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ABSTRACT 
Medical litigation in spine surgery is a serious concern today, with a high volume of 

clinical negligence claims, substantial financial cost and significant burden, who is 

threatening the future of this surgery. 

Classical spinal surgery should be performed with very well documented indication, 

in order to improve the expected results, with clear aims: decompression of the 

neural elements of the spine from tightness, stabilizing the spine to protect the 

nerves, eliminate the pain resulting from abnormal loading from the different 

movements. 

Spinal surgery today means a wide analysis, understanding and realization of spinal 

decompression, also osteosynthesis and fusions, using high-performance gestures, 

with increased addressability especially in the elderly, for a varied pathology, which 

involves anaesthetic-surgical risks, complications. In such a context, surgical damage 

does not necessarily result from an error or from surgical misconduct and the 

surgeon is not always responsible for the damage in the absence of a proven fault in 

the legal sense. 

The paper aims to briefly review the main problems, but also useful 

recommendations to meet various challenges, expectations, maintaining the quality 

of life of each patient, reducing risks of getting sued, also to increase the odds of a 

successful defence. 

In conclusion: education, vigilance, improved patient-safety strategies, investigation, 

implementation and sharing of lessons learned from litigation claims remain 

important components of spinal surgeons training, to reduce future cases of 

negligence and improve patient care, quality of life, as many of the cases of successful 

litigation had a preventable cause.

Seneca: Errare humanum est, sed perseverare diabolicum 

Murphy's law: If anything can go wrong, it will! 
 

INTRODUCTION 

Why spine surgery medico-legal aspects? Spinal surgery, made classic 

or minim invasive, means frequent, demanding high risks procedures, 

required for many people, especially for old people, performed for: 

trauma, degenerative, infectious, vascular, instability, functional 

procedures, especially for pain, as a condition: to improve the patients 

status, to avoid neurologic threatening of neurologic spine function. 

Keywords 
spine surgery, 
complications, 

malpractice, 
medical litigation in spine 

surgery, 
informed consent, 

medical malpractice stress 
syndrome, 

practical advices to avoid 
spinal litigation 
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Spinal surgeons, whether of orthopaedic or 

neurosurgical backgrounds, encountered several 

adverse events, despite skills, patients compliance 

and expectations (1). 

 

DISCUSSION 

Medical litigation in spine surgery - a high-risk 

malpractice specialty is particularly influenced by the 

current litigation climate and it means (1): 
 

• medical error - a consequence of a failure of a 

planned action to be completed as intended or 

the use of a wrong plan to achieve an aim: special 

technologies to fulfil decompression, stabilization 

with motion respect, using standard or minim 

invasive procedures, not always available in a 

hospital; a physician fails to act under the same 

circumstances to respect a standard of judgment, 

skill, diligence as any reasonable physician (2-4).This 

standard will be ascertained by appointed 

experts who will contrast the liable medical 

conduct to existing practice guidelines, 

statements of professional organizations and 

societies, use of leading books, scientific treaties 

and published articles; 

• a breach of standard of care, negligence - a 

doctor’s failure to meet this standard, does not 

necessarily result in liability. Bad outcomes may 

result even with the best of medical care; also 

technically unsuccessful surgery does not 

automatically mean a breach of standard of care. 

It’s important to explain that bad results don’t 

equate with malpractice and good results don’t 

means that the patient has had the best of care! 

(4); 

• causation covered a high range of causes pre, 

intra, postoperatively, to prove causal 

connection, the direct link between the 

negligence and damage; 

• damage: proof of damage, directly resulted from 

the breach of the alleged standard of medical 

care 

 

In 2005 alone, in the USA, 3,229 active certified 

neurosurgeons paid a total of $28 million in 

malpractice claims, with the highest average 

payment per specialist surgeon $465,000 (5). 
 

1. Negligence claims in spinal surgery means more 

than 20,000 spinal operations/year in UK are the 

highest among other operations, more frequent 

and expensive: +10% last 2 years (6). Spinal 

epidural abscess generates significantly higher 

plaintiff verdicts in cases with delay in diagnosis 

or treatment, in cases with paraplegic or 

quadriplegic patient (7).  

2. In 2013 Hellsten et al. (8) mentioned adverse 

spinal events 17.4%, to a cost of $21,000 per case, 

$2.1 M per year, 1,171 bed days every year, more 

than 50% due to ‘minor’ events.  

3. In 2019 for plaintiff verdicts, the mean indemnity 

payment was median $753,057; for settlements, 

the mean indemnity payment was median 

$547,935. A neurological deficit was associated 

with a significantly greater likelihood of a 

favorable outcome for the plaintiff - 52.8% versus 

32.1% for plaintiffs without neurological deficit 

(9). The average time to a decision for defendant 

verdicts was 5.1 years; for plaintiff rulings, 5.0 

years; for settlements, 3.4 years. Poor consent, 

misdiagnosis, delays in the diagnosis and the 

treatment of a surgical complication predict legal 

case outcomes favoring the plaintiff (6), also 

catastrophic complications are linked to large 

sums awarded to the plaintiff and are predictive 

of rulings against the physician.  

4. For physician defendants, the costs of 

settlements are significantly less than those of 

losing in court (1). Incidence of spinal malpractice 

claims is increasing: 56% compared to 39% head 

and/or brain, 5% miscellaneous, with a 

multifactorial possible claim, many of them 

avoidable (10). Malpractice spinal claims are 

influenced by: the number and selection of 

patients, purpose of the procedure performed 

classic or minim invasive also by the social 

systems: compensation claims increasing the 

incidence rate, with a less patients intention to 

return to work as assurance payments are bigger 

(4). 

 

In order for the doctor to be liable, the complaining 

patient must prove four things in the legal sense 

(6)(7):  
 

• duty - did a physician-patient relationship exist? 

• breach of duty - did the physician fail to meet the 

required standard of care - whether a body of 

responsible surgeons would have treated that 

patient the same way (Bolam test) the burden of 

the proof is on the plaintiff; 
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• causation - did the physician’s breach cause the 

patient’s injury? 

• damages - did the patient incur medical 

expenses, pain, suffering, loss of wages as a result 

of the breach? 

 

There are several causes to litigations: 
 

A. Inappropriate decisions means: 

• poor communication despite patient’s 

compliance, realistic expectation after surgery 

and the surgeon’s skills lack of respect for 

patient and relatives, for the surgical team, the 

institution prestige linked to: misdiagnosis, bad 

indications, “unindicated surgery” it is often 

referring to the lack of concordance between 

clinical, radiological ± neuro-physiological 

investigations, absence of marked psychosocial 

economic problems, failure of well conducted 

medical conservative treatment (1)(6); 

• poor documentation: imaging’s (mainly MRI) 

must be relatively recent (less than 3 months). In 

case of clinical changes or new clinical signs, MRI 

needs to be repeated before proceeding with the 

surgery (13); 

• inappropriate preoperative patient assess-

ment: comorbid conditions + the aging of the 

population - a growing concern for spine care in 

the 21st century (10). There are three major 

problems in elderly patients: 

1. Failure due to wrong indication: poly-morbid 

patient, multi-operated patient (also other 

than spine surgery), diabetic patient with 

neuropathy, severe osteoporosis: 700,000 of 

these occur in the spine - more than in the hip 

and wrist combined !, obese patient, 

Parkinson, depressed patient, physically non-

active/active patient, patient in insurance 

battle waiting compensation. For elderly 

patients there are a very large pathology: 

metastatic and infectious diseases, 

degenerative spine: spinal stenosis, 

degenerative instability +/-adjacent segment 

problem (natural or iatrogenic), discogenic, 

cervical myelopathy, spondylolisthesis, 

arthritis, adult degenerative scoliosis, 

muscular insufficiency (fatty degeneration); 

difficult recovery (12); 

2. Failure due to wrong biology mostly patient and 

/or surgeon’s judgement related; sometimes 

spinal surgery for geriatic patients 

unnecessary, too much, or too little; 

3. Failure due to wrong biomechanics mostly 

patient and also its biology and /or surgeon’s 

judgement related (11). 

• surgeons’ expertise: a check list could be 

established and the steps are followed regularly 

before starting and during the surgery technique 

(sign in - prior to induction, time out - prior to skin 

incision, sign out - prior to drape removal), wrong 

judgement of own capabilities and skills, lack of 

expertise, wrong choices of technology (implants, 

instrumentation, surgical technique) + risks 

unexplained, failure to recognize the clinical signs 

and symptoms of complications, inappropriate 

delegation of procedures to junior doctors(13). 

Legal finding: the majority claims are from 

patients with no medical negligence, only 3% of 

patients who suffered negligence filed a claim. (6) 

 

B. Failure to obtain consent (6): 

Consent should be done by the consultant; to be 

legally valid for examination or operation should met 

three conditions: must be given knowingly, freely 

and voluntarily, the patient or legal entities must be 

capable of giving legal consent, the patient should be 

sufficiently informed to make a considered decision. 

It’s mandatory to discuss immediately after surgical 

indication is sustained: surgery risks against 

conservative options; especially to avoid 

complications, expectations for patients with old, 

severe neurologic deficits, to patients with low 

resources to recuperate; ex: lumbar disc or stenosis 

surgery is for leg pain not back pain, surgical fusion 

as last resort is not wise,10% are worse after fusion. 

 

C. Wrong patient (14):  

• patient biology – age, hypertension and cardio 

vascular disease, diabetes, patient over 60 years 

with hemorrhagic risks especially after Aspirin, 

Plavix, smoking and pulmonary disease; also ASA 

grad 1 - 9.1%, ASA grade 4 - 31.3%. In cases of 

elderly patients with spinal cord tumours (15) age 

increase in significant morbidity for more than 64, 

5 fold; in cases with elderly patients with cervical 

discs and myelopathy, an operation performed to 

a patient aged > 65 yrs may increase mortality 14 

fold, if the patient aged > 84 yrs mortality increase 

44 fold.  
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• adequate conservative treatment? MRI if 

considering malignancy, sciatica/cauda equina 

syndr, infection, fracture, ankyl. spond., 

inflammatory disorders, referral for surgery (13), 

avoid operation delay (6) 

• planning operation: think always to do it right 

the first time! 

 

D. Wrong/stupid surgeon (14): 

• wrong-level surgery, wrong side: always perform 

fluoroscopy before skin incision, before entering 

the canal; wrong positioning rate is estimated at 

4.2%, but is found to be 15.7% on control CT; 

• wrong procedure: poor surgical performance: 

inadequate decompression, wrong technology 

despite right procedure and patient 

• wise selection of radiation exposures in spinal 

surgery, safe operating procedure achieving a 

good balance between patient care and radiation 

safety, minimize the high fluoro technique, 

always use ALARA concept: As Low as Reasonably 

Achievable (16)(17) 

• think to the best patient position:  

- each position carries some degree of risk for 

haemodynamic and physiologic changes; also 

complications, risks magnified in anaesthetised 

patient due to loss of ability to compensate or 

communicate (18);  

- prone position during spinal surgery should be 

made with the patient’s head raised, in order to 

minimize facial and per orbital edema, avoiding 

eyeball compression especially after prolonged 

position, which may generate peri-operative 

blindness and litigation both for surgeon and 

anesthesiologist, ex: 0.03% after spinal fusion 

(19); 

- all possible compression and traction points on 

the face, protecting neck position, trunk and 

limbs using protection pads to cover pressure 

points avoiding:  

o ulnar nerve compression at the elbow - the 

most common; 

o peroneal nerve injuryat the fibular neck is 

possible in any patient positioning, inducing 

paresthesia or severe motor impairment with 

drop foot; 

o uni or bilateral femoral cutaneous nerve 

involvement results in meralgia paresthetica 

o brachial plexus stretch injury. 

• general anesthesia (18) with care especially 

during intubation to elderly patients with 

myelopathy or severe cervical stenosis, hyper 

flexion or extension, using the Philadelphia collar 

with fiber optics intubation, even under intra 

operative monitoring; maintaining a stable 

hemodynamic, avoiding ischemia by hypo 

perfusion with medullary insults, compensating 

rapidly any blood loss during hemorrhagic 

procedures 

 

E. Possible complications: 

• general causes which can evolve to death (20-22): 

deep venous thrombosis, pulmonary embolism, 

cardio-respiratory failures, abdominal vessel 

injury if sudden unexplained drop in blood 

pressure, abnormal bleed coming from the disc 

space, ileus, sepsis with chest/urinary infections, 

operating room fires (19) in USA 50-100 events/yr, 

1–2/yr fatal, fire triad, location: 34% airway, 28% 

head or face, 38% on/or inside patient, 

heat/ignition source: cautery/laser/fiber optic light 

cord, fuel: drapes/ET tube/alcohol prep/hair/O2 

build up under impervious drape, especially for 

cervical spine, oxidizer: oxygen/nitrous oxide/air. 

• acute or delayed neurologic deficits related to 

surgery (23)(24): 

- direct iatrogenic medullary and radicular insults 

in procedures performed without spinal cord 

monitoring: MEPs, SSEPs, Nim Eclipse, or by hypo 

perfusion - arterial pressure < 80 mm Hg, especially 

in cases with myelopathy, medullary atrophy or 

ossification of the posterior longitudinal ligament 

estimated at 0.2 to 0.9%. 

• Cervical disk surgery with medullary 

decompression for myelopathy entails elevated 

risk, affecting the C5 root with deltoid impairment 

in 2.3 to 6.7% of cases (short sheat, subject to 

traction by medullary mobilization after 

decompression, inducing spinal cord retractionin 

surgical interventions restoring lordosis). 

• Complex surgical procedures for spinal deformity 

of the thoracic and lumbar spine, to correct: 

sagittal deformity - see three-column resection 

osteotomies with pedicle subtraction 

osteotomies and vertebral column resections 

may generate paraplegia 0,55% - 1,78%. 

• High grade lumbar spondylolisthesis may 

generate 11,8% with neurologic complications 

especially to the L5 root; cauda equina syndrome 
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following decompression for lumbar spinal 

stenosis, disc herniation: incidence of 2.8%.  

• Iatrogenic medullary and radicular insults could 

appear after poor positioning - estimated at 4.2%, 

but is found to be 15.7% on control CT or per- or 

postoperative implant mobilization: screws, inter 

body cages, a.s.o. 

- subsequent stoke: estimated at 3.8% on the left 

and 1.8% on the right side after iatrogenic surgical 

trauma to the vertebral artery 0,3%; 

- recurrent laryngeal nerve injury with dysphonia, 

as the most common postoperative complaint in 

anterior cervical approaches; 

- Horner syndrome due to injury to the cervical 

sympathetic trunk is a very rare complication of 

anterior cervical decompression and fusion, the 

incidence rate is between 0, 2 to 4% mainly after 

revision surgery; 

- retrograde ejaculation from damage to the hypo 

gastric plexus during anterior approach of the 

lumbar spineis estimated between 0, 42 to 4, 1%. 
 

• Local complications:  

- implant related dysphagia in cervical disc 

herniation; 

- lymphocele after anterior lumbar interbody 

fusion; 

- dural tear (25-27) are very frequent during spine 

surgery (1-15%), versus 7,7% in cases with 

neurological complications, three-fold higher in 

revision surgery, may generate CSF collections 

(pseudomeningocele), also intracranial hypotension, 

acute subdural hematoma, tonsillary herniation; leak 

must be treated seriously and rapidly! Primary repair 

suturing using microtechnique, if larger than 3 mm, 

6/0 suture, cover with: grafts (fat, muscle, fascia, 

blood patch), tissue sealents, fibrin glue, synthetic 

membrane; hermetic closure of the various planes, 

antibiotherapy are necessary, postoperative 

drainage after dural tear is controversial; 

- radiculopathy: recurrent disc prolapse, ectopic 

bone/stenosis, fragments end plate prep, 

symptomatic epidural adhesions, TLIF retraction, 

multiple surgeries, inflammatory BMP reaction, BMP 

Ectopic Bone (28)(29) in spinal fusion 92.8%, off label 

85%, 16.6% ALIF, 30.0% PLIF/TLIF, 20.4% Post-

lat,13.6% Cervical, 3.9% T/L; no statistical correlation 

ectopic bone vs. increased leg pain, few cases of 

neurologic impairment of from ectopic bone; 

- bleeding (17)(28)(30) it can occur damaging the 

arterial feeder in a rich vascularized vertebral tumor, 

through epidural varices, rarely by damage to an 

arterial vessel – see during discectomy. Post-

operative bleeding could be: residual, discovered 

incidental or even symptomatic with different 

topography: epidural, paravertebral, even intradural. 

Main causes are: bad hemostasis, uncontrolled high 

blood pressure during operation, coagulopathy, 

drugs; ex. in cervical area is rare 0.2%-1.9%, may 

cause airways obstruction, requiring evacuation 0.1-

0.4%; in lumbar area is about 5,6%. Best solutions 

are: meticulous dissecting and hemostasis, drain 

use, pay close attention to the patient's supervision 

even in ICU, quick evacuation; 

- local seroma; 

- instability (13)(17)(31-33) – avoid thinning the pars 

and aggressive facetectomy, junctional 

degeneration/instability (fusion disease); 

- improper use of instrumentation (31-33): 

misplaced instrumentation - most frequent are 

lateral, may generate pedicle breaches 6.7% of 

screws; percutaneous fluoroscopically or navigation 

guided pedicle screw placement is safe and accurate, 

revision is rarely required; may increase the rate of 

CSF leakage, than without instrumentation 16% 

versus 3,5%, nonunion of the fusion or 

pseudoarthrosis, hardware malpositioning; 

- infections (19)(28): especially in immuno-

compromise patients: diabetic, renal failure, HIV, etc, 

consider prophylactic antibiotherapy. More frequent 

infections appear as a complication of CSF leakage 

cases in nearly 1/4th of cases. There are several clinic 

entities: wound infection with postoperative abscess, 

spondylodiscitis, osteomyelitis, epidural collections, 

fungal meningitis: Exserohilum Rostratum, 

Aspergillis Fumigatus, Cladosporium from CSF after 

epidural steroid injection, 19 days post injection: 

fever, stiff neck; 

- neuropathic pain, chronic pain corticalization, 

failed back surgery syndrome (13)(34)(35). Such 

entities can be generated by all previously 

mentioned complications. Patient selection is more 

important than most of the technical problems in 

FBSS (correct assessment is needed to get an 

accurate diagnosis, recurrent disc herniation or 

instability should be treated, no treatable cause, 

spinal cord stimulation may help improving patient’s 

pain and functions; 

- vertebroplasty may generate complications 3.7% 

of cases, kyphoplasty 0.3% of cases (17)(36): 

severe pulmonary embolism of PMMA: 
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hypertension, hypercapnia, loss of responsiveness, 

asymptomatic diffuse pulmonary embolism, neural 

and vascular complications after cement leakage 

inside the vertebral canal, silent leaks 30% - 70% of 

patients, most are undetected by the surgeon. 

 

F. What kind of operation: classic or minim invasive 

spine surgery. "MISS" is an acronym for the term: 

minimally invasive spine surgery, synonym: "LISS" - 

less invasive spine surgery, endoscopic spine surgery 

= efficient surgery with minimum of iatrogenic 

trauma, but not minimal surgery: minimal access & 

techniques spine surgery, percutaneous, even using 

microscope as a part of a less invasive technology 

(37-39). The current focus on "MISS" refer to several 

“trendy” procedures, in the early phase of a “concept 

shift” (39), still met with skepticism, disbelief, hostility 

by many neurosurgeons for safety reasons, but 

more accurate. 

Such procedures are using advances in access 

technology: optical systems (endoscopes, 

microscopes), navigation guided surgery, specialized 

retractor systems, hybrids, robotics, new generation 

of implants suitable for minimal access by 

anterior/posterior surgery, new solutions for fusion: 

cages, bone harvesting tools, bone substitutes, 3-d 

prosthesis; designed to solve a pathological process 

as using standard open procedures for less pain, 

morbidity, disability, facilitates faster recovery, 

improves back muscle function. 

 

WHAT DOES "MISS" MEAN TODAY?  

Advantages (40,44):  

- small incisions- more aesthetics, appealing 

-some procedures can be performed as outpatient 

surgery; 

- accurate fluoroscopic images with X ray exposure 

or by navigation-guidance; 

- theoretical better quality of life: shorter hospital 

stay, structure-sparing, or perhaps structure-

preserving, a "MISS" by products are operative time, 

reduced tissular distruction, less pressure on 

muscles using minimally invasive spinal retractors 

compared to open retractors and reduced scar 

(periradicular & skin), less blood loss, infection, 

disability; faster recovery, functional ability to return 

to normal activity, to work; 

- long term pain control, minimal requirements for 

narcotic pain medications; 

- may reduce or perhaps eliminate the 

development of adjacent segment disease; 

- high expectations even to elderly, obese people 

with a complex spinal problem, such as deformity or 

trauma; 

 

Drawbacks and limitations (45)(46): 

- technically more demanding, longer operative 

time; 

- less working space, extension and quality of 

direct spinal decompression, placing cross-links, long 

rods, less surface area of bone exposed for fusion 

cases 

-limitations by pathology: possible spinal injuries 

associated with neurological deficits, see: 

spondyloptosis, severe multi-level stenosis, en-bloc 

removal of tumour masses, severe deformities; 

- acute complications 10%, 12% reoperations: 

bleeding, 5.3% dural tear with CSF fistula, 2.6% 

fracture of an inferior facet - for lumbar spinal 

stenosis, TLIF may result in poor fusion without BMP, 

10.5% transient neurological complications (47); 

- radiation exposure with fluoroscopy (48) with 

poor radiological support - esp AP; 

- education long steep learning curve, the 

intraoperative complication rate is highest between 

the 3rd and the 6th year of training; 

- availability; 

- cost: expensive hardware, hospital stay it could 

be economic (49)(50); 

- "Maximal Intra-operative Surgical Stress" (51). 

 

"MISS" recent evidence:  

- More frequent MISS indications (12): 

degenerative disc disease - herniated disc, lumbar 

spinal stenosis, spinal deformities such as scoliosis, 

spinal infections, spinal instability including 

spondylolisthesis, vertebral compression fractures, 

reconstruction with internal fixation, resection of 

spinal or paraspinal tumours. 

- Performed with microscope or endoscope there 

are several MISS procedures (12)(52)(53), ex:  

-  cervical procedures: posterior foraminotomy, 

transarticular C1C2 screw fixation; 

- thoracic procedures: foraminal discectomies, 

percutaneous pedicle screw fixation; 

- lumbar procedures: discectomies, postero-

lateral interbody fusion PLIF, midline lumbar 

interbdy fusion MIDLF, transforaminal lumbar 

interbody fusion TLIF, extreme lateral lumbar 
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interbody fusion DLIF (XLIF), anterior lumbar 

interbody fusion ALIF. 

- For discectomy: micro discectomy (MD) vs 

tubular(52) : no difference (the mean duration of 

surgery was 34 min shorter for conventional MD; the 

incidence of dural tear was 6.5% in MD group and 

10.4% in early TD and decreased to 7.4% in late TD 

group, possible more leg pain, low-back pain, at 2 

years with tubular) (53). 

- For lumbar spinal stenosis: bilateral micro 

decompressive laminotomy, as minimally invasive 

endoscopic bilateral decompression with a unilateral 

approach (endo-BiDUA) for elderly patients (54)(55). 

- For posterior lumbar fusion: significant 

advantages over traditional open procedures in the 

obese population, smaller incisions, less tissue 

trauma and quicker recovery, higher radiation 

exposure 84 s vs 37 s, may reduce or perhaps 

eliminate the development of adjacent segment 

disease (56-58). Revision TLIF identical results: less 

blood loss, less postoperative back pain at the 

second day postoperatively, same surgical time, 

higher radiation exposure 79 s vs 39 s (58). 

- Adult spinal deformity correction with 

circumferential minimally invasive surgery and 

hybrid techniques result in overall reoperation rates 

of 27.9% and 33.8%, respectively, at minimum 2-year 

follow-up. Junctional failures are more common after 

hybrid approaches, while pseudarthrosis/fixation 

failures happen more often with circumferential 

minimally invasive surgery techniques. Early 

reoperations were less common than later returns to 

the operating room in both groups, but 

circumferential minimally invasive surgery 

demonstrated less risk of infection and early 

reoperation when compared with the hybrid group 

(60). 

 

Practicing a good spinal surgery is not a guarantee to 

being hit with a medical malpractice lawsuit; nobody 

is immune from medical malpractice. Most spinal 

surgeons are not well prepared to deal with bad 

consequences of medical malpractice, they are 

perceived as a “wound to the heart”, that may lead to 

frustrated, dissatisfied patients; also to several 

consequences: loss of reputation and significant 

supporters, lack of knowledge about the potential 

process and outcomes, loss of livelihood, control, 

assets. 

Such situations may lead to “Medical Malpractice 

Stress Syndrome”, expressed by psychological 

symptoms: anxiety, irritability, tiredness, restlessness, 

difficulty in concentration, excessive worry, may 

occupy more than 50% of working hours, tense 

muscles, insomnia, depression and by physical illness, 

at work and at home; dissatisfaction, to burnout of 

the medical practice, early retirement or even may 

generate extreme reaction, deep depression leading 

to suicide (1)(4)(59)(61).  

Fear of lawsuits encourages defensive medicine, 

a defensive attitude, affecting patients (61):to restrict 

practice, not only to demanding procedures, also for 

emergency or trauma, to move their practice to a state 

with "better" malpractice conditions, in detriment of 

patients losing chances to receive the accurate 

treatment in the needed time; negatively influence 

any investment from the medical community, to 

consider retirement, rather than continue to practice in 

the face of increasing insurance costs, especially in 

that states with high malpractice claims and 

insurance premiums - so called "crisis" states. 

 

CONCLUSIONS AND PRACTICAL ADVICES 

Medical malpractice litigation in spinal surgery is 

one of the most stressful events of the life of any 

physician, but also a survivable and surmountable 

event to made you a stronger and better doctor, 

indeed, as Churchill said “there is only one answer to 

defeat, the victory”. As a general remark, many 

claims in spinal surgery are avoidable (62-65); 

however, to reduce medical malpractice stress, 

vulnerability to potential litigation, negligence, some 

advices should be retained: 

- good documentation and patient selection is 

required; 

- the technique must be adapted both to the 

patient, to resources and facilities in your hospital; 

- limit your activity, avoiding doing something 

outside of your expertise; 

 

To reduce risk of getting sued it is necessary:  

- never regret to lose effort and time to improve 

communication skills, communicating openly, 

explaining the patient to complete carefully the 

informed consent exposing clearly expectations, 

desired outcome, also possible complications. In 

more than 70% of litigations to improve situation, if 

a complication occurs, it's mandatory to justify in the 

record, explaining how, why it appeared; 
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- discuss non-surgical option, if necessary, thinking 

twice and choose without delay a procedure with a 

lower complication rat; 

- achieve a safe and efficient operation . 

 

To increase the odds of a successful defence: 

- keep a good communication with the patients, 

their relatives; don’t avoid the patients or hide the 

facts- all hidden information it will be found; most 

patients simply want to know what happened and 

most important knows you care (4), always 

remember: “the Court is after the Proof and not The 

Truth”; demonstrate that what occurred was a 

complication rather than a deviation from the medical 

standard; 

- visit the patient more often! – convey empathy, 

welcome the patient, maintain eye contact, let them 

tell their story, work to help the patient recover, 

making him a very strong defendant  

No attorney wants to put time and money necessary to 

pursue litigation into a case involving unavoidable 

complications, rather than negligence; 

- try to keep the patient away from the attorney’s 

office to pursue the claim against you; 

- in difficult cases, always think to an ancient 

Romanian saying: “it’s better to accept a mutual 

agreement, instead of a fair judgment”; 

- avoid doing something new that you are not 

adequately trained for, operating in careless way, 

also possible conflicts of interest with the insurer;  

- temperate young surgeon’s enthusiasm - not a 

head of their surgical skill; 

- be actively involved in the defense team, discuss 

your ideas and suggestions with your lawyer but 

follow their instructions; 

- knowledge is power: support education, training 

or new techniques at any level & any age, 

professional support, local medical societies and 

associations, look for supportive 2-nd opinion from 

international professional medico-legal committees, 

seek advice from experienced colleagues, 

consultants, qualified malpractice lawyers experts, 

attend supportive educational meetings, enrol in risk 

management seminars, read available materials on 

litigation stress support, seek support education, 

training or new techniques at any level & any age, 

professional support, local medical societies and 

associations, look for supportive 2-nd opinion from 

international professional medico-legal committees. 

- demonstrate that what occurred was a 

complication rather than a deviation from the 

medical standard. 
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ABBREVIATIONS 

CT: computer tomography 

MRI magnetic resonance imaging 

ASA; American Society of Anaesthesiologists’ classification of 

physical health  

ALARA concept: As Low as Reasonably Achievable 

TEP: pulmonary troboembolism 

ET tube: endotracheal tube 

MEPs: motor evoked potentials  

SSEPs: somatosensory evoked potential  

NimEclipse: a spinal and cranial neuro monitoring system 

(Medtronic) 

BMP: human bone morphogenetic protein 

ALIF: Anterior lumbar interbody fusion 

PLIF/TLIF: posterior lumbar interbody fusion/thoracolumbar 

interbody fusion 

FBSS: failed back surgery syndrome 

PMMA: Poly methyl methacrylate 

MISS: minimally invasive spine surgery 

LISS: less invasive spine surgery 

MD: micro discectomy 

TB: tubular discectomy 

endo-BiDUA: endoscopic bilateral decompression with a 

unilateral approach 
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ABSTRACT 
Background: Intracranial and orbital abscesses in combination together are rare 

complications of sinusitis. They can be life-threatening and can result in multiple 

sequelae. 

Case presentation: A 9-year-old female presented with left periorbital swelling, gaze 

restriction and headache. Following scans, she underwent emergency endoscopic 

sinus surgery, evacuation of the intraorbital empyema and stereotactic mini-

craniectomy with the evacuation of the extradural empyema as a joint case. The 

patient recovered well and was discharged to complete intravenous antibiotics for 6 

weeks. 

Conclusion: In the pediatric population intracranial complications of acute sinusitis 

can have more devastating consequences. Therefore, prompt recognition and 

management are essential within a multidisciplinary team setting. 

We also highlight the rarity of concomitant multi-site abscess formation and the need 

to be vigilant for same.

 

INTRODUCTION 

Acute or chronic sinusitis complications can range from minor 

(headaches, flu symptoms) to loss of organ function (loss of vision) or 

can be life threatening (brain abscess). Early diagnosis and treatment is 

essential to prevent sequelae. A high index of suspicion is needed when 

assessing and treating the paediatric population in this setting.  

In the paediatric setting paranasal sinuses have not completely 

developed until sometimes early in the teenage years. This is 

particularly the case particularly with frontal sinus development in the  
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paediatric population. Indeed, in this population 

group, frontal sinuses are the commonest to cause 

significant complications, especially after the age of 

10 (10,16). This is mainly due to their vicinity with the 

orbit and the orbital content but also with the brain 

and meninges.  

The lamina papyracea (a thin bony plate that 

separates the orbital content from the nasal cavity) is 

very thin and often dehiscent, allowing for direct 

infection spread between the two anatomical 

regions. Orbital complications alone are more 

common in patients younger than 5 years of age (16). 

So preseptal and orbital cellulitis, followed by 

subperiosteal and orbital abscess are the most 

common complications secondary to acute or 

chronic sinusitis. This can lead to compromised 

vision. Cavernous sinus thrombosis is the most 

serious of all, with intracranial spread of infection 

and possible contralateral orbital symptoms. In the 

paediatric population, periorbital swelling is the most 

common sign that brings the patient to hospital or 

their family doctor’s attention. This is usually 

associated with upper respiratory upset, fever and 

headache as the most common but nonspecific 

symptoms (16). Typical nasal symptoms seen in the 

adult population (nasal blockage or discharge, 

postnasal drip and pain over the checks or frontal 

headache) are sometimes lacking. Also a history of 

previous nasal complaints is absent in most cases 

(14).  

Extension of the abscess to the intracranial cavity 

is usually gained through the valveless venous 

system, direct extension through a previous 

dehiscent or eroded skull base, or due to septic 

emboli. Subdural empyema is the most common 

intracranial but extra axial complication, followed by 

subdural and brain abscess. All are severe 

complications and can be life threatening or have 

major sequelae (hemiparesis, aphasia or epilepsy). In 

the paediatric population the consequences of such 

complications can effect patients for the rest of their 

life and can be debilitating and life changing for their 

families too.  

Simultaneous intraorbital and intracranial 

complications secondary to acute sinusitis is very 

rare. This was reported as 9.3% of their patients over 

the age of 7 with intraorbital complications by 

Hermann (12).  

A high index of suspicion for intracranial 

complications needs to be maintained and regular 

assessment of the child is mandatory to check for 

any deterioration in their symptoms and signs or 

failure to improve.  

Hermann et al (12) found that children with 

intraorbital complications of sinusitis benefit from 

performing a MRI brain early due to a higher 

association with intracranial infection in:  

- children older than age 7,  

- males,  

- those with neurological status changes,  

- frontal sinus opacification on CT,  

- superior or lateral position of orbital abscess, 

- intraorbital abscess needing drainage.  

 

Sinus infection may progress to intracranial infection 

even after appropriate empiric antibiotic therapy has 

been initiated (14,17,19). Lack of early recognition 

and urgent treatment can be fatal. Empirical 

antibiotic treatment is generally broad-spectrum and 

started under local microbiological guidelines and 

supervision.  

Timing of surgical intervention is a controversial 

subject, with multiple studies being in favour of early 

rather than late surgical intervention (14,17).  

Intraorbital abscess formation needs to be 

drained in conjunction with an otorhinolaryngologist 

(ORL) performing endoscopic sinus surgery and 

intracranial abscess formation needs prompt 

neurosurgical input and craniotomy with drainage of 

the infection.  

 

CASE PRESENTATION 

A 9-year-old female patient presented to the 

emergency department with a 2 week history of flu 

symptoms and headaches. She complained of right 

upper eyelid oedema prior to presentation that 

subsided followed by persistent left periorbital 

oedema and ophthalmoplegia. Prior to her hospital 

presentation, our patient has been already on 5 days 

of oral antibiotics started by her family.  

Her medical history was non-contributory with no 

history of nasal symptoms or allergic rhinitis, nor any 

history of atopy. The child lived with her family in 

America and was on holiday visiting her relatives.  

An initial assessment showed pain on eye 

movement with no focal neurological signs with a 

Glasgow coma scale (GCS) of 15 out of 15. The patient 

had neither neck stiffness nor photophobia. She was 

afebrile with stable vital signs. Intravenous access 
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was obtained and routine bloods were sent to the 

laboratory.  

She was admitted with a diagnosis of preseptal 

cellulitis for intravenous antibiotics as per our local 

guidelines.  

On admission her inflammatory markers were 

elevated. White cell count was 18.2 [normal 6.0-

18.0(x10^9/l)], with neutrophelia of 13.9 [normal 1.0-

8.5(x10^9/l)]. Her C-reactive protein (CRP) was 162 

(normal 0-10mg/l).  

Despite 24 hours of intravenous Cefotaxime, she 

developed restriction of eye movement on elevation 

and downward gaze combined with drowsiness. 

Otorhinolaryngology was consulted and flexible 

nasal endoscopy did not reveal any intranasal 

pathology. An urgent ophthalmology consult was 

requested and vision was found normal in both eyes. 

Our patient underwent urgent computer 

tomography (CT) of sinuses without contrast. The 

scan showed pansinusitis on the right side (maxillary, 

ethmoid and frontal sinuses) with left sided sinuses 

free of mucosal disease. Also she had a small left 

extraconal fluid collection (measuring 7x 15 x 

25mm).  

Pictures 1 and 2 shows the above findings on a 

coronal and axial CT cut: 

 

 
 

Picture 1. Coronal CT sinuses. 

 

 
 

Picture 2. Axial CT sinuses. 

Due to the high clinical suspicion of intracranial 

pathology and increased drowsiness an urgent 

magnetic resonance imaging (MRI) of brain with 

contrast was performed. This revealed the left orbital 

extraconal abscess with extension through the 

posterolateral orbital wall into the extradural space 

anterior to the left temporal lobe. The bone 

demonstrated osteomyelitis. There was also a small 

extracranial component adjacent to the pterion, with 

inflammatory changes in the left temporalis muscle. 

All these findings are visible in the Pictures 3 and 

4: 

 

 
 

Picture 3. Coronar MRI showing left external orbital abscess. 

 

 
 

Picture 4. Coronar MRI with contrast showing left extradural 

empyema. 
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After an urgent neurosurgical consult emergency 

surgery was planned as soon as possible. Endoscopic 

sinus surgery followed by left orbit abscess drainage 

and stereotactic mini-craniectomy with empyema 

evacuation was performed.  

After the patient was prepped as per endoscopic 

sinus surgery protocol a left maxillary antrostomy 

was performed where frank pus was found. Similar 

findings were found in the left anterior ethmoidal 

sinus. On exploring the left posterior ethmoid only 

mucosa disease was found. Sinus surgery found 

normal sinuses on the right side despite the 

abnormal findings (pansinusitis) on the CT on this 

side.  

The left external orbital abscess was drained via 

an external approach and a drain was left in situ.  

A stereotactic mini-craniectomy was performed 

via a left curved pterional incision, followed by 

evacuation of the empyema and again a drain was 

placed. Pus for culture and sensitivity was sent from 

all 3 locations. 

The patient tolerated the procedure well and no 

perioperative complications were encountered. No 

intensive care unit monitoring was needed 

postoperatively for our patient. She was commenced 

on intravenous Ceftriaxone and Metronidazole.  

The approach to this case was a multidisciplinary 

one with Paediatricians, ORL, Neurosurgery, 

Ophthalmology, Infection Disease, microbiology and 

physiotherapy involved in this child’s care.  

Our patient recovered well from a neurosurgical 

and ORL point of view but was quite slow from an eye 

perspective. The intraorbital drain was removed 

after 12 hours and the intracranial drain after 24 

hours. No temperature spikes were recorded 

postoperatively. 

A repeated MRI brain was performed on day 2 

postoperatively due to slow intraorbital progress and 

this revealed a small collection at the site of previous 

orbital abscess. Close ophthalmology review 

followed until resolution of the collection, 2 and half 

weeks after the surgery.  

Culture from all sites grew Streptococcus 

intermedius. Inflammatory markers returned to 

normal values. A repeat MRI scan at 18 days 

postoperatively showed near complete resolution of 

the remaining collection. 

The patient was hospitalized for 4 weeks duration 

and further intravenous antibiotics were arranged 

for 6 more weeks at home. During this period, our 

patient was reviewed in multiple speciality clinics. 

She improved totally, with no neurological sequelae. 

A repeat MRI scan at 2 months postoperatively 

showed complete resolution of the collection and 

osteomyelitis.  

Due to the fact that our patient lived in another 

country, further follow up was not possible but all 

images, documentation and advice on follow up 

were given to organise ORL follow up in her home 

country.  

