms and signs of myelopathy8,9. It is widely recog-
nized that CM1 is the primary underlying cause of 

syringomyelia, and the progression of syringomyelia 
is a major contributor to the neurological symptoms 
experienced by these patients10. Consequently, one 
of the primary objectives of surgical treatment for 
individuals with CM1 is to achieve improvement or 
resolution of syringomyelia.

The present study revealed that syringomyelia 
resolution (88.9% vs. 92.9%, p=0.7024) was relatively 
similar among children who underwent posterior 
fossa decompression with or without duraplasty for 
the resolution of syringomyelia in CM-1 children. But, 
duration of surgery (2.4±0.7 hours vs. 3.6±1.4 hours, 
p=0.0035) and hospitalization (29.5±8.5 hours vs. 
40.5±9.4, p=0.0018) were significantly less among 
children who underwent PFD when compared to 
PFDD. No local data exists regarding the effective-
ness of PFDD versus PFD for the resolution of syringo-
myelia in CM1 children. Our findings are consistent 
with what has been described previously where Lee 
A et al from the USA reported that patients undergo-
ing PFDO had a shorter duration of surgery (1.5 vs. 
2.8 hours, p<0.001) and duration of hospitalization 
(2.1 vs. 3.3 days, p<0.001)11. Post-surgery syrinx 
imaging found that resolution rates were relatively 
similar (p=0.26). The authors concluded that due to 
higher morbidity rates and the economic burden of 
PFDD, PFD can be adopted as a valuable 1st-line 
approach among the majority of CM1 cases11.

Over the past few years, several series of investiga-
tions have been published, examining the 
outcomes of extradural decompression for CM1 
compared to the more invasive decompression with 
duraplasty. The primary focus of these studies has 
been on operative morbidity, rates of postoperative 
complications, and the need for repeat surgery due 
to persistent disease12-14. Many of the researchers 
have consistently found that posterior fossa decom-
pression is linked with reduced operative morbidity, 
shorter hospital stays, and lower rates of complica-
tions related to cerebrospinal fluid (CSF)15,16. Howev-
er, there have been conflicting findings regarding 
the symptomatic outcome, with some researchers, 
including a meta-analysis, suggesting higher rates of 
reoperation for persistent disease associated with 
PFD16,17. It is worth noting that the evidence regard-
ing the difference in symptomatic outcome is 
mixed, and the meta-analysis did not find statistical-
ly significant results18-20. Moreover, certain findings 
indicate higher rates of syrinx improvement in 
patients undergoing PFDD, which may indicate the 
potential benefit of avoiding extradural decompres-
sion in patients with syringomyelia21-23.
 
Prior studies encountered notable limitations, nota-
bly the absence of well-matched treatment groups 
concerning demographic factors, symptoms, and 
radiographic findings24. Additionally, their reporting 
methods for clinical outcomes lacked clear defini-
tions and did not rely on validated measures25. In 
response to these shortcomings, the present study 
aimed to rectify these gaps by offering a balanced 
comparison of treatments, emphasizing clinical 
outcomes and improvements in syrinx conditions. 
Being a single-center study conducted on a 
relatively small sample size is one of the limitations of 

this study. Non-randomized approach's absence of 
long-term follow-up data warrants further research.

CONCLUSION
Resolution of syringomyelia after foramen magnum 
decompression with and without duraplasty in Chiari 
malformation-1 showed similar clinical outcomes. 
Duration of surgery and hospitalization were signifi-
cantly less among children who underwent foramen 
magnum decompression without duraplasty for the 
resolution of syringomyelia in Chiari malformation-1. 
Both surgical approaches were effective in reduc-
ing the syrinx size associated with syringomyelia. The 
addition of duraplasty did not significantly enhance 
the overall clinical benefits of the decompression 
surgery.
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history of atrial fibrillation, History of Heart failure, 
Chronic Kidney disease, and Cancer were ascer-
tained. Binary logistic regression was employed, and 
univariate odds ratios with 95% confidence intervals 
were calculated to ascertain the association of study 
variables with thrombosis. Variables demonstrating a 
p-value < 0.25 in the univariate analysis were included 
in constructing the multivariable regression model. For 
the final regression model, a p-value of less than or 
equal to 0.05 was considered statistically significant. 
ROC plot and analysis will be used to determine 
sensitivity, specificity, positive predictive value, nega-
tive predictive value, and diagnostic accuracy of 
D-dimer levels for pulmonary embolism. D-dimer 
values on presentation and an average cumulative 
d-dimer value for each participant were used.

RESULTS
A total of 337 patients were enrolled in the study. The 

median age was 50 (IQR=48 - 70) years. Half of the 
participants were males (n=176, 52.2%) and half were 
females (n=161, 47.8%). 13.9% (n=47) had a history of 
smoking. Patients presented with the following coexist-
ing medical problems; hypertension (n=254, 75.4%), 
diabetes (n=215, 63.8%), heart disease (n=97, 28.8%), 
stroke (n=18, 5.3%), chronic kidney disease (n=23, 
6.8%), atrial fibrillation (n=17, 5%), heart failure (n=10, 
3%), venous thromboembolism (n=9, 2.7%), COPD 
(n=9, 2.7%) and cancer (n=7, 2.1%). Few had a recent 
history of surgery (n=3, 0.9%) and they were bedridden 
(n=11, 3.3%). Almost all of the patients were on antico-
agulants (Rivaroxaban 10mg po od or Clexane 40mg 
od s/c) (n=326, 96.7%). Median Dimer levels were 1380 
(IQR=800 – 2100). Also, 46 patients were found to have 
thrombosis which was confirmed with CTPA (n=46, 
13.6.6%). 
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