 

DISCUSSION 

Simultaneous intraorbital and intracranial 

complications secondary to sinus disease are 

extremely rare. The incidence is unknown with only 

few cases in the literature (8,9,12,18,22) and a 

handful of case presentations from paediatric 

population (4,25).  

Yeh presented the case of 17 years old male with 

longstanding orbital symptoms (1 month) treated 

with sinus surgery who developed 1 month after the 

treatment an inflammatory frontal mass needed 

excision with no neurological sequels (25).  

Constantin et al (4) reported the case of a 12 years 

old male patient with sinusitis complicated later by 

orbital cellulitis ending developing frontal brain 

abscess. Sinus surgery and adenoidectomy was 

followed at 24 hours by neurosurgical intervention 

with collection excision.  

Four retrospective studies presented the 

presented symptoms and management of their 

patients. Hermann et al (12) found a rate of 10% (4 

patients) in his study of paediatric patients with 

simultaneous intraorbital and intracranial 

complications. All were males and the youngest was 

14 years of age. They were treated surgically and all 

of the abscesses were found to be polymicrobial. He 

found that MRI helped identifying the intracranial 

complications after they were missed on CT. As a 

significant finding, in this study all patients had either 

a superior or lateral intraorbital located 

complication.  

In his study Germiller et al (8) presented 7 cases 

of concomitant orbital and intracranial complications 

treated surgically with a focus on intracranial 

complications and outcome.  

In her retrospective review of 10 patients younger 

than 18 years, Raynolds et al (18) found the youngest 

to be 7 years old and predominantly males. Also she 
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found that frontal lobe was involved in 8 out of 10 

patients. 

Goyita et al (9) found 14 paediatric patients to 

have intraorbital and intracranial complications, with 

a predominant male distribution in this group.  

Our patient (age 9) was amongst the youngest 

ones from the previously reported cases.  

An age greater than 7 was found to be associated 

with the development of sinogenic intracranial 

complication rather than intraorbital ones alone 

(5,14,17) but also with dual orbital and intracranial 

abscesses (11). 

Our patient was a young female, although male 

adolescents were found to be more prone to 

intracranial complications alone and in association 

with intraorbital ones for reasons not yet elucidated 

(8,9,13,17,19 ,25). If there is a hormonal rather than 

an anatomical component it is to be discovered.  

CRP, an inflammatory marker was found to be 

higher in children with brain empyema complicating 

rhinosinusitis than in uncomplicated rhinosinusitis, 

with a mean of 18.1mg/dl (17). 

While CT scan of the paranasal sinuses is the gold 

standard imaging modality in acute or chronic 

rhinosinusitis, used by surgeons worldwide to assess 

sinus disease, MRI brain with contrast remains the 

gold standard in identification of brain abscesses 

(9,12,21). This should be requested for patients with 

increased risk factors of intracranial disease or if any 

suspicion of intracranial complication exists. It 

should be performed early rather than later in the 

course of the disease.  

Our patient’s CT sinuses failed to show the true 

extent of the sinus disease. The scan revealed right 

sided pansinusitis and during endoscopic sinus 

surgery all these sinuses were free of disease. The 

left maxillary sinus seemed free of disease on the 

scan but frank pus was seen during surgery. Why 

there was such a non concordant finding it is not 

clear. The subsequent MRI brain showed clearly the 

presence and extent of the intracranial collection. 

As demonstrated by multiple studies, CT sinuses 

findings are not absolutely accurate when compared 

with the endoscopic sinus surgery findings (2,20). 

Another unique aspect of the case was the 

bacteria grown which was Streptococcus 

intermedius. The most common bacteria in 

uncomplicated sinusitis in children is Haemophilus 

Influenzae followed by Streptococcus pneumoniae, 

Staphylococcus aureus, Staphylococcus epidermidis, 

and Streptococcus pyogenes (13,23). Mixed aerobic 

and anaerobic cultures are comonly seen also 

(12,23). 

Streptococcus intermedius is a subspecies of 

Streptococcus milleri. It is highly pathogenic via 

multiple mechanisms. It is associated with deep, 

complicated abscesses including cerebral abscess as 

a complication of sinusitis (5,6,23). This could explain 

the aggresive course of this case. 

Prompt recognition and aggressive medical and 

surgical treatment was the key to a complication free 

and smooth recovery. The role of early 

multidisciplinary surgical intervention was most 

useful in this case with all 3 specialities involved. 

Usually a third-generation cephalosporin plus 

metronidazole is most effective in fighting these 

types of complicated infections (7,24), but needs to 

be guided by local microbiology guidelines.  

The role of surgery, although vital in some cases, 

still needs to be explored in finding the best 

technique and timing. The evidence in the literature 

is mainly based on retrospective reviews and case 

series. There is a lack of significant evidence in favour 

of one surgical treatment modality over the other 

(burr hole drainage, excision or stereotactic surgery) 

when analyzing their outcomes (1,15). The role and 

timing of endoscopic sinus surgery needs to be 

explored more, on larger samples to assess the full 

benefit these patients can gain. There seems to be 

some benefit in avoiding neurosurgical intervention 

if sinus surgery is performed first (3) but this was not 

reflected in all studies. We advocate that the focus of 

infection needs to be addressed first and at the same 

time as sinuitisis being the „driver” of the 

multicompartmental infection. While very small 

intracranial infections can be manged conservatively, 

any large intracranial collection needs to be 

evacuated or reduced due to the risk of spread, 

thromosis and poor blood-brain barrier penetration 

of a lot of antibiotics.  

Each case has to be individually evaluated and 

judged as no one procedure fits all.  

Multidisciplinary input is common in paediatric 

practice but proved essential in this patient’s care.  
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ABSTRACT 
Introduction: One of the most frequently encountered intracranial tumours are the 

pituitary adenomas, these accounting for 5% to 20%. Therapeutic strategies vary 

largely, from medical therapy to complex neurosurgical procedures. The 

transsphenoidal approach can solve most of the lesions of the pituitary area, as long 

as the invasion of the adjacent structures is not significant. The transcranial approach 

is indicated in tumours with extensive invasion 

Materials and methods: We performed a retrospective study in the Bagdasar-Arseni 

Emergency Hospital Neurosurgery that aimed to analyze the demographics, signs 

and symptoms, therapeutic strategy, surgical approach, complications, and 

histopathology, from 2010 to 2019. 

Results: The total number of hospitalization records, including the follow-up 

hospitalization and/or second surgery hospitalization, was of 1107. Furthermore, 

there were 704 unique patients. The most common signs and symptoms 

encountered for the first admission were headache (245 – 34.56%), optic chiasm 

deficits (153 – 21.58%), acromegaly (85 – 11.99%). However, the majority of patients 

(507 – 71.51%) presented with some sort of hormonal imbalance or diabetes 

insipidus. On the one hand, a number of 325 (45.84%) patients had non-surgical 

treatment. On the other hand, a total of 384 (54.16%) surgeries for pituitary tumours 

were performed in this period. 

Discussion: In our study, the patients who underwent surgery benefited from either 

microsurgical transsphenoidal or transcranial surgeries. Even if the transsphenoidal 

approach was used far more, there was a greater relapse proportion in these 

patients. Transcranial surgery, even if followed by a far less proportion of relapse 

surgery, carried with it the burden of more days spent in hospital (most of the time 

twice as much as for the transsphenoidal patients). 
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Conclusion: Both transsphenoidal and transcranial 

approaches have advantages and disadvantages, thus the best 

strategy would be to tailor each surgery to each patient, 

keeping an open mind to all available approaches 

 

 

INTRODUCTION 

One of the most frequently encountered intracranial 

tumors are the pituitary adenomas, these 

accounting for 5% to 20% of all tumor lesions at this 

level. Most of the developing countries of the world 

estimate an incidence of about 20 cases per 100.000 

population (1), while European developed countries 

agree on 3,9-4 new cases per 100.000 people each 

year, the prevalence hovering between 78 and 94 

cases per 100.000 people.  

While most of the tumors that originate in the 

pituitary gland are usually benign, the behavior of 

these lesions can be unpredictable. Thus, one can 

encounter anything from clinically silent, indolent 

tumors, all the way to extremely aggressive 

malignancies. Therefore, a meticulous 

understanding of the anatomy of the area and also 

of the specific physiology of the hypothalamo-

pituitary complex is mandatory. (2) The therapeutic 

strategies vary largely, from medical therapy to 

complex neurosurgical procedures, depending on 

the aforementioned characteristics of the lesions.  

As far as signs and symptoms are concerned, 

these again vary according to the nature of the tumor 

and the local extension. The clinician has to look for 

hormonal dysfunction, visual field deficits, decreased 

visual acuity, anterior pituitary dysfunction and 

headache. (3) The usual therapeutic strategy is to try 

to medically manage any case. If this is not enough 

or neurological/hormonal deficits occur, the obvious 

step is taken towards surgical management. At this 

stage, the neurosurgeon has to decide which surgical 

approach and technique best tailors every case: 

transcranial, transsphenoidal microsurgical or 

transsphenoidal endoscopic, as well as any 

combined approach that he or she might find 

adequate.  

Regarding surgical approach used, one must look 

back to the era of Schloffer (1907), Hirsch (1910s) and 

Cushing (1920s). They were the ones who paved the 

road for the transsphenoidal approach for pituitary 

lesions. However, in the first half of the 20th century, 

due to lack of antibiotic therapy, the results were 

dismal. Hence, Cushing abandoned the technique 

and favored the transcranial approach. However, 

with introduction of the operating microscope, 

endoscope and development of powerful antibiotics, 

the transsphenoidal approach soon regained 

attention. Nowadays, there is a general consensus 

that the transsphenoidal approach can solve most of 

the lesions of the pituitary area, as long as the 

invasion of the adjacent structures is not significant. 

Furthermore, an experienced neurosurgeon, more 

familiar with the transcranial approach, will usually 

have similar results by using this method. Therefore, 

as long as the lesion permits both surgical strategies, 

it usually comes down to surgeon preferences and 

experience. Non the less, the more complex the 

lesion, the more surgeons prefer the transcranial 

approach. (3). 

 

MATERIALS AND METHODS 

This is a retrospective study conducted in the 

Bagdasar Arseni Emergency Hospital Neurosurgery 

Departments 3 and 4 that aims to analyze the 

demographics, signs and symptoms, therapeutic 

strategy, surgery approach used, complications 

associated with these approaches, histopathology of 

pituitary tumors, over the course of 10 years, from 

January 2010 to December 2019. 

To keep in line with confidentiality agreements 

and laws, each patient was coded and the original 

identification was removed. Data was collected 

directly from the electronic patient charts by the 

primary author.  

Data included in the study were age, gender, 

number of days of hospitalization, number of 

hospitalizations for each patient, signs, symptoms, 

type of surgery (approach used), perioperative 

complications (CSF leak, hematoma, neurological 

deficits) and also death within period of 

hospitalization. 

In order to be included in the study, the patients 

had to have diagnosis of pituitary tumor, be of either 

gender, with no limit in regard to age. The patient 

had to had been inbound in one of either 

Neurosurgery 3 or 4 Department and have an 

outgoing diagnosis of pituitary adenoma. All patients 

presenting with other sellar or parasellar masses 

were excluded (such as craniopharyngioma, 

epidermoid cyst, anterior circulation aneurysm). 

 

RESULTS 

The study included all patients presenting with 

pituitary tumors between January 2010 and 
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December 2019 on either of Department 3 or 4 of 

Neurosurgery in Bagdasar Arseni Hospital, 

Bucharest. Thus, 1107 hospitalization records were 

taken into account, including the follow-up 

hospitalization and/or second surgery 

hospitalization. Furthermore, there were 704 unique 

patients (personal identification numbers were 

analyzed). 

The gender distribution was 243 (34.27%) women 

and 466 (65.73%) men (figure 1), minimum age was 

14 and maximum was 84, with a mean age of 56.24 

(62.77 years old for women and 52.77 years old for 

men) (figure 2). 
 

 
 

Figure 1. 
 

 
 

Figure 2. 
 

The most common signs and symptoms 

encountered for the first admission were headache 

(245 – 34.56%), optic chiasm deficits (153 – 21.58%), 

acromegaly (85 – 11.99%). However, the majority of 

patients (507 – 71.51%) presented with some sort of 

hormonal imbalance or diabetes insipidus (figure 3). 

On the one hand, a number of 325 (45.84%) 

patients had non-surgical treatment: they were 

either referred to an Endocrinology Department to 

begin conservative treatment, or a "watchful waiting" 

ensued after the first radiological evaluation (figure 

4). 

 
 

Figure 3. 

 

 
 

Figure 4. 

 

On the other hand, a total of 384 (54.16%) surgeries 

for pituitary tumors were performed in this period as 

follows: 243 primary transsphenoidal surgeries, 36 

primary transcranial surgeries, 62 transsphenoidal 

reinterventions, 18 transcranial interventions for 

relapse after transsphenoidal surgeries, 6 

transsphenoidal surgeries after failed Gamma-Knife 

therapy, 8 combined approach surgeries (both 

transsphenoidal and transcranial) and 2 transcranial 

approaches after transcranial relapse (figure 5). 

 

 
 

Figure 5. 
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Out of the patients who underwent surgery, 122 

(31.77%) were macroadenomas, with extension 

ranging from only suprasellar, to one or both 

cavernous sinuses, anterior cranial fossa or third 

ventricle. 

The histopathology examination revealed 95 GH 

secreting tumors (24.74%), 21 ACTH secreting 

tumors (5.46%), 18 prolactinomas (4.68%), 11 

gonadotropin secreting hormones (2.86%). The rest 

were non secreting tumors (62.26%) (figure 6). 

 

 
 

Figure 6. 

 

The mean number of days of hospitalization was of 

7.5 for the entire group, with an average of 7 days for 

the transsphenoidal approach and an average of 13 

days for the transcranial approach (figure 7). 

 

 
 

Figure 7. 

 

The most common surgical complication 

encountered was pituitary insufficiency reported in 

23 cases, while CSF leakage was observed in 17 

cases. 

For the total number of hospitalizations, 4 deaths 

were recorded: one after transsphenoidal surgery of 

a patient with a macroadenoma invading both 

cavernous sinuses, two patients who presented with 

acute hydrocephalus at admission and GCS less than 

6, and one patient died of cardiac arrest in his sleep 

prior to surgery. No deaths were recorded for the 

transcranial group.  

 

DISCUSSIONS 

Hypothalamic/pituitary disorders represent a 

multifaceted pathology and, due to advancement of 

treatments, technology and understanding of 

physiopathology of the region, lately, not one type of 

strategy gets to be the gold standard. (2) Thus, recent 

understanding of complex mechanisms concerning 

cellular and molecular biology has brought medical 

treatment very high up in the list of strategies of 

treatment for pituitary tumors. Hence, almost half 

the patients who were admitted to our Neurosurgical 

Clinic benefited from a conservative treatment.  

On the other hand, even though there is no 

consensus on the world stage of neurosurgery 

regarding the gold standard treatment in case of 

incidental discovered pituitary tumors, there is a 

different story when it comes to tumors which 

provoke neurological deficits of any sort, endocrine 

dysfunction beyond the drugs' capacity of 

compensating, or even pose an immediate threat to 

the patient's life. Most recent articles (4), (5) suggest 

a surgical strategy as first option in these cases, but 

this is where the consensus stops. There are mainly 

three types of surgical approaches: transcranial, 

microsurgical transsphenoidal and endoscopic 

transsphenoidal, each with its own advantages and 

disadvantages. 

In our study, the patients who underwent surgery 

benefited from either microsurgical transsphenoidal 

or transcranial surgeries. Even if the transsphenoidal 

approach was used far more, there was a greater 

relapse proportion in these patients (figure 8). 

Furthermore, there were patients who underwent as 

many as 10 consecutive transsphenoidal surgeries in 

the course of the 10 years analyzed. Moreover, there 

were a number of patients who needed transcranial 

reintervention after the transsphenoidal approach 

did not offer the desired result. Only two patients 

underwent reintervention after transcranial 

approach, both of them with no relapse after the 

second surgery. 
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Figure 8. 

 

On the other hand, transcranial surgeries, even if 

followed by a far less proportion of relapse surgery, 

carried with it the burden of more days spent in 

hospital (most of the time twice as much as for the 

transsphenoidal patients). Moreover, there were 

cases in which the transcranial approach was not 

enough for the tumor to be completely removed, in 

which case, a second transsphenoidal approach was 

used during the same hospitalization (the combined 

approach cases – 8 patients). 

We also found a number of cases in which the 

first treatment option was Gamma-Knife therapy 

that proved not sufficient and a transsphenoidal 

approach was used in these cases. 

In accordance with most of the studies published, 

our patient data base revealed a clear dominance of 

male over female patients and also a younger age of 

debut for the disease (or diagnosis) for men as 

opposed to women. Furthermore, due to the relative 

early diagnosis in the natural evolution of the 

disease, only 122 cases out of 384 operated patients 

presented with macroadenommas. Moreover, all of 

the patients who underwent transcranial approach 

presented with macroadenomas. 

The most common symptoms that brought 

patients to the doctor were headache, optic chiasm 

deficits and body modification specific to GH 

hypersecretion. However, there was quite a large 

proportion of patients (mostly microadenomas) who 

were diagnosed with a brain tumor after the 

hormonal imbalances were discovered or patients 

who underwent a CT scan for another pathology (for 

example: post-traumatic CT scans performed after 

car crashes that reveal pituitary tumors). 

The most notable complications were CSF fistulae 

and pituitary insufficiency. These appeared in a total 

of less than 1% of all hospitalizations and less than 

7% out of the patients who underwent surgery (17 

fistulae, 23 pituitary insufficiency). Furthermore, all 

of the patients with CSF fistulae were part of the 

trassphenoidal approach group, none of the 

transcranial approach group presenting this 

complication. 

Out of the total number of hospitalizations (1107), 

4 deaths were reported, out of which only one 

directly related to the treatment option-

transsphenoidal surgery, thus a death rate of less 

than 0.72 for the entire group. 

 

CONCLUSIONS 

Even with the advancements in molecular and 

cellular biology, surgery remains one of the most 

important aspects of pituitary tumors treatment. 

Even if there is still no general consensus on what the 

ideal approach should be, our study reveals that 

both transsphenoidal and transcranial approaches 

have advantages and disadvantages, thus the best 

strategy would be to tailor each surgery to each 

patient, keeping an open mind to all available 

approaches.  
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ABSTRACT 
Vertebral osteomyelitis (VO) is a disease that responds well to conservative treatment 

and antibiotherapy if diagnosed in an early stage. Due to the prolonged onset of this 

pathology, many cases are diagnosed in mid or late stages and require surgery. 

The surgical treatment is not yet standardized and may only mean decompression of 

the infectious outbreak without stabilization, or surgical decompression associated 

with stabilization. 

Using only bone grafts for surgery or stabilizing the spine through segmental 

posterior and/or anterior instrumentation is accompanied by many controversies. 

In this review, we focus on demonstrating that combining a well-conducted 

antibiotherapy with thorough debridement of the necrotic areas and using metal 

implants for spinal stabilization lowers the infection rates, provides an early pain-free 

mobilization of the patient and reduces hospitalization costs.

 

 

1. INTRODUCTION 

Vertebral osteomyelitis (also called osteodiscitis) is an acute or chronic 

infection of the spine with direct iatrogenic or indirect (hematogenous) 

inoculation. It is a rare infection concentrated in the spine, the cases 

being so rare that only 2-4% of all bone infections are attributed to this 

disease. Vertebral osteomyelitis attacks the intervertebral disc and the 

two adjacent vertebrae, causing the destruction of the intervertebral 

space. The prognosis of the disease depends on several factors: the 

place where the infection is concentrated in the spine, the time elapsed 

between the initial onset and the treatment used, but also the approach 

used to treat the disease (1,5). 

Historically we will cover the treatments applied to vertebral 

osteomyelitis over the years. The first measures taken were bed rest 

and symptomatic medication.  

Laminectomy was the first attempt at surgical treatment, but it 

brought poor results in the approach to the anterior spine, and the 
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main complication was postoperative instability (2, 

11). 

In 1911, Albee introduced a posterior bone fusion 

technique, but this was abandoned due to 

postoperative kyphosis (6). 

Hodgson and Stock introduced the approach 

technique of the infectious outbreak, which directly 

resolves the infection and preserves the integrity of 

the anterior spine, preventing postoperative 

kyphosis (10). 

After the introduction in the 1970s by Roy Camille 

of the vertebral fixation technique with 

transpedicular screws and rods, it became a 

standard in the surgical treatment of vertebral 

osteomyelitis (5, 8). 

 

 

MATERIALS AND METHODS  

For accomplishing this review, we enlisted a 

throughout research of database from “PubMed”, 

“Scopus”, “Web of science” using key words as 

“vertebral osteomyelitis”, “spinal infection”, 

“osteodiscitis”, “spinal stabilization” and “spine 

surgery”. Of the many existing studies, we reviewed 

35 studies independent of time and date and from 

which we concluded this review, comparing different 

methods of treatment in vertebral osteomyelitis. 

 

RESULTS 

ETIOLOGY AND PATHOPHYSIOLOGY 

The source of the infection was found in only 40% of 

cases and was represented by urinary tract 

infections, soft tissue, respiratory, intestinal, dental 

infections, endocarditis and penetrating trauma. The 

etiology of vertebral osteomyelitis consists of 

infections with Staphylococcus aureus, 

Streptococcus, Mycobacterium tuberculosis, etc. 

The study by Nolla JM et al shows that acute VO 

affects mostly elderly patients with associated 

comorbidities. (27) 

Most cases of osteodiscitis occur due to the 

inoculation of bacteria by hematogenous at the level 

of the intervertebral disc. Dermal inoculation is also 

present. The most common bacterial cause is 

Staphylococcus Aureus (32-67%). Occasionally, 

coagulase-negative staphylococci may be a cause 

with or without epidural involvement. Gram-negative 

organisms, such as Escherichia coli (21%), often from 

a urinary tract source are the second most 

commonly identified cause of infection. 

Pseudomonas sp. are associated with approximately 

6% of cases and should indicate a history of 

environmental water exposure or intravenous drug 

use (20). 

In their study, Patzakis and coworkers included a 

78 % of the patients as intravenous drug users and 

found S. aureus at a low prevalence as the main 

bacteria (17%), while Pseudomonas aeruginosa was 

the predominant etiologic agent (38%) (29). 

Spinal infections lead to a spectrum of diseases 

with a varied clinical presentation. Vertebral infection 

usually results from bacterial insemination of the 

vertebral disc, which then spreads to adjacent 

vertebrae (vertebral osteomyelitis). A muscular 

abscess is frequently present in the paravertebral 

muscles. In 17% of cases, the infection at the disc 

level migrates into the epidural space, resulting in 

the epidural abscess. Its timely identification is 

essential, as 1 in 4 patients with this condition quickly 

develop paralysis (26). 

Several studies describe the vertebral level 

involved and describe the following incidence of 

affection: lumbar spine (58%), thoracic spine (30%) 

and cervical spine (11%) (34, 28, 2, 26, 17). Vertebral 

defects were found in multiple levels, 6% were 

reported with continuous character and 3% reported 

with skipping multifocal involvement. A large 

number of multifocal involvement was reported in iv 

drug abusers (29). 

 

SYMPTOMS. CLINICAL EVALUATION 

A detailed neurological examination is essential for 

any patient suspected of having vertebral 

osteomyelitis. Objective neurological signs are rare, 

but when present can range from mild (radicular 

pain corresponding to a nerve root injury), moderate 

(motor weakness, sensory loss, urinary or intestinal 

dysfunction), to severe (paralysis). 

In the presence of an abnormal neurological 

examination, the presence of a possible epidural 

abscess should be investigated, because the delay of 

the diagnosis can lead to the permanence of the 

deficit. 

The accentuation of the neurological signs 

indicates the progression of the infection in the 

epidural space and the damage of the nerve roots or 

the compression of the spinal cord. 

According to numerous studies, many patients 

present an insidious onset and unspecific 

symptomatology (neck or back pain, fever, painful 
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flexion/extension of the back and/or neurological 

deficits). Early diagnosis of this disease is important, 

but not always possible as 30-70% of the patients do 

not show signs of prior infection (5) and a delay of 2 

to 6 months from the starting symptomatology to 

the diagnosis of this disease has been reported. (1, 

11) 

Local clinical examination, represented by the 

point of sensitivity to palpation can differentiate 

vertebral osteomyelitis from other differential 

diagnoses. There are no pathognomonic signs or 

symptoms to indicate the presence of this condition. 

A normal clinical examination does not rule out 

presence diagnosis of vertebral osteomyelitis. The 

classic triad consisting of fever, back pain and 

neurological deficit is specific to this condition. The 

potential consequences of undiagnosed vertebral 

osteomyelitis are devastating, so when referring to a 

differential diagnosis, laboratory and imaging tests 

are mandatory.  

Thus, according to the studies of Butler et al and 

Frangen et al, the diagnosis should be supported by 

clinical, laboratory, and imaging findings (1, 11) 

 

LABORATORY TESTS 

Usual blood tests that help diagnose patients with 

suspected epidural abscess or vertebral 

osteomyelitis include: hemoleukogram, erythrocyte 

sedimentation rate (ESR), C-reactive protein (CRP). 

These tests are not completely reliable indicators for 

the presence of the disease and must be correlated 

with: clinical suspicion, patient history and imaging 

study. Leukocytosis is variable and does not indicate 

the severity of the disease. Increased ESR is 

important in the early diagnosis of patients with 

osteomyelitis.  

CRP has a sensitivity of 84-100% in the case of the 

presence of epidural abscess and is a necessary 

analysis for the initial diagnosis. 

However, according to Curry and coworkers, ESR 

and CRP are more useful than the white blood cell 

count (WBC), because a normal WBC does not 

exclude the presence of a spinal infection. (3) 

Also, the positivity of blood cultures indicates the 

presence of a generalized infection, the most often 

isolated germ in most cases being Staphylococcus 

aureus. 

As some studies show, up to 59% of positive 

blood cultures identify the etiological microorganism 

in patients with monomicrobial pyogenic 

spondylodiscitis (24) 

 

IMAGING 

Radiological evaluation of a patient with vertebral 

osteomyelitis reveals changes only after a few weeks. 

The first obvious changes after a few days are local 

edema and loss of the psoas shadow. In the next 7-

10 days, the reduction of the vertebral space and the 

erosion of the adjacent vertebral plates ("mirror 

image") are observed. Sclerosis at this level generally 

appears on the radiological image at 10-21 days and 

it may take 3 to 6 weeks from the onset of the 

symptoms for bony destruction of the vertebrae to 

become evident according to Jevtic V’s study (20) 

(Figure 1). This results in a delay of the diagnosis.  

 

 
 

Figure 1. Preoperative thoracic spine radiograph: major 

narrowing of T7-T8 disc space (personal collection). 

 

The gold standard for imaging diagnosis is MRI, 

which distinguishes hypointensity in T1, 

hyperintensity in T2 and capture of Gadolinium in 

the T1-weighted sequence. This investigation has a 

sensitivity of 96% and a specificity of 93% and is also 

used in the differential diagnosis of this pathology. 

(12, 13) 

In case of an MRI contraindication, a CT scan is 

performed, which distinguishes bone abnormalities, 

abscess formation and the degree of bone damage. 

Another investigation that can be performed in the 

case of MRI contraindication is Tc99m Technetium 

Bone Scintigraphy, but it has a sensitivity of 90% and 

a much lower specificity than MRI. (17) (figures 2,3) 

According to Hadjipavlou and coworkers, positive 

blood cultures and other paraclinical investigations 



 204 Vlad Catana, Radu Mircea Gorgan 

in association with clinical symptoms do not confirm 

the diagnosis of a spinal infection. The definitive 

diagnosis can be obtained by histopathological 

examination thorough a surgical or CT-guided 

biopsy. An exact diagnosis of this disease should be 

achieved in order to ensure a well-conducted 

management. (16, 17) 

 

 
 

Figure 2. Thoracic MRI with intravenous contrast T2 sagittal 

plane: T7-T8 osteomyelitis with intraspinal abscess (personal 

collection). 

 

 

 
Figure 3. Thoracic MRI with intravenous contrast T2 transverse 

plane: T7-T8 osteomyelitis with intraspinal abscess (personal 

collection). 

 

DIFFERENTIAL DIAGNOSIS 

The main pathologies with which the differential 

diagnosis can be made are: vertebral tumors, 

vertebral fracture and degenerative diseases of the 

spine (disc herniation, spinal canal stenosis, vertebral 

spondylosis). 

In a study conducted by Tyrell PN et al, it is 

demonstrated that a destructive bone lesion of the 

vertebrae associated with a preserved disc space 

with sharp endplates guides the diagnosis to a 

neoplastic infiltration, while a destructive bone lesion 

associated with an undefined vertebral body with 

loss of definition of the vertebral endplate with or 

without modification of disc height suggests an 

infection, which has a better prognosis than cancer. 

(35) 

 

CONSERVATIVE AND MEDICAMENTOUS TREATMENT 

Conservative treatment of vertebral osteomyelitis 

consists of prolonged bed rest and antibiotic therapy 

for 6 to 12 weeks. 

During immobilization, the patient is placed in a 

corset or cervico-thoracic or thoraco-lumbar orthosis 

depending on the location of the lesion. 

According to the studies of Fleege C et al and Skaf 

GS et al, the first line of treatment is a conservative 

approach. This choice is made especially for the 

patients with minor or no neurologic deficits and in 

case of severe associated comorbidities that limit 

surgery. Antibiotics with a large spectrum are used 

initially (Clindamycin + Ciprofloxacin or Cefotaxim + 

Flucloxacillin) in order to cover a wider area of 

potential pathogens. Afterwards, the antibiotic 

treatment is switched to an appropriate medication 

guided by the antibiogram. These last antibiotics are 

applied iv for 2-4 weeks or until the CRP is markedly 

dropped. In the final step of the treatment oral 

antibiotic is continued for a total of 6 to 12 weeks. 

This treatment is accompanied by prolonged bed 

rest and pain medication with or without orthosis for 

at least 6 weeks. (10, 33) 

Medicamentous treatment is a symptomatic as 

well as an etiological treatment. 

Symptomatic treatment addresses mainly pain, 

febrile syndrome and includes various types of 

analgesics and anti-inflammatory drugs. 

The etiological treatment is addressed to the 

germ in question and is represented by third 

generation cephalosporins and / or Vancomycin for 

bacterial and tuberculostatic treatment in cases with 

Mycobacterium Tuberculosis (20). 

Medicamentous treatment must also take into 

account the biological balance of each patient and in 
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this context,  we refer to parenteral hydration with 

various osmolar solutions, parenteral nutrition in 

cases of severe sepsis, combating anemia in cases of 

severe sepsis through blood transfusions, 

hypoproteinemia and balancing the metabolic rate 

of the patient (17). 

If conservative treatment fails and proper 

mobilization of the patients is not achieved surgery 

is then performed as many complications due to 

immobilization are critical to patients, especially to 

the elderly.  

 

SURGICAL TREATMENT 

Several studies suggest that the main indications for 

surgical treatment are represented by the following: 

severe lesional changes in vertebral endplates, 

formation of abcesses, biomechanical instability due 

to chronic osteomyelitis, appearance of neurological 

deficits, decompensated kyphosis, septic 

pseudarthrosis, pain that does not respond to 

pharmaceutic treatment,  and non-responsive 

patients to conservative treatment. ( 4, 14, 30)  

The surgical treatment has the following 

important objectives: evacuation of infection and 

debridement, decompression of the dural sac and 

spinal roots and vertebral fixation / fusion. 

The main principle of the surgical treatment of 

this disease is radical and aggressive debridement of 

all unviable tissues and material according to a study 

conducted by Fayazi AH and coworkers. This study 

states that all necrotic and infected tissues are 

mandatory to be removed and all abscesses 

evacuated for a good management of the disease. (9) 

The choice of surgical approach depends on the 

location of the lesion in the spine. Thus, the anterior 

cervical approach, the lateral cavitary approach and 

costotransversectomy for the thoracic spine, 

laminectomy, hemilaminectomy and foraminotomy 

for the lumbar spine are described. 

Choosing between an anterior or posterior 

approach is debatable.  

The studies of Emery SE, Fang D and Fukuoka M 

show that due to affection of the vertebral bodies 

and disc spaces the majority of surgeons incline to 

an anterior approach for direct access to the 

infection site and better reconstructive stabilization. 

(6, 7, 12) 

Fayazi et al and Korovessis et al reveal that a 

posterior approach is used in order to drain the 

abscesses and for posterior stabilization of the spine 

and that a combined approach needs to be chosen 

in relation to the surgical goals that are aimed to be 

achieved. (9, 22) 

Several studies show that a combined approach 

results in a lower incidence of postoperative 

infection and revision surgery and a higher mortality 

rate with an isolated anterior approach for cervical 

spine lesions. The increased mortality rate of an 

anterior approach is also explained by a higher 

incidence of associated comorbidities of patients 

with cervical spine lesions. (4, 8, 13, 15, 23)  

The vertebral fixation is performed using 

transpedicular screws and rods, but also the 

reconstruction techniques of the anterior column, 

with the help of fixed or expandable titanium cages. 

A relatively new method of treating this disease is 

represented by minimally invasive surgery.  

Muckley T and coworkers demonstrated in their 

study that treating VO through video-assisted 

thoracoscopic surgery has advantages and 

disadvantages. The main advantages are 

debridement and surgical instrumentation of 

multiple levels can be achieved with minimal 

dissection of the surrounding soft tissues. The 

disadvantages of this technique are represented by 

a technically demanding procedure in which special 

instrumentation and experience of the surgeon are 

required. (25) 

Hadjipavlou et al revealed in their study of 34 

cases an immediate pain relief of 26 patients and 

stated that the most common long-term 

complications of the use of minimally invasive 

surgery are implant failure with axial pain and 

instability or severe kyphotic deformities. (16) 

A controversial debate is between the use of 

single-stage surgery versus two-stage surgery.  

Safran et al revealed in his study of 10 patients 

with osteodiscitis operated through single-stage 

surgery that it is a secure and efficient method of 

controlling the infection and reconstruction of the 

spine, shortening the hospitalization and 

mobilization time of the patient and also reducing 

hospitalization costs for the patient and the institute. 

The surgery is performed based on the experience of 

the surgeon and the overall condition of the patient, 

taking into consideration that medically unstable 

patients may not be able to withstand a second 

anesthesia, surgery or increased period of 

immobilization. (31) 

Increased surgical debridement of a 
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compromised anterior column of the spine results in 

massive loss of bone tissue and increased axial 

instability, therefore it is mandatory to perform 

surgical reconstruction in order to prevent residual 

instability.  

Bone grafting is required for the reconstruction of 

the anterior column either with autogenous bone 

graft or allograft. A study by Emery SE et al 

demonstrated that 19 patients operated for 

vertebral osteomyelitis through aggressive 

debridement and the use iliac bone grafting in the 

presence of an active infection had immediate pain 

relief and no septic complications 2 years after 

surgery. (6) 

Many surgeons suggest that allografting can be 

used instead of autogenous grafting. Schuster et al 

conducted a study of 47 patients operated using 

allografts consecutive to surgical debridement, 

posterior instrumentation and iv antibiotics and 

demonstrated that it is a secure method of treating 

vertebral osteomyelitis. The main advantages of 

using allografts are lowering the operation time and 

morbidity associated with harvesting of the graft and 

the main disadvantages are the host’s immune 

response and an increased risk of pathological 

transmission of diseases. (32) 

Hodgson demonstrated in 1956 through his work 

on the treatment of Pott’s paraplegia that anterior 

debridement and vertebral fusion with autogenous 

bone grafting rapidly correct axial alignment, 

however, long-term results show spinal instability 

with the collapse of the vertebral column, correction 

malalignment and formation of pseudarthrosis. (19)  

Therefore, the use of spinal instrumentation is 

mandatory in most cases associated with spinal 

instability. (Figures 4,5) 

In their studies Hee el al. and Fayazi et al. 

reported that the use of a titanium mesh cage with 

posterior instrumentation for the reconstruction of 

the spine is an excellent method in improving the 

mobilization of the patient and a rapid fusion in 

patients that underwent surgery for active vertebral 

osteomyelitis. Therefore, they demonstrated that 

the patients had less postoperative complications, 

lower infection recurrence rates and improved spinal 

alignment and stability. The loss of kyphosis 

correction was noted due to collapse of the cage into 

the adjacent vertebrae, but overall the cases had a 

good prognosis because of the lower infection rates 

and early and pain free mobilization. (18, 9) 

 
 

Figure 4. Intraoperative view showing spinal fixation using 8 

transpedicular screws and rods after radical debridation 

(personal collection), 

 

 

 

Figure 5. Postoperative radiographic control: stabilization with 

8 transpedicular screws and 2 titanium rods (personal 

collection). 

 

CONCLUSION 

Most cases of vertebral osteomyelitis respond well to 

conservative treatment if diagnosed in an early 

stage. In cases that are unmanageable by 

conservative treatment, surgery is mandatory. 

Aggressive debridement of all necrotic tissues is 

needed along with surgical stabilization of the spine 

to ensure a good management of the disease.  

Vertebral fixation and fusion ensure immediate 

vertebral stability, which allows the patient to 
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mobilize quickly in the first days after surgery. This is 

beneficial for neurological recovery, starting physical 

therapy and preventing complications associated 

with prolonged bed rest. The patient can be 

discharged from the surgery department in the first 

week after the operation after wound healing and 

thread extraction, which allows rapid transfer to the 

infectious diseases department where prolonged 

and targeted antibiotic treatment will be continued. 

This reduces hospital stay and costs per patient. 

This paper will demonstrate that the combination of 

surgical treatment represented by decompression 

and fixation-fusion vertebral with targeted antibiotic 

treatment eliminates local recurrence and allows the 

patient to quickly return to a normal socio-

professional life. 
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ABSTRACT 
Introduction. Sofia Ionescu-Ogrezeanu (b. April 25, 1920, Fălticeni - d. March 21, 

2008, Bucharest), also known as the Lady of Romanian Neurosurgery, became the 

first woman neurosurgeon in the world after performing a brain surgery during 

World War II, a fact recognized as a world premiere during the 13th World Congress 

of the World Federation of Neurosurgical Societies (WFNS) in Morocco, in 2005. [1] 

Materials and methods. Sofia Ionescu is the first woman neurosurgeon. She was 

born on the fields of Bucovina, in Fălticeni, and became part of the "golden team" of 

the Romanian neurosurgery of the pioneering period. The decisive moment of her 

career took place in 1944, during the war when she was forced to perform an 

emergency operation on a child, a victim of the bombing. 

The article coagulates the reports regarding the description of the first brain surgery 

performed by the first woman neurosurgeon with the continuous activity integrated 

with the field of neurosurgery. Both specialized articles, biographical books, and 

television interviews were used as references. 

Results. The operation performed in the fifth year of faculty was the first step of a 

journey of 47 years of neurosurgical career, practised with high morality and 

devotion. The sacrifice of the pioneer of the first woman neurosurgeon was 

recognized in the press in the country and abroad, as well as by the recognition of 

different titles and distinctions.
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(Ogrezeanu), 
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INTRODUCTION 

Dr. Sofia Ionescu's professional career reveals the 

secret of the art of reversing the meaning of 

obstacles; according to the idea advocated by 

Marcus Aurelius, year 170: “The impediment to 

action advances action. What stands in the way 

becomes the way.” Thus, she performed her 

integrated neurosurgical activity during 47 years, in 

the socio-political context of the Second World War. 

She was part of the team that made the pioneering 

sacrifice in the Romanian neurosurgery, also called 

the "gold team"; together with Prof. Dr. Dimitrie 

Bagdasar, the founder of the neurosurgical specialty 

in Romania, formed by Prof. Dr. Harvey Williams 

Cushing in Boston, Dr. Constantin Arseni and Dr. 

Ionel Ionescu, who later became her husband and 

together they had two children [2],[3]. 

 

MATERIALS AND METHODS 

In Dr. Sofia Ionescu we discover a personality who 

practices great virtues, such as: courage - to be the 

first woman neurosurgeon in Romania and 

internationally renowned; reason - to constantly 

perform the balance exercise in affective gymnastics 

and to practice for the first time in 1944, in the fifth 

year of study at the Faculty of Medicine, the drill 

procedure, in order to save the life of a boy in a coma, 

the victim of the bombings of World War II; ingenuity 

and creativity - to use in 1968 a sterile urinary well for 

external ventricular drainage, subsequently 

standardized procedure; compassion - to the fellow 

patients, who she gave pieces of soul and days of 

their lives; humility - to offer the sacrifice of her own 

existence in order to perpetuate neurosurgery as a 

specialty in Romania, fulfilling the last wish of Prof. 

Dr. Dumitru Bagdasar. [4]  

  About her first brain operation, which enrolled 

her in the history of world neurosurgery, she speaks 

in an interview with Eugenia Vodă, within the 

program "Professionals" of the Romanian Television 

1 (TVR1) in 2000, reporting: "This operation decided life 

for 47 years ahead, while I was in neurosurgery, and 

brought me to 180 degrees compared to what I had 

planned, a quiet life as an internist in my hometown, 

Fălticeni. Because at some point it was necessary to 

perform an emergency operation on a child after a 

bombing and he had no one to do it. Dr. Bagdasar had 

a suppuration in his hand, the other two secondary 

doctors, Dr. Arseni and Dr. Ionescu, each had a similar 

impediment to enter the operation, and the child was 

actually dying in front of us. And then Bagdasar, who 

was very impressed, said. Who can do this?ʺ He asked 

the intern who was a neurologist. And he said "No. No 

way." shaking his head. And then he asked me, too, and 

I agreed. Although, in my mind, I thought ʺIf he watches 

me operating, my hand will be shaking and he will look 

at me curiously”, as it was the first neurosurgery 

operation. Dr. Bagdasar, at the end of the operation, 

told me ʺMiss, you have the necessary skills. Please stay 

with usʺ. 
 

 

Figure 1. Dr. Sofia Ionescu during surgery. 

 

Also, in the biographical book "Neodina binelui - 

Neurosurgeon Sofia Ionescu", written by Rodica 

Simionescu, published in 1998, at Alas Publishing 

House, Călărași, there is a chapter that sets out the 

steps of initiating the operations in neurosurgery, 

fragments: "The year 1944. Among the wounded 

emergency patients in the hospital at the neurosurgery 

department, a little boy is brought into a coma. Dr. 

Bagdasar consults him and decides that the child should 

be operated on immediately. The only valid persons 

were the intern Sofia Ogrezeanu and the intern 

Constantin Creţan. If they do not intervene urgently, the 

child dies in front of them. Who can do a tripod? She 

defeats her chosen spirit, professional conscience and, 

of course, courage and states that she wants to operate. 

She operated safely and quickly as if she had been doing 

this for ever. She was operating on a child. She was 
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performing brain surgery. No woman had done this 

before. She went into the operation with only one 

thought: to save the child. Extraordinary peace, perfect 

peace and clarity have seized her soul. Perfect 

concentration. Her mind works without any emotion. 

Everything is just calm and precision. That's how it was. 

That's how she always operated. Professor Bagdasar, dr. 

Ionel Ionescu, the staff of the operating room followed 

her breathlessly. She succeeded. Dr. Bagdasar 

immediately noticed that she had the skills and asks her 

to stay in neurosurgery. Thus, Prof. D. Bagdasar 

baptized an exceptional physician, blessed a name that 

would remain in the history of Romanian medicine in 

the honor gallery." [5] 

 

Figure 2. “The Golden Team” during brain surgery. 

 

Prof. Dr. Sebastian Nicolau, Head of the 

Oncopediatrics Section at Fundeni Hospital, referred 

to the worldwide validation of the operation 

performed by Dr. Sofia Ionescu, in the article "Dr. 

Sofia Ionescu - Primum Inter Pares - the first woman 

neurosurgeon in Romania", published in the Repere 

iatro-istorice J.M.B magazine: "The undeniable truth 

has been brought to light after long iatrics-historical 

research of over 30 years, on September 17, 2005, at the 

World Congress of Neurosurgery in Morocco 

(Marrakesh), which confirmed that Dr. Sofia Ionescu is 

the first woman neurosurgeon in the world. Until then, 

it was believed that Dr. Eisenhardt from the U.S.A. holds 

this title of honor, but it has been proven that the one 

who practiced medicine in the first decades of the 

twentieth century was an anatomopathologist and not 

a neurosurgeon.”[6].  

  In the specialized literature, in the article entitled 

"Sofia Ionescu, the First Woman Neurosurgeon in the 

World", published in the journal "World 

Neurosurgery" in March, 2013, it is also mentioned 

the place occupied by Dr. Sofia Ionescu 

internationally: ”The nomination as first woman 

neurosurgeon took place in Marrakech during the 2005 

WFNS Congress. Despite the fact that some claim Mrs. 

Diana Beck to be the first woman neurosurgeon in the 

World, our theory suggests otherwise. While the first 

documented surgical intervention performed by Mrs. 

Diana Beck dates since 1952, Mrs Sofia Ionescu 

operated for the first time on a human brain as early as 

1944. Furthermore, Mrs. Diana Beck's actions surfaced 

in the World in the year 1947, long after the war had 

ended and Sofia Ionescu became a neurosurgeon. Last 

but not least, during the Second World War Mrs. Diana 

Beck had occupied the position of consultant for 

neurosurgery and not a fully entitled neurosurgeon.”[1]  

  The years that followed the early initiation into 

the mysteries of neurosurgery were devoted entirely 

to the perpetuation of this specialty at the beginning, 

the work of Dr. Sofia Ionescu being recognized in 

1943 by the Sign of Distinction of the Red Cross. In 

1972 she received the Medal for the proclamation of 

the Republic (25 years) decree no. 480, and in 1996 

the Diploma of Honor A.N.F.D.U.R. for exceptional 

merits. In the General Assembly of the Academy of 

Medical Sciences she was elected HONORED 

MEMBER of the Academy, the Ing. Elisa Leonida 

Zamfirescu Award and the diploma of honor were 

offered by the National Confederation of Women in 

Romania for outstanding merits in promoting 

Romanian science and technology and everything 

else. In the same year, 1996, she became a Member 

of the Romanian Society for the History of Medicine. 

[7],[8].  

  The intraoperative effort has been doubled by the 

publication of scientific papers in journals in the 

country and abroad, such as Acta Chirurgica Belgica 

1958, Journal de Chirurgie 1958, Psychiatry, 

Neurology, Neurosurgery 1960 Amsterdam, Wiener 

Klinische Wochenschr1ft 1962, Journal of 

Neurosurgery 1967, Rev. Roumaine de 

Neurosurgery 1970, Neurosurgery Stuttgard 1970 

and others, in a total of over 120 articles. Also, Dr. 

Sofia Ionescu is recognized in the national and 

foreign press as the first woman neurosurgeon.[9]  
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Figure 3. Dr Sofia Ionescu, The Lady of Neurosurgery. 

 

 

CONCLUSION 

At the World Congress of Neurosurgery in Morocco, 

Marrakech it was confirmed that Dr. Sofia Ionescu is 

the first woman neurosurgeon in the world.[10]  

  The life model of the Lady of International 

Neurosurgery, can be regarded as a true guide of Life 

Coaching through the objective judgment, the 

altruistic action and the power of acceptance that it 

manifests. The stories coagulated in the book 

illustrate the art of relentless zeal and ingenuity 
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ABSTRACT 
In order to evaluate the etiology, characteristics and outcome of the surgical 

treatment of vertebral osteomyelitis cases in our hospital, patients with vertebral 

osteomyelitis between January 2014 and December 2018 were included in the study. 

Clinical and paraclinical data of the patients were collected from the medical records 

of the patients. Of the 164 patients diagnosed with vertebral osteomyelitis in our 

clinic 94 underwent surgery and only these last ones were included in the study. Of 

these 94 patients, 18 cases were diagnosed with tuberculous osteomyelitis and 76 

with nontuberculous osteomyelitis. The age of the majority of patients ranged from 

40 to 80 years with a peak of incidence between 61-70 years. All of the patients had 

back pain and regional tenderness of the affected area and many cases presented 

neurological deficits. The most common involved area affected in our cases was the 

thoracic spine. Magnetic resonance imaging is the examination that reveals the 

degree of involvement and excludes other pathologies from the differential 

diagnosis. The majority of patients had several comorbidities which we included in 

the study. From all the patients included 76 % underwent surgery with 

decompression and spinal stabilization using titanium instrumentation and 24 % 

underwent surgery with only spinal decompression. We also evaluated number 

hospitalization days of the operated cases. An early diagnosis seems crucial for a fast 

recovery, lowering the hospitalization costs of both the patient and the hospital and 

preventing sequelae development. 

 
INTRODUCTION 

The inflammation of the intervertebral disk and the surrounding 

vertebra is defined as vertebral osteomyelitis (VO) or spondylodiscitis. 

Etiologically it has been divided into 2 groups: tuberculous and 

nontuberculous osteomyelitis. Adults are the most affected in the 

general population, most patients diagnosed with this disease being 

over 50 years old. The clinical signs and symptoms are unspecific and 

this results in a late diagnose of this pathology. (1, 4, 12 ) 
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The lumbar vertebral bodies of the spine are the 

most often affected according to literature, being 

followed by the thoracic and cervical (rare) areas. The 

clinical presentation of VO is consisted of: acute, 

subacute or chronic. Tenderness and local regional 

pain are the most common symptoms in 90% of the 

patients. Fever is an inconstant sign, being present in 

50% of the cases. Neurological deficits may exist 

when the spinal cord or nerve roots are affected 

through compression. (6) 

The most isolated organism that causes vertebral 

osteomyelitis is Staphylococcus aureus (skin, 

invasive maneuvers and various percutaneous 

catheters may be an entry portal), being followed by 

Escherichia coli, Coagulase-negative staphylococci, 

Propionibacterium acnes. Gram-negative aerobic 

bacteria and Candida spp are common 

microorganisms are discovered in iv drug abusers 

and immunosuppressed patients. These represent 

various etiologies for nontuberculous osteomyelitis, 

while Mycobacterium Tuberculous is the main factor 

for developing tuberculous (TB) vertebral 

osteomyelitis. (1, 7, 10, 13, 16)  

Biopsy of the tissue has a high diagnostic 

accuracy. Leukocytosis is found in 50 % of cases and 

has a low diagnostic sensitivity. A raised erythrocyte 

sedimentation rate (ESR) and C-reactive protein 

(CRP) levels are highly sensitive. A good clinical 

response to treatment is noted by lowering of the 

CRP levels. (1, 4, 9, 16)  

Imaging studies used for the diagnosis of VO are 

represented by radiography, scintigraphy, CT scan 

and MRI. The MRI has high diagnostic sensitivity and 

specificity. For obtaining an anatomopathological 

and microbiological based diagnostic CT-guided fine-

needle aspiration biopsy (FNAB) is used and has a 

sensitivity of 50%. (1) 

The aim of the treatment is to eradicate the 

infection, relieve the pain and restore the 

neurological status of the patient. (1) 

Our purpose of the study was to describe a series 

of vertebral osteomyelitis cases in our hospital, to 

differentiate de factors that cause or predispose to 

the formation of this infection and show the benefits 

of a surgical stabilization treatment for axial stability 

and early mobilization. 

 

METHODS  

Type of study 

We conducted a retrospective descriptive study, in 

which we included patients operated for 

osteomyelitis / primary vertebral osteodiscitis in the 

neurosurgery clinic of the Emergency Clinical 

Hospital Bagdasar - Arseni for a period of 5 years 

(January 1, 2014 – December 31, 2018). The study is 

based on the experience of the Neurosurgery II and 

IV departments of the hospital. It is the only study 

conducted in our country over a longer period of 

time and on a large number of patients, with the 

theme of multimodal treatment of vertebral 

osteomyelitis. 

We had the method of retrospective revision of 

the electronic observation sheets, of the patients' 

files taken from the hospital archive and the 

operative protocols of the patients with 

osteomyelitis / primary vertebral osteodiscitis 

operated in the previously mentioned period. Based 

on the information obtained, we created a database 

using the Microsoft Office Excel 2007 program. The 

statistical analysis was performed using the IBM 

SPSS Statistics 20 program. We created a database 

that can be taken as a starting point in establishing 

medical and surgical treatment protocols for 

patients with vertebral osteomyelitis. 

On a national level, there is no evidence of 

reported cases of vertebral osteomyelitis and there 

are no protocols for unitary treatment of this 

condition. 

As inclusion criteria, only patients with 

osteomyelitis/osteodiscitis operated between 

January 1, 2014 - December 31, 2018 were included 

in the study. 

Patients with vertebral osteomyelitis who 

received only conservative treatment without 

surgery or patients with osteodiscitis secondary to 

operated disc herniation were excluded from our 

study. 

The variables introduced in the statistical analysis 

were nominal, dichotomous (binary, bimodal), 

ordinal and quantitative (measurable) discontinuous 

(discrete). Depending on the variables studied, we 

performed uni, bi and multivariate statistical 

analyzes. 

 

RESULTS 

Between January 1, 2014 and December 31, 2018, 

164 patients were hospitalized and diagnosed with 

Vertebral Osteodiscitis in the Neurosurgery Clinic of 

the Bagdasar-Arseni Emergency Clinical Hospital. Of 
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these, 94 patients (57.31%) underwent surgery for 

vertebral osteomyelitis. 

 

Sexual distribution 

The distribution by sex was slightly in favor of males, 

52 patients being male, representing 55% were 

operated for vertebral osteomyelitis, compared to 42 

female patients, representing 42% operated for the 

same pathology. The sex ratio of M / F was 1.23 

(Figure 1). 

 

 
 

Figure 1. Sexual distribution of the patients. 

 

Age distribution 

In the studied group we distributed the patients by 

decades of age between 40 and 80 years. The vast 

majority of patients were in the age range of 51-70 

years, respectively 27 patients (29% of cases) in the 

range of 51-60 years and 32 patients (35% of cases) 

in the range of 61-70 years. This is justified by the fact 

that these age groups include relatively active 

patients, who also perform physical exertion, but 

who have a personal history that may promote the 

occurrence of vertebral osteomyelitis. 

The rest of the patients are distributed in lower 

percentages in the interval under 40 years old being 

7 patients (8% of cases), and between 41-50 years old 

and over 70 years old 14 patients (15% of cases) in 

each group (Figure 2). 

 
 

Figure 2. Age distribution of the patients. 

Duration of hospitalization of patients in the study 

group 

On the studied group, the hospitalization period 

varied between 0-10 days, 11-20 days, 21-30 days 

and respectively hospitalized patients for a period of 

over 30 days. Among the patients studied, the 

highest percentage was represented by those 

hospitalized for less than 20 days, who opted for 

vertebral fixation with titanium instrumentation, in 

55 cases (70%), followed by those hospitalized 

between 21-30 days, in a number of 20 cases (21%) 

and respectively those hospitalized for a period 

longer than 30 days, in a number of 4 patients (4%), 

in which only the vertebral decompression was 

practiced (Figure 3). 

 

 
 

Figure 3. Number of hospitalization days of the patients. 

 

Secondary Diagnostics 

From the point of view of the pathology associated 

with patients operated for Vertebral Osteomyelitis, a 

number of 25 cases (26.6%) had diabetes, 10 cases 

had a personal history of pulmonary TB (10.6%), 8 

cases had had hepatitis B or C virus infection (8.5%). 

Out of the total number of patients, 43 cases 

(45.7%) were diagnosed and operated for Vertebral 

Osteomyelitis on the background of an 

immunosuppression already present due to the 

pathologies mentioned above (Figure 4). 
 

 
 

Figure 4. Associated pathologies of the patients. 
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Clinical Examination 

Lumbar back pain that translates to vertebral 

instability syndrome is present in all patients with 

vertebral osteomyelitis. The neurological syndrome 

occurs in 57 of patients with vertebral osteomyelitis 

in the study group (60.6%). Of these, Frankel C and D 

type paraparesis dominates the clinical picture, 

Frankel C 25 cases (26.5%) and Frankel D 24 cases 

(25.5%). 5 patients from the studied group were 

Frankel type A (5.3%), and 3 patients type Frankel B 

(3.2%) (Figure 5). 

 

 
 

Figure 5. Preoperative status of the patients according to 

Frankel grading system. 

 

Localization of the vertebral lesion 

In the studied group, the vertebral seat of the 

inflammatory lesion predominates in the thoracic 

and lumbar region, thoracic osteomyelitis is found in 

42 patients (45% of cases), lumbar localization in 40 

patients (42% of cases) and cervical in the remaining 

12 patients. (13% of cases). (Figure 6) 

This is important in choosing the surgical approach 

and considering the importance of spinal fixation 

during surgery. 

 

 
 

Figure 6. Incidence of the affected spinal region in the patients 

studied. 

SURGICAL TREATMENT 

The surgical treatment has as important objectives: 

evacuation of infection and debridement, 

decompression of the dural sac and spinal roots and 

vertebral fixation / fusion. 

Surgical decompression involves debridement of 

the inflammatory focus and evacuation of pus from 

the intervertebral disc space, curettage of 

cartilaginous and bony necrotic-inflammatory tissue, 

evacuation of intra- and paraspinal abscesses, and 

decompression of the dural sac and spinal nerves. 

The vertebral fixation at the level of the thoracic 

and lumbar spine is performed using transpedicular 

screws and titanium rods, but also the 

reconstruction techniques of the anterior spine, with 

the help of fixed or expandable titanium cages. The 

use of titanium instrumentation in vertebral 

osteomyelitis is a method in continuous debate, but 

recent studies show the advantages of vertebral 

stabilization and the compatibility of titanium with 

infection. 

The group we studied includes patients operated 

on 2 neurosurgery departments in the Bagdasar 

Arseni Emergency Clinical Hospital by several 

surgical teams. Some surgeons have chosen only 

surgical decompression alone as a method. In 

addition to decompression, others also opted for 

spinal fixation with titanium instrumentation. 

Thus, in the studied group, 72 patients (24%) 

benefited from internal fixation with titanium 

instrumentation, while in the remaining 22 cases 

(76%) only the evacuation of the infectious outbreak 

and the decompression of the nervous elements 

were performed, without metal fixation. (Figure 7) 

The aim of this study is to perform a comparative 

analysis of postoperative results in patients operated 

for vertebral osteomyelitis in which metal fixation 

was performed compared to those without metal 

fixation. 

 
 

 

 

 

 

 

 

 

 

 

Figure 7. Type of surgical intervention performed on the 

studied patients. 
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POSTOPERATIVE MOBILIZATION 

Due to the improvement of the implantation 

techniques of the titanium fixing systems (stronger 

screws, more elastic rods), the period of 

postoperative immobilization of the patient 

decreased significantly. This refers to the degree of 

vertebral stability obtained after surgery, the degree 

of preoperative neurological injury and the general 

pathology associated with vertebral osteomyelitis 

(diabetes, chronic hepatitis, heart failure, COPD). 

The period in which the postoperative 

mobilization took place varied between 5 and 14 

days, this being possible in 75 of (80% of cases). In 19 

patients (20% of cases) early mobilization was not 

possible, requiring postoperative bed rest, which 

ranged from 6 to 8 weeks. (Figure 8) 

Early mobilization of patients was corroborated in 

particular with the achievement of spinal fixation at 

the same time as spinal decompression. 

 

 
 

 

Figure 8. Early postoperative mobilization of the patients 

within 5 to 14 days. 

 

 

 

 

HISTOPATHOLOGICAL RESULTS 

In absolutely all patients, biopsy was collected from 

the intervertebral disc, adjacent bone plateaus and 

evacuated spinal abscesses. The goal was to 

establish the etiology of the infectious outbreak for 

proper antibiotic therapy. Therefore, the diagnosis of 

specific granulomatous osteomyelitis (TB) was found 

in 18 patients (19% of cases), and that of nonspecific 

osteomyelitis in 76 patients (81% of cases) (Figure 9). 

 

 
Figure 9. Incidence of Tuberculous Osteomyelitis in the studied 

cases. 

 

 

 

DISCUSSION 

Vertebral osteomyelitis is a rare disease with an 

incidence of 5.3 cases per million in one year (3,11). 

The incidence is growing because of the increasing 

number of elderly patients with severe 

comorbidities. the invasive options used for the 

diagnosis and treatment of this disease (3,16). The 

diagnosis is in most of the cases delayed due to the 

prolonged onset of this disease (11).  

Tuberculous osteomyelitis is a disease that can 

rapidly alter the patient’s prognosis, especially if it 

becomes infected and coexists with pyogenic 

osteomyelitis (14,15). Non-granulomatous VO has a 

higher incidence than TB VO and this is concluded in 

our study as well. Specific granulomatous 

osteomyelitis was detected in 19% of cases, the rest 

having a nonspecific anatomopathological result 

(81% of cases). 

Men are more affected than women by VO (1,11). 

The disease may be diagnosed at any age, but it has 

a higher incidence in elderly patients (14). In our 

study the sex ratio between males and females was 

1.23. We showed that the average age was between 

61-70 years. Age groups were dominated by the 

following percentages: patients between 61-70 years 

(35%), 51-60 years (29%), 71-80 years (15%), 41-50 

years (14% ) and under 40 (14%). This demonstrates 

the increased frequency of vertebral osteomyelitis in 

elderly patients. 

In terms of patient characteristics, it is described 

in previous papers that diabetes mellitus and chronic 
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renal insufficiency are the most frequent 

comorbidities in patients with hematogenous 

related vertebral osteomyelitis (2, 5, 8). In our study, 

the most common personal pathologies were 

diabetes mellitus (26.6%), pulmonary TB (10.6%) and 

hepatic viral infections with HBV and HCV (8%). It has 

been shown in the study group that patients with a 

deficient immune system are prone to the 

appearance of vertebral osteomyelitis. 

The lumbar spine is the most common affected 

level (45-50%), followed by the thoracic, cervical and 

sacral region. In our study we revealed that the 

location of the lesion is predominantly thoracic 

(45%), followed by the lumbar location (42%) and 

then the cervical location (13%). The thoracic spine is 

the most common site of vertebral osteomyelitis in 

the patients studied. 

Back pain and muscle spasm of the paravertebral 

muscles are the most common symptoms of the 

patients. Fever is present in 10-45 % of the cases (3, 

11). Other clinical findings are represented by: 

decreased spine motion, paresthesia, anorexia, 

alteration of the patient’s general state, swelling of 

the affected region and tenderness at palpation. If 

the infection spreads into the epidural space this 

results in the manifestation of neurological deficits 

(11). In our study, the vast majority of patients have 

lumbar back pain and spinal instability in the clinical 

picture. Neurological syndrome occurs in 60.6% of all 

cases studied, this is due to the late presentation at 

hospital. 

In the study we conducted, decompression of the 

dural sac and nerve elements, followed by spinal 

fixation with titanium instrumentation in the same 

surgery (76% of cases) shows a rapid postoperative 

mobilization and a shortening of the hospitalization 

period, compared to patients who underwent only 

for surgical decompression (24% of cases). 

Postoperative mobilization was possible in 80% of 

patients being done from the first 5-14 days after 

surgery, which demonstrates the effectiveness of 

using titanium instrumentation for spinal fixation 

after spinal decompression. 

The average length of hospitalization of patients 

was less than 20 days. Out of the total of 94 cases 

studied, a number of 70 cases had a hospitalization 

time of less than 20 days, 20 cases with 

hospitalization between 21-30 days and respectively 

4 patients with a hospitalization duration of over 30 

of days. In the study group, patients treated with 

spinal fixation with titanium instrumentation had a 

shorter hospitalization time than those operated 

without titanium instrumentation. 

Following the study we conducted, we can relate 

that titanium instrumentation vertebral fixation for 

instability caused by osteomyelitis allows early 

mobilization of patients, faster healing of the 

inflammatory outbreak, reduction of postoperative 

complications and decreased hospitalization days. 

 

 

CONCLUSION 

Vertebral osteomyelitis occurs in both men and 

women, with a predisposition for the male 

population. 

In addition to old age, other diseases, such as 

diabetes, chronic kidney failure with dialysis pose a 

risk for increased incidence. Although vertebral 

osteomyelitis is found in elderly patients, the 

infection is frequently reported, especially in patients 

over 60, who are associated with various diseases, 

such as diabetes, hepatitis or pulmonary TB. 

The symptoms can be diverse, the dominant 

symptom is back pain. This translates the pain given 

by the infection / inflammation but also the spinal 

pain of vertebral instability. Neurological symptoms 

may range from radiculopathy to spinal cord or 

ponytail syndrome. 

The site of the vertebral lesion can be anywhere 

on the spine, but the thoracic location predominates, 

then the lumbar one. 

The surgical treatment aims at the debridement 

of the inflammatory focus and the evacuation of the 

pus, the decompression of the dural sac and of the 

nervous elements. The treatment of spinal instability 

using fixation-fusion and vertebral reconstruction 

techniques is a controversial topic, but studies in the 

literature show the compatibility of instrumentation 

with infection. The choice of surgical approach 

depends on the location of the lesion in the spine. 

Early mobilization after surgery is an important 

goal that can be achieved in patients with metal 

fixation with titanium instrumentation, without 

postoperative vertebral instability. Early 

mobilization, especially in elderly patients with 

various associated pathologies, can significantly 

reduce the rate of complications associated with 

prolonged immobilization. 
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ABSTRACT 
Introduction: Traumatic Brain injury is considered as a major health problem which 

causes frequent deaths and disabilities in paediatric population with special concern 

to tribal regions of developing countries like India where etiology of traumatic brain 

injury in the paediatric population fall from height dominant over the road traffic 

accident as a major. 

Aim and objective: The aim is to analyse the epidemiology, mechanism, clinical 

presentation, severity and outcome of paediatric head injury in the tribal region of 

northern India that could help to make preventive policies to improve their care. 

Material methods: It is a prospective observational study of 345 children of up to 18 

years of age admitted under Department of Neurosurgery from October 2017 to April 

2019. 

Results: The study population comprised of 345 paediatric patients. Mean age was 

9.25 years.36.81% patients were in 1-6-year age group and male to female ratio was 

2.45. The most common cause for trauma was fall from height in 179(52%) cases 

followed by RTA in 141(41%) cases. The most common radiological finding was 

depressed skull fractures in 97(50%) cases. There was 35% mortality in severe head 

injury patients. 

Conclusion: This study through some light on the different scenario of head injury in 

Tribal regions of Developing country and will help to formulate effective strategies for 

prevention and better care of the patients. 

 

 

INTRODUCTION

Traumatic brain injury (TBI) is a leading cause of death and disability in 

children worldwide. [1] Young children are at relatively high risk of 

minimal and mild traumatic head injuries. An increase in the more 

severe and fatal traumatic brain injuries has been found in late 

adolescence. Paediatric TBI has different Pathophysiology due to higher 

vascularity, plasticity and less rigidity of scalp. Paediatric brain has less 

degree of myelination which related to brain capacity to absorption of 

traumatic forces and increase the susceptibility to TBI.[2] TBI is classified 

as mild (Glasgow Coma Scale [GCS] 13–15), moderate (GCS 9–12), or 

severe (GCS 3–8).[3] 

The study focuses on understanding the etiology, clinical 

presentation, treatment options, and outcome of these patients with 

special concern to tribal regions of developing countries like India 
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where fall from height dominant over the road traffic 

accident as a major etiology of traumatic brain injury 

in paediatric population.[4] Thus there is a critical 

need for effective fall and traffic accidents prevention 

strategies for children, and we should give attention 

to the predicting factors for more effective care of 

such patients 

 

MATERIAL METHODS 

It is a prospective observational study of 345 children 

of upto 18 years of age admitted under Department 

of Neurosurgery from October 2017 to April 2019. 

Study was started after obtaining the permission 

from ethical committee of the hospital. Informed 

consent was obtained from the 

parent/guardian/relative of the patient. A detailed 

clinical history obtained from the 

parents/guardian/relative admitted in the hospital 

with head injury. 

ANALYSIS 

Statistical analysis was performed using the collected 

data on incidence and clinical– radiologic correlation. 

Analyses included the age and gender distribution of 

the Children, the cause and location of the injury, 

medical status, and the part of the head injured and 

type of injury and the treatment provided. A 

comparison of types of head injuries sustained by 

gender, age, and cause was also carried out. 

 

 

 

RESULTS  

The study population comprised of 345 paediatric 

patients aged Between 2 months to 18 years with a 

mean age of 9.25 years. There were 245 males 

(71.01%) and 100 females (28.98%) with male to 

female ratio of 2.45:1. 

 

 

Age No % Male Female Good outcome Poor outcome 

<1yr 24 6.95 14 10 18(75%) 6(25%) 

1-6yrs 127 36.81 95 32 108(85.03%) 19(14.07%) 

7-12yrs 120 34.78 84 36 110 (91.7%) 10 (8.3%) 

13-18yrs 74 21.44 52 22 62(83.8%) 12(16.2%) 

TOTAL 345 100% 245(71.1%) 100(28.9%) 298 47 
 

Table 1. Outcome according to age. 

 

The most common cause for trauma was fall from height in 179(52%) cases followed by RTA in 141(41%) cases, 

Bull horns in 11 (3%) cases; assault 7 (2%) cases. 

 

Mechanism No % Mild Moderate Sever 

Fall 179 52 93(52%) 73(41%) 13(7%) 

RTA 141 41 38(27%) 72(51%) 31(22%) 

Assault 7 2 5(72%) 1(14%) 1(14%) 

Sport 7 2 7(100%)   

Bull horn 11 3% 8(73%) 2(18%) 1(10%) 
 

Table 2. Mode of injury. 

RTA: Road traffic accident 

 

Severity of injury was decided with GCS score at the time of admission and it was mild injury in 218 (63.19%), 

moderate in 92 (26.67%) and sever in 35 (10.14%) cases. Outcome of injury was good in mild head injury group 

and poor outcome was associated with severe head injury group. 

 
GCS Severity No Good outcome Poor outcome Mortality 

13-15 Mild 218 210(96.33%) 8(3.67%) None 

9-12 Moderate 92 60(65.22%) 22(23.91%) 10(10.87%) 

3-8 sever 35 9(25.71%) 15(42.86%) 11(31.43%) 
 

Table 3. Severity and outcome. 
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CT scan findings were positive in 195 cases and it was normal in 150 cases. Most common radiological finding 

was Depressed skull fractures in 97(50%) cases, Extradural hematoma in 29 (15%), Subdural hematoma in 20 

(10%), contusion in 23 (12%), ICH in 6 (3%), IVH in 2 (1%) cases. (Figure 1 and 2) 

 

 
 

Figure 1. NCCT Head of 8 yrs old child admitted with h/o of fall from roof with GCS E2V3M5 Pupils b/l 3mm reacting to light. 

 

 
 

Figure 2. NCCT Head of 6 yrs male child admitted with h/o fall from tree and GCS at admission E4V3M3, Pupils b/l 3 mm reacting, 

after evacuation of EDH Child improved and at time of discharge GCS was E4V5M6. 

 

CT Finding No % Surgery Conservative 

Skull fractures 97 50% 40 57 

EDH 29 15% 10 19 

SDH 20 10% 8 12 

Contusions 23 12% 11 12 

ICH 6 3% 2 4 

IVH 2 1% 0 2 

Edema 18 9% 0 18 

Total 195 100% 71 124 
 

Table 4. Radiology positive in 195 cases and negative in 150 cases. 

EDH: Extradural Hematoma, SDH: Subdural Hematoma, ICH: Intracerebral Hematoma, IVH: Intra ventricular Hematoma 
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Out of 195 patients 71 patients’ required surgery and rest 124 patients were managed conservatively. Fracture 

debridement or elevation done in 40 patients, Hematoma (EDH+ICH) evacuation was done in 12 patients, 

Contusectomy done in 11 patients and decompressive craniectomy done in 8 patients. (Figure-3 and 4) 

 

 
 

Figure 3a. NCCT Head of 15yrs male admitted with h/o RTA with GCS E2V1M4 Pupils b/l 3mm reacting to light undergone bifrontal 

craniectomy with evacuation of EHD. He discharged with GCS E4V5M6 and under gone 3D Mold customized cranioplasty after 4 

months. 

 

 
 

Figure 3b. Intraoperative photograph of 3D Customised cranioplasty flap of above-mentioned patient. 

 

Intervention Total Good outcome Poor outcome 

 

Hematoma evacuation 10(EDH) +2(ICH) 10(83.33%) 2(16.67%) 

Contusectomy 11 5(45.4%) 6(54.5%) 
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Decompressive craniectomy 8 3(37.5%) 5(62.5%) 

Fracture debridement or 

elevation 

40 35(87.5%) 5(12.5%) 

Total 71 53(74.65%) 18(25.35%) 
 

Table 5. Intervention and outcome. 

EDH: Extradural Hematoma, ICH: intracerebral Hematoma 

 

While doing the survey for associated injuries, out of 345 patients 105 patients have associated injuries and 

most common associated injury was facial injury in 42 patients followed by long bone fracture in 24 patients, 

chest injury in 10 patients, multiple injury in 16 patients, spinal injury in 8 patients and abdominal injury in 5 

patients. 

 

Associated injury Good outcome Poor outcome Total  

Nil  226(94.17%) 14(5.83%) 240 

Facial injury 38(90.48%) 4(9.52%) 42 

Limb fracture 22(91.67%) 2(8.33%) 24 

Spinal injury 5(62.5%) 3(37.5%) 8 

Chest injury 8(80%) 2(20%) 10 

Abdominal injury 4(80%) 1(20%) 5 

Multiple injuries 14(87.5%) 2(12.5%) 16 

Total    345 

 
Table 6. Associated injury and its outcome. 

 

DISCUSSION 

In India children below 18 years of age constitute 

about 40% of the total population [5]. Traumatic 

brain injury is listed as one of the most Comman 

cause of death in pediatric population. Our study on 

pediatric head injuries show male preponderance 

which also conformed in various studies [6]. 

In our study fall from height 179(52%) was the 

most Comman cause of pediatric head injury [7]. This 

peculiarly occure due to fall from tree, unguarded 

rooftop while playing. This was followed by RTA 141 

(41%), bull horn 11(3%), assault 7(2%) and sport 

related injury 7 (2%) [8]. 

Initial GCS score was the single most important 

factor affecting the out-come as described by Beca et 

[9]. 

The patient who had a GCS of 13-15 (218) had a 

poor out come in 8 (3.67%), followed by GCS of 9-12 

(92) who had a poor outcome in 22(23.91%) followed 

be GCS of 8 or less then 8 (35) who had poor outcome 

in 15(42.86%) which is similar as reported by Astrand 

R et.al [10]. 

Out of 345 patients in our study, CT scan findings 

were positive in 195 cases and it was normal study in 

150 cases. We found isolated skull bone fracture as 

most Comman CT findings in 97 (50%) cases, it was 

associated with good outcome (87.5%) similar results 

were described by Suresh et al [11]. Hematoma 

evacuation (EDH, ICH) was associated with good 

outcome in 83.3% and poor outcome in 16.67%, 

contusion was associated in good outcome in 45.4% 

and poor outcome in 54.6% cases and 

decompressive craniectomy was associated with 

poor outcome in 62.5% cases. Tomberg et al also 

found the similar outcome in their study [12]. 

In our study, we found that 69.6% patient have 

isolated head injury with good outcome in 94.17% 

patient. Facial injury was seen in 12.17%, limb 

fracture in 7%, spinal injury in 2.3%, chest injury in 

3%, abdominal injury in 1.5% and multiple injuries 

seen in 4.6% patients. Paret et al reported chest 

trauma in (62%), limb fracture in (32%), facial injury 

in (20%), and multiple injuries in (48%) cases. This 

difference is because we include all the Childers in 

our study irrespective to severity of the injury while 

author include only sever cases of head injury in 

peadtric patient [13]. 

The overall outcome in our study was death in 

21(6.09%), vegetative state in 10(2.90%), severe 

disability in 12(3.48%) and good outcome in 

279(80.86%) of the cases which was similar to study 

conducted by Abrar Ahad Wani et al [14]. 
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  GOS N (%) 

Death (1) 21(6.09%) 

Vegetative (2) 10 (2.9%) 

Sever disability (3) 23 (6.67%) 

Moderate disability (4) 12 (3.48%) Normal (5) 279 

(80.86%) 

 

Table 7. Glasgow outcome scale. 
GOS: Glasgow Outcome Scale 

 

CONCLUSION 

Our study highlights the different scenario of 

pediatric head injury in Tribal regions of Developing 

country, where even the minor head injuries are 

referred to tertiary care hospitals which can be easily 

managed by treating physicians. The findings of our 

study have implications for development of public 

health policy with especial reference to tribal regions 

of developing country. Where more than half of 

pediatric head injury which are minor in nature can 

be prevented by just increasing public awareness. 
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ABSTRACT 
Background: Coccydynia is a common complaint which is usually self-limited and 

tolerable. Although most of these patients respond dramatically to conservative 

measures, some patients need more complex plane of treatment. In these 

conditions, the cause of coccydynia can be complex and multifactorial. 

Patients and methods: A total of 8 cases were included in the study. All cases 

received medical treatment for 9 months before surgery. Complete coccygectomy 

was performed for all cases. Post-operative outcomes were measured according to 

the degree of pain relief. 

Results: The mean age of the included cases was 43.87 years (range, 39 – 52). A total 

of 5 females (62.5%) and 3 males (37.5%) were included. The mean preoperative VAS 

score was 9 (range, 8 – 10), while post-operatively, it decreased significantly down to 

2 (range, 1 – 3). Excellent postoperative outcomes were achieved in 6 cases (75%) 

whereas good outcomes were obtained in the remaining 2 cases (25%). 

Conclusion: Although conservative medical measures are effective for treating 

coccydynia, but surgical excision is still a valid treatment option in resistant cases. 

 

 

INTRODUCTION

Although being a small bone the coccyx has many important functions. 

As we all know it gives insertion for many muscles, ligaments, and 

tendons which play a main role in the pelvic floor support and actively 

share in voluntary bowel control. It is also considered one limb of the 

tripod—in addition to the two ischial tuberosities—that represents 

weight-bearing support to a person while setting [14]. 

Coccydynia is pain in the region of the coccyx. Simpson first 

announced the definition in 1859, but reports about this pain dated 

back to the 16th century. Although this condition is well known since a 

long time, its management may be a dilemma and a real controversial 

issue in resistant cases as it is multifactorial in nature. Several organic 

and psychological causes contribute to its occurrence. Most of these  
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cases resolve within a short time with or without 

conservative measures, but for a small percent of 

these patients, the condition may become chronic 

and debilitating [19]. 

The accurate incidence of this condition has not 

been known exactly; however, high risk factors for 

coccydynia include obesity and female sex. Female to 

male ratio is about five times. Children are less likely 

to develop this condition than adolescents and 

adults. Marked rapid loss of weight as in bariatric 

surgery may increase the risk of this condition due to 

loss of subcutaneous fat and mechanical cushioning 

[12]. 

Coccydynia is commonly caused by external or 

internal trauma. The external trauma is usually 

caused by a backwards fall, childbirth, especially 

associated with obstructed or instrumented labor, 

sitting for long time on hard, or uncomfortable seats. 

Nontraumatic coccydynia may be caused by 

degenerative affection of joint or disc disease, 

infection and variants of coccygeal morphology. 

Coccydynia may be caused by nonorganic etiologies, 

such as somatization and other psychological 

disorders [13]. 

 Although most cases respond to conservative 

treatment, few patients fail to show a good response 

and hence, surgery may be an option [17]. 

 Historically, the surgical management of such 

condition has been discussed with caution as it was 

associated with poor results and high complication 

rates. Nevertheless, better outcomes have been 

reported recently [18]. 

 This study was conducted at Mansoura University 

Hospitals aiming to evaluate the surgical outcomes 

of coccygectomy for coccydynea refractory to 

conservative treatment. 

  

PATIENT AND METHODS 

Study design 

This is a prospective study that was conducted at 

Mansoura University Hospitals during the period 

between December 2016 and December 2018. 

 

Study cases 

A total of 8 cases (n = 8) with coccydynia who showed 

no response to 9-month duration of failed all 

conservative measures including physical therapy, 

coccydynia exercise, medications, injections, and 

even psychotherapy were included in our study. All 

of our cases had a history of trauma to the coccyx.  

Inclusion criteria 

Patients older than 18 years, no contraindication for 

anaesthesia or surgery, having pain at the region of 

coccyx, tenderness over the same area, or the 

presence of coccygeal abnormalities. 

 

Exclusion criteria 

Patients younger than 18 years, and patients who are 

not candidates for anaesthesia or operation were 

excluded from our study. 

 

Patient consent 

A pre-operative written informed consent was 

obtained from all cases after the explanation of 

advantages and drawbacks of the surgical approach. 

Moreover, the study was approved by the local 

ethical committee. 

 

Patient preparation 

All cases were subjected to complete history taking, 

thorough physical examination, and routine 

laboratory investigations. Digital rectal examination 

was also performed to exclude the presence of rectal 

pathology. During rectal examination the coccyx was 

grasped between the forefinger and thumb then we 

started to manipulate the coccyx to detect pain, 

hypermobility or hypomobility of the sacrococcygeal 

joint. The reported normal range of movement is 

about 13 degrees [10]. 

Besides, an X-ray was ordered for all cases to 

assess the lumbar and sacrococcygeal regions. CT 

sacrum and coccyx with 3D reconstruction or MRI 

were done in some cases to exclude inflammatory or 

infiltrative lesions. 

 

Operative procedure 

Patients were instructed to take a low residue diet for 

four days prior to surgery and an enema was done 

the night before surgery. Unsayn 1.5 gm i.v. was 

administered on call for surgery and repeated every 

8 hours for 48 hours after surgery. All surgeries were 

done in prone position. The surgical strategy was 

similar to that technique described by Key [9]. The 

buttocks were separated and strapped laterally with 

adhesive plaster to open the cheeks of the buttocks 

for wide exposure. about 1 cm superior to the gluteal 

cleft, a 5cm skin incision was created at the midline. 

After skin incision we dissected through the layers 

down to the posterior surface of the coccyx. Then we 

bluntly dissected to expose the coccygeal tip. Then 
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we exposed and cut the anococcygeal ligament and 

then we elevated the coccygeal tip. Then we 

dissected and cut the attachment of the coccygeus 

and iliococcygeus muscle from the coccyx while 

taking great care not to injure the rectum. Then the 

coccyx was totally removed. 

After meticulous hemostasis, we removed the 

straps retracting the buttock cheeks. The wound was 

closed in layers taking care to minimize the dead 

space as much as possible. Suction drains were left 

for at least forty-eight hours postoperatively. 

 

Post-operative care 

Early ambulation was encouraged, and post-

operative pain was managed by paracetamol or 

NSAIDs. All cases were discharged on the 1st or 2nd 

post-operative day. CT and X rays were done 

postoperatively to ensure total excision of the 

coccyx. 

 

Follow up 

Regular follow up visits were arranged for our cases 

for one year after surgery (1 week after surgery, then 

after 1 month, 3 months, 6 months, and finally 12 

months). Their current level of pain was assessed via 

VAS score. Moreover, cases were asked to evaluate 

their general pan symptoms as; complete relief, 

significant improvement, moderate relief, 

unchanged, or worsened. Surgical outcome was also 

measured according to table (1). 

 

Outcome Criteria 

Excellent 
Complete absence or significant 

pain improvement and VAS ≤ 2/10. 

Good 
Significant pain improvement and 

VAS ≤ 3 /10. 

Satisfactory 
Moderate pain improvement with 

VAS ≤ 6/10. 

Poor 
Unchanged symptoms or VAS > 

6/10. 

 

Table 1. Outcome categories [1]. 

 

Statistical analysis 

The collected data were coded, processed and 

analysed using the SPSS (Statistical Package for 

Social Sciences) version 22 for Windows® (IBM, SPSS 

Inc, Chicago, IL, USA).  

Normally distributed quantitative data (VAS 

score) were expressed as mean (range) and 

comparison between preoperative and post-

operative values was compared using paired 

samples t-test. P value (< 0.05) was considered 

significant. 

 

RESULTS   

The mean age of the included cases was 43.87 years 

(range, 39 – 52). We included 5 females (62.5%) and 

3 males (37.5%). The mean pre-operative VAS score 

was 9 (range, 8 – 10), while post-operatively, it 

decreased significantly down to 2 (range, 1 – 3) (p < 

0.001). Excellent post-operative outcomes were 

achieved in 6 cases (75%) whereas good outcomes 

were obtained in the remaining 2 cases (25%). In this 

study, there were two cases of wound infection. One 

of them had superficial infection which improved on 

antibiotics and frequent dressing. The other case 

had deep wound infection and sinus discharging pus 

and she underwent surgical debridement and repair 

by plastic surgeon. These data are illustrated at table 

(2). 

 

Case 

No. 

Ag

e 
Gender 

Preoper

ative 

VAS 

Post-

operativ

e VAS 

Outcome 

1 43 Female 8 2 Excellent 

2 48 Female 9 1 Excellent 

3 52 Female 9 2 Excellent 

4 40 Female 10 3 Good 

5 44 Female 8 2 Excellent 

6 39 Male 10 2 Excellent 

7 42 Male 9 3 Good 

8 43 Male 9 1 Excellent 
 

Table 2. Overview of the included cases. 

 

 

 
 

 

 

 

 

Figure 1. 

Sagittal CT 

Sacrum and 

Coccyx in 

patient with 

post 

traumatic 

anterior 

angulation 

of the 

coccyx and 

Coccydynia. 
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Figure 2. 

Intraoperatove 

exposure of the 

coccyx during 

Coccygectomy. 

 

 

 

 

 

 

 

 

 

 
Figure 3. 

Sagittal CT 

Sacrum and 

Coccyx after 

coccygectomy. 

 

 
 

Figure 4. Preoperative Sagittal CT Sacrum and Coccyx in patient 

with showing anterior angulation of the coccyx. 

 

DISCUSSION 

Coccydynia seems to be emerging as a major 

medical condition in the current millennium due to 

the increasing number of populations that spend a 

long time setting in front of computers. Many 

patients complain of severe pain during sexual 

intercourse or defecation. Pain and tenderness over 

the coccyx is usually diagnostic for this condition [7].  

 

 
 

Figure 5. The excised coccyx. 

 

First line of conservative measures includes NSAIDS, 

sitting aids, hot fomentations, and physiotherapy. 

These conservative measures are effective in about 

60% to 66% of patients. When these measures fail, 

fluoroscopic or US guided local steroid 

administration and coccygeal manipulation showed 

success rates ranging between 75% and 85%. So 

surgical excision of the Coccyx is still needed to treat 

the resistant cases not responding to previous 

measures [16]. 

This study was conducted at Mansoura University 

Hospitals aiming to evaluate the role of 

coccygectomy in the management of coccydynia. We 

included a total of 8 cases with a mean age of 43.87 

years (range, 39 – 52). 

 Another study handling the same perspective 

included 31 cases with coccydynia with a mean age 

of 41.5 years (range, 20 – 65) [4]. 

 In the current study, we included 5 females 

(62.5%) and 3 males (37.5%). other studies reported 

that this disease has a higher prevalence in women 

[6].  

 On the other hand, another study conducted by 

Antoniadis and his colleagues included 6 males (60%) 

and 4 females (40%) [1]. This contradicts with our 

study results. 

 Regarding outcomes in the current study, the 

mean pre-operative VAS score was 9 (range, 8 – 10), 
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while post-operatively, it decreased significantly 

down to 2 (range, 1 – 3). Excellent post-operative 

outcomes were achieved in 6 cases (75%) whereas 

good outcomes were obtained in the remaining 2 

cases (25%).  

 Another study also confirmed our findings as it 

reported a marked decrease in VAS score, and all 

cases included have achieved good or excellent 

outcomes (100%) [1]. 

 This correlates with also with other studies that 

stated that more than 90% of cases were having a 

good or very good surgical outcomes after 

coccygectomy [11, 21, 22]. 

 Cheng and his associates reported that excellent 

outcomes were achieved in 20 cases (64.5%) while 

good outcomes were present in 7 cases (22.6%). 

Additionally, 3 cases had moderate outcome (9.7%) 

whereas only one case reported poor outcome 

(3.2%) [4]. 

 Another recent study reported that there was a 

significant decrease in VAS score following operation 

(2.25 vs. 9.62 preoperatively – p < 0.001). Moreover, 

excellent or good outcomes were achieved in 87.5% 

of the included cases [18]. 

 Of note, some authors have reported that better 

surgical outcomes could be achieved in patients with 

traumatic coccydynia compared with idiopathic 

cases [2, 14]. However, others have found no 

difference between the surgical outcomes of the two 

types [15]. 

 Another larger study also reported that the Short 

Form 36 (SF-36), the Oswestry Disability Index (ODI) 

and the visual analogue scale (VAS) showed a 

significant improvement after surgery (p < 0.0001). 

Successful outcome was obtained in 70.4% of cases 

while failure occurred in 25.5% of cases. The rest of 

cases were lost during follow up [7]. 

 Cebesoy et al. reported no infection in 21 patients 

all of whom received prophylactic antibiotics for 5 

days [3]. Doursounian et al. had no infection in his 

series of 80 patients all of whom received two 

prophylactic antibiotics over 48 hours and 

preoperative rectal enema [5]. 

 Although coccygectomy appears to be a 

technically easy procedure, multiple complications 

have been documented in the literature. Its rate 

ranges between 0 and 50% [3, 20].  

 The most common encountered complication is 

wound infection, followed by healing problems 

(dehiscence) [1]. Other rare complications may 

include rectal injury [8]. 

 In the study conducted by Cheng and his 

colleagues, post-operative wound infection was 

encountered in 2 cases (6.45%) [4]. 

Other reports assume that the infection rates 

associated with coccygectomy have ranged from 

14% to 30%, including superficial and deep wound 

infections and dehiscence [21]. This is comparable to 

our results as we had two cases of wound infection 

25%. 

 The main drawback of this study is the small 

number of cases and short duration of follow up. 

Therefore, additional studies including more cases 

with longer follow up periods should be conducted.  

 

CONCLUSION 

Although conservative medical measures are 

effective for treating coccydynia but surgical excision 

is still a valid treatment option in resistant cases. 
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ABSTRACT 
Background: Anterior cervical discectomy and fusion (ACDF) is the most commonly 

performed surgical procedure for symptomatic cervical disc disease. In this study, we 

analysed the upper and lower limb motor functions after ACDF for disc prolapse in 

patients with degenerative cervical disc disease. 

Methods: One hundred consecutive adult patients who underwent ACDF for single 

or two-level cervical disc prolapse during the study period (October 2015 to October 

2017) were included in the study. 

Results: Preoperative motor deficits in limbs were noted in 73% (73/100) of the 

patients. Enhance recovery of motor deficits was noted in 72.6% (53/73) of these 

patients and persisting motor deficits in the remaining patients (20/73- 27.4%). Five 

patients (5/27- 18.5%) without any preoperative motor deficits developed motor 

deficits after ACDF. Detailed pre and postoperative (at the time of discharge) motor 

power (graded by MRC grade) in all 4 limbs (Shoulder abduction / adduction / flexion 

/ extension, elbow flexion / extension, wrist flexion / extension, hip abduction / 

adduction / flexion / extension, knee flexion/extension, ankle flexion/extension) was 

recorded. Statistically significant improvement in motor power (as recorded at the 

time of discharge) was noted in all the tested muscle groups after ACDF. 

Conclusion: Early improvement in preoperative motor deficits can be expected in the 

majority of the patients with cervical PIVD following ACDF. 

Keywords 
anterior cervical discectomy 

and fusion, 
outcome, 

cervical disc degeneration 

 
 

 
 

Corresponding author: 
V. A. Kiran Kumar 

 
Assistant Professor of Neurosurgery, 
Narayana Medical CollegeHospital 

Chinthareddypalem, Nellore, Andhra 
Pradesh, India 

 
drananth21@gmail.com 

 
 

 
 

 
 
 

 
Scan to access the online version 

 

 
 



 239 Outcome analysis of upper and lower limb motor functions after anterior cervical discectomy and fusion 

INTRODUCTION 

ACDF is most commonly done to treat a symptomatic 

cervical PIVD. (1, 16, 20, 22, 23, 25) ACDF is a safe 

procedure and is rarely associated with post-

operative complications. (2, 7, 9, 12, 17) Significant 

proportion of patients shows remarkable recovery in 

motor deficits following ACDF. (11, 16) Authors in this 

publication analysed in detail the early recovery of 

motor deficits following ACDF for single or two level 

degenerative cervical PIVD.  

  

MATERIAL AND METHODS 

One hundred consecutive adult patients who 

underwent ACDF for degenerative cervical PIVD 

during the study period (October 2015 to October 

2017) were included in the study. Patients with 

traumatic PIVD were excluded. Approval from the 

institutional ethical committee was taken for this 

study. Detailed pre and postoperative (At the time of 

discharge) motor power (graded by MRC grade 

except hand grip which was subjectively graded from 

0-100%) in all 4 limbs (Shoulder abduction / 

adduction / flexion / extension, elbow flexion / 

extension, wrist flexion / extension, hip abduction / 

adduction / flexion / extension, knee flexion / 

extension, ankle flexion / extension) were analysed.  

Statistical analysis 

Data analysis was done by using statistical software 

SPSS Statistics Version 24.0. Descriptive statistics 

including mean and standard deviation for 

continuous variables, and frequency and percentage 

for categorical variables were used for data 

expression. Appropriate tests like Chi-square test, 

Wilcoxon signed rank test etc. were used for 

checking statistically significant correlation. A 

probability (P) value of <0.05 was considered 

significant. 

 

RESULTS 

Preoperative motor deficits in limbs were noted in 

73% (73/100) of the patients. At the time of discharge, 

enhance recovery of motor deficits was noted in 

72.6% (53/73) of these patients and persisting motor 

deficits in the remaining patients (20/73- 27.4%). Five 

patients (5/27- 18.5%) without any preoperative 

motor deficits developed motor deficits after ACDF. 

Pre and postoperative (At the time of discharge) 

motor power in all 4 limbs is compared in Tables 1-4. 

Statistically significant improvement in motor power 

at the time of discharge was recorded in all the 

tested muscle groups after ACDF.  

 

 

Right 

upper 

limb 

Preoperative (n=100) 

 

Postoperative (n=100) 

P-value 

Mean# Median# Range# IQR Mean# Median# Range# IQR 

 Shoulder 

Should

er 

abducti

on 

 

3.80±1.4 4 0-5 2  4.15±1.29 5 0-5 1 0.001 (S)* 

Should

er 

adducti

on 

 

3.80±1.4 4 0-5 2  4.16±1.29 5 0-5 1 0.001 (S)* 

Should

er 

flexion 

 

3.81±1.4 4 0-5 2  4.18±1.29 5 0-5 1 0.001 (S)* 

Should

er 

extensi

on 

 

3.80±1.4 4 0-5 2  4.17±1.32 5 0-5 1 0.001 (S)* 
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Table 1. Comparison of preoperative and postoperative motor power in right upper limb.  

#Power graded according to MRC grade. 

*Obtained Using Wilcoxon signed rank test; † Obtained using Chi square test; S: Significant. 

 

Left 

upper 

limb  

 

Preoperative (n=100) 

 

Postoperative (n=100) 
P-

value* Mean# Median# Range# IQR Mean# Median# 
Range
# 

IQR 

 Shoulder 

Shoulder 

abduction 

 

3.75±1.4

1 
4 0-5 2  4.12±1.36 5 0-5 1 

0.001 

(S)* 

Shoulder 

adduction 

 

3.74±1.4

1 
4 0-5 2  4.14±1.34 5 0-5 1 

0.001 

(S)* 

Shoulder 

flexion 

 

3.72±1.4

2 
4 0-5 2  4.13±1.34 5 0-5 1 

0.001 

(S)* 

Shoulder 

extension 

 

3.72±1.4

5 
4 0-5 2  4.13±1.32 5 0-5 1 

0.001 

(S)* 

 Elbow 

 Elbow 

Elbow 

flexion 

 

3.73±1.5 4 0-5 1  4.17±1.32 5 0-5 1 0.001 (S)* 

Elbow 

extensi

on 

 

3.71±1.5 4 0-5 2  4.16±1.33 5 0-5 1 0.001 (S)* 

 Wrist 

Wrist 

flexion 

 

3.71±1.6 4 0-5 1  4.14±1.27 5 0-5 1 0.001 (S)* 

Wrist 

extensi

on 

 

3.72±1.6 4 0-5 2  4.14±1.29 5 0-5 1 0.001 (S)* 

 Right 

hand 

grip 

Preoperative (Number of patients)  Postoperative (Number of patients) P-value 

0-25% 11   4 

0.001 (S)† 

25-50 

% 
11  13 

50-75 

% 
29   22 

75-

100% 
49   61 
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Elbow  

flexion 

 

3.70±1.4

8 
4 0-5 2  4.13±1.30 5 0-5 1 

0.001 

(S)* 

Elbow 

extension 

 

3.70±1.4

8 
4 0-5 2  4.13±1.29 5 0-5 1 

0.001 

(S)* 

Wrist 

Wrist  

flexion 

 

3.64±1.5

1 
4 0-5 1  4.2±1.26 5 0-5 1 

0.001 

(S)* 

Wrist 

extension 

 

3.64±1.5

3 
4 0-5 2  4.14±1.3 5 0-5 1 

0.001 

(S)* 

Left 

hand 

grip  

Preoperative (Number of patients)  Postoperative (Number of patients) P-value 

0-25% 12 
  

  

 

 3 

0.001 

(S)† 

25-50 % 
 

 11 
  13 

50-75 % 
 

 34 
  16 

75-100% 
 

 43 
  68 

 

Table 2. Comparison of preoperative and postoperative motor power in left upper limb. 

#Power graded according to MRC grade 

*Obtained Using Wilcoxon signed rank test; † Obtained using Chi square test; S: Significant 

 

Right lower limb 

Preoperative (n=100) Postoperative (n=100) 

P-value* 

Mean# Median# Range# IQR Mean# Median# Range# IQR 

 Hip                   

Hip abduction 3.42±1.85 4 0-5 2 3.90±1.59 5 0-5 2 0.001(S) 

Hip adduction 3.43±1.88 4 0-5 2 3.91±1.59 5 0-5 1 0.001(S) 

Hip flexion 3.43±1.88 4 0-5 2 3.91±1.59 5 0-5 1 0.001(S) 

Hip extension 3.42±1.88 4 0-5 2 3.88±1.59 5 0-5 2 0.001(S) 

 Knee                   



 242 Ninad N. Srikhande, V.A. Kiran Kumar, N.A. Sai Kiran et al. 

Knee flexion 3.40±1.86 4 0-5 2 3.90±1.60 5 0-5 2 0.001(S) 

Knee extension 3.38±1.86 4 0-5 2 3.90±1.59 5 0-5 2 0.001(S) 

Ankle                   

Ankle flexion 3.33±1.85 4 0-5 2 3.84±1.58 4.5 0-5 2 0.001(S) 

Ankle extension 3.35±1.86 4 0-5 2 3.85±1.58 5 0-5 2 0.001(S) 

 

Table 3. Comparison of preoperative and postoperative motor power in right lower limb. 

#Power graded according to MRC grade  

*Obtained Using Wilcoxon signed rank test; S: Significant 

 

Left lower limb 
Preoperative (n=100) Postoperative (n=100) 

P-value* 
Mean Median Range IQR Mean Median Range IQR 

 Hip                   

Hip abduction 3.32±1.86 4 0-5 2 3.98±1.53 5 0-5 1 0.001 (S) 

Hip adduction 3.33±1.87 4 0-5 2 3.99±1.52 5 0-5 1 0.001 (S) 

Hip flexion 3.32±1.86 4 0-5 2 4.00±1.49 5 0-5 1 0.001 (S) 

Hip extension 3.29±1.84 4 0-5 2 3.98±1.49 5 0-5 1 0.001 (S) 

 Knee                   

Knee flexion 3.27±1.83 4 0-5 2 3.95±1.52 5 0-5 1 0.001 (S) 

Knee extension 3.27±1.84 4 0-5 2 3.94±1.51 5 0-5 1 0.001 (S) 

Ankle                   

Ankle flexion 3.22±1.89 4 0-5 3 3.88±1.55 5 0-5 2 0.001 (S) 

Ankle extension 3.20±1.89 4 0-5 3 3.89±1.56 5 0-5 2 0.001 (S) 

 

Table 4. Comparison of preoperative and postoperative motor power in right lower limb. 

#Power graded according to MRC grade  

*Obtained Using Wilcoxon signed rank test; S: Significant 

 

DISCUSSION 

Cervical PIVD is a common degenerative disc disease 

affecting millions of people. (24) Cervical disc 

herniation can occur as a result of ageing, wear and 

tear, or sudden stress from an accident.(5) Majority 

of these patients present with neck pain radiating to 

upper limbs. (24) Other presenting symptoms 

include motor deficits, stiffness in limbs, sensory 

deficits, paresthesias in limbs etc. (16, 24) Majority of 

the patients presenting with only neck pain or 

radicular pain can be managed with medicationas 

and conservative measures like physiotherapy, 

cervical collar etc. Patients with significant pain not 

responding to conservative measures and patients 

with neurological deficits like sensory/motor deficits 

and bladder symptoms respond well to surgery. (10, 

16, 21)  

ACDF is a common surgical procedure performed 

for symptomatic degenerative cervical disc disease. 

(6, 16) It helps to relieve the pressure on nerve roots 

and/or on the spinal cord, (14) thus resulting in 

improvement in various clinical symptoms including 
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neck pain, radicular pain, motor weakness, sensory 

symptoms, tightness in limbs and bladder 

disturbances. (10, 13, 16) Various complications 

reported with ACDF include dysphagia, hoarseness 

of voice, wound hematoma, graft migration, 

pseudoarthrosis, wound infection etc. (13) Patients 

can rarely have sensory or motor deficits after ACDF 

due to small risk of damage to the spinal cord, nerve 

roots or both. (10, 13, 16) 

Improvement in neurological deficits ranging 

from 36-93% has been reported in various series 

after ACDF.(3, 13, 15, 16, 18) Lehman et al (16) 

reported preoperative motor deficits in 55% of the 

patients and reported recovery of these deficits in 

95% of them at 1 year. Chiles et al(4) reported 

strength improvement rates ranging form 79.1% to 

90.9% in various individual muscle groups of upper 

and lower limbs following ACDF. In the present study 

very high proportion of patients (73%) presented 

with motor deficits and early complete recovery of 

these deficits were noted in 72.6% (53/73) of these 

patients.  

Majority of the studies on ACDF have graded 

neurological deficits using various scores like 

Nurick’s grade, JOA, modified JOA scores etc. which 

combine both sensory and motor deficits. (4, 8, 16, 

19) Detailed assessment of motor deficits with 

grading of motor power for various muscle groups 

has not been done in most of the studies on ACDF. 

(8, 16) In the present study we compared the 

preoperative motor power and early postoperative 

(at the time of discharge) motor power following 

ACDF in all major groups of muscles of lower and 

upper extremity and found that significant 

improvement in motor power in early postoperative 

period. Long term follow-up studies in patients 

following ACDF is required as they can develop new 

deficits secondary to adjacent segment disease. (16) 

 

 

CONCLUSION 

Early improvement in preoperative motor deficits 

can be expected in majority of the patients with 

degenerative cervical PIVD following ACDF. 
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ABSTRACT 
Background: Spontaneous subarachnoid haemorrhage is an emergent condition 

that leads to profound morbidity and mortality. It is mainly caused by a ruptured 

intracranial aneurysm. Herein we described the relationship of different factors and 

their impact on the outcome of patients who underwent a surgical clipping exclusively 

to the ruptured middle cerebral artery aneurysm. 

Methods: We retrospectively analyzed the medical records of patients admitted to 

the Neurosurgery Teaching Hospital (NTH) in Baghdad for the period between 

January 2017-April 2019 of patients who underwent microsurgical clipping for 

ruptured middle cerebral artery aneurysm. Demographic, clinical, radiological and 

surgical data were extracted. A univariate analysis was used to illustrate the 

relationship between the variables and outcome which was assessed using the five 

scores of the Glasgow Outcome Scale where patients were dichotomized into two 

groups; favourable (IV + V) and unfavourable (I, II, III). 

Results: Within this cohort, a total of 50 patients were studied and the analysis 

revealed that 92% (N=46) had a favourable outcome and 8% (N=4) had an 

unfavourable outcome at discharge. The in-hospital mortality was 6%(N=3). Factors 

that were significantly associated with poor outcome were giant aneurysms, the 

presence of other unruptured aneurysms, post-operative clinical vasospasm, 

presence of contralateral weakness, lower pre/post-operative Glasgow coma scores, 

higher Hunt and Hess, World Federation of Neurosurgical Societies (WFNS) and 

modified-WFNS grades. 

Conclusion:  The factors with a significant impact on the outcome of patients with 

surgically clipped ruptured middle cerebral artery aneurysms were GCS, WFNS, m-

WFNS, H&H, contralateral muscle weakness, size of the aneurysm, presence of other 

unruptured aneurysms and clinical vasospasm. 

 

INTRODUCTION 

Subarachnoid hemorrhage (SAH) constitutes about 5% of all strokes. 

More than 80% of all Spontaneous SAH is due to ruptured intracranial 

aneurysms (7,13). CT scan is the best initial test for detecting SAH, CT 
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angiography (CTA) is often used to characterize the 

aneurysm. However, the catheter angiography is the 

best diagnostic modality to define the aneurysm 

characteristics preoperatively whenever possible 

(10,16). 

Middle cerebral artery (MCA) aneurysms account 

for 20% of all intracranial aneurysms (26). Up to 81% 

of MCA aneurysms are located at the bifurcation. In 

addition, 30% present with symptoms related to 

mass effect (14). The MCA aneurysm is the most 

common aneurysm that co-present with 

intracerebral hematoma (ICH) (30-50%) due to its 

anatomic and hemodynamic features (21). Several 

grading scales have been used for ruptured SAH 

including Hunt and Hess (H&H), World federation of 

neurosurgical societies (WFNS) grading and modified 

WFNS which were reported to be valuable outcome 

prediction tools (1,2). 

Complications of ruptured aneurysms can be 

categorized as early or late. Such complications 

include rebleeding, symptomatic vasospasm and 

hydrocephalus at the rates of 30%, 30% and 20%, 

respectively (4). Rebleeding is the most serious acute 

complication and is, at the same time, the most 

preventable (8). The rate of rebleeding has been 

declining significantly in association with the 

establishment of prompt management of SAH by 

early surgical clipping or endovascular coiling (16).  

MCA aneurysm is the most feasible aneurysm for 

surgical clipping, owing to its accessible location as 

well as its morphology with a wide neck. Additionally, 

the MCA aneurysm is unfavorable to be treated with 

endovascular coiling due to its distal location that 

renders the difficult (3,9,15,23). In this study, we 

present a case series which is the first to be reported 

from Iraq regarding the surgical clipping of ruptured 

MCA aneurysms. 

 

PATIENTS AND METHODS 

In this retrospective cohort study, data were 

recruited from 50 patients with SAH attributed to a 

ruptured MCA aneurysm. All cases were treated with 

surgical clipping within 72 hours of aneurysm 

rupture at Neurosurgery Teaching Hospital in 

Baghdad/Iraq between January 2017 and April 2019. 

The inclusion criteria were as follows: age >18 years, 

confirmed diagnosis of aneurysmal SAH by CT-scan 

and CTA, ruptured MCA aneurysms and surgically 

treated groups. Cases of traumatic, idiopathic SAHs, 

unruptured aneurysms and non-MCA aneurysms 

were excluded from this series. The analyzed 

parameters included: Age, sex, co-morbidities, 

reported sudden severe headache as part of the 

index presentation, pre or post-operative 

contralateral weakness (MRC grade), seizure, 

vomiting, neck stiffness, similar previous attacks, 

clinical vasospasm, pre or post-operative GCS (GCS 

categorized into; mild ≥13, moderate 12-9 and 

severe≤8), location and size of the MCA aneurysms, 

the presence of other unruptured aneurysms, ICH, 

aneurysmal remnant of post-operative CTA, size of 

the aneurysm (Giant >25mm, Large 11-25mm, 

Medium 5-10mm and Small <5mm), the need for 

temporary clipping, intraoperative rupture, m-WFNS 

scale, WFNS scale, H&H scale, Glasgow Outcome 

Scale at the time of discharge and at six-month 

follow-up period. At six months follow-up; two cases 

were lost to follow up in which they were excluded 

from the analysis. 

Fisher exact test was used to evaluate the 

relationship between the aforementioned factors 

and GOS at both discharge and six-month intervals. 

Patients were divided into 2 categorical groups 

based on the 5 scores of the GOS into favorable 

(good recovery V+ moderate disability IV) and 

unfavorable (severe disability III + vegetative state II+ 

dead I) prognostic groups. The paired data of GOS at 

discharge and follow-up were also tested for any 

statistical difference using a Wilcoxon signed-rank 

test. The correlation between SAH grading scales and 

GOS was assessed using Kendall's tau correlation 

coefficient. The level of significance decided on p-

Value. All statistical analysis was done using 

commercially available software (SPSS, Version 23.0). 

 

RESULTS 

The study sample included 50 patients, 68% (N=34) 

of whom were females with a female: male ratio of 

2:1. The mean age was 40.32 ± SD, with 80% (N= 30) 

of the females being over 40 years of age and 93.8% 

(N=15) of the males being younger than 40 years of 

age. Results for patients parameters corresponding 

to the outcome are shown in tables 1,2 and 3. 

Overall, 92% (N=46) of the patients had favorable 

outcome at discharge (good recovery in  82% (N=41) 

and moderate disability in 10% (N=5)) while 8% (N=4) 

had unfavorable outcome including 2% (N=1) 

discharged with severe disability and 6% (N=3) 

pronounced dead. The mortality was attributed to 
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ischemic stroke in two patients and pulmonary 

embolism in one patient.   

The Factors that were associated with 

unfavorable outcome (GOS scores of I to III) included 

giant aneurysms, the presence of other unruptured 

aneurysms, the need for temporary clipping during 

surgery, the presence of postoperative clinical 

vasospasm, the presence of pre/post-operative 

contralateral muscle weakness (Decreased MRC 

grading), lower GCS scores and higher H&H, WFNS 

and m-WFNS scores. In analyzing the correlation 

between these scales and GOS, m-WFNS had the 

best negative rank-order correlation coefficient with 

respect to higher GOS and the overall order was as: 

m-WFNS  then WFNS then H&H. H&H showed the 

least negative correlation with respect to higher GOS 

(Table 4). 

The remaining parameters were not considered 

as independent risk factors that influence the 

outcome because they showed no statistical 

significance. Higher Pre-operative MRC scores were 

significantly associated with the absence of 

hematoma (P = 0.035). A higher post-operative MRC 

grade was notably associated with the absence of 

post-operative clinical vasospasm (P <0.001). 64% 

(N=32) of patients presented with an ICH, 12.5% 

(N=4) of whom had unfavorable outcomes, 

compared to the patients without ICH where none of 

them had a poor outcome. The factors that showed 

statistical significance at discharge have also proven 

significant at six-month follow-up with the exception 

of temporary clipping which was not significant at the 

6-month follow-up. Temporary clipping which was an 

infrequent adjunct applied only in 22% (N= 11) of all 

cases for a period of fewer than 10 minutes. 45.5% 

of patients in our study with temporary clipping 

developed vasospasm (p = 0.017).  A Wilcoxon 

signed-rank test showed that the GOS at discharge 

differed significantly from the GOS at 6 months 

follow-up (Z = -2.33, P = .031).  

 

 

 

Table 1 Patient’s Charecteristics  

 Favorable     

outcome (%) 

Unfavorable 

outcome  

(%) 

Total No. of 

cases 

P value at 

discharge 

P value at 

follow-up 

Age 

≤40 18 (36%) 1 (2%) 19 (38%) 

1.000 1.000 

>40 28 (56%) 3 (6%) 31 (62%) 

Sex 

Male 14 (28%) 2 (4%) 16 (32%) 

0.584 0.254 

Female 32 (64%) (4%)2    34 (86%) 

Hypertension  

Yes 15 (30%) 3 (6%) 16 (32%) 

0.127 0.547 

No 31 (62%) 1 (2%) 32 (64%) 

Diabetes Mellitus  

Yes 10 (20%) 2 (4%) 14 (24%) 

0.240 0.150 

No 36 (72%) 2 (4%) 38 (76%) 

Sudden severe 

headache  

Yes 44 (88%) 3 (6%) 47 (94%) 

0.226 0.180 

No 2 (4%)  1 (2%) 3 (6%) 

Vomiting 

Yes 43 (86%) 3 (6%) 46 (92%) 

0.291 1.000 

No 3 (6%) 1 (2%) 4 (8%) 
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Table 1 Patient’s Charecteristics  

Neck stiffness  

Yes 44 (88%) 3 (6%) 47 (94%) 

0.226 0.180 

No 2 (4%) 1 (2%) 3 (6%) 

History of   

previous attack  

Yes 2 (4%) 1 (2%) 3 (6%) 
0.226 0.180 

No  44 (88%) 3 (6%) 47 (94%) 

Pre-op seizure  
Yes 8 (16%) 1 (2%) 9 (18%) 

0.560 0.472 

No 38 (76%) 3 (6%) 41 (82%) 

Post-op seizure  

Yes 4 (8%) 1 (2%) 5 (10%) 

0.353 0.286 

No 42 (84%) 3 (6%) 45 (90%) 

Post-op clinical  

vasospasm 

Yes 5 (10%) 4 (8%) 9 (18%) 

0.001* 0.005* 

No 41 (82%) - 41 (82%) 

Pre-op MRC 

grading  

0 - 1 (2%) 1 (2%) 

0.002* 0.004* 

1 3 (6%) 2 (4%) 5 (10%) 

2 4 (8%) 1 (2%) 5 (10%) 

3 1 (2%) - 1 (2%) 

Normal 38 (76%) - 38 (76%) 

Post-op MRC 

 grading 

0 - 2 (4%) 2 (4%) 

< 0.001* < 0.001* 

1 - 1 (2%) 1 (2%) 

3 2 (4%) - 2 (4%) 

Normal 44 (88%) 1 (2%) 45 (90%) 

Initial GCS 

Mild 42 (84%) 1 (2%) 43 (86%) 

< 0.001* < 0.001* Moderate  4 (8%) - 4 (8%) 

Severe - 3 (6%) 3 (6%) 

Post-op GCS 

Mild 46 (92%) 1 (2%) 47 (94%) 

< 0.001* < 0.001* 
Severe - 3 (6%) 3 (6%) 

MRC,medical research council ; GCS,glasgow coma scale ; pre-/post-op, pre-/post-operative 

Significance was determined according to chi-square test. 

  * Statstically significant  
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Table 2 Radiological & surgical Data 

 Favorable 

outcome (%) 

Unfavorable 

outcome  

(%) 

Total No. of 

cases 

P value at 

discharge 

P value at 

follow-up 

Aneurysm 

location 

Right MCA 

bifurcation  

27 (54%) 4 (8%) 31 (62%) 

0.445 0.624 

Left MCA 

bifurcation  

16 (32%) - 16 (32%) 

Right M2 1 (2%) - 1 (2%) 

Right M2 

bifurcation  
    1 (2%) -   1 (2%) 

Left M2 1 (2%) - 1(2%) 

Aneurysm size 

Small 8 (16%)  1 (2%) 9 (18%) 

0.004* 0.003* 

Medium  30 (60%) - 30 (60%) 

Large 7 (14%) 1 (2%) 8 (16%) 

Giant 1 (2%) 2 (4%) 3 (6%) 

Other 

unruptured 

aneurysm  

Yes - 2 (4%)  2 (4%) 

0.005* 0.003* 

No 
46 (92%)  2 (4%)  48 (96%) 

CT-ICH 

Yes 28 (56%) 4 (8%) 32 (64%) 

0.283 0.543 

No 18 (36%) - 18 (36%) 

ICH in dominant 

hemisphere  

Yes 12 (37.5%) 2 (6.3%) 14 (43.8%) 

1000 576 

No 
16 (50%) 2 (6.3%) 18 (56.3%) 

Temporary 

clipping 

Yes 8 (16%) 3 (6%) 11 (22%) 

0.029* 0.127 
No 38 (76%) 1 (2%) 39 (78%) 

Intra-op rupture 

Yes 24 (48%) 3 (6%) 27 (54%) 

0.614 1.000 
No 22 (44%) 1 (2%) 23 (46%) 

Remnant of 

Post-op CTA  

Yes 1 (2%) 1 (2%) 2 (4%) 

0.155 1.000 
No 45 (90%) 3 (6%) 48 (96%) 
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Table 2 Radiological & surgical Data 

 Favorable 

outcome (%) 

Unfavorable 

outcome  

(%) 

Total No. of 

cases 

P value at 

discharge 

P value at 

follow-up 

CT, computed tomography; ICH, intracerebral hematoma; CTA; computed tomography angiography 

 

Significance was determined according to chi-square test. 

 

Statistically significant  

 

 

 

Table 3 Neurological grading scales 

 Favorable 

outcome (%) 

Unfavorable 

outcome  

(%) 

Total No. of 

cases 

P value at 

discharge 

P value at follow-

up 

Hunt&Hess 

Level II 38 (76%) - 38 (76%) 0.002** 0.013* 

Level IV 8 (16%)  4 (8%) 12 (24%) 

WFNS 

I 37 (74%) - 37 (74%) 

0.002* 0.006* 

II  1 (2%)  - 1 (2%) 

III 4 (8%) 1 (2%) 5 (10%) 

IV 4 (8%) 3 (6%) 7 (14%) 

Modified -WFNS 

I 37 (74%) - 37 (74%) 

0.002* 0.003* II 5 (10%)  1 (2%) 6 ( 12%) 

IV 4 (8%)  3 (6%)  7 (14%) 

WFNS; world federation of neurosurgical societies 

Significance was determined according to chi-square test. 

 

  * Statistically significant  
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Table 4 Rank-order correlation coefficients of different grading systems on higher GOS 

Rank order Correlation coefficient  P value 

modified-WFNS - 0.56 < 0.001 

WFNS - 0.55 < 0.001 

Hunt&Hess - 0.54 < 0.001 

WFNS; world federation of neurosurgical societies,  

 

 

DISCUSSION  

Aneurysmal SAH is one of the most serious and often 

deadly phenomena (12). MCA aneurysm is one of the 

commonest causes of aneurysmal SAH (6). It is 

commonly located at the bifurcation and constitutes 

81% of all unruptured MCA aneurysm and 87% of the 

ruptured ones (24). 

Patient's characteristics: Our data showed a 

female predominance with a female: male ratio of 

2:1. Although there appears to be a tendency 

towards a more favorable outcome in both females 

and younger patients, this failed to achieve statistical 

significance in our study; a finding that was also 

reported by similar studies (11,17,24). The presence 

of co-morbidities is often cited as a significant risk 

factor for aneurysm rupture, but their prognostic 

significance is still uncertain (14,25). In our data, 

concomitant diseases, history of previous attacks 

and seizures were not found to be significantly 

associated with an unfavorable outcome. 

Vasospasm is classified as one of the major 

complications associated with MCA aneurysm 

clipping (26). In this study, we exclusively evaluated 

post-operative clinical vasospasm which was defined 

as a deterioration in the neurologic status (speech or 

motor) along with the presence of new ischemic CT 

changes or CT-angiography-defined vessels spasm. 

Vasospasm was only evident in 18%(N= 9) of patients 

and was noted to be associated with worse 

outcomes. Motor weakness is also a known 

neurological complication that follows aneurysmal 

SAH with an incidence of 14-29% (12). Hereby, we 

evaluated the presence of contralateral limb 

weakness both pre and post-operatively, using the 

MRC grading score. All patients showed a more 

marked weakness in the upper limbs compared to 

the lower limbs which reflects the anatomical 

territory supplied by the MCA. Patients with Pre or 

post-operative MRC grading scores for muscle power 

of (0,1) showed a significant tendency toward a 

poorer outcome and those with no weakness 

showed a significant tendency toward a better 

prognosis. Additionally, higher pre-operative MRC 

scores were associated with the absence of 

hematoma whereas post-operative MRC was 

associated with postoperative clinical vasospasm. 

These findings were consistent with other studies 

reporting vasospasm and cerebral ischemia as the 

most common mechanisms that may lead to motor 

weakness in aneurysmal SAH (12).  

Cerebral vasospasm is directly linked to cerebral 

ischemia and patients may present with stroke-like 

symptoms including motor weakness, hence low 

MRC scores are not uncommon in patients with 

cerebral vasospasm. The presence of lower (severe) 

pre or post-operative GCS scores was found to be 

significantly associated with a lower GOS in contrast 

to the higher (mild) GCS scores which were 

significantly associated with higher GOS.  

Radiological and aneurysmal characteristics: 

Aneurysm characteristics such as aneurysm location, 

size and the presence of other unruptured 

aneurysms are important factors that impact the 

prognosis of ruptured cranial aneurysms (14,25). 

Most reports inversely correlate aneurysmal size 

with the outcome (11). Our data showed that giant 

aneurysms were associated with unfavorable 

outcome whereas medium-sized aneurysms were 

associated with a more favorable outcome. Notably, 

Ruggeri et al reported that the diameter of the 
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aneurysm didn't significantly affect the outcome 

which is in contrast to what most reports (19). Our 

study took the side of the aneurysm (right vs left) into 

account. 62% of the aneurysms were located on the 

right MCA bifurcation and were noted to be 

associated with unfavorable outcomes; this 

observation did not, however, achieve statistical 

significance. This can be attributed to the fact that 

most of the cases in our sample are right-handed, 

with a left dominant hemisphere. However, 

Brawanski et al reported that the side of the 

aneurysm did not affect the outcome directly, but 

rather determined the side of infarction (5). In 

addition to the aneurysm size and location, the 

presence of other unruptured aneurysms was found 

to significantly associated with an unfavorable 

outcome (P = 0.005). This finding is in contrast to the 

study performed by Rodrıguez-Hernandez et al who 

stated that the number of aneurysms did not impact 

the outcome; although this series did not take into 

account the status of the aneurysm whether it was 

ruptured or not (25). MCA aneurysm is known to be 

the most common intracranial aneurysm that is 

associated with an ICH (24).In a paper by Shimoda et 

al which studied 47 patients presented with ruptured 

MCA aneurysm associated with a hematoma, it was 

found that 42% (N=20) had an ICH in the dominant 

hemisphere that led to a poor outcome but was 

reported to be non-significant similarly to the 

findings of this cohort (22). 

Surgical parameters: Intra-operative rupture was 

reported as a factor that doesn't impact the surgical 

outcome (20). This finding is consistent with our 

results where intra-operative rupture showed a non-

significant trend toward a poorer outcome. The 

application of temporary clipping was significantly 

associated with lower GOS at discharge but not at 

follow-up. This can be attributed to the fact that 

temporary clipping was noted to increase the risk of 

postoperative clinical vasospasm significantly where 

45.5% of patients in our study with temporary 

clipping developed vasospasm (p = 0.017). Therefore, 

temporary clipping was found to be a dependent 

factor regarding follow-up. We observed that the 

absence of post-operative CTA remnants led to a 

favorable outcome but this was not statistically 

significant. 

Grading scales: WFNS, mWFNS, and H&H are 

commonly used neurological scales that aid in 

surgical decision and predict the outcome of patients 

with aneurysmal SAH (1).H&H scale showed the least 

negative correlation in respect to higher GOS since it 

relies only on general subjective terms that depend 

on the judgment and interpretation, leading to a 

blurring of the lines between grades which in return 

would increase the inter-rater reliability (2,18). 

Therefore, this scale is more useful in the selection of 

surgical candidates than outcome prediction. WFNS 

scale is superior to H&H as it depends on both GCS 

and the absence/presence of neurologic deficits. 

When both WFNS and m-WFNS were compared in 

terms of correlation with GOS, m-WFNS correlated 

slightly stronger. Regarding m-WFNS, none of the 

cases in our study scored grade III, 12% (N= 6) scored 

grade II and the rest scored grade I and IV. Hence 

grades II and III are the only different grades 

between the 2 scales, explaining the slight 

preference of m-WFNS over WFNS (Table 4). 

Limitations: First, this is a retrospective cohort 

from a single neurosurgical center with a small 

sample size that only included univariate analysis, 

making the conclusions non-generalizable. Second, 

the absence of intravascular coiling facilities made 

surgical clipping the only available treatment option 

in Iraq, limiting our ability in comparing the results to 

those of intravascular coiling.  

 

CONCLUSION 

Factors that may predict poorer outcomes in 

ruptured MCA aneurysm Clippinginclude: Higher 

mWFNS, WFNS, and H&H scores, lower GCS scores, 

the presence of clinical vasospasm, the presence of 

hemiparesis, the presence of other unruptured 

aneurysms and aneurysm size (giant aneurysms). m-

WFNS was found to be slightly superior to the other 

neurologic scales in predicting the outcome. 
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ABSTRACT 
Objective: Paraplegia is a dangerous complication of thoracoabdominal aortic 

surgery. Various studies have been conducted on the prevention of this complication 

and some spinal cord protection methods have been proposed. However, there is 

not any modality that prevent the development of paraplegia certainly. In the I / R 

period, primary injury triggers secondary injury due to increased inflammation, 

apoptosis and free radical formation. In this study, we evaluated that the 

neuroprotective effect of adalimumab in spinal cord ischemia-reperfusion injury.  

Materials and Methods: In total, 24 adult New Zealand rabbits were divided into 

three groups: Group 1, control; Group 2, ischemia-reperfusion by infrarenal aortic 

clamping; Group 3, adalimumab treated followed by ischemia. Tissue and plasma 

tumor necrosis factor alpha, interleukin 6, interleukin 10, thiobarbituric acid reactive 

substance, total oxidant status and total antioxidant status levels were analyzed as a 

marker of inflammation and oxidation. Histopathological evaluation of the tissues 

was performed, and apoptosis was evaluated by TUNNEL method. 

Results: I/R injury significantly increases plasma and spinal cord tissue at TNF alpha, 

TOS, TBARS, IL6 levels and reduces plasma and spinal cord tissue to TAS and IL10 

levels. Adalimumab treatment significantly reduces plasma and spinal cord tissue to 

TNF alpha, TOS, TBARS, IL6 and increases plasma and tissue to TAS and IL10 levels.  

Conclusion: Adalimumab treatment significantly reduces the spinal cord neuronal 

damage score and the number of apoptotic cells. This paper aims to demonstrate the 

important neuroprotective effects of adalimumab on rabbit spinal cord I/R injury. 

 

 

1. INTRODUCTION 

Spinal cord reperfusion injury is described as cell death of neurons 

although improvement of blood supply of spinal cord after ischemia. It 

usually occurs because of oxygen free radical-induced lipid peroxida- 
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tio, leukocyte activation, inflammation and neuronal 

apoptosis. Although many clinical treatments of 

spinal cord injury have been provided in recent 

years, the results are far from satisfactory [1]. 

Paraplegia is a serious complication that can occur in 

a patient undergoing thoracoabdominal aortic 

surgery and has been seen in 2.4-40% of the patients 

[2]. Factors that cause this complication are: 

impaired arterial blood flow and I/R injury of the 

spinal cord due to collateral supplier damage, 

perfusion insufficiency, prolonged aortic cross-

clamping time, intraoperative proximal 

hypertension, high cerebrospinal fluid (CSF) pressure 

and postoperative hypotension [3]. Neurological 

injury that occurs after impact is called primary 

injury. Primary injury triggers secondary injury with 

increased inflammation, apoptosis and the 

formation of free radicals that have serious effects 

on outcome. Various pharmacological agents have 

been used to prevent secondary damage at different 

success rates [4]. However, there is no complete 

treatment of secondary injuries. 

Tumor necrosis factor is an important 

immunoregulator molecule that act important role in 

central nervous system events such as stroke [5]. 

There are two type of TNF molecule. First type of TNF 

molecule is transmembrane TNF which acts through 

cell-to-cell contact to initiate juxtracrine signaling and 

is important not only for cellular transmission in the 

natural immune system but also for functional 

improvement and axonal preservation [6,7]. The 

second type of TNF molecule is soluble TNF that acts 

in a paracrine manner and is a substantial mediator 

of both acute and chronic inflammation [8]. 

Adalimumab is a potent TNF alpha blocker.  It 

suppresses TNF-α and IL-6, initiate to reduction or 

inhibition of the inflammatory process [9]. Many 

studies have shown that TNF-α and IL-6 are elevated 

during I/R and that they are responsible for 

activation of the cell death by apoptosis [10]. 

Recently, the neuroprotective impacts of anti-TNF 

treatment have been studied in a model of focal 

cerebral ischemia and beneficial effects have been 

stated [11]. 

The aim of this study was to investigate the 

neuroprotective impacts of adalimumab on rabbit 

spinal cord I/R injury model. 

 

2. MATERIALS AND METHODS 

This research was carried out in the Experimental 

Medicine Application and Research Center of 

Necmettin Erbakan University. The experimental 

protocol was assessed and confirmed by the Ethics 

Review Committee of Necmettin Erbakan University. 

The animals were kept at a room temperature (18–

21 ºC) and fed on a standard diet. A 12 -h light–dark 

cycle (08:00 –20:00 hours light/20:01–07:59 hours 

dark) was preserved. The animals were able to get as 

much food and water as they wanted. 

 

2.1 Groups  

Twenty-four adult New Zealand rabbits were 

randomly separated into three groups: Group 1, 

control group (n=8); Group 2, ischemia-reperfusion 

(I/R) group and group 3 (n=8), I/R injury+ adalimumab 

(40 mg/kg, ip, single dose) treatment group.  

All rabbits were anesthetized by intramuscular (i. 

m.) injection of ketamine (50 mg/kg) (Ketalar, Parke-

Davis, Eczacıbaşı, Istanbul, Turkey) and xylazine (10 

mg/kg) (Rompun, Bayer, Istanbul, Turkey) and 

permitted to breathe during the procedure. An 

intravenous catheter was placed in the auricular vein 

of the animals and preoperative cefazolin 10 mg/kg 

(Cefamezin, Eczacıbası, Istanbul, Turkey) was given as 

a single dose. As maintenance, 0.9% NaCl (20 ml/h) 

was given throughout the experiment. 

All rabbits underwent laparotomy in supine 

position. Aortic cross-clamp was not applied to group 

1. In group 2 and 3 the abdominal aorta was detected 

and dissected carefully from the beginning of the left 

renal artery by transperitoneal approach. Five 

minutes before occlusion, 100 IU/ kg heparin was 

given intravenously. The aorta was then cross-

clamped using an aneurysm clip with a closing force 

of 70 grams (Yasargil FE 721, Aesculap). The clipping 

site was just below the origin of the left renal artery. 

Pulsation of the femoral artery disappeared after 

occlusion. The aneurysm clip was removed 30 

minutes later, and aortic pulsation was restored. 

Neither aortic nor caval hemorrhage were observed 

during surgery. Before closure, rabbits of group 3 

received single dose intraperitoneal 40 mg/kg 

adalimumab treatment. After the closure of 

laparotomy all rabbits awoke and returned to their 

cages. The animals were followed neurologically, and 

motor inefficiency and recovery rates were recorded. 

Seventy-two hours later, all rabbits were re-

anesthetized by intramuscular (i. m.) injection of 

ketamine (50 mg/kg) (Ketalar, Parke-Davis, 

Eczacıbaşı, Istanbul, Turkey) and xylazine (10 mg/kg) 
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(Rompun, Bayer, Istanbul, Turkey). Blood samples 

were taken from auricular veins for biochemical 

examination. For histopathological examination 

spinal cord samples were taken from lumbar spinal 

cord segments between L4-L6 by laminectomies and 

the rabbits were sacrificed.  

 

2.2 Biochemical Analysis 

Venous blood samples were collected by 

centrifugation at 4° C and 1,000 g for 10 minutes to 

remove plasma. Plasma samples were kept at -80 ° C 

until the parameters were studied.  

Spinal cord tissue samples were provided in pH 

7.4 50 mM phosphate buffer and kept at -80 ° C until 

they were analyzed. The thawed tissue samples were 

weighed and homogenized in ice using a mechanical 

homogenizer and an ultrasonic homogenizer in a 

10fold (w / v) cold phosphate buffer (50 mM, pH: 7.4). 

The supernatants were separated by centrifuging the 

homogenates for 10 min at 4 ° C and 10.000 g. Pierce 

bicinchoninic acid-BCA (Thermo Scientific, Illinois, 

USA) was used to measure spectrophotometrically 

plasma and spinal cord tissue total oxidant (TOS) and 

antioxidant status (TAS) (Rel Assay Diagnostics, 

Gaziantep, Turkey), thiobarbituric acid reactive 

substances (TBARS) (Oxford Biomedical Research, 

Missouri, USA) and tissue protein levels. Plasma and 

spinal cord tissue IL-6, IL-10 and TNF alpha levels 

were examined by using ELISA antigens that were 

intrinsic to rabbits (Elabscience Biotechnology Co., 

Wuhan, China).  

 

2.3 Histopathological Studies 

Spinal cord samples were stabilized by 10% 

formaldehyde for two days and then embedded in 

paraffin blocks. After dehydration, coronal sections 

of the spinal cord segment were severed at a 

thickness of 4 μm and stained with hematoxylin and 

eosin (HE) in order to examine the structural 

changes. Gray matter was checked in five different 

areas in each section. Depending on the degree of 

inflammation, hemorrhage, axonal swelling, 

congestion, neuronal degeneration and 

vacuolization of the spinal cord, the light microscopic 

findings were graded on a scale ranging from 0 to 3, 

corresponding to “no change”, “mild”, “moderate” 

and “severe” changes, respectively. The 

histopathological score was calculated for each 

spinal cord sample [12]. 

Apoptotic cells were labeled using an ApopTag In 

Situ Apoptosis Detection Kit (Millipore). DNA 

fragments in spinal cord regions were altered by the 

action of terminal deoxynucleotidyl transferase. The 

manufacturer’s instructions were followed during 

procedures. In each section five dark visual fields 

were randomly chosen, and the TUNEL-positive 

neurons and the total number of neurons in the 

selective visual fields was counted. TUNEL-positive 

index (the TUNEL-positive to whole neurons ratio) 

was computed. Eight sections from each group were 

used for measurement, and five high-powered 

visuals were indiscriminately picked from every 

section to carry out measurement of the TUNEL-

positive indices [13]. 

 

2.4 Statistical analysis 

Data were analyzed using SPSS (version 24.0, SPSS 

Inc.) and expressed as mean ± SD. Comparisons 

were made by the Kruskal-Wallis test. Differences 

among the groups were evaluated by the Mann-

Whitney U test. A p < 0.05 was considered statistically 

significant. Histopathological score and TUNEL 

positive cell count were contrasted using a one-way 

analysis of variance (ANOVA) with TUKEY test. 

 

3. RESULTS 

3.1 Histopathological evaluation 

I/R injury significantly increased the spinal cord 

neuronal damage score and apoptotic cell count. 

Adalimumab treatment statistically substantially 

decreased spinal cord neuronal injury score and 

apoptotic cell count (p=0). Large motor cells were 

observed in anterior horn of the spinal cord in the 

control group (Figure 1A). No changes were observed 

in the neurons. The most serious injury was seen in 

ischemia-reperfusion group in spinal cord in HE 

sections (Figure 1B, C, D). Necrosis, hemorrhage and 

congestion were noticed in ischemia-reperfusion 

group. Nissl substances disappeared in necrotic 

neurons. In addition, neuropil vacuolization and 

tissue loss were observed in the gray matter (Figure 

1E, F, G). Compared with control group, it was noticed 

that histopathological score rose in ischemia-

reperfusion group. Histopathological alterations and 

score significantly reduced in adalimumab treatment 

group (Fig 1H). Myelin swelling determined in white 

matter in ischemia group and the adalimumab group 

had less myelin swelling compared to the ischemia 

group. (Figure 2A, B, C). TUNEL positive cells count 
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increased in I/R group when compared with control 

group (Figure 3A, B). Adalimumab treatment 

decreased TUNEL positive cells count (Figure 3C). Figure 3D showed 

differences among groups.  

 

 

Figure 1. Histopathological photomicrographs of spinal cord tissue stained HE A: Control Group : Neurons in grey matter and White 

matter B: Necrotic neurons in Ischemia-Reperfusion Group (black arrow), Haemorrhage ve (arrows), *:vacuoles. C:  chromatolyses 

in Ischemia-Reperfusion Group (arrow head), *:vacuoles. D: pyknosis in Ischemia-Reperfusion Group (arrows), necrotic neurons 

(arrows). E: Normal neurons in Adalimumab treatment group F: haemorrhage in Adalimumab treatment group (arrow). G: 

Congetion in Adalimumab treatment group (arows). H: Histopathological assessment of spinal cord, (* P < 0.05, compared to group 

1; &P < 0.05, compared to group 2). 
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Figure 2. Histopathological photomicrographs of white matter stained HE A: Control Group. B: Ischemia-Reperfusion Group C: 

Adalimumab treatment group. 

 

 

Figure 3. Representative spinal cord sections stained in the TUNEL assay. A: Control group, B:İschemia-Reperfusion group  C: 

Adalimumab treatment group .D: Comparison of groups according to TUNEL-positive cells in spinal cord, (* P < 0.05, compared to 

group 1; &P < 0.05, compared to group 2). 

 
3.2 Biochemical evaluation 

I/R injury significantly increased the plasma and 

spinal cord tissue TNF alpha, TOS, TBARS, IL6 levels 

and reduced the plasma and spinal cord tissue TAS 

and IL10 levels. Adalimumab treatment significantly 

decreased the plasma and spinal cord tissue TNF 

alpha, TOS, TBARS, IL6 levels and raised plasma and 

tissue TAS and IL10 levels (Figure 4, Figure 5).
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Figure 4. The effects of adalimumab on plasma levels of TAS,TOS,TBARS,TNF ALPHA,IL6,IL10. 

 

 
Figure 5. The effects of adalimumab on tissue levels of TAS,TOS,TBARS,TNF ALPHA,IL6,IL10. 

 

 

4. DISCUSSION 

Neural tissues can be said to be very sensitive to 

ischemia. I / R damage of the spinal cord during 

thoracoabdominal vascular surgery can cause 

serious discomfort such as paraplegia. Primary injury 

triggers secondary injury with increased 

inflammation, apoptosis and free radical formation 

during the I / R period [14]. Secondary injury may 

result in endothelial dysfunction and increase 

vascular permeability that promotes migration and 

activation of immune cells. These activated immune 

cells infiltrates the related area and secrete some 

proinflammatory cytokines. Enhanced inflammation 

causes reactive oxygen species produce and induces 

lipid peroxidation which causes injury in the 

ultrastructure of neural cell membranes and hinders 

their critical functions [15]. 

The spinal cord is very sensitive to ischemia 

because it has its own anatomical features. “The 

infrarenal aortic cross-clamp” method used in this 

study leads to severe spinal cord injury. It was first 

described by Liang et al. as an experimental method 

[16,17]. Rabbits have segmental blood supply in their 

lumbosacral spinal cord. Thus, rabbit model of spinal 

cord I/R injury is commonly used. It is clear that there 

are many causes of paraplegia. Long-term ischemia, 

interruption of critical intercostal and lumbar 

arteries, decrease in spinal cord perfusion pressure 

and postoperative reperfusion injury are some of 

these reasons [18]. Therefore, this method is 

thought to be appropriate to imitate the 

complications of aortic surgery. 

High levels of plasma and spinal cord tissue TNF 

alpha, TOS, TBARS and IL6 in I/R group signifies 
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increased inflammation and oxidative stress. 

Neuronal damage score and apoptotic cell count 

increase after I/R injury. Adalimumab treatment 

significantly improves biochemical and 

histopathological adverse impacts of I/R injury. 

 

5. CONCLUSION 

In this study, it was found that adalimumab had 

significant neuroprotective effects on rabbit spinal 

cord I/R injury. After I / R injury, high inflammation 

and oxidative stress were successfully reversed by 

adalimumab, and the worse effects of biochemical, 

histopathological and neurological I / R damage were 

mitigated. Further studies are needed to carry out 

this treatment in clinical practices. 
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ABSTRACT 
Objectives: To share our experience, challenges faced, lessons learnt and analyze 

the results of surgical management by microsurgical clipping of intracranial 

aneurysms at an emerging neurosurgical centre at Guru Gobind Singh medical 

college and hospital (GGSMC&H) Faridkot, Punjab. India. 

Material and Methods: This study includes all the patients who presented with the 

diagnosis of intracranial aneurysm on CT angiography and were treated with the 

microsurgical clipping, between March 2017 to April 2019. 

Results: There was a total of 23 patients 11f female and 12 male. Age range 32 to 

85years. On admission 22 patients had SAH on CT scan and one was admitted after 

incidental detection of the aneurysm without SAH. The time interval between ictus 

and admission was 0-3 days in 13 patients, 3-14 days in 8 patients and more than 14 

days in 1 patient. WFNS grade (gd) I-15 patients, gd II-2, gd III-2, gd IV-3 patients. Fisher 

gd I-nil, gd II-9, gd III-4, gd IV-9 patients. In 23 patients 27 Aneurysms were clipped. 

Distribution of location was Anterior Communicating-12, Distal Anterior Cerebral 

Artery- 4, Middle cerebral artery (MCA) Bifurcation-3, MCA trifurcation-1, Anterior 

Choroidal-1, Posterior Communicating (P-com) -1, Ophthalmic Internal Carotid Artery 

(OICA)-4 and three patients had associated multiple aneurysms. Size of aneurysms 

varied from < 02mm diameter in 2 patients, 2-25mm - 23 and, more than 25mm-2 

aneurysms. There was intra op rupture in 2 cases. Post-operatively 2 patients 

developed hemiparesis, which recovered, nine patients developed vasospasm. Two 

patients developed chest related complications. One patient developed renal 

failure.  There were 8 deaths. Patients are on follow up since March 2017 till date. 

Conclusions: Intracranial aneurysms are challenging to manage due to their 

proximity to vital intracranial structures, and difficulty in securing intracranial 

proximal control. Thorough knowledge of intracranial anatomy of adjacent relations, 

arachnoid planes and skilful dissection is a key element for a successful outcome. 

Data collected from GGSMC & Hospital may not be representative of the entire state 

or country’s population. Therefore, a large-scale data collection is necessary to create 

our own database to ascertain the risk factors and preventive measures that are 

exclusive to our state and nation. 

 

INTRODUCTION 

In simple words an aneurysm is an abnormal dilatation of an artery wall 

Keywords 
intracranial aneurysm, 
microsurgical clipping, 

pterional craniotomy, 
subarachnoid haemorrhage, 

vasospasm 
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and in the brain commonly arises at branching 

points on a parent artery. Intracranial aneurysms 

(IAs) are usually revealed after they rupture, leading 

to subarachnoid hemorrhage (SAH). Usually the 

sentinel headache is the earliest warning sign of 

incipient rupture. Less frequently, they manifest 

themselves as a result of mass effect or are noticed 

incidentally during neuro-radiologic examinations 

performed for other diagnostic purposes.(6,9) 

Subarachnoid hemorrhage (SAH) due to the rupture 

of an intracranial aneurysm is a devastating event 

associated with high rates of mortality (40%–50%) 

and morbidity.(10, 20, 23, 13) The risk of intracranial 

aneurysm for human beings is 1 to 2% . (5)  

The prime motive of intracranial aneurysm 

treatment is to exclude the aneurysm from the 

circulation; this can be achieved through two ways, 

microsurgical treatment or endovascular 

obliteration. Since ours is an emerging neurosurgical 

center where we have basic neurosurgical facilities, 

but lack digital subtraction angiography (DSA) and 

coiling facility. We are managing intracranial 

aneurysms with microsurgical clipping. The objective 

of this article is to share our experience acquired 

with the use of microsurgical obliteration of 

intracranial aneurysms at Guru Gobind Singh 

Medical College and Hospital Faridkot, Punjab, India. 

 

 

MATERIAL AND METHODS  

This study includes all the patients admitted to the 

neurosurgery department who presented with 

diagnosis of intracranial aneurysm and were treated 

with the microsurgical clipping, in the period 

between March 2017 and April 2019. Patients who 

presented with poor neurological status, with fixed 

dilated pupils and who did not give consent for 

surgery were excluded. 

On their arrival at the emergency department, all 

the patients were treated according to the defined 

protocol for the treatment of subarachnoid 

hemorrhage in the hospital and were admitted to 

Neurosurgical intensive care units and managed 

depending on their neurologic state at the moment 

of admission, determined by using GCS, the Word 

Federation of Neurologic Surgeons (WFNS) scale and 

fisher grades of SAH on non contrast computed 

tomography (NCCT) Scan of brain.  

All the patients suspected with intra cranial 

aneurysm were subjected to cerebral CT 

angiography. Presence of aneurysm on CT 

angiogram was considered an essentiality to 

proceed for surgical treatment.  

The aneurysmal sacs were labeled according to 

their number in single or multiple aneurysms, and 

distributed according to their location in the anterior 

segment or posterior segment of the circle of Willis’, 

the projection and whether unilateral or bilateral. 

Outcome was evaluated using the modified Rankin 

scale (mRS). Patients are under follow-up since 

March 2017 till date. 

 

 

 

RESULTS  

There were a total 23 patients out of which 11 

(47.82%) were female and 12 (52.17%) were male. 

Age range was 32 to 85 years. At the time of 

admission 22 patients had SAH on CT scan and one 

patient was admitted after incidental detection of 

aneurysm without SAH. Time of admission from time 

of ictus 0-3 days in 13 (59.09%) patients, 3-14 days in 

8(36.36%) patients and more than 14 days in 

1(04.54%) patient. WFNS gd I-15(68.18%), gd II-2 

(09.09%), gd III-2 (09.09%), gd IV-3(13.36%) patients. 

Fisher gd I-nil, gd II-9 (40.90%), gd III-4 (18.18%), gd IV-

9 (40.90%) patients. There were 31 aneurysms in 

total out of which 27 were clipped in 23 patients. 

Location wise anterior Communicating Artery (A-

Com)- 12 , Distal Anterior Cerebral Artery DACA- 4, 

middle cerebral artery (MCA) Bifurcation-3, MCA 

Trifurcation-1, Anterior Choroidal-1, Posterior 

communicating (Pcom)-1, Ophthalmic internal 

carotid artery (ICA)-4 and three patients had 

associated multiple aneurysms. Size of aneurysms 

varied from < 02mm diameter in 2 patients, 2-25mm 

in 23 and, more than 25m in 2 patients (Table 1).  

Sixteen 69.5% patients had comorbidities out of 

which 11 (68.75%) hypertension, one (06.25%) 

Diabetes, one (06.25%) Asthma, one (06.25%) had 

Chronic liver disease and in 1 patient (06.25%) 

Chronic kidney disease was diagnosed post 

operatively. There was intra op rupture in 2 (07.07%) 

cases. Post operatively 2 (8.69%) patients developed 

hemiparesis, which recovered over a period of time, 

nine (39.13%) patients developed vasospasm after 

surgery. Two (08.69%) patients developed chest 

related complications. In the study there were 

8(34.78%) deaths. Follow up has ranged since March 

2017 to till date.  
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Variable No % 

Aneurysm Number Single 18 78.26 

Multiple 5 21.73 

Aneurysm side Unilateral 21 91.30 

Bilateral 2 08.70 

Size of the sac <2mm 2 7.40 

2-25 mm 23 85.18 

>25 mm 2 7.40 

Morphology of the 

sac 

Secular 21 77.77 

Fusiform NIL 0 

Multilobulated 6 22.23 

Condition of the Sac Ruptured 22 81.48 

Unruptured 5 18.52 

A com aneurysms  12 44.44 

 Superiorly 

projecting 

4 33.33 

Anteriorly 

projecting 

2 16.66 

Antero-superior 1 08.33 

Inferior 3 25 

Antero-Inferior 2 16.66 

DACA aneurysms  4 14.81 

 anterior 1 25 

Anterior 

superior 

2 50 

Anterior toward 

opp side 

1 25 

superior Nil 0 

MCA bifurcation 

Aneurysm 

 3 11.11 

 

MCA trifurcation 

Aneurysms 

 1 03.70 

Anterior choroidal 

Aneurysm 

 1 03.70 

Ophthalmic seg 

Aneurysm 

 4 14.81 

Communicating 

segment aneurysm  

 1 03.70 

P-com Aneurysm  1 03.70 

 

DISCUSSION 

Intracranial aneurysms (IAs) are localized dilations of 

the cerebral arteries wall and are prone to rupture, 

resulting in bleeding. The overall prevalence of 

unruptured IAs is between 2% and 3.2% in the 

general population with a male to female ratio of 

1:2.(19) Ruptured aneurysm is responsible for 85% of 

SAH which is one of the leading causes of 

haemorrhagic stroke. (18)  
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Junjie Zhao et al have described 4 Basic Types of 

intra cranial aneurysms (IAs).(25) (A)- Secular are the 

most common type of IAs. They resemble a round 

out pouching with well-defined aneurysmal domes 

and necks connecting to the parent vessel. 

Commonly they occur at bifurcation locations e.g. 

between the MCA and the posterior cerebral artery 

(PCA), between the anterior cerebral artery (ACA) and 

the anterior communicating artery (A Com) and 

between the bifurcations of MCA branches. (4) (B)-

Micro aneurysms are IAs with diameters smaller 

than 2 mm.(11) (C)-Giant IAs are with diameters over 

25 mm. The latter account for merely 5% of all IAs, 

but their prognosis is relatively dismal. (7, 17) 

Untreated giant IAs have over 50% risk in rupturing 

and 88% to 100% in mortality at 2-year follow-up. 

(2,12) We encountered two giant aneurysms. Due to 

their large size the mass effect alone can cause 

intracranial hypertension and neurological 

dysfunctions one of our patient with giant aneurysm 

presented with decreasing vision. (D)-Fusiform IA is 

widened and thinning segment of artery. According 

to Yahia et al, this dilatation must affect at least 

270o of the lumen’s circumference to be classified as 

fusiform.(24) Their surgical treatment is challenging 

due to the vital perforators located within the 

affected segment. We did not encounter any 

fusiform aneurysm.  

In our Study the majority of patients were from 

the state of Punjab, (52.17%) male and (47.82%) 

female. A study conducted by Ab Ghani et al showed 

the mean age of affected patients as 48.9 years old, 

with 56.7% males and 43.3 % females.(1) A study by 

Rinkel et al., suggests that the incidence of 

intracranial aneurysm increases with age, and the 

most of the cases occur among patients in fifth 

decade of their life. (15) In our study the mean age of 

the patient was 50.3years. Male patients were more 

frequent than females, which is in contrast to the 

usual pattern of females being affected more than 

males. (16) However, this ratio does not seem to be 

applicable in all populations and may vary from state 

to state and country to country. (8) 

In our study 69.5% patients had comorbidities out 

of which 68.75% hypertension, 06.25% Diabetes, 

06.25% Asthma, 06.25% had Chronic liver disease 

and in 1 patient (06.25%) Chronic kidney disease was 

diagnosed post operatively. In the study population 

of Ab Ghani et al, 85.7% had hypertension. (1) 

Variation of blood pressure and hypertension are 

known risk factors for the development of 

intracranial aneurysm. (21) 

Intracranial arteries are comprised of the outer 

layer of the adventitia, a muscular media that 

maintains most of the vessel wall integrity and the 

inner layer of intima. As compare to other vessels in 

the body they do not have external elastic lamina, 

which is located between the adventitia and media 

leading to less elasticity of the media. They also have 

thinner adventitia compared to the extra cranial 

artery wall. These vessels exist in the subarachnoid 

space, which lack surrounding connective tissue to 

support the vessels. (1) These features predispose 

intracranial arteries to the formation of saccular 

aneurysms, commonly in hypertensive patients as 

the thin and less elastic vessel wall is subject to 

increased pressures, as well as in patients with 

congenital conditions which predispose to defects in 

the muscular layer of the arterial wall, such as 

autosomal dominant polycystic kidney disease, 

Ehler- Danlos syndrome fibromuscular dysplasia, 

and Marfan syndrome. (1, 15, 3) 

Patients without history of hypertension in our 

study but having hypertension on presentation 

might have been undiagnosed with hypertension 

previously or it could be due to raised ICP. Common 

history among our patients was that they rarely go to 

the physician for routine checkup and those who do 

so, many of them had history of poor compliance of 

antihypertensive medication and no regular follow 

up. These facts accentuate the importance of 

hypertension screening and control. 

Among the 23 patients who underwent 

microsurgical clipping, the majority were Fisher II, III 

or Fisher IV indicating that most patients only 

presented post intracranial aneurysm rupture with 

an added risk of vasospasm. It also reflects that 

incidental finding of intracranial aneurysm is still rare 

despite the improvement of our health services and 

increasing amount of imaging being done for other 

neurologic symptoms.  

Post operatively two patients developed 

hemiparesis, which recovered, one patients 

developed chest related complication because of 

underlying bronchial asthma despite an 

improvement in GCS. However, based on the 

outcome in our observational study , within a span of 

three months after surgery, 8 (34.78%) had the mRS 

score of 0 with no symptoms at all, and 8 (34.78%) 

had the mRS score of 6 or had died. The cause of 
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death was post operative vasospasm in 4 (50%) 

patients. One (12.5%) of them had anaemia 

secondary to upper gastrointestinal bleed due to 

stress ulcer which was diagnosed on upper GI 

endoscopy. Postoperative chest infection in one 

(12.5%), chronic renal failure in one (12.5%) and 

pulmonary embolism in one (12.5%) patient. 

Literature says maximum risk of vasospasm is 3-14 

days of ictus.(22,14) Three of our patients who died, 

developed vasospasm in first two weeks after ictus. 

After three months of discharge, four patients with 

mRS scores of 1 and 2 improved to the mRS score of 

0, and after 6 months of discharge total 12 (52.17%) 

patient improve to MRS score 0. Others three are still 

on rehabilitation. This improvement was mainly due 

to the after care of patients, which comprises 

intensive rehabilitation and physiotherapy. 

 

OUR INTERESTING CASES 

Giant Aneurysm  

Case 1: 45 year old female presented with right basal 

ganglia bleed CT angio revealed giant multi lobulated 

ophthalmic segment aneurysm. Patient underwent 

right pterional craniotomy with right neck control for 

proximal ICA. Because of its large size proximal and 

distal ICA was not visible. So, aneurysmal sac was 

punctured, with controlled suction aneurysmal sac 

was deflated that led to visualization of proximal, 

distal ICA and neck of the aneurysm, as a result we 

were able to apply permanent clip over the neck of 

the aneurysm. Post operatively patient was 

discharged without any deficit. Figure 1. 

 
 

Figure 1. Computed tomography angiography of right 

ophthalmic aneurysm, axial view (A) showing multilobulated 

large aneurysm. Coronal view (B) showing the superiorly 

projecting aneurysm. Sagittal view (C) aneurysm with narrow 

neck. Three dimensional CT (D) showing large superiorly 

projecting ophthalmic aneurysms. Post op Computed 

tomography angiography (E and F) complete occlusion of 

aneurysm. (G) Patient is fine with no deficit. 

Multiple Aneurysms 

Case 2: 32 years old male patient presented with left 

anterior choroidal artery aneurysm and right MCA 

Bifurcation aneurysm. It was a challenge to manage 

both side aneurysms in a single surgery. We planed 

for two stage surgery based on SAH picture on NCCT 

brain and CT angio findings, we first clipped left 

anterior choroidal artery aneurysm. After dissection 

of the aneurysm the surgeon got engaged in 

selecting appropriate clip for few seconds, surgical 

field was out of his sight, aneurysm got ruptured and 

visible anatomy got distorted that led to difficult 

management of the ruptured aneurysm. The 

learning point for us was, if possible never let the 

aneurysm out of your vision after aneurysmal neck 

dissection from its surroundings and try to select the 

appropriate clip prior to final dissection. We clipped 

right MCA bifurcation aneurysm second stage 

successfully and patient was discharged with no 

deficit. 

 

Case 3: 45 years male patient was presented with 

right MCA aneurysm and ophthalmic segment bleb. 

MCA aneurysm was clipped first and we faced 

difficulty in clip application over bleb, the clip slipped 

multiple times over bleb. We realized that we had 

limited number of small aneurysmal clips. Although 

In a small center like ours there are limited 

resources, surgeon should try to have back up of all 

sizes and shapes of clips before surgery. Figure 2. 

 

 
 

Figure 2. Computed tomography angiography of patient with 

multiple intracranial aneurysm (right middle cerebral artery 

bifurcation and right ophthalmic aneurysm), axial view (A) 

showing laterally projecting aneurysm right middle cerebral 

artery bifurcation aneurysm. Coronal view (B) and Three 

dimensional CT (C) showing the inferiorly projecting right MCA 

bifurcation and medially projecting right ophthalmic aneurysm. 

Post op Computed tomography angiography, coronal view (D), 

axial( F and G) showing complete occlusion of both aneurysms. 

(G) Patient is fine with no deficit. 
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Case 4: A 65 years old female patient was presented 

with left pcom (Bled), left ophthalmic segment, A-

com and right MCA bifurcation aneurysm. All left 

sided aneurysms were clipped in the first surgery. 

Right MCA bifurcation Aneurysm was planned for 

second stage elective surgery but patient developed 

thrombocytopenia and surgery was deferred. Figure 

3 A&B. Patient is asymptomatic and on regular follow 

up and is being worked up for intractable 

thrombocytopenia. 

 

 
 

Figure 3. Axial view (A) showing the laterally projecting left 

PCOM , medially projecting left ophthalmic segment, ACOM 

and laterally projecting right MCA bifurcation aneurysm and (B) 

Post op Computed tomography angiography left PCOM,left 

ophthalmic segment and ACOM aneurysms T1 contrast MRI 

axial view (C) showing gaint atherosclerotic right 

communicating segment aneurysm and non-contrast 

computed tomography, Axial view (D) showing post op clip 

artefact with occlusion of neck. 

 

 

Missed aneurysm  

Case 5: A 52 years old male patient was presented 

with SAH in left sylvian fissure and inter hemispheric 

fissure CT angiogram suggested left DACA aneurysm. 

In view of SAH location the aneurysm was 

approached through left inter hemispheric approach 

but we could not find aneurysm on the left side. We 

found aneurysm on right DACA after cutting the falx. 

Aneurysm was clipped and patient remained stable 

for one week and was planned for discharge but the 

night before discharge patient had a sudden fall in 

GCS, immediate NCCT with CT angio Head was done, 

it showed diffuse SAH and Suggested right MCA 

aneurysm which was not visualized on the first CT 

Angiogram. We learnt that when ever there is 

discrepancy in the location of the aneurysm and the 

location of SAH on CT Angiogram, DSA should be 

done. Unfortunately, in our setup DSA facility is not 

available.  

 

Aneurysms, which required ICA ligation.  

Case 6: A 35 years old male patient was presented 

with left ophthalmic segment aneurysm, neck 

control was taken before starting surgery, during 

dissection of sylvian fissure aneurysm neck got 

avulsed probably due to traction during sylvian 

fissure dissection and brain started bulging, and 

patient became hypotensive. We could not control 

the bleeding with neck control, urgent left temporal 

and frontal lobe were removed and ICA just proximal 

to its bifurcation was clipped, I our opinion that was 

the best possible thing we could do in such a 

condition. Post op patient developed aphasia and 

right-side hemiplegia and is still on follow up and 

under rehabilitation. Again, we realized the 

importance of DSA in which we could appreciate the 

collateral supply and prepare our self for bypass. 

Reconstruction of ICA at the site of aneurysm with 

multiple clips and wrapping of it with muscle graft 

was our back up plan but, patient’s deteriorating 

conditions did not allow us to attempt that.  

 

Giant atherosclerotic communicating segment 

aneurysm which required ICA reconstruction  

Case 7: A 55 years female presented with right eye 

vision loss having giant atherosclerotic right 

communicating segment aneurysm involving inferior 

half circumference of ICA. Aneurysmal sac medially-

extending into the sella with compression on optic 

chiasma, laterally-adherent to the tent with 

compression of third nerve, posteriorly-adherent to 

basilar artery into the interpeduncular fossa. 

Proximal temporary clip was applied. Incision was 

given on aneurysmal neck both medial and lateral to 

ICA leaving 1cm of neck on each side contiguous to 

wall of ICA to reconstruct the inferior vessel wall. 

Major part of the neck and sac were atherosclerosed 

with calcification. Permanent fenestrated right-

angled clip applied to reconstruct the ICA, which kept 

on slipping due of atherosclerosis of neck. So, 

atherosclerotic plaques were removed with Penfield 
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dissector and ICA was reconstructed with three 

permanent fenestrated right-angled clips. Medial 

and lateral part of sac was excised but part in the 

interpeduncular fossa couldn’t be removed keeping 

in mind the risk of injury to basilar artery. Post 

operatively patient had right anterior choroidal 

artery infarct with medical research Council (MRC) 

Gd 3 power in left side. Patient was discharged on 7th 

post op day. Patient was put on anti-platelets and 

after three weeks she started with hematuria in view 

of which anti-platelets were stopped and patient 

developed massive pulmonary embolism and 

expired. Figure 3 C&D, Figure 4. 

 

Figure 4. Sequential Artistic view of reconstruction of ICA in 

giant atherosclerotic communicating segment ICA aneurysm. 

 

CONCLUSIONS 

Intracranial aneurysms are challenging to manage 

due to their proximity to vital intracranial structures, 

the skull base, visual apparatus and difficulty in 

securing proximal control intra-cranially. They can be 

successfully clipped if the intimate anatomical 

relations of the aneurysm like the optic nerve, 

anterior clinoid process; optic strut, the dural ring 

and adjacent vessels are anatomically defined 

properly during surgery. Thorough knowledge of 

intracranial anatomy, adjacent relations, arachnoid 

planes and skillful dissection is a key element to 

successful outcome. Data collected from GGSMC & 

Hospital may not be representative of the entire 

state or country’s population. Therefore, a larger-

scale data collection is necessary to create our own 

database to ascertain the risk factors and preventive 

measures that are exclusive to our state and nation.  
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ABSTRACT 
Introduction: Obstructive hydrocephalus has long been managed by valve-

regulated shunts. These shunts are associated with a myriad of short and long-term 

complications. This has fuelled interest in Endoscopic Third Ventriculostomy (ETV) 

which provides a more physiological pathway for cerebrospinal fluid (CSF) diversion 

while avoiding many shunt-related complications. 

Aim: The objective of this study is to analyse the outcomes of ETV at our institution, 

focusing on the indications, success rates, and short-term complications. 

Methods: Between July 2010 and September 2015, 47 patients with obstructive 

hydrocephalus underwent ETV at the Neurosurgery Teaching Hospital in Baghdad/ 

Iraq. We retrospectively analysed the data of these patients using hospital health 

records. Simple statistics were performed using SPSS Version 20. A standardized 

surgical technique was employed in all cases. 

Results: The mean age was 4.4 years (range 40 days - 38 years). The male: female 

ratio was 1.23:1 (55% males and 45% females). The most common cause of 

obstructive hydrocephalus in patients undergoing ETV was aqueductal stenosis (62%; 

N=29). The second most common cause was posterior fossa tumours (23%; N=11). 

The overall success rate for ETV was 68%. The net post-operative complication rate 

was 13% (N=6). CSF leak and seizures were the only two charted post-operative 

complications at the rates of 9%(N=4) and 4% (N=2), accordingly. No deaths were 

recorded. 

Conclusion: ETV is a viable alternative to shunt insertion in a select group of patients 

with obstructive hydrocephalus, with acceptable success rate and safety profile. 

. 

 

INTRODUCTION 

Hydrocephalus is a condition that results when excess cerebrospinal 

fluid (CSF) accumulates in the cerebral ventricles resulting in ventricular 

dilatation and raised intracranial pressure (Lu, Chen, Weng, & Xu, 2019). 

Hydrocephalus is divided into communicating and non-communicating 
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(Aka. obstructive) subtypes, as per Dandy's 

classification (Lu et al., 2019). Non-physiological CSF 

diversion using valve-regulated ventriculo-peritoneal 

and ventriculo-atrial shunts has dominated the field 

of hydrocephalus management over the past 45 

years. However, shunts come with many 

complications including infections, displacement, 

and hardware failure. Failure rates are reported at 

25-40 % in the first year then 5-10% per year 

thereafter (Deopujari, Karmarkar, & Shaikh, 2017). 

The significant morbidity imposed by these shunts 

and the need for frequent revisions has warranted 

the search for novel treatment options (Mugamba & 

Stagno, 2013).  

First introduced by mixter in 1923, Endoscopic 

Third Ventriculostomy (ETV) has regained popularity 

in the last two decades as an attractive treatment 

option for hydrocephalus (Mixter, 1923). In fact, ETV 

for the treatment of obstructive hydrocephalus is 

currently the most commonly performed 

endoscopic neurosurgical procedure (M. Gangemi et 

al., 1999) (Hellwig et al., 2005). Desirable qualities of 

ETV include 1) its physiological mechanism of CSF 

diversion, 2) its minimally invasive nature and 3) the 

absence of long-term hardware and all its associated 

complications (Mugamba & Stagno, 2013).  

Since it's advent in the early 1990s, ETV has 

shown the highest success rate amongst patients is 

obstructive hydrocephalus caused by acqueductal 

stenosis, both congenital and acquired (Mugamba & 

Stagno, 2013). Nonetheless, both the surgical 

techniques and indications for ETV are constantly 

being refined. In the last few decades, many authors 

have been calling to expand the indications for ETV 

and numerous reports have been published to 

support this notion. (Beems & Grotenhuis, 2004) 

(Brockmeyer, Abtin, Carey, & Walker, 1998) (Choi, 

Kim, & Kim, 1999) (Cinalli et al., 1999) (Feng et al., 

2004) (Grunert, Charalampaki, Hopf, & Filippi, 2003) 

(Scarrow, Levy, Pascucci, & Albright, 2000) 

(Schroeder, Niendorf, & Gaab, 2002) (Tisell, 

Almström, Stephensen, Tullberg, & Wikkelsö, 2000).  

In their systematic review and meta-analysis that 

compared the failure rates of obstructive 

hydrocephalus vs shunt insertion for patients with 

non-communicating hydrocephalus, Rasul et al 

concluded that ETV has statistically non-significant 

advantage over shunts; it does, however, appear to 

provide long-term survival benefit specifically in 

patients with congenital acqueductal stenosis (Rasul, 

Marcus, Toma, Thorne, & Watkins, 2013).  

In Iraq, ETV is still a relatively novel modality. In 

this paper, we aim to report our experience with ETV 

in the management of patients with obstructive 

hydrocephalus, which is one of the earliest reports in 

this field from our country.  

 

PATIENTS AND METHODS 

We conducted a retrospective analysis of a 

consecutive sample of 47 patients who underwent 

ETV for obstructive hydrocephalus at the 

Neurosurgery Teaching Hospital in Baghdad (NTH) 

for the period between July 2010 and September 

2015. The aim of this study was to determine the 

success rate of ETV at our institution and to identify 

the main complications. A clinicoradiological 

criterion was implemented in our study. Patients 

were deemed candidates for ETV if they 1) presented 

with symptoms related to hydrocephalus such as 

raised ICP or enlarging head circumference and 2) 

had an MRI-confirmed diagnosis of obstructive 

hydrocephalus. Patients with communicating 

hydrocephalus were excluded from the study. The 

follow-up period ranged between six months and six 

years (6 months-6 years). The success of ETV was 

defined by a combination of clinical and radiological 

criteria and ultimately by "shunt-independence". The 

clinical criteria revolved around the resolution of 

symptoms and signs caused by the high intracranial 

pressure by the 3-month follow-up visit. The 

radiological criteria were defined as the decrease in 

ventricular size or the arrest of ventriculomegaly as 

determined by Ultrasonography (US) and/or 

Computed Tomography (CT), using the Evans Index 

or the fronto-Occipital horn ratio. All data were 

obtained from the hospital health records at the NTH 

and statistics were performed using SPSS Version 20.  

 

OPERATIVE TECHNIQUE 

All operations were performed under general 

anesthesia. During each surgery, the fowling steps 

were followed:  

• The patient was placed in a supine position with 

the head resting on a doughnut-shaped head 

rest.  

• The head and neck were flexed at (15o).  

• A Longitudinal skin incision was made just in front 

of coronal suture to the right of the mid-pupillary 



 271 Endoscopic third ventriculostomy for obstructive hydrocephalus 

line (3 cm off mid line & 1cm anterior to coronal 

suture).  

• The skin and periosteum were opened as a single 

layer with visual identification of coronal suture.  

• A burr hole was drilled abutting the anterior 

border of coronal suture. 

• The dura was coagulated and retracted in a 

cruciate fashion using a bipolar. 

• The pia and arachnoid were coagulated and 

opened sharply in a cruciate fashion. 

• The articulated arm of the endoscope was 

installed as close as possible to the patient’s head.  

• Warm ringer lactate solution was connected to 

the sheath at a height of 15 cm from the patient’s 

ear.  

• A Rigid sheath (8mm) with its trocar inside was 

advanced slowly into the brain tissue aiming the 

tip of the sheath at the inner canthus in 

mediolateral plane and towards the tragus in 

antero-posterior plane.  

• A sudden give up was used as an indication that 

the ventricle has been punctured. The trochar 

was then removed.  

• A telescope with an attached light source and 

camera (3S) was introduced inside the sheath and 

locked in the zero position. 

• The Foramen of Monro was identified, the arm 

was released and the sheath was introduced 

through foramen and placed just above the 

mammillary body.  

• The thinned floor of the 3rd ventricle at the region 

of the tuber cinereum was identified and 

punctured using the fenestration forceps.  

• The Ringer solutions was allowed to circulate in 

and out to verify the stoma opening.  

• The endoscope was then withdrawn slowly while 

visualising the entry track.  

• Cylindrical pieces of Gelfoam were placed in the 

track and on the burr hole followed by 

subcutaneous tissue and skin closure. 

 

RESULTS  

Our sample contained a heterogeneous group of 

patients in relation to the national geographic 

distribution, age range, and hydrocephalus etiology. 

The mean age was 4.4 years (range 40 days -38 

years). The male: female ratio was 1.23:1 (55% males 

and 45% females). The most common cause of 

obstructive hydrocephalus in patients undergoing 

ETV was acqueductal stenosis (62%; N=29). The 

second most common cause was posterior fossa 

tumors (23%; N=11). Other aetiologies included third 

ventricle arachnoid cyst (11%; N=5), choroid plexus 

tumor of the lateral ventricle (2%; N=1) and thalamic 

tumors (2%; N=1). The overall success rate for ETV 

was 68%. Subgroup analysis showed that success 

rates were 62% and 78% for patients with 

acqueductal stenosis and posterior fossa tumors, 

respectively. Regarding the age group, the success 

rate for the younger population (below 10 years) was 

(62-65%). In the subset of patients with unclear 

cerebrospinal fluid (CSF), the success rate was 22%. 

No intraoperative complications were encountered. 

The net post-operative complication rate was 13% 

(N=6) and spontaneous closure was charted in 32% 

(N=15). CSF leak and seizure were the only two 

recorded postoperative complications at the rates of 

9%(N=4) and 4% (N=2), accordingly. The mortality 

rate was 0% (N=0). None of the patients needed redo 

ETV or shunt insertion as per their corresponding last 

follow-up visits.  

 
 

Figure 1.  

A. nine-year-old 

female with 

obstructive 

hydrocephalus due to 

4th ventricular tumor 

(histopathologically 

proved WHO grade 4 

Ependymoma). A: Pre-

ETV axial T1-weighted 

brain MRI with 

contrast showing 

hydrocephalus with 

ballooning of the 3rd 

ventricle and dilatation 

of both the frontal and 

temporal horns of 

lateral ventricles.  

 

 

 

 

 

 

B: Early post-ETV brain 

CT scan (axial section) 

showing improvement 

of ventricular dilation 

with normal shape and 

size of the 3rd ventricle 

and the frontal horn of 

lateral ventricles. 
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DISCUSSION 

ETV is an important treatment option in the 

management of hydrocephalus. In our cohort of 47 

patients with obstructive hydrocephalus, the two 

most common indications for ETV were acqueductal 

stenosis and posterior fossa tumors; this 

corresponds to the results published by Bouras et.al 

in their systematic review and meta-analysis (T. 

Bouras & S. Sgouros, 2012).  

Recently, ETV has replaced extra-cranial shunts as 

the first-line treatment for occlusive hydrocephalus 

caused by acqueductal stenosis. Although the 

efficacy of ETV has been most established with the 

congenital forms of acqueductal stenosis, it is still a 

viable treatment option for other acquired 

aetiologies including those attributed to 

inflammatory and neoplastic processes (Hellwig et 

al., 2005). This finding was also reflected in our 

results, wherein patients with acqueductal stenosis 

had the highest success rates. 

ETV has also proven effective in the management 

of occlusive hydrocephalus in patients with posterior 

fossa tumors (Amano et al., 2002) (Ruggiero et al., 

2004) (Cinalli et al., 1999) (Schijman, Peter, Rekate, 

Sgouros, & Wong, 2004) (Sainte-Rose et al., 2001). 

The incidence of pre-operative hydrocephalus in 

these patients is estimated at 80%, with 25-30% 

progressing to persistent post-operative 

hydrocephalus necessitating surgical intervention 

(Hellwig et al., 2005). In their series of 206, Sainte-

Rose et al concluded that when performed prior to 

craniotomy, ETV reduced the incidence and 

progression of post-operative hydrocephalus 

(Sainte-Rose et al., 2001). However, there exists no 

consensus regarding the timing and the definitive 

treatment modality to be used in the management 

of these patients (Hellwig et al., 2005). 

Since it's advent in the late 1980s and early 1990s, 

much experience has been gained with ETV as a 

management tool in patients with obstructive 

hydrocephalus. On the other hand, the efficacy of 

ETV in communicating hydrocephalus has not been 

scientifically established and is currently under 

investigation, with some authors reporting 

encouraging results (Hailong et al., 2008) (Meier, 

Zeilinger, & Schönherr, 2000) (Michelangelo 

Gangemi, Maiuri, Buonamassa, Colella, & de Divitiis, 

2004). At our institution, patients with 

communicating hydrocephalus are not currently 

considered candidates for ETV.  

To date, patient selection criteria for ETV is a 

debatable issue in the neurosurgical community; i.e. 

there is no clear definition of "ETV-eligible" patients 

and patient selection is currently based on local 

institutional policies, individual surgeon's experience 

and patient preference. (M. Gangemi et al., 1999) 

(Triantafyllos Bouras & Spyros Sgouros, 2012).  

Evaluation of ETV outcome has been mainly 

based on a clinicoradiological criteria. Clinical criteria 

focus on symptomatic improvement and shunt-

independence while the radiological criteria centers 

on the reduction of the ventricular size and/or 

cessation of its growth (Buxton, Turner, Ramli, & 

Vloeberghs, 2002) (Deopujari et al., 2017). However, 

some recent evidence tells us that the change in 

ventricular size is an unreliable indicator, especially 

in the early postoperative period. (Schwartz, Yoon, 

Cutruzzola, & Goodman, 1996) (Feng et al., 2004). 

Success rates with ETV have been reported to be 

between 50-90% (Hellwig et al., 2005). Beams and 

Grotenhius have reported the largest series thus far 

on patients with ETV (339 cases). In the 

aforementioned series, shunt independence was 

charted in 258 patients, with a complication rate of 

7.7%. (Beems & Grotenhuis, 2004).  

Regarding factors that predict poor outcomes 

after ETV, a history of shunt infection and post-

operative meningitis have been identified as 

independent risk factors for ETV failure (Fukuhara, 

Vorster, & Luciano, 2000). None of our patients 

harbored either risk factor.  

Both the immediate and long-term complications 

associated with ETV are currently insufficiently 

reported in the literature to draw solid conclusions. 

There exist many inconsistencies in the reported 

intra-operative, immediate and delayed 

postoperative complications. In one systematic 

review, the mortality rate was reported as 0.22% and 

the permanent morbidity rate was 2.1%. The most 

common charted complications were CSF infections 

(1.8%) and CSF leak (1.7%) (T. Bouras & S. Sgouros, 

2012). Further studies have also reported mortality 

rates below 1% (Cohen, 1994; M. Gangemi et al., 

1999; Jones, Kwok, Stening, & Vonau, 1994; Teo & 

Jones, 1996). In our study, no deaths were recorded 

as per the last follow-up visit for each patient.  

The obvious shortcomings in our study are 1) the 

short follow-up period and 2) the small cohort size. 

In fact, these two limitations are shared by the 

majority of the related reports in the literature, an 
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observation that highlights the need for multi-center, 

prospective, long-term studies to elucidate the long-

term outcomes of ETV.  

 

CONCLUSION 

ETV is a promising treatment strategy for patients 

with obstructive hydrocephalus. However, many 

questions remain unanswered in relation to its long-

term efficacy and safety, calling for further research 

in this area.  
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ABSTRACT 
Synovial sarcomas are highly aggressive soft tissue tumour with a poor and dismal 

prognosis. These tumours have a high propensity for distant metastasis and local 

recurrence.  Although originally believed to arise from synovium, these tumours have 

been found to occur anywhere in body [1],[2]. We report here, a case of median nerve 

sarcoma in a 15-year female. This is a rare tumour, which is diagnosed only after 

histopathological examination with only a few cases reported in the literature (Table 

1). Although preoperatively tumour was thought to be a nerve sheath tumour, on 

histopathology analysis was found to be synovial sarcoma. Despite aggressive 

behaviour, wide local excision is recommended even in smaller lesions. So, the 

diagnosis should always be kept in differentials of nerve sheath tumour, as what may 

be a synovial sarcoma. 

 
 

INTRODUCTION 

Synovial sarcomas may arise from different and unusual sites with 

distinctive morphological genetic features [3]. They are mostly seen in 

extremities in young adolescents with male preponderance [4]. It has 

been found in unusual locations in heart, lung, small intestine, soft 

palate and peripheral nerves. Only a few cases have been reported in 

peripheral nerve. Prognosis is poor despite radical surgery, radiation 

and chemotherapy with 50-60 % survival [5]. 

These sarcomas have origin in synovium because of periarticular 

location, but less than 5% are continuous with synovium4. Sarcomas 

have their origin from primitive mesenchymal undifferentiated cells6. 

Synovial sarcoma is diagnosed on immunohistochemical basis because 

most of them present as lump or swelling with no clinical or diagnostic 

features [7]. Translocation (X;18) is diagnostic in 90% of cases [8]. The 

case presented here is a rare sarcoma arising from median nerve in 

upper arm. We have described here clinical, radiological features and 

its management. 

 

CASE PRESENTATION 

A 15 years old female presented with swelling in left arm for last 6 
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months with swelling of size of 5*4 cm in left arm 

which has gradually increased in size. She also 

complained of pain in left arm radiating along medial 

aspect of forearm up to left hand. The pain was 

sharp, and more during night. She also complained 

of tingling sensation in left upper limb, palm, index 

and thumb and had history of dropping objects from 

left hand. On examination, there was decreased 

sensation along radial three digits with no 

neurovascular deficit.  

The patient was evaluated with Magnetic 

resonance imaging (Figure 1) which revealed a well 

encapsulated oval lesion in left upper arm medially 

burrowing in left biceps and coracobrachialis muscle. 

The lesion minimally indented the left brachial 

artery. The lesion was in continuity with median 

nerve which showed mild enhancement in early and 

late arterial phase with heterogenous enhancement 

with non-enhancing / cystic areas in venous and 

delayed phase. Overall findings were in favour of 

neurogenic tumour. 

 

 
 

Figure 1.  

 

Electrodiagnostic studies and nerve conduction 

studies of median nerve were within normal limits. 

Ultrasound colour Doppler peripheral venous single 

upper limb was suggestive of hetero-echoic lesion 

with internal cystic components measuring 43*23 

mm causing compression of underlying axillary 

artery medially at its lower margin. The patient was 

taken up for surgical resection with preservation of 

nerve fascicles. The mass found to be associated 

intimately associated with nerve, soft in consistency 

and moderately vascular in nature. Microvsacular 

excision of mass was done with preservation of 

nerve fascicles (Figure 2). 

On histopathological analysis, tumour was 

greyish tan made up of spindle cells with sheets of 

cells with vesicular nuclei and ill-defined cell margins 

suggestive of mild epitheloid morphology (Figure 3). 

Focal areas showed perivascular arrangement with 

cells separated by blood vessels with occasional 

mitosis and areas of haemorrhage. Collagen and 

osseous tissue was seen adjacent to tumour. On 

immunohistochemistry CD 99 was positive, CK 

negative, Synaptophysin negative, S-100 negative, 

HMB-45 negative, BCL2 positive and Ki-67 was 15-20 

% in cellular areas (Figure 4). The histopathological 

and immunohistochemical analysis were in favour of 

synovial sarcoma. Post operatively, whole body 

PET/CECT scan was done for any metastasis and 

restaging. This was suggestive of small minimally 

metabolic active solid soft tissue thickening in 

proximal left biceps muscle indenting left brachial 

artery probably? residual lesion. Post excision, 

patient received radiotherapy. 

 

Figure 2.  

 

 

 
 

Figure 3.  
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Figure 4.  

 

DISCUSSION 

Synovial sarcomas arising from median nerve are 

very rare and rarest tumours published in literature. 

Other sarcomas arising from various nerves 

reported in literature are from radial, common 

digital, posterior tibialis, peroneal, facial nerve, S1 

root, C7 root and brachial plexus. There are three 

basic histology features of synovial sarcoma. The 

most common pattern is biphasic followed by 

monophasic and poorly differentiated synovial 

sarcomas. Synovial sarcoma with biphasic type 

consisted of epithelial cells with fibroblast like 

spindle cell in various proportions. Monophasic type 

consists of spindle cells only and are difficult to 

differentiate from other soft tissue and nerve 

tumours but now can be differentiated on the basis 

of immunohistochemical analysis4. Third pattern of 

poorly differentiated synovial sarcomas that has 

worse prognosis and has also been described6. 

Prognosis of biphasic versus monophasic is still 

under debate9,10,11,12. 

The present case in our study was biphasic 

synovial sarcoma having both epithelial and spindle 

cells in various proportions. It was 

immunohistochemical positive for CD99 and bcl2. 

The neoplastic proliferation with characteristic SS18-

SSX1 with chromosomal fusion at molecular level is 

a feature consistent with diagnosis with synovial 

sarcoma4. Patient was advised for chromosomal 

analysis, but due to financial constraints patient 

refused for same. Published cases of median nerve 

synovial sarcoma with review of literature is 

summarised in table 1 and table 2 respectively. 

Chromosomal translocation is the most efficient 

way to establish the diagnosis of synovial sarcoma. A 

gene translocation between chromosomes 18 and X 

t(x;18) (p11.2; q11.2) occurs in over 90% of synovial 

sarcomas4. This leads to fusion of one of two variants 

of the SSX gene with the SYT gene, resulting in either 

the SYT/SSX1 or SYT/SSX2 chimeric fusion proteins4,6. 

Nearly all biphasic tumours express SYT/SSX1, while 

monophasic tumours express SYT/SSX1 in 

approximately half of the cases and SYT/SSX2 in the 

remainder13. Patients with SYT/SSX2 expressing 

tumours have a significantly better prognosis when 

compared to those with SYT/SSX1 tumours in terms 

of rates of metastasis and overall survival13,14,15,16. 

 Factors associated with poor prognosis includes old 

age, tumour size more than 5 cm, bone, nerve and 

vascular invasion and poor differentiation with 

higher mitotic index 12,17,18,19.Management of synovial 

sarcoma is wide surgical excision, radiation therapy, 

and adjuvant chemotherapy which has been found 

to be correlated to be associated with better 

prognosis2,20  

 

 

 

Surgical management followed by radiation and 

chemotherapy is associated with good prognosis2,20. 

5-year survival rates of synovial sarcomas have been 

around 50-60%, in spite of advances in 

treatment2,21,22. Mortality in synovial sarcoma results 
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from distant metastasis, most frequently to lung23. 

Radical surgical incision followed by radiation 

allowed for potential decrease in local recurrence 

but systemic metastasis remained high even with 

adjunct chemotherapy24. 

 

CONCLUSION 

Synovial sarcoma involving median nerve is a rare 

and aggressive tumour and is one of the few cases 

already published in literature. Synovial sarcoma can 

occur anywhere in our body and should be kept in 

differentials involving peripheral nerves as in our 

case. As diagnosis is always made post operative on 

histo-patholoical analysis with immuno-

histochemistry, resulting in change in treatment 

strategy and final outcome of patient. As in our 

patient, preoperative diagnosis was a benign 

neurofibroma/schwannoma, we must be aware of 

aggressive tumour which overall changes the 

complete treatment and should be always be kept in 

differentials and managed accordingly. 
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FULL TITLE: Preoperative evaluation of superficial cortical venous drainage around 

the lesion and localization of tumour boundaries preoperatively by applying cod liver 

capsule over the scalp with the help of MRI and MRV brain and comparison between 

2-dimensional time-of-flight (2DTOF) and 3-dimensional contrast-enhanced magnetic 

resonance venography (3DCEMRV) brain in capsule marked cortical lesion and 

assessment of post-operative neurological outcomes. 

 
 

ABSTRACT 
Objectives and methodology: The preoperative exact localization of superficial 

intracranial lesions and superficial cortical veins is often necessary for making 

craniotomy and evaluation of cortical veins. We developed a simple and cheap 

method for such localization using cod liver oil capsule during the preoperative MRI 

and MRV brain examination. With the help of MRV brain, 3DCEMRV and 2DTOF 

images were taken and superficial cortical veins studied in the marked area for 

comparison between both modalities of MRV and planning of surgery for avoiding 

venous injury. 

Results: Most of the cases were in the age group 16-60 years (91.6%). The most 

common clinical manifestation was headache (85.4%) and meningioma (60.4%) was 

found to be the most common pathology. Clear visualization (Grade 3) of the 

individual superficial cortical vein was observed in 48 cases (100%) in 3DCEMRV as 

compared to 2DTOF 22 cases (45.8%) P <0.001S. Clear visualization (Grade3) of 

superior sagittal sinus was observed in 48 cases (100%) in 3DCEMRV as compared to 

2DTOF 33 cases (68.6%) P <0.001S.  In post-operative CT Head, we found 4 (8.3%) 

cases were having venous infarction.  5 patients (10.4%) developed motor weakness 

postoperatively. In 3 cases, postoperative MRV were done and found no venous 

injury. 

Conclusion: This study showed that preoperative localization and evaluation of the 

tumoral area and cortical veins with the help of cod liver oil in MRI and MRV brain was 

very helpful in planning the surgery, making craniotomy and to avoid injury of the 

veins. This technique is easy to perform and the capsule is easily constructed and 

inexpensive. 3DCEMRV was found to be better modality than 2DTOF for delineation 

of veins. Final neurosurgical outcomes were better. 

 
 

INTRODUCTION 

Imaging of intracranial cortical venous system anatomy is important in 

planning neurosurgical operations of midline masses such as colloid 

cyst, DACA Aneurysm, Corpus callosal gliomas, parasagittal and  
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parafalcine masses and other midline brain tumors. 

Parafalcine masses may not be as closely related to 

the SSS as parasagittal tumors, but because of their 

close relation, their growth may also contribute to 

anatomical changes to the nearby cortical veins. 

During parasagittal tumors resection, saving the 

cortical veins is important as it offers normal venous 

drainage of the brain, as well as important collateral 

drainage. Disruption in venous outflow may result in 

venous infarction which leads to swelling, 

hemorrhage, neuronal death and may have 

catastrophic result [1,2]. MR Venography is very 

helpful to know the anatomic changes in the cortical 

veins and its relation with respect to tumor position 

before surgery so that it can be saved 

intraoperatively. Assessment of the patency of 

sagittal venous sinuses is very important to avoid 

major sinus injury, air embolism and catastrophic 

bleeding intraoperatively. Moreover, cortical vessels 

especially the veins are important landmarks in 

craniotomy. With the help of 3DCEMRV, it has 

become possible to see the intracranial venous 

structures noninvasively. MR imaging technique with 

MIP method also presents more detailed 

information of brain surface structure by showing 

cortical veins [3,4]. The purpose of this study is to 

assess the usefulness of 3DCEMRV for the evaluation 

of intracranial venous system in preoperative 

surgical planning of brain tumors. In this study, we 

have compared the visibility of the intracranial 

venous system on 3DCEMRV with respect to those of 

2DTOFMRV in surgical planning and compared it with 

intraoperative findings and also evaluated 

neurological outcomes postoperatively. In few cases 

post-operative MRV were done to look for any 

venous injury. 

 

MATERIAL AND METHODS 

Patient population 

From May 2017 to Feb 2019, 48 patients were 

included which was admitted in department of 

neurosurgery Sawai Man Singh Medical College and 

Hospital, Jaipur. All patients underwent 3DCEMRV, as 

well as 2DTOFMRV in axial and sagittal planes. 

 

Method 

All the patients with midline supratentorial masses 

were selected on MRI brain images. After this cod 

liver oil capsules were placed on anterior and 

posterior ends of medial and lateral border of the 

tumour at scalp according to location of tumor on 

MRI images and thus, the tumour boundaries were 

marked with the help of permanent marker. Then 

MRV 2-DTOF image were taken in axial and sagittal 

view. After that, 0.4ml/kg of gadolinium contrast 

agent was administered in cubital vein over 4 

seconds and 3DCEMRV images were taken in axial 

and sagittal plane. All MR examinations were 

performed with 3-Tesla unit. All MR venographic 

source images were postprocessed with a 

maximum-intensity projection (MIP) algorithm to 

create projection venograms for both the 2DTOF 

MRV and the 3DCEMRV. All images were saved in 

DICOM software. The marked area concerned, 

superficial cortical veins such as frontopolar vein, 

anterior frontal vein, middle frontal vein, posterior 

frontal vein, precentral vein, central vein, post central 

vein, anterior parietal vein, posterior parietal vein 

and occipital vein and bridging veins joining the 

superior sagittal sinus were studied preoperatively. 

Sagittal sinus compression were also evaluated, 

which was defined as a narrowing and filling defect 

of the lumen. On the basis of these informations and 

surgeons preference the surgical corridor was 

decided. Intraoperative findings were compared with 

that of 3DCEMRV images and intraoperative 

photographs of cortical veins were taken. In few 

cases post operative MRV were done to look for any 

venous injury. All patients neurological status were 

assessed. 

 

Inclusion Criteria 

Conscious, co-operative and stable patients with 

supratentorial midline brain tumors. 

 

Exclusion Criteria 

Unconscious, uncooperative and unstable stable 

Allergic to gadolinium Ferromagnetic cardiac 

pacemakers, aneurismal clip and defibrillators. 

Claustrophobia 

 

Image analysis 

Degree of visualization and patency of the 

intracranial venous system, superficial as well as 

superior sagittal sinus on 3DCEMRV was compared 

with those of 2DTOF in capsule marked tumoral 

area. The image quality of 8 predefined venous 

structures was graded as follows: intense and 

continuous = 3, faint and continuous = 2, 

noncontinuous = 1, and invisible = 0. In post 
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operative period, in few cases MRV were done to look 

for any venous injury. 

 

Ethical consideration 

The study protocol was approved by ethical 

Committee. All patient gave written informed 

consent to participate after having received full 

written information about the study objective and 

conducts. Investigations were done using aseptic 

precautions. They had right to withdraw from study. 

Protection was given from any kind of harm. Full 

confidentiality of data was maintained. No religious 

issues involved. All religious customs were 

respected. Study was conducted under supervision. 

 

Statistical analyses 

Statistical analyses were done using computer 

software (SPSS Trial version 23 and primer). The 

qualitative data were expressed in proportion and 

percentages and the quantitative data expressed as 

mean and standard deviations. The difference in 

proportion was analyzed by using chi square test. 

Significance level for tests were determined as 95% 

(P< 0.05). 

 

RESULT 

In our study, a total of 48 patients were included, in 

which 25 were males and 23 were females. All 

patients were conscious, oriented and Glasgow 

coma scale was 15/15 at the time of admission. Most 

of the cases were 16 -60 years (91.6%) of age, 

followed by elderly (>60 years) (4.4%) (Table no.1). 

Chi-square = 0.008 with 2 degrees of freedom; P = 

0.996NS. No significant difference was observed 

according to age groups and gender. No significant 

difference was observed in age among the male and 

females (P=0.42NS). Among 48 cases, 20 were 

parafalcine and 28 were parasagittal . Majority of the 

cases were located in frontal lobe. Most common 

clinical manifestation were found to be headache 

(85.4%) followed by seizure (14.5%) and limb 

weakness (12.5%). We found 2 patients with 

diminution of vision and 2 cases of bladder 

disturbances (Table no.2). Most common histological 

diagnosis was found to be meningioma (60.4%) 

followed by glioma(29.1%) and epidermoid cyst 

(6.25%) with 1 case of colloid cyst and 1 case of AVM 

(Table no.3). All lesions (100%) were circumscribed 

precisely through small craniotomy. 

Number of veins visualized in capsule marked 

area were as follows : Anterior frontal vein (12), 

Middle frontal vein (20), Posterior frontal vein (26), 

Central vein (11), Anterior parietal Vein (7), Posterior 

parietal vein (2), Occipital vein (1) and Superior 

Sagittal Sinus (48). The Mean grading score of 

imaging of individual superficial cortical veins were 

superior in 3DCEMRV as compared to 2DTOF (Table 

no. 4). 

Poor depiction (Grade 2, 1, 0) of superficial 

cortical vein was observed in 26 cases (54.16%) in 

2DTOF (N=48) as compared to 3DCEMRV (N=48)0 

(0%). Whereas Clear depiction (Grade 3) of superficial 

cortical vein was observed in 48 cases (100%) in 

3DCEMRV (N=48) as compared to 2DTOF (N=48) 22 

case (45.8%) P<0.001S. (100%) showed in 3DCEMRV. 

In addition to this, we also found extra other small 

cortical vein drain the superior sagittal group in 

7(14.5%) cases in 3DCEMRV as compared to 2DTOF. 

Poor depiction (Grade 2, 1, 0) of superficial sagittal 

sinus was observed 15 (31.2%) in 2DTOF (N=48) as 

compared to 3DCEMRV(N=48)0 (0%).whereas Clear 

depiction (Grade 3) of superior sagittal sinus was 

observed 48 (100%) in 3DCEMRV(N=48) as compared 

to 2DTOF (N=48)33 (68.6%) P<0.001S (Table no.5). 14 

case (29.1%) showed sagittal sinus compression in 

both study groups. No new vein encountered during 

surgery. In post operative CT Head, we found 4 (8.3%) 

cases of infarction, 1 (2.0%) post operative site 

hematoma, and 3 (6.2%) cases of pneumocephalus. 

No residual mass was present in any cases. In the 

present study 5 patients (10.4%) developed 

neurological manifestations post operatively in the 

form of newly developed motor weakness, 4 patients 

(8.3%) developed altered sensorium and 1 patient 

died in post operative period, no patient developed 

seizure. In 3 cases, post operative MRV were done 

and these were analysed with respective 

preoperative images and no venous injury were 

identified. 

 

Age 

group 

(years) 

Total no. of 

patient 

Male Female 

≤ 18 2(4.1%) 1(2.0%) 1 (2.0%) 

18-60 44(91.6%) 23(47.9%) 21(43.7%) 



 
 

283 Preoperative evaluation of superficial cortical venous drainage 

≥ 60 2(4.1%) 1(2.0%) 1 (2.0%) 

total 48(100%) 25(52%) 23(47.91%) 

Mean±S

D 

42.08±12.1

5 

40.72±11.7

3 

43.57±12.1

5 

 

Table 1. Age and sex distribution. 

 

Clinical symptoms No. of cases 

Headache 41 (85.4%) 

Motor deficit 6 (12.5%) 

seizure 7 (14.5%) 

Diminution of vision  2 (4.1%) 

Bladder disturbances 2 (4.1%) 

 

Table 2. Clinical manifestations of patients. 

 

Histological diagnosis No. of cases 

Meningioma 29 (60.4%) 

Glioma 14 (29.1%) 

Epidermoid cyst 3 (6.25%) 

Colloid cyst 1 (2.0%) 

AVM 1 (2.0%) 

Total 48 (100%) 

 

Table 3. Distribution of patients based on histological 

diagnosis. 

 

Superficial 

cortical 

veins 

Total 

number 

veins 

visualisation 

in capsule 

marked area 

in all 

Mean 

grading 

score 

(2DTOF 

/3DCEMRV) 

2D TOF 

/3DCEMRV 

(SUPERIOR) 

patients 

(N=48) 

Anterior 

frontal 

vein 

12 2.29/3.0 3DCEMRV 

Middle 

frontal 

vein 

20 2.4/3.0 3DCEMRV 

Posterior 

frontal ein 

26 2.3/3.0 3DCEMRV 

Central 

vein 

11 2.36/3.0 3DCEMRV 

Anterior 

parietal 

vein 

7 2.51/3.0 3DCEMRV 

Posterior 

parietal 

Vein 

2 2.8/3.0 3DCEMRV 

Occipital 

vein 

1 3.0/3.0 NONE 

Superior 

Sagittal 

Sinus 

48 (2.6/3.0) 3DCEMRV 

 

Table 4. Comparative study of image quality of individual 

superficial cortical veins in 2DTOF and 3DCEMRV according to 

mean grading score. 

 

Veins Poor image 

( Grade 

2,1,0) 

2DTOF 

Clear 

image 

(Grade 3) 

2D TOF 

Poor image 

( Grade 

2,1,0) 

3DCEMRV 

Clear 

image 

(Grade 3) 
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3DCEMR

V 

Superfi

cial 

cortical 

veins 

26 

(54.16%) 

22 

(45.8%) 

0 (0%) 48 

(100%) 

Superi

or 

sagittal 

sinus 

15(31.2%) 33 

(68.7%) 

0(0.0%) 48(100

%) 

Other 

small 

cortical 

vein 

seen 

NONE NONE 2(4.1%) 5(10.4%

) 

P Value 

(2DTOF

/3DCE

MRV) 

<0.001S <0.001S <0.001S <0.001S 

 

Table 5. Comparison of the image quality of superficial cortical 

veins and superior sagittal sinus in 2DTOF, 3DCEMRV. 

 

Post operative clinical status 

of patients 

No. of patients 

Altered sensorium 4 (8.3%) 

Newly developed motor 

deficit 

5(10.4%) 

Seizure 0(0%) 

Death 1(2.0%) 

 

Table 6. Post-operative neurological manifestations. 

Post-operative CT Head No. of patient 

 Venous infarction 4 (8.3%) 

Post operative site 

hematoma 

1 (2.0%) 

Residual mass 0(0.0) 

pneumocephalus 3(6.2%) 

 

Table 7. Post-operative CT head. 

 

 
 

Figure 1. Image showing preoperative tumour marking with 

help of cod liver oil capsule. 

 

 

 

 
Figure 2. Comparison of 2D TOF and MR 3D CE MRV 

venography. Thick white arrow denotes superficial cortical 

veins (anterior and middle frontal vein) and thin arrow denote 

capsule in the anterior and posterior border of tumoral area. 

(A: Sagittal view; C: Axial view) 2D TOF MRV, (B: Sagittal view; D: 

Axial view) 3D CE MRV, showing clear visualization of anterior 

and middle frontal vein and entire superior sagittal sinus in 

3DCEMRV. (E) Intraoperative photograph arrow showing 
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superficial cortical vein (anterior and middle frontal vein) in 

defined marked area. 

 

 
 

Figure 3. Comparison of preoperative and postoperative 

superficial cortical vein on MR venography. Thin arrow denote 

capsule in the anterior and posterior border of tumoral area. 

(A: sagittal view; C: Axial view) showing preoperative MRV 

and (B: sagittal view; D: Axial view) showing postoperative 

MRV, suggests that no superficial cortical venous injury in 

defined tumoral and peritumoral area. (E); Intraoperative 

photograph showing superficial cortical vein in defined marked 

area. 

 

DISCUSSION  

Exact localization of superficial cortical venous 

system anatomy with respect to midline masses is 

very important in planning neurosurgical operations. 

On the basis of the cortical area that they drain, the 

superficial cortical veins are divided into four groups 

of bridging veins,:1. superior sagittal group, which 

drains into the SSS; 2. sphenoidal group, which 

drains into the sphenoparietal and cavernous 

sinuses;3. tentorial group, which converges on the 

sinuses in the tentorium; and 4. falcine group, which 

empties into the inferior sagittal sinus or straight 

sinus[5]. Surgery for midline masses such as colloid 

cyst, DACA Aneurysm, Corpus callosal gliomas, 

parasagittal and parafalcine masses are 

synonymous with dissection of the veins 

surrounding the tumour, specifically the cortical 

parasagittal and bridging veins, superior sagittal 

sinus (SSS) and collateral venous channels [6]. These 

information on intracranial venous system anatomy 

can be obtained by TOF MRV and CE MRV which are 

noninvasive techniques. Generally, MRV is 

performed without using contrast agent through 2D 

TOF MR venographic techniques [7]. 2D TOF MRV has 

been widely accepted for the imaging of intracranial 

venous system despite the well known technique 

associated pitfalls. A major pitfall of TOF MRV is the 

artifactual intravascular signal loss that occurs at 

predictable points in the intracranial venous 

anatomy [8]. . Images of higher spatial resolution are 

obtained in 3DCE MRV with less scanning time than 

2D TOF MRV[9]. Common flow related artifact seen 

on 2D TOF MRV can be avoided with the use of 3D CE 

MRV as it is flow insensitive [10]. False-negative 

results can also occur in 3D CE MRV in patients with 

enhancing intracranial lesions, such as neoplasms 

adjacent to dural sinus or veins. [11]. However, 

various literatures have reported that administration 

of contrast agent help to highlight these vessels 

especially small veins and also improve the vascular 

visualisation [12,13,14,15]. In our study 54.16% and 

45.8% cases were having poor (grade 2 ,1 ,0) and 

clear (grade 3) depiction of superficial cortical vein 

respectively on 2DTOF whereas all cases (100%) 

showed clear (grade 3) depiction of studied vein in 

3DCEMRV. Also, 68.7% and 100% cases showed clear 

depiction (grade 3) of superior sagittal sinus in 

2DTOF and 3DCEMRV respectively. The mean 

grading score of imaging of individual superficial 

cortical veins were superior in 3DCEMRV as 

compared to 2DTOF . Thus the results of present 

study indicate better efficacy of 3DCEMRV over 

2DTOFMRV. Study done by Leach et al;[16] also 

showed gadolinium-enhanced MRV to be superior 

than TOF MRV and also suggested the best 

evaluation using MRI. In the present study, the area 

over the tumor was marked by putting cod liver oil 

capsules, overlying veins were identified on 2DTOF 

MRV and 3DCEMRV image after that the surgical 

corridor was decided. Thus preoperative decision of 

surgical corridor allowed us to preserve the cortical 

veins maximally. In the study done by Burtscher et al. 

[17] have shown that 3-D image technique revealed 

additional information compared with conventional 

2-D images and had an influence on neurosurgical 

planning and strategy, improving neurosurgical 

performance and patient outcome. In the present 

study also, additional other small cortical vein were 

found in 3DCEMRV in 7(14.5%) cases as compared to 

2DTOF. Information about tumour and overlying 

superficial cortical veins and sagittal sinus in the 

marked area are obviating the need for the surgeon 

to mentally reconstruct the surgical anatomy from 2-

D image. Thus, orientation would be faster and more 

comprehensible [18,19,20]. With this information, 

the surgeon can plan the best approach for surgery. 

In the study by Khu et al; also concluded that 
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knowing the exact location of cortical vein with 

respect to tumor helps in preserving them during 

surgery. In our study, 2DTOF and 3DCEMRV images 

were taken and found that 2DTOF images showed 

less depiction of superficial cortical veins in the 

marked area as compared to 3DCEMRV, thus 

suggesting 3DCEMRV as preferred modality for 

locating veins. Abnormal radiological findings of 

intracranial venous structures were confirmed with 

intraoperative findings. In the study done by 

R.Klingebiela et al.[22];observed that Image quality 

was superior (4.3 ± 0.8; P < 0.001) for 3DCEMRV as 

compared with 2D TOF MRV (3.1 ± 0.7). In our study 

assessment of the evaluated sinus and veins was 

significantly improved by using 3DCEMRV (P < 0.05) 

as compared with 2D TOF MRV. Superior depiction of 

the cerebral venous anatomy on maximum intensity 

projection images from 3DCEMRV [22]. So 3DCEMRV 

is more informative than 2DTOF in delineation of 

superficial cortical and superior sagittal vein for 

surgical planning. and to avoid the venous injury 

while operating. All the patients were followed up 

and 5 (10.4%) patients developed neurological 

manifestations post operatively in the form of newly 

developed motor weakness, 4 (8.3%) patients 

developed altered sensorium and 1 patient died in 

post operative period. In post operative CT Head, we 

found 4 (8.3%) cases of infarction ,1 (2.0%) post op 

site hematoma, and 3 (6.2%) cases of 

pneumocephalus. No residual mass was present in 

any cases. In 3 cases, post operative MRV were done 

and these were compared with respective 

preoperative images and no venous injury were 

identified. Evaluation of preoperative and 

postoperative MRV can be useful in assessment of 

venous injury. Our study had the following 

limitations: There was low statistical impact because 

of a small number of patients. Furthermore, cerebral 

venous thrombosis could not be detected in any of 

the participants; thus, the drawing of conclusions 

from these data about the performance of CE MRV 

and MPRAGE sequences in the detection of venous 

thrombosis remains difficult 

 

CONCLUSIONS 

This study showed that preoperative localization and 

evaluation of tumoral area and cortical veins with the 

help of cod liver oil in MRI and MRV brain was very 

helpful in planning the surgery, making craniotomy 

and to avoid injury of the veins. This technique is 

easy to perform and the capsule is easily constructed 

and inexpensive. 3DCEMRV was found to be better 

modality than 2DTOF for delineation of veins. Final 

neurosurgical outcomes were better.  

 

 

ABBREVIATIONS 

3dcemrv: 3-dimensional contrast enhanced magnetic 

resonance venography; 

2dtof: 2-dimensional time of flight; 

daca: distal anterior cerebral artery; 

mrv: magnetic resonance venography; 

ct: computed tomography; 

sss: superior sagittal sinus; 

mip: maximum-intensity projection; 

sd: standard deviationism: arteriovenous malformation. 
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ABSTRACT 
The DREZotomy (Dorsal Root Entry Zone tomy) is an analgesic procedure. The 

analgesic effect is evaluated on 30 patients with chronic pain resulting from 

respectively: brachial plexus avulsion (66.6%), postherpetic pain (10%), hyperspastic 

states (6.6%), phantom pain (6.6%), the pain in the stump (6.6%), and spinal cord 

injuries (3.3%). Pain intensity was evaluated using a visual analogue scale (VAS). At last 

evaluation, between 12 and 60 months, after DREZotomy, 93% had a good or 

excellent global pain relief after surgery. According to the component types of pain, 

9.6% of patients had good or excellent control of the paroxysmal pain, and 84% of 

the continuous pain. Kaplan–Meier prediction of lasting global pain control at 60 

months of follow-up was calculated at 75.5%. Comparison of the 2 corresponding 

Kaplan–Meier curves at long term, namely, pain control in 82.8% for the paroxysmal 

component and in 51.7% for the continuous component, showed a statistically 

significant difference (P < 0.0001). Functional effects are improved by more than 70% 

according to patients. 

 

 
 

INTRODUCTION 

Chronic pain is a major public health problem, causing disability and of 

considerable human suffering. Depressive states are frequently 

associated with it; without counting the health costs it generates. There 

are, however, situations where conservative methods such as 

conventional drugs and psychotherapies are not effective and where 

the use of "lesional" neurosurgical management can provide an 

effective solution. This is the case for certain microsurgical techniques 

including DREZotomy (DREZ: Dorsal Root Entry Zone). This technique 

consists in interrupting the so-called nociceptive fibers and destroying 

by coagulation the hyperactive neurons located in the dorsal horn, 

corresponding to the area of pain, respecting the other fibers. It has 

been shown to be effective in some cases of chronic pain [2-5, 8, 9]. 
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METHODS 

We conducted a prospective study of 30 patients 

who underwent microsurgical DREZotomy for 

chronic pain resistant to medical treatment. This 

work was carried out between July 2007 and January 

2015. Our series included 2 women and 28 men, who 

had an average age of 46 years with extreme ages of 

25 and 79 years. All patients had a detailed clinical 

assessment including the characteristics of their 

pain, its intensity using the Visual Analog Scale (VAS), 

as well as an assessment of the psychological impact 

of the pain. Imaging, represented by CT scan and / or 

spinal MRI, was performed before the surgery to 

assess the extent of the lesions. 

 

ETIOLOGIES 

The chronic pain that affected our patients was 

caused by sequelae of brachial plexus avulsion (BPA) 

in 20 cases (66.6%) (figure 1), postherpetic neuralgia 

in 3 cases (10%), stump pain in 2 cases ( 6.6%), the 

phantom limb in 2 cases (6.6%), spasticity in 2 cases 

(6.6%) and one case (3.3%) of spinal cord injury. 

 

PAIN DESCRIPTION 

In our study, more than half of the patients (56.7%) 

experienced pain initially, and 33.3% two months 

after the onset of the lesions. The time between 

onset of pain and surgery is on average 5 ± 1 year. 

Three patients had a DN4 (Douleur Neuropathique 

en 4 Questions, French for neuropathic pain in 4 

questions), lower than 3, including 2 with stump pain 

and one patient with phantom limb pain. In fact, 

during the interrogation, we noted in 25 patients 

(83.3%) the presence of tingling. These latter involved 

18 patients with BPA (90%), all patients with 

postherpetic neuralgia, spinal cord injury and a 

patient with phantom limb pain (50%). Numbness 

was reported in 3 patients (10%) including two 

patients with BPA (10%) and a patient with spasticity 

(50%). Dysesthesia was present in one patient who 

has BPA. Analogous visual scale (VAS) of our patients 

was initially on average 9.20 ± 1.06 with extreme 

values of 7 and 10. Two categories of pain were 

noted, in particular electrical shooting-like 

paroxysmal pain, and the continuous pain realizing a 

painful background most often a burning type. The 

two components combined were present in 83% of 

patients. The paroxysmal and background 

components alone interested 6.7% and 10% of the 

patients, respectively. In the BPA, the pain concerned 

C6 and C7 dermatomes in all cases, and C8 and T1 

dermatomes, in 95% and 90% of cases, respectively. 

For stump pain, the dermatomes affected by the 

pain range from C6 to T1. For the phantom limb, the 

pain areas extend from C5 to T1. In the three patients 

with postherpetic neuralgia, the dermatomes 

concerned range from C7 to T1 and from T3 to T8 at 

a frequency of 33.33% of cases for each one, 

associated in cases with allodynia. In the patient who 

suffered from chronic pain due to spinal cord injury, 

the dermatomes involved range from L2 to S2. As for 

patients suffering from spastic pain, the 

dermatomes concerned are L1 and L2 but also L4, L5 

and S1. Whatever the causal etiology of chronic pain, 

there is a noticeable impact on several aspects of life, 

whether individual, social or professional.  

 

MEDICAL TREATMENT 

All of our patients received simultaneous treatment 

with WHO class I and II anticonvulsants, tricyclics and 

analgesics. However, we note that 5 (16.6%) of our 

patients took at least occasional WHO class III 

analgesics during their previous management. Two 

of our three patients with postherpetic neuralgia 

used topical lidocaine as a patch in the allodynic 

areas. Although the duration of treatment was 5 

years ± 1 year, there was no reported improvement. 

 

SURGICAL MANAGEMENT 

Microsurgical DREZotomy was performed under 

general anesthesia. The patients were placed in the 

prone position. The laminectomy was homolateral to 

the corresponding painful dermatomes and bilateral 

when the symptomatology concerned both sides. 

After opening the dura mater, micro-incisions under 

an operating microscope were performed at the 

spinal cord dorsolateral sulcus at the entrance of the 

posterior roots. The incision was of 2 mm deep at an 

angle of 35 ° anteriorly and medially when it was the 

cervical and thoracic levels and 45 ° when it was the 

lumbar region. These incisions were followed by low-

intensity micro-coagulations (figures 2 and 3). 

 

RESULTS 

The effects of DREZotomy on pain are evaluated 

when the patient is discharged from the hospital, in 

average, 15 days after surgery, but also evaluated at 

3 months and at long term (beyond 6 months). 

Whatever the etiology, the results of DREZotomy are 

mainly excellent for 26 patients (86.6%) at discharge, 
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for 25 patients (86.2%) at 3 months, and for 20 

patients (68.9%) in the long term; the good results 

interested 4 patients (13.3%) at discharge, 4 patients 

(13.7%) at 3 months and 7 patients (24.1%) in the 

long term; poor results are rare and concerned only 

2 patients (6.8%) in the long term (Figure 4). The long-

term overall pain control defined by excellent to 

good results is studied by the KAPLAN-MEIER curve; 

this one shows 75.7% pain control over a 60 month 

follow-up period (Figure 5). In our study, the results 

are excellent on allodynia, especially in patients with 

postherpetic neuralgia. The correlation between the 

number of painful dermatomes and the results of 

microsurgical DREZotomy is statistically significant; 

the fewer the number of dermatomes, the more 

excellent the results of the DREZotomy (p = 0.0093). 

The control of the pain components defined by 

excellent and good results is analyzed using the 

KAPLAN-MEIER curve; this one shows that the control 

of the paroxysmal and continuous components is 

estimated respectively at 82.8% and 51.7% over a 

period of 60 months (Figures 6 and 7). This analysis 

demonstrates the effectiveness of the technique on 

the various components of pain with a predilection 

on the paroxysmal component compared to the 

continuous component (p <0.0001). Surgical 

DREZotomy improves the quality of life in all its 

aspects and whatever the etiology. This 

improvement is statistically significant in all cases (p 

= 0.00000). There is an average improvement of 83 ± 

15% in daily activity, 79 ± 14% in walking, 85 ± 14% in 

the mood, 77 ± 15% in social relationships, and 85 ± 

14% in sleep quality. The reduction in the doses of 

the drugs was performed gradually until stopping, in 

3-4 weeks. Analgesic treatment at low doses was 

continued in 6 patients. Complications are generally 

few and quickly resolve; limited essentially to neck 

pain in 15.4% of cases, and in much rarer cases there 

was: CSF fistula in 3.3% of cases, ataxia, tactile 

hypoesthesia, transient or permanent 

arthrokinesthesia, transient dysthesia, and mild 

motor disorder in 3.7% of cases for each of these 

complications. We regret a death of one patient 

which occurred during hospitalization caused by a 

pulmonary embolism. 

 

 

Figure 1. Preoperative cervical spine MRI in T2 weighted images, in patient suffering from brachial plexus avulsion pain; A: axial 

slide, B: coronal slide, C: sagittal slide; the arrow shows a pseudoméningocèle characteristic lesion of brachial plexus avulsion. 

 

 
 

Figure 2. Per operative pictures in patient suffering from brachial plexus avulsion; A: before DREZotomy, B: after DREZotomy. The 
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black arrows show the DREZotomy zone for an avulsed C6 root, the white arrows show micro blood vessels entering the DREZ zone, 

the full star shows the C5 root, the empty star shows the spinal cord, and the ring the denticulate ligaments. 

 

 
 

Figure 3. Per operative pictures in a patient suffering from postherpetic neuralgia; A: before DREZotomy, B: after DREZotomy. The 

black arrows show the DREZotomy zone, the white arrows show atrophied C7 root. 

 

 

Figure 4. Good to excellent results of DREZotomy on overall 

pain at discharge, at 3 months and in the long term, all 

etiologies taken together (Excellent: Improvement greater than 

75%; good: Improvement between 75% and 50%, and poor 

improvement less than 50%). 

 

 
 

Figure 5. Kaplan Meier curve describing in percentage the long-

term overall pain control (excellent to good). Pain control is 

estimated at 75.7% over a 60-month follow-up period. 

Excellent: Improvement greater than 75%; Good: Improvement 

between 75% and 50%. 

 

 
 

Figure 6. The Kaplan Meier curve describing in percentage the 

control of the paroxysmal component of pain (excellent to 

good) in the long term. Pain control is estimated at 82.8% over 

a period of 60 months. Excellent: Improvement greater than 

75%; Good: Improvement between 75% and 50%. 

 

 
 

Figure 7. The Kaplan Meier curve describing in percentage the 

control of the continuous component of pain (excellent to 

good) in the long term. Pain control is estimated at 51.7% over 
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a period of 60 months. Excellent: Improvement greater than 

75%; Good: Improvement between 75% and 50%. 

 

DISCUSSION 

We believe that the effectiveness of DREZotomy on 

pain reinforces the hypothesis that the dorsal horn 

plays a main role in the genesis of pain [4]. Guenot et 

al report the appearance of hyperactive neurons 

after the experimental rhizotomy performed in 

animals [13]. DREZotomy significantly suppresses 

autotomy behavior in animals that have undergone 

rhizotomy. Neuron hyperactivity has also been 

recorded using microelectrodes implanted in the 

dorsal horn during the DREZotomy procedure for 

BPA pain [12, 14, 16]. The fact that the paroxysmal 

component is often reduced by DREZotomy, 

suggests that its origin predominates in the dorsal 

horn. Central sensibilisation by the phenomenon of 

denervation cannot in itself explain the mechanism 

generating pain within the dorsal horn. Like other 

authors, we have frequently observed 

intraoperatively, the presence of hemosiderin 

deposits, microcavitations and gliotic tissue within 

the gray matter of the dorsal horn in the cases of BPA 

and spinal cord injury [4,10,17]. These lesions can 

cause a change in normal activity within this region 

and consequently cause dysfunction of the pain 

pathways at the spinal or cerebral level [16]. 

However, it is quite clear that not all pain-generating 

centers are located at the dorsal horn. As for the 

mechanism of the continuous component, 

dominated by the burning sensation which is less 

influenced by DREZotomy than the paroxysmal 

component, it remains less clear; however, several 

hypotheses can be put forward. BPA causes more or 

less extensive necrosis of cells belonging to the 

dorsal horn that participate in the spinothalamic 

tract ascending pathway, as well as in the case of 

spinal cord trauma. This results in some degree of 

spino-reticulo-thalamic pain responsible of the 

continuous component [4]. The mechanisms of 

postherpetic neuralgia are similar to the above-

mentioned mechanisms; the presence of the 

varicella zoster virus in the sensory neurons of the 

dorsal ganglion [1] causes inflammation and cell 

destruction within it [7,15, 23]. The inflammatory 

process extends along the sensitive fibers to the 

dorsal horn, causing lesions similar to those 

observed in the BPA [3], which explains the beneficial 

effect of DREZotomy on the two components, in 

particular the component paroxysmal as well as 

allodynia. DREZotomy acts by suppressing the 

collaterals of the Aβ fibers which are oriented 

towards the nociceptive layers of the dorsal horn. 

Several hypotheses are suggested in the stump pain 

and the phantom limb pain. In fact, the loss of the 

afferent influx from the periphery leads to irritation 

of the neurons of the dorsal horn and their 

hyperexcitability and reduction of inhibitory 

processes [11,18, 25]. This gives the DREZ area a 

therapeutic interest. According to the series, 

paraplegic pain is mostly secondary to the conus 

medullaris lesion which often accompanies spinal 

trauma [21], probably in relation with the site 

corresponding to the thoraco-lumbar junction which 

is exposed to frequently to fractures. The thoraco-

lumbar junction corresponds to numerous spinal 

segments condensed on a small poorly vascularized 

(Adamkiewicz artery) explaining their concomitant 

involvement during the trauma. The mechanism of 

spastic pain may be linked to painful spasms, painful 

contracture and neuropathic pain [21]; which occurs 

in multiple sclerosis [8,9], and spinal cord injury [10]. 

This neuropathic disorder is secondary to a 

demyelization of the spino-thalamic tract [6,24] and 

the posterior horn where the paroxysmal and 

continuous components are usually present. The 

beneficial effect of DREZotomy, on the various 

components of pain in particular the paroxysmal 

component was obtained by interrupting the 

myotatic fibers (monosynaptics), and the nociceptive 

fibers (polysynaptics), thus depriving the 

somatosensitive relays of the dorsal horn of all 

excitatory afferents [22]. 

 

CONCLUSIONS 

DREZotomy has a satisfactory operating risk / benefit 

ratio with few side effects. It is suitable for chronic 

refractory pain especially BPA and spinal cord injury. 

It significantly attenuates chronic pain in its 

paroxysmal but also continuous components with 

supremacy for paroxysmal pain, including in 

allodynic phenomena. 
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ABSTRACT 
An eight-year-old male patient was admitted to the hospital with a history of left 

median paramedian frontal craniectomy due to car trauma at six months of age. Axial 

computed tomography of the skull with reconstruction in three dimensions revealed 

an arachnoid cyst with slight herniation of the brain in the frontal lobe, leading to 

protrusion against the skullcap, causing dilation of the ex-vacuum of the anterior 

extension of the homolateral lateral ventricle. He presented asymmetrical lateral 

ventricles, a reduced base cistern, and a slightly ectatic IV centred ventricle. After the 

physical examination, no neurological deficit was found, despite the changes 

identified in the images. It is believed that such conditions may progressively worsen 

with the development and maturation of nervous tissue over the age of the assessed 

child. To confirm this, specialized monitoring is of fundamental importance. 

 

 
 

INTRODUCTION 

The arachnoid cyst is a meningeal expansion, in the form of a bag, filled 

with liquid with characteristics identical to the liquor, and it can develop 

in any place where there is an arachnoid. They are congenital and are 

formed due to valve defects in the arachnoid membranes that facilitate 

the passage of the cerebrospinal fluid into the cyst and, in the same 

way, hinder the exit(1). Although many may constitute incidental 

findings, others cause symptoms due to compression of the brain 

parenchyma or increased intracranial pressure (2). Due to the 

complexity and rarity of the case, as it is a post-traumatic arachnoid cyst 

of the skull in the frontal lobe region in a young patient, aged eight, 

without any apparent neurological impairment, it was considered 

relevant for the scientific literature describing this case. 
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CASE REPORT 

Male patient, eight years old, enters the surgical 

center with a history of left median paramedian 

frontal craniectomy due to car trauma at 6 months 

of age. A computed tomography scan of the skull was 

performed with 3D reconstruction, showing an 

arachnoid cyst in the frontal lobe protruding into the 

skull cap determining dilation of the ex-vacuum of 

the anterior extension of the homolateral lateral 

ventricle. It also has asymmetrical lateral ventricles, a 

reduced base cistern and a slightly ectatic centralized 

ventricle (Figures 1,2 and 3). On physical 

examination, the patient did not show a neurological 

deficit. 

 

 

Figure 1: Sagittal (A) and coronal (B) skull computed tomography showing an arachnoid cyst in the frontal lobe protruding into the 

skullcap, reduced volume cistern and slightly ectasied centered ventricle. 

 

 

Figure 2: Sequence A of computed tomography of the skull, axial section showing an arachnoid cyst in the frontal lobe protruding 
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in the skullcap. Sequence B of computed tomography shows dilation of the ex-vacuum of the anterior extension of the homolateral 

lateral ventricle. Asymmetric lateral ventricles are observed. 

 

 

Figure 3: Sequences A and B are computed tomography scans of the skull with 3D reconstruction showing the absence of bone 

fusion of the anterior fontanelle. 

 

DISCUSSION 

Intracranial cysts represent 1% of lesions with a mass 

effect. Most have a congenital origin and an intra-

arachnoid situation, presenting or not 

communicating with the subarachnoid space (1,2-6). 

The arachnoid cyst is a meningeal expansion, in the 

form of a bag, filled with fluid with characteristics 

identical to cerebrospinal fluid or CSF, and maybe 

develop in any location where arachnoid exists. Most 

have a congenital origin and an intra-arachnoid 

situation, with or without communication with the 

subarachnoid space (1,2-6). 

The development of the cyst can occur due to a 

primary malformation of the arachnoid, as a 

consequence of a duplication of the membrane, at 

an early stage of embryogenesis, however, some 

cysts originate from the rupture or fragility of the 

arachnoid membrane in the presence of trauma, 

tumor or infection (1). Arachnoid cysts occur more 

frequently in children and young adults, most of 

them under the age of 20 years (3,5,6), the reasons 

for this fact are still not well understood. There is no 

direct relationship between the volume of the cyst 

and the clinical findings. Large cysts may be 

accompanied by moderate symptoms and this may 

occur due to their location and the brain's 

adaptability. Among the most frequent clinical 

manifestations are macrocephaly, headache, focal 

signs and seizures. 

 

 

CONCLUSIONS 

The therapeutic strategies currently used are 

essentially surgical, depending on the symptoms, 

however, as the patient did not present clinical 

symptoms, the literature has reported the indication 

for performing craniotomy with membranectomy 

(1,5,6) or drainage utilizing cystoperitoneal shunt (7-

9). 
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ABSTRACT 
L’HIS est une céphalée chronique, liée à une fuite de LCR. Son diagnostic est facilité 

par l’IRM et sa prise est essentiellement médicale. Nous rapportons le cas d’une jeune 

femme ayant présenté un tableau clinique et signes IRM compatibles avec ce 

diagnostic et ayant bien évolué sous traitement. 

 

 

INTRODUCTION 

L’hypotension intracrânienne spontanée (HIS) fût décrite par le 

Neurologue Allemand Schaltenbrand en 1938 (1). En effet, il définit sous 

le terme d'aliquorrhée une pathologie d'apparition spontanée 

associant une très basse pression d'ouverture du liquide 

céphalorachidien (LCR) (inférieure à 60 mm d’eau) et des céphalées 

orthostatiques (2).  

Le diagnostic de l’HIS a été considérablement facilité par le 

développement de l'imagerie par résonance magnétique cérébrale, 

avec une connaissance plus précise des anomalies caractéristiques de 

cette affection lors de cette exploration (3,4). 

 

OBSERVATION 

Histoire de la maladie 

 

Madame N, 38 ans, fonctionnaire, sans antécédents pathologiques 

notables ni de facteurs de risque cardiovasculaires, a consulté pour 

céphalées diffuses à type de constriction, fluctuantes, d'aggravation 

progressive depuis 1 mois et résistantes aux antalgiques du premier 

palier. 

Les céphalées apparaissaient rapidement lors du passage de la 

position allongée à la position assise ou debout et s’accompagnait de 

nausées et de deux épisodes de vomissements. On note la présence 

d’une phonophobie, d’une hypoacousie avec une sensation d'oreille 

bouchée et des acouphènes à gauche, mais pas de diplopie ni de flou 

visuel. 

Ces céphalées s’associaient également à des douleurs de la nuque, 

tout en augmentant d’intensité au fur et à mesure du maintien de la 

position debout ou assise et s’amélioraient rapidement lors du passage 
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à la position allongée, avant de disparaitre 

complètement par la suite. 

 
Examen Clinique 

L'examen neurologique ne retrouvait aucune 

anomalie. Il n’y avait pas de signes d'hypertension 

intracrânienne ou de syndrome méningé. L'examen 

général était normal avec une tension artérielle est 

de 130/85.  

 
Examens complémentaires  

Scanner cérébral avec injection 

Réalisé en urgence, lors des premiers accès de 

céphalées et n’avait pas montré d’anomalies.  

 
IRM cérébrale 

L'IRM cérébrale montrait en séquence FLAIR un 

épaississement diffus des méninges encéphaliques 

avec un aspect de petits ventricules (Fig. 1). 

 

 

Figure 1. 

 

Il s'y associait de chaque côté une fine lame 

d'épanchement sous dural fronto-pariétale 

bilatérale (Fig. 2). 

 

 

 
 

Figure 2. 

 

En T1 après injection de gadolinium, on observait un 

rehaussement de la dure mère au niveau de la 

convexité sus et sous tentorielle, de la faux et de la 

tente du cervelet (Fig. 3). 

 

 

Figure 3. 
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On notait enfin une hypertrophie hypophysaire (Fig. 

4). 

 

 
 

Figure 4. 

 

Il n'y avait pas d'anomalie du parenchyme cérébral. 

 
IRM médullaire 

Collection sous durale d'allure liquidienne, 

antérieure entre C7 et D3, en hypersignal T2 (Fig. 5). 

 

 
 

Figure 5. 

 

On observait sur les coupes sagittales cervicales 

hautes une ptose de l'encéphale et notamment des 

amygdales cérébelleuses sans anomalies 

morphologiques associées (Fig. 4). 

 

PRISE EN CHARGE ET ÉVOLUTION 

Devant les céphalées d'aggravation orthostatique, 

l’absence de notion de traumatisme crânien, de 

ponction lombaire ou d’intervention 

neurochirurgicale et les images en IRM, le diagnostic 

d’hypotension intracrânienne spontanée a été 

retenu. Le décubitus prolongé au-delà de 24 h avec 

hyperhydratation a permis l'amélioration de la 

symptomatologie.  

 

DISCUSSION 

L'hypotension intracrânienne spontanée (HIS) est 

une pathologie qui reste rare, dont la prévalence se 

situe entre 1/50 000 et 5/100 000, avec une 

prépondérance féminine (sex-ratio à 2/1) et un pic 

d'incidence vers 40 ans [5]. Elle est plus fréquente au 

cours des maladies du tissu conjonctif (Marfan, 

Ehler-Danlos) [6].  

Sa forme classique associe des céphalées 

postérieures et des cervicalgies à type de 

constriction, d'intensité modérée à sévère, 

s'installant dans les 15 minutes suivant 

l'orthostatisme, soulagée par le décubitus, en 

l'absence de traumatisme sévère ou de gestes 

invasifs (chirurgie ou ponction lombaire). 

L'association à des signes de nature ORL est 

classique, en lien avec des modifications de pression 

de l'oreille interne. Une atteinte de nerfs crâniens, 

notamment du VI, est plus rarement décrite. 

Toutefois les céphalées deviennent moins 

caractéristiques avec la chronicisation ; le tableau 

peut alors évoluer vers des céphalées chroniques 

quotidiennes, parfois associées à un abus 

médicamenteux. 

La physiopathologie supposée repose sur une 

hypovolémie du liquide céphalo-rachidien (LCR) 

secondaire à des brèches dure mériennes le plus 

souvent médullaires, responsable de la traction sur 

les différentes structures du cerveau et à l'origine 

des signes IRM [7]. Ces brèches seraient favorisées 

par l'association d'un traumatisme parfois mineur et 

d'une fragilité du tissu méningé spinal.  

L’hypertrophie hypophysaire, les collections 

sous-durales à l’étage cérébral et rachidien, 

l’expansion veineuse au niveau intracrânien et 

rachidien et l’épaississement de la dure mère sont 
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liés à la baisse de pression du LCR qu’ils permettent 

de compenser (Loi de Monro-Kellie). 

Le rehaussement diffus de la dure mère au 

niveau de la convexité sus et sous tentorielle, de la 

faux et de la tente du cervelet est un important signe 

pour le diagnostic différentiel avec une méningite 

infectieuse ou carcinomateuse. 

L'IRM cérébrale peut être normale dans environ 

20 % des cas [5, 7,8] et n'exclut donc pas le diagnostic 

en cas de forte présomption clinique. 

L’IRM médullaire avec notamment des séquences 

T2 et STIR doit être toujours réalisée lorsque l'on 

suspecte une HIS. En effet, Il s'agit de l'examen le plus 

performant [9] avec une sensibilité proche de 94 % 

[3], notamment à la phase précoce, montrant dans 

88 % des cas des collections épidurales, dans 78 à 94 

% des cas une dilatation des veines épidurales 

cervicales [6]. Il a également été observé des prises 

de contraste au contact de ces collections en lien 

avec la réaction leptoméningée [11,12]. 

Enfin, il faut penser à une étiologie de l’HIC 

pouvant expliquer la fuite chronique de LCR (brèche 

durale) qui est rarement retrouvée à l’IRM médullaire 

(pseudoméningocèle, ectasie durale, kystes 

radiculaires, protrusions disco-ostéophytiques, etc). 

L'évolution sans traitement peut se faire vers la 

rémission spontanée, la chronicisation ou des 

complications (hématome sous-dural, thrombose 

veineuse cérébrale). Ces dernières modifient les 

caractéristiques de la céphalée, avec notamment 

l'apparition rapide de tableaux d'hypertension 

intracrânienne et un engagement amygdalien. Toute 

modification de la céphalée chez un patient souffrant 

d'une HIS justifie donc une réévaluation clinique et 

IRM en urgence.  

La prise en charge thérapeutique repose sur le 

traitement conservateur (repos en décubitus, 

hyperhydratation) et le blood-patch (plusieurs 

tentatives pouvant être nécessaires). 

Lorsque le patient ne s’améliore pas malgré le 

traitement médical (voir le blood patch), il y a 

nécessité d’essayer de trouver la fuite, avec un 

myéloscanner ou une cisternographie, pour 

apporter un diagnostic complet et guider ainsi la 

conduite thérapeutique (blood patch au bon endroit 

et éventuelle chirurgie). 

Les indications chirurgicales sont exceptionnelles 

et concernent, avant tout, les lésions sévères ou 

développementales, résistantes au traitement 

médical [5,13]. Les anomalies de signal méningées 

en IRM régressent généralement suite au traitement, 

avec un décalage par rapport à l'amélioration 

clinique [5]. 

 

CONCLUSION  

L’HIS est une céphalée chronique, liée à une fuite de 

LCR.  

Les conséquences de cette hypovolémie du LCR 

sont essentiellement la ptôse cérébrale et la 

compensation veineuse. Ces deux conséquences 

expliquent les manifestations cliniques et IRM de 

cette pathologie.  

Enfin, il faut souligner l’intérêt de l’imagerie 

médullaire, notamment, le myéloscanner pour 

rechercher une brèche durale ; ce qui est 

recommandé en l’absence d’amélioration au 

traitement médical et au blood patch.  
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ABSTRACT 
Introduction: Severe head injury (SHI) is associated with a high mortality and 

morbidity rate and is one of the leading causes of death in intensive care units. The 

aim of this study was to identify predictors of hospital outcome and mortality in ICU 

admitted SHI patients and to estimate their impact. 

Methods: A retrospective analysis was carried on patients (n=321) with a severe head 

injury, defined as Glasgow Coma Scale (GCS) ≤ 8 who were admitted to the ICU 

neurosurgical department of National Trauma Center from 2017 to 2018. Both 

clinical and radiological predictors of hospitalized patients were identified. 

Results: Total mortality rate was 5.9%. 243 (75.7%) of the patients were male and 78 

(24.3%) were female. 55 % of cases were due to traffic accidents. Patients Middle Ages 

group was 60%. Coexisting injuries, found in 25% of the patients aggravated the 

prognosis. Blood grouping pattern in SHI were B+, A+ and O+ 36.1, 28 and 24.3% 

respectively.45% of the patients had Tattoo which was aggravating factors. The 

outcome is highly correlated with GCS’ values. CT scan findings revealed that patients 

with subdural hygroma after few days of admission CT scan which was very important 

prognostic factors in SHI. 

Conclusions: SHI has high mortality and morbidity in today world as it has a high 

negative impact on young people, especially men with blood group B+. The age of the 

patient, presence of Tattoo, GCS at admission, the CT scanning at admission and CT 

scanning after a week of admission were significant predictors of outcome. 

 

 

INTRODUCTION 

Head injury (HI) is injuries to the scalp, skull, or brain (Traumatic Brain 

injury) produced by trauma, possibly leading to permanent or 

temporary impairment of cognitive, physical, and psychosocial 

functions, with diminished or altered state of consciousness. Severe 

traumatic brain injury (TBI) is associated with a high mortality and 

morbidity rate and is one of the leading causes of death in the intensive 

care units (3, 16). This is a retrospective study to identify predictors of 

hospital outcome/ mortality in ICU admitted severe TBI patients and to 

estimate their impact. Moreover, this study also intends to find the 

recent trends of head injury.  

 

MATERIALS AND METHODS 

A retrospective analysis was done on patients with severe head injury, 
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defined as Glasgow Coma Scale (GCS) ≤ 8, who were 

admitted to the ICU neurosurgical department of 

National Trauma Center from June 2017 to July 2018. 

CT scan brain plain was done as a part of routine 

evaluation for all patients when presented in 

emergency department (ER). Patient’s inpatient files, 

ER and police records were used to retrieve the data. 

The consciousness level was assessed by the 

Glasgow Coma Scale (GCS) and the outcome was 

assessed by the Glasgow Outcome Score (GOS). 

Patient characteristics like age, gender distribution, 

mode of injury, alcohol influence, GCS on admission, 

pupil reactivity, presence of extra-cranial associated 

injuries, laboratory tests and CT scan results were 

evaluated.  

Outcome assessment for survivors was based on 

data from the medical records of patients during 

their hospitalization, and that obtained within a 6 

month-period after discharge. Unfavorable outcome 

(death or severe disability) at six months was defined 

with the GOS. The scale comprises five categories: 

death, vegetative state, severe disability, moderate 

disability, and good recovery. Our results are 

statistically analyzed and discussed. Inclusion 

criteria: All the severe head injury patients who were 

admitted in intensive care unit under the 

Neurosurgery care during the study period. 

Exclusion criteria: The severe head-injured patients 

who had polytrauma with cervical injury.  

 

RESULTS 

In this study, there were 321 patients with severe 

head injury. 243 (75.7%) of the patients were male 

and 78 (24.3%) were female (Figure 1). Patients 

Middle Ages group was 60% (Figure 2). The number 

of patients with severe head injury admitted to the 

hospital was 321, out of which 174 (54%) patients had 

a head injury following Road traffic accident (RTA), 

114 (36%) sustained head injury following fall from 

height, 20 (6%) secondary to physical assault, and 13 

(4%) attributed to other modes of injury (Figure 3). 

Most of the cases admitted in ICU (96%) were 

intubated and mechanically ventilated. The 

radiological findings on head injury patients showed 

contusion in most cases around 29% (Figure 4). Non-

surgical (conservative) treatment was provided to 

225 (70%) patients while 96 (30%) patients required 

surgical intervention (Figure 5). Coexisting injuries, 

found in 25% of the patients, affected the prognosis. 

Two third of the patients admitted with SHI were 

under the influence of alcohol (Figure 6). Blood 

grouping pattern in SHI were B+, A+ and O+ 36.1, 28 

and 24.3% respectively (Figure 7). 45% of the RTA 

patients had Tattoo which was aggravating factors. 

CT scan findings revealed that patients with subdural 

hygroma after few days of admission CT scan which 

was very important prognostic factors in TBI. 

Outcome highly correlated with GCS score. 

 

 
 

Figure 1. Gender distribution of admitted SHI. 

 

 
 

Figure 2. Age distribution of admitted SHI. 

 

 
 

Figure 3. The distribution of causes of injury in admitted SHI 

(n=321) . 
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Figure 4. Radiological Finding of admitted SHI patients. 

 

 
 

Figure 5. Management of admitted SHI patients. 

 

 
 

Figure 6. Numbers of patients under alcohol influences. 

 

 
 

Figure 7. Blood grouping pattern in Severe Head injuries. 

 

DISCUSSION 

Severe head injury (SHI) is the most common global 

cause of morbidity and mortality in people under 45 

years of age and possess major public health and 

socioeconomic challenges, which can negatively 

impact the daily life activities and possess high risk of 

readmission to hospital and subsequent death. 

Despite advancements in diagnosis and treatment, 

there are many queries regarding the diagnosis, 

prognosis and best possible treatment of SHI. There 

are no acceptable clinical and pathological predictive 

factors have been recognized for developing clinical 

trials and promoting effective therapeutic strategies 

to improve the prognosis. There were a lot of 

different prognostic factors related to outcome. The 

most important prognostic factors included: age, 

Glasgow Coma Scale, pupil size, coexistence of other 

injuries, a history of previous head injury, alcohol 

abuse and lower socioeconomic, educational status, 

hypotension, hypoxia, glucose, coagulopathy, 

haemoglobin, Marshall CT classification and 

traumatic subarachnoid haemorrhage (1, 2, 9, and 

11). This article focuses mainly on the clinically 

significant aspects of potential interrelationship 

between potential diagnostic and prognostics tools 

in severe brain injury. Assessing prognosis after 

traumatic brain injury was both very important and 

difficult. 

In this study, the majority of patients were male 

76% and only 24% were female (Figure 1). Patients of 

both sexes primarily belong to an age group of 15-50 

years in the age-distribution curve of SHI (Figure 2). 

This could be credited to this group of people 

predominantly being more active and vulnerable in 

the community and country. In the present study, 

RTA was established as the most common cause of 

SHI. It contributed to almost 55% of the head injury 

cases leading to admission (Figure 3). This finding can 

be attributed to more men being drivers and more 

prone to be involved in RTA (5, 6). Noticeably, cases 

of head injuries due to the physical assault appear to 

be on the rise, compared to zero percent in the study 

of Gongal and Devkota (1979) to 6% in the present 

series (4). 

In Nepal, the zero-tolerance policy against 

drinking and driving significantly reduced the 

number of RTA in past years. However, two third of 

the patients with SHI, in this study were under the 

influence of alcohol. Patients with SHI with GCS ≤ 8 

were intubated and mechanically ventilated in ICU. 

Nearly all patients in the present study underwent CT 

imaging of the head immediately after emergency 

admission. Neurosurgical procedures were 
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performed between admission to the emergency 

room and transfer to intensive care unit.  

Initial CT examination demonstrated 

abnormalities in approximately 90% of patients with 

severe head injury. CT scan plays a vital role in early 

assessment of patients with severe head injury. 

Repeat CT scan was done within 48-72 hours to 

exclude conversion of contusion into increase 

hematoma. Our study showed, patients with SHI 

developed subdural hygroma after a week, as seen 

on their CT scans. Subdural hygroma is defined as 

acute or chronic cerebrospinal fluid accumulation in 

the subdural space, which is a virtual space between 

the arachnoid and subdural membranes (17). In our 

series, bilateral subdural hygroma were located 

mainly frontoparietal region representing more than 

77% of the cases. In the literature, this sort of lesion 

is usually related with contusions, cerebral atrophy, 

subdural and epidural hematomas or post operatory 

complications (12, 15, and 17). Although etiology is 

well documented, pathogenesis of this condition is 

not well explained. Some author proposed that the 

formation of a one-way valve allowing the passage of 

CSF into the subdural space, caused by a traumatic 

tear of the arachnoidal mater or rupture of incidental 

arachnoids cyst (7, 13). In our series, we noticed 

prognosis of patients could be good once bilateral 

subdural hygroma in the CT scan. 

The study also revealed a correlation between 

tattoo and SHI. 45% of RTA cases with SHI had tattoo. 

However, present research does not indicate any 

particular group, age, gender, occupation, 

personality or a particular level of social status that 

get tattoos. There are many reasons to why people 

get tattoo; describing personal tales, expressing 

individuality, spiritual meaning, fashion, scar hiding, 

marking new beginnings like birth, adulthood, 

marriage, divorce, death, etc. and even marking 

memories as milestone for love or loss (14).  

Another interesting finding of our study, Blood 

grouping pattern in SHI were B+, A+ and O+ 36.1, 28 

and 24.3% respectively (Figure 7). In our country, 

normal blood grouping distribution are A, O, B and 

AB at 55.05%, 21.64%, 14.72%, and 8.6% respectively 

(8). But O, A, B and AB were 46%, 41%, 9% and 4% in 

the USA respectively (10). These findings can be 

incidental or crucial. Further study needs to be 

conducted as our study had its limitation; small study 

group, single center findings and limited follow up to 

understand its outcome. We strongly recommended 

that prediction factors should be kept in mind for the 

best management and outcome of severe head 

injury patients. Head trauma should highly be 

prevented in order to reduce incidence of TBI related 

mortality. Thus, awareness of the impact of head 

trauma should be raised through information 

campaigns. 

 

CONCLUSION  

Severe head injury has a high negative impact on 

young people, especially men and also B+ blood 

group. The age of the patient, presence of Tattoo, 

GCS at admission, CT scanning at admission and CT 

scanning after week of admission with hygroma 

were significant predictors of outcome.  
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ABSTRACT 
Background: Even after the failure of EC-IC bypass trial, EC- IC bypass can help many 

patients in preventing future stroke. Here we present a case series of patients with 

cerebral ischemia from different etiological modes who underwent EC-IC bypass with 

positive end results. 

Methods: Patients in these cases series with TIA/stroke/recurrent stroke were 

evaluated clinically for the history of TIA or recurrent/hemodynamic TIA (in rest or 

during work) or progressive hemiparesis/aphasia/visual disturbances or sudden 

hemiplegia/hemiparesis/aphasia with subsequent significant (days to a week) 

recovery. MRI of the brain was done in ischemic protocol in all cases. To see the 

arterial pathology dynamic CTA was also done in all cases except one case. DSA was 

done in 03 cases. When clinical features, cerebral ischemia on MRI and arterial 

stenosis/occlusion on angiogram were concordant with each other, only then 

cerebral revascularization was done. After bypass, all patients were followed up 

regularly. All recorded data were reviewed retrospectively. 

Results: Total no. of cases were 08. The most common presentation was 

hemiparesis. Etiologies were infective thrombosis of ICA, orbital cellulitis, 

thrombosed giant ICA aneurysm, single & multiple vessel occlusion and MCA 

stenosis. High flow EC-IC bypass was done in one case. STA- MCA bypass was done in 

rest of the cases. All patient were ambulant with static neuro-status without new 

stroke till last follow up. All bypasses were patent and functioning till last follow up 

(clinical, Doppler/Imaging). 

Conclusion: In carefully selected cases cerebral revascularization in ischemic 

conditions can result positive outcome. 

 

 

INTRODUCTION 

After introduction by Yasargil in 1967, cerebral revascularization by EC-

IC bypass has become an indispensable tool for managing patients with 

hemodynamic ischemia, or for managing patients with complex 

aneurysms or skull base tumors; that are not amenable to radical 

resection; because of major vascular involvement. [2,14] Patients with 
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hemodynamic ischemia have an annual stroke rate 

of 25%, which increases by 2% every year.[14] They 

can develop a fatal stroke. This category also 

includes Moya moya disease. [14,18] After failure of 

EC-IC bypass trial, neurosurgeons were in search of 

cases where EC- IC bypass would help the patients in 

preventing future stroke and neurological 

improvement. Here we present a case series of 

patients with cerebral ischemia from different 

etiological modes underwent EC-IC bypass with 

positive end results. 
 

METHODS 

Patients in these cases series with 

TIA/stroke/recurrent stroke were evaluated clinically 

for history of TIA or recurrent/hemodynamic TIA (in 

rest or during work) or progressive hemiparesis / 

aphasia / visual disturbances or sudden hemiplegia / 

hemiparesis / aphasia with subsequent significant 

(days to week) recovery. Permanent hemiplegia 

cases were not included in this case series. Then the 

cases were evaluated neuro-radiologically for 

cerebral ischemia with or without infarct/s and 

possible cerebral revascularization by EC-IC bypass. 

CT scan of head was done to exclude hemorrhage 

and other pathology such as tumor. MRI of brain was 

done in ischemic protocol (All images including DW, 

ADC, PW, DTI and MRA&MRV including neck vessels) 

to see cerebral ischemic zone/s (DW& PW mismatch), 

cortico-spinal tract & other major tracts and 

intracranial or extracranial arterial stenosis. To see 

the arterial pathology dynamic CTA was also done in 

all cases except one case. DSA was done in 03 cases. 

When clinical features, cerebral ischemia on MRI and 

arterial stenosis/occlusion on angiogram were 

concordant with each other, only then cerebral 

revascularization by EC-IC bypass was done. After 

bypass all patient were followed up regularly 

(clinically and radiologically). All recorded data were 

reviewed retrospectively. All bypass operation was 

done from January 2015 to March 2018 

 

REPRESENTATIVE CASES 

Case 1 (Table 1, 2; Figure 1 - a, b, c) 

A 38 years old male presented with headache, 

vomiting, dropping of left eyelid and visual 

disturbance. Left sided visual acuity reduced to 

finger count with left sided complete 

opthalmoplegia. CT scan of head showed pan-

sinusitis with skull base osteitis. MRI of head showed 

pan-sinusitis with both cavernous sinus involvement 

and right parietal infarct (Figure 1a-A,B&C). He under 

went diagnostic endoscopic rhino-sinuscopy, which 

showed rhino-sinusitis involving all sinuses & nose 

with pseudo-membranes. Biopsy reported 

inflammatory sinusitis. Fungal and tubercular 

cultures were negative. Routine bacterial culture- 

revealed methicillin resistances Staphylococcus 

aureus (MRSA). Then he was put on high dose 

injectable antibiotic for three week that resulted 

significant radiological improvement (Figure 1a-

D,E&F) and then patient was discharged with oral 

antibiotic for three month. 

Three weeks after discharge he again presented 

with altered level of consciousness and right sided 

hemiplegia (UE>LE, Muscle power in right UE MRC 

grade1/5 and in lower limb 2/5) and motor aphasia. 

MRI of head showed resolving rhino-sinusitis with 

patchy infarcts and ischemic zone involving fronto-

parieto-occipital zones especially on left side and old 

infarct on right parietal area (Figure 1b). MRA showed 

bilateral complete occlusion of ICA and whole brain 

was perfused by basilar artery (Figure1c-A&B). On 

urgent basis the patient underwent left-sided STA-

MCA bypass. 

 

 
 

Figure 1. 

 

Operation 

Under GA the patient was positioned typically supine 
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with the head turned more than 60°. At this point, we 

used digital palpation technique and a handhold 

Doppler probe to map out the course of the STA both 

frontal and parietal branches.  

The incision was started at the level of the zygoma 

and carried up to near midline behind the hairline. 

Both branches were procured up to superior 

temporal line very carefully to avoid thermal damage 

or avulsion injury for branches. Papaverine solution 

and plain local anesthetic agent (2% lidocaine) was 

used to irrigate the STA for prevention of vasospasm. 

A mini pterional craniotomy was done very carefully 

(not to damage the procured STA). After durotomy a 

small posterior Sylvian split was done to find out a 

suitable M3 as a recipient vessel for bypass. Among 

the frontal and parietal branch the suitable and 

larger frontal branch was used to make a STA-MCA 

anastomosis. After bypass patency was check 

clinically and with micro-doppler. Dura was loosely 

closed around the STA (not water tight). Along the 

temporal margin of bone flap a portion was removed 

so that the STA would not be kinked or compressed 

by the bone. Mini plates and screws were used to fix 

the bone flap. Rest of the wound was closed 

accordingly without drain. 

 

Postoperative course 

Patient recovered well from anesthesia. In 

postoperative days the patient recovered 

hemiparesis quickly. By the end of 7th POD patient 

became ambulant. By the end of 04 weeks after 

operation he returned to his professional work and 

muscle power on right side body improved at the 

level of MRC grade 4+/5. Post-operative CT scan 

showed no hematoma or new infarct. CTA showed 

patent STA-MCA bypass on left side (Figure 1c-C&D). 

 

Case 2 (Table 1, 2; Figure 2 - a, b, c) 

A 55 years old policeman presented with recurrent 

occasional episode of fall during walking without loss 

of consciousness or convulsion and unable to move 

right side of body with aphasia lasting for 7-10 

minutes. The frequency of events increases last few 

months and reached 3-5 times/day for last few days 

before presented to us. He was on adequate anti 

platelet therapy. He was a smoker but non-diabetic 

and non-hypertensive. CT scan of head showed 

multiple infarcts especially in left cerebral 

hemisphere. CTA showed absent both VA and left ICA 

(Figure 1a) with scarcity of left. MCA, PCA and 

posterior fossa vessels. MRI of brain showed multiple 

old infarcts with ischemic areas especially in left 

hemisphere and ischemic zone in left PICA area. He 

was advised for urgent cerebral revascularization. 

But the patient developed left PICA infarct 06 hours 

before the scheduled ‘urgent ‘operation (Figure 2b-

A&B). In this situation we proceeded for cerebral 

revascularization by left-sided CCA-RA-MCA high flow 

bypass by keeping in mind that posterior fossa 

decompression might be needed at any time. 

 

 
 

Figure 2a. 

 

 
 

Figure 2b. 

 

 
 

Figure 2c. 

 

Operation 

Under general anesthesia with endotracheal 

intubation patient was placed in supine position. 

Head was fixed with 3-pin head holder with neck 

extension and head turning to the opposite (right) 

side (300). Head end of the table was elevated (200). 
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Eye, ear, pressure points and nerves areas were 

protected. Left upper limb placed on a side ‘limb rest’ 

in extended elbow, 300 abducted from the trunk in 

supine for radial artery procurement. After 

preparation, left front of the forearm, right side of 

the neck and left pterional areas were draped 

properly.  

With longitudinal incision, radial artery was 

harvested from brachial bifurcation at elbow to wrist 

(20 cm). The artery was distended with intraluminal 

injection of heparin and papaverine mixed normal 

saline. Then the artery was kept in heparin and 

papaverine mixed normal saline. The forearm 

wound was closed with a drain. 

A curve incision on the left side of the neck was 

made from the tip of mastoid and extended 

downward & medially 2cm posterior to the angle of 

mandible to the mid line. After cutting platysma and 

investing deep fascia sternocleidomastoid muscle 

was retracted laterally. With further dissection 

posterior belly of digastric muscle, hypoglossal 

nerve, internal jugular vein, common carotid, 

internal carotid and external carotid artery with its 

branches were identified.  

A left-sided pre-coronal post hairline curvilinear 

incision was made and superficial temporal artery 

(STA) and its parietal branch was procured and 

prepared for STA-MCA insurance bypass as donor 

artery. A temporally extended pterional craniotomy 

was done. Temporal bone was removed down to the 

middle fossa floor. In the cervical wound, a blunt 

index finger dissection was made in between the 

digastric muscle and hypoglossal nerve upward and 

superiorly to styloid process and then finger 

dissection was continued upward, medially & 

anteriorly to lateral pterigoid plate. A curved medium 

sized artery forceps was passed from middle fossa 

floor to the fingertip and with finger guidance the 

arterial tip was brought out into the cervical wound 

and then A 26Fr thoracostomy tube was passed from 

cervical wound to the middle fossa floor. Radial 

artery (RA) graft was passed from middle fossa floor 

to cervical wound through the tube. With 

stabilization of both ends of RA graft thoracostomy 

tube removed. RA graft was made twist free by 

injecting heparinized solution into the lumen. 

After durotomy a STA –MCA (Temporal M4) 

‘insurance bypass’ was done with 10/0 nylon and 

checked for patency and function with micro Doppler 

(Figure 2b-C). After Sylvian dissection temporal M2 

was identified and prepared for bypass. Cranial end 

of RA graft was also prepared for bypass and the RA 

graft and temporal M2 bypass was made after 

systemic heparinization with 3000 unit of injection 

heparin (Figure 2b-D). The patency of anastomosis 

was checked by retrograde flow of blood through the 

caudal end of RA graft in cervical wound. 

With the control of common carotid artery (CCA) 

an anastomosis was made between caudal end of RA 

graft and CCA (Figure 2b-E&F). The patency and flow 

through the anastomoses and RA graft were checked 

with micro doppler. Cervical wound and craniotomy 

wound were closed with drains. 

 

Postoperative course 

Postoperatively, he was on tab. Aspirin and inj. 

Heparin. CT scan on 1st postoperative day (POD) 

showed no infarct or any gross hematoma (Figure). 

CT angiogram on second POD showed left ECA-RAG-

M2 bypass with pre-operative PICA infarct without 

further swelling. Post operatively he became non-

communicable and he used shout with 

inappropriate & slang words especially at night and 

did not want to take food. Gradually these symptoms 

improved within three weeks and became 

communicable but improvement of intellectual 

functions was slow and incomplete. He became 

continent by three weeks. Within one week he could 

stand and walk though there was some instability. 

He became fully ambulant without any cerebellar 

dysfunction by three months. By the end of one year 

after operation his intellectual and cognitive function 

returned to near preoperative level and he returned 

to his job without any further hemodynamic TIA. CT 

scan and CTA after one year showed patent bypass 

without any new infarct. 

 

RESULTS 

Total no. of cases were 08. Six were male and 02 were 

female. Age range was 25-57 (average 38 years). 

Follow up period was12-48 months. Details of all 

cases were shown in Table 1 &2 (Figure 1-7). 

Most common presentation was hemiparesis. 

Infection was the etiology of thrombosis of 

cavernous ICA in two cases. In one case orbital 

cellulitis spread in CS and ICA with aneurysm was 

thrombosed (Figure 6-A,B&C). In the other cases pan 

rhino-sinusitis (of MRSA) spread to both cavernous 

sinus and both ICA was occluded. In one interesting 

case giant partially thrombosed ICA bifurcation 
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aneurysm thrombosed totally with distal ICA, A1 and 

M1 (Figure 7). Acute thrombosis of ICA with 

aneurysm in CS occurred in two female cases where 

both developed hemiparesis and one was 3 months 

pregnant. In one case there was intractable TIA with 

impending major stroke where whole brain was 

supplied by only right sided ICA and he developed 

PICA infarct 12 hours before the ‘scheduled urgent” 

revascularization operation; Only high flow EC-IC 

bypass was done in this case (Figure 2a,b&c). Post 

operatively he developed ‘behavioral, intellectual 

and? psychogenic’ symptoms that recovered slowly. 

STA- MCA bypass was done in rest of the cases. MCA 

stenosis was the etiology in two cases; one was of 27 

years of age (Figure 3). Average ischemic time was 28 

minutes (range 25-35 minutes). There was no clamp 

related infarction. In one case patient developed 

postoperative insulo-frontal infarct that not related 

to temporary clamping (Figure 6-C, D & F). All patient 

improved neurologically. All patient were ambulant 

with static neuro-status without new stroke/TIA till 

last follow up. All bypass were patent till last follow 

up (clinical, Doppler/Imaging). 

 
 

Table 1. Particulars of cases (age, sex, clinical presentations, investigations and image finding/s). 

 

No Age/ 

sex 

Presentation/s Investigation/

s 

                           Image finding/s 

1. 

(Figure1)  

38/M Headache, vomiting, 

dropping of left eyelid, 

visual disturbance. Left 

sided visual acuity 

reduced to finger count 

with left sided complete 

Opthalmoplegia, 

 

 

Three weeks later (on 

antibiotics): presented 

with altered level of 

consciousness and right 

sided hemiplegia 

(UE>LE, Muscle power 

in right UE MRC 

grade1/5 and in lower 

limb 2/5) and motor 

aphasia 

 

CT 

MRI 

 

 

Diagnostic 

sino-nasal 

endoscopy  

 

 

 

 

MRI 

 

 

 

 

MRA 

Pansinusitis with skull base osteitis 

pansinusitis with both cavernous 

Sinus involvement and right parietal infarct 

Rhino-sinusitis involving all sinuses with 

pseudomembranes 

*Biopsy-Inflammatory sinusitis 

*Culture:Fungal-Negative, Tubercular-Negative,  

Routine bacterial culture- Multiple antibiotic 

resistance Staphylococcus Areus 

 

 Resolving rhino-sinusitis with patchy infarcts 

and ischemic zone involving fronto-parieto-

occipital zones especially on left side. Old 

infarct on rt. parietal area. Bilateral complete 

ICA block (whole brain is perfused by basilar 

artery) 

 

 

2.  

(Figure2) 

55/M Recurrent episode of 

fall during walking and 

unable to move lt. side 

of body with aphasia,5-

8 times/day before 

presentation even with 

CT scan 

CTA 

 

 

Multiple infarcts specially in lt. hemisphere 

Absent both VA and lt. ICA. Scarcity of lt. MCA, 

PCA and posterior fossa vessels 
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adequate anti platelet 

therapy 

MRI 

MRA 

Multiple old infarcts with ischemic areas 

especially in lt hemisphere. Ischemic lt PICA 

area. 

The pt. developed lt. PICA infarct 12 hours 

before the scheduled ‘urgent ‘operation. 

3. 

(Figure3) 

27/M H/O TIA (recurrent 

hemiparesis and 

aphasia), sudden rt. 

Hemiplegia (MRC 

grade-2/5), and global 

aphasia 

MRI 

 

CT & CTA 

 

 

DSA 

Cerebral infarcts and ischemic zones in left 

hemisphere especially Parieto-occipital lobe. 

CT-Cerebral infarcts and ischemic zones in left 

hemisphere. CTA- left M1 bifurcation stenosis. 

Scarcity of lt. MCA vessels 

Left M1 bifurcation stenosis/occlusion with 

delayed filling of MCA territory. 

4. (Figure4) 45/M Headache, left 

hemiparesis (UE>LE, 

Grade1/5) and motor 

aphasia. H/O TIA. One-

week later motor power 

on left side 2/5. 

CT 

 

 

CTA 

 

 

MRI 

 

 

 

 

MRA 

Right parieto-occipital and right periventricular 

(corona radiata) infarcts. 

Complete occlusion of right-sided ICA from 

neck to ICA bifurcation with decrease 

vasculatures on right MCA zone. 

Right parieto-occipital and right periventricular 

(corona radiata) infarcts/ischemia with 

diffusion –perfusion mismatch. Tractography 

showed intact major tracts. 

Complete occlusion of right sided ICA from 

neck to ICA bifurcation with decrease 

vasculatures on right MCA zone 

 

5.  

(Figure 5) 

27/F Sudden headache, 

eyeache, vomiting, rt. 

ptosis with complete 

opthalmoplegia, lt. 

hemiparesis, 2nd 

trimester pregnancy 

MRI &MRA 

 

 

 

 

DSA 

MRI-right cavernous sinus thrombosis with 

‘target’ sign. MRA-occlusion of rt. ICA with giant 

CS ICA aneurysm (thrombosed). Scarcity of rt. 

MCA vessels 

 

Rt. ICA occlusion with scarcity of blood flow in 

rt. MCA 

6.  

(Figure 6) 

25/F Fever, lt. proptosis, 

headache, eyeache, 

vomiting, lt. ptosis with 

complete 

opthalmoplegia, rt. 

hemiparesis 

CT scan 

 

MRI & MRA 

CT-lt eye proptosed otherwise normal 

 

MRI-lt cavernous sinus thrombosis with ‘target’ 

sign. Lt eye was proptosed.  
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MRA-occlusion of lt. ICA with CS ICA aneurysm 

(thrombosed). Scarcity of lt. MCA vessels with 

M1 narrowing 

 

7.  

 

57/M H/O TIA with motor 

dysphasia and 

hemiparesis. Rt. 

Hemiparesis (3/5) and 

global aphasia 

CT scan & CTA 

 

 

MRI 

 

MRA 

CT-left ganglio- capsular, periventricular, 

parietal and frontal small infarct/ischemias. 

CTA- left M2 (upper trunk occlusion) and 

M2(lower trunk stenosis) 

Left ganglio- capsular, periventricular, parietal 

and frontal small infarst/ischemias. 

Left M2 (upper trunk occlusion) and M2(lower 

trunk stenosis) 

8. (Figure7) 35/M Initially headache, 

visual disturbance. 

Later visual problem 

improved with 

progressive left.  

Spasticity and 

hemiparesis (3/5) 

CT &CTA 

 

MRI 

 

CT & CTA 

(4month later) 

 

 

 

DSA 

Right ICA bifurcation Giant partially 

thrombosed aneurysm 

Right sided giant partially thrombosed 

aneurysm 

Aneurysm size decreased to less than half. 

Anterior corona radiata infarct. No aneurysm 

on CTA with occlusion of rt. ICA bifurcation. 

Scarcity of rt. MCA vessels 

 

Non-visualization of right ICA bifurcation, A1 

and M1 with aneurysm. Delayed filling of right 

MCA territory through cortical anastomoses. 

Right ICA only supplied the right PCA through 

PCom 

 

[M-male,F-female, H/O-history of, Rt/rt-right, Lt/lt-left, UE-upper extremity, LE-lower extremity, TIA-transient ischemic attack, MRC-

medical research council, CT-computed tomography, CTA-CT angiogram, MRI-magnetic resonance imaging, MRA- MR angiogram, 

DSA-digital subtraction angiogram, ICA-internal carotid artery, MCA-middle cerebral artery, PCA-posterior cerebral artery, Pcom-

posterior communicating artery, CS-cavernous sinus, PICA-posterior inferior cerebellar artery, VA-vertebral artery] 

 

Table 2. Etiology of infarct/ischemia, indication of operation, surgical treatment, complication/s and outcome of bypass. 

 

No Etiology Indication/s Surgical 

treatment 

Complication Outcome 

1. 

(Figure 1) 

Bilateral complete 

occlusion of ICA 

due infective 

inflammatory 

involvement of 

cavernous sinus 

Acute on chronic 

hemodynamic 

ischemia of 

whole brain 

specially ICAs 

territory. 

Left STA-MCA 

bypass 

None Opthalmoplegia, 

hemiparesis and 

aphasia recovered 

completely. Rhino-

pansinusitis resolved 

completely 
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2.  

(Figure 2) 

Chronic occlusion 

of three out of 04 

intracranial 

arteries caused 

hemodynamic 

stroke and 

ischemia 

Chronic and 

hemodynamic 

ischemia 

specially left 

hemisphere and 

cerebellum 

Radial graft 

high flow EC-IC 

(CCA-RA-M1) 

bypass with 

insurance STA-

MCA bypass 

Early post 

operative 

period-

behavioral 

changes 

Behavioral changes 

recovered. No 

hemodynamic TIA. 

3.  

(Figure 3) 

Acute occlusion of 

M1 bifurcation on 

Chronic MCA 

stenosis 

Acute on chronic 

ischemia 

Left STA-MCA 

bypass 

(parietal) 

None Almost near total 

recovery of neuro-

deficit. 

4.  

(Figure 4) 

Complete 

occlusion of Right 

ICA from neck. 

Ischemic right 

cerebral 

hemisphere (with 

infarcts) specially 

MCA territory 

Right STA- MCA 

bypass 

None Hemiparesis improved 

(MRC grade-4-/5). 

Aphasia improved to 

dysphasia 

5.  

(Figure 5) 

Sudden ICA 

occlusion with 

occlusion of giant 

aneurysm in CS 

ICA 

Ischemic 

hemiparesis 

(with CS 

thrombosis) 

STA-MCA 

bypass with 

decompression 

of CS 

None Hemiparesis and 

opthalmoplegia 

recovered completely. 

Normal delivery of 

healthy baby 

6.  

(Figure 6) 

Sudden ICA 

occlusion with 

occlusion of 

aneurysm in CS 

ICA due to orbital 

cellulitis spread in 

to lt. CS 

Ischemic 

hemiparesis 

(with infective CS 

thrombosis) 

STA-MCA 

bypass with 

decompression 

of CS. 

C/S of CS 

purulent 

content 

Injectable 

antibiotic (long 

term) 

Anterior 

insular cortex 

and Broca’s 

area infarct-

motor 

dysphasia 

Hemiparesis, dysphasia, 

opthalmoplegia 

recovered completely 

 

7. Acute occlusion of 

M2 on chronic 

stenosis 

Acute on chronic 

ischemia 

Left double 

STA –MCA 

bypass 

(parietal and 

temporal) 

None Motor recovery-near 

normal, Global aphasia 

converted to sensory 

aphasia 

 

8.  

(Figure 7) 

Thrombosis of 

giant aneurysm 

with progressive 

occlusion of ICA 

bifurcation 

Right MCA 

territory ischemia 

Right STA- MCA 

bypass 

None Hemiparesis improved 

(MRC grade-4/5). 
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Figure 3a. 

 

 
 

Figure 3b. 

 

 
 

Figure 4a. 

 
 

Figure 4b. 
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Figure 5a. 

 

 
 

Figure 5b. 

 

 
 

Figure 6. 

 

 
 

Figure 7.  

DISCUSSION 

In 1961, Pool and Potts [2,9] first attempted cerebral 

revascularization with a synthetic graft using a plastic 

tube to create a superficial temporal artery (STA) to 

anterior cerebral artery shunt but angiography 

showed thrombosed tube though patient recovered 

and survived. In 1963, Woringer and Kunlin [11] 

performed the first extracranial to intracranial (EC-IC) 

bypass of the common carotid artery CCA – 

intracranial (IC) internal carotid artery (ICA) using a 

saphenous vein (SV) graft but patient did not survive, 

while the graft was patent on autopsy. 

In 1967, Yaşargil performed the first EC-IC bypass 

in a patient with an occluded ICA.[10] In 1972 Yaşargil 

also started STA-middle cerebral artery (MCA) bypass 

for moyamoya disease. In 1971 Lougheed did the 

first EC-IC bypass using an SV graft, while in 1978 

Ausman performed EC-IC bypass using a radial 

artery graft. In the 1970s, Sundt et al.[3] and others 

performed posterior circulation revascularization to 

treat steno-occlusive disease, vertebrobasilar 

insufficiency, and unclippable complex aneurysms.  

EC-IC bypass study (1977-1985) [15] evaluated the 

result of EC-IC bypass as a means to decrease the 

subsequent stroke rate for the treatment of 

“symptomatic atherosclerotic lesions of the ICA 

and/or MCA.” But the study failed to show significant 

difference between the EC-IC bypass group and 

medically treated group. The study identified two 

important subgroups that appeared to do EC-IC 

bypass; 1. Patients with severe MCA stenosis and 

2.those with the persistence of ischemic symptoms 

in known ICA occlusion. 

IC or MCA atherosclerosis results to an ischemic 

cerebrovascular event through: (1) Hypo-perfusion, 

(2) thrombosis at the site of stenosis, (3) 

thromboembolism, and (4) direct occlusion of small 

perforating vessels. [9,16] 

The clinical presentation may vary from an acute 

ischemic deficit to intermittent neurological 

symptoms. The pathophysiologic changes of chronic 

hypo-perfusion/ischemia have been categorized into 

three stages- 

Stage 0: Normal hemodynamics; Stage 1: Reflex 

vasodilation in response to inadequate collaterals 

and a falling perfusion pressure with resultant 

increases in cerebral blood volume and prolongation 

of mean transit time, but with preservation of 

cerebral blood flow (CBF) and normal oxygen 

extraction fraction (OEF); Stage 2: Misery perfusion in 
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response to cerebral perfusion pressure falling 

below the range of auto-regulatory capability 

exemplified by falling CBF and increasing OEF and 

maintenance of the cerebral metabolic rate of 

oxygen (CMRO2). [9] 

Progressive MCA stenosis, severe stenosis (>70% 

stenosis), female gender, National Institutes of 

Health Stroke Scale score >1, concurrent diabetes, 

borderline body mass index values, hyperlipidemia, 

white ethnicity, and the presence of hemodynamic 

stenosis increases the risk for stroke. [9] 

The beginning assessment of transient ischemic 

attack (TIA) or ischemic stroke should include 

computed tomography (CT) of head to exclude the 

possibility of IC hemorrhage (and rarely other 

pathologies such as cavernous sinus mass, giant 

thrombotic aneurysm etc.) and estimate the extent 

of ischemic change in consideration of thrombolysis. 

Diffusion-weighted (DW) magnetic resonance 

imaging (MRI) with magnetic resonance angiography 

(MRA) including neck vessels, and perfusion studies 

can be subsequently obtained to better delineate the 

extent of infarct and/ ischemia as well as provide 

more information for further management 

strategies. [16] TCD, angiography, MRA, and 

computed tomographic angiography [CTA]) or 

parenchymal perfusion (CT perfusion, positron 

emission tomography [PET], single-photon emission 

computed tomography [SPECT], and magnetic 

resonance perfusion studies are the main neuro- 

radiological evaluations to see the intra cranial flow 

related pathology. MRA and CTA both provide 

excellent detail regarding the caliber of vessels; 

although, MRA has been shown to overestimate the 

degree of stenosis in some cases. These noninvasive 

techniques were sufficiently accurate to exclude 

more than 50% stenosis, but further confirmatory 

studies were needed to characterize the stenosis and 

digital subtraction angiography (DSA) is the gold 

standard. Perfusion studies [16] (include PET scans, 

SPECT scans, xenon CT perfusion studies, CT 

perfusion, and perfusion MRIs) permit the 

extrapolation of CMRO2, OEF, and CBF and provide 

information on the perfusion of the brain. The 

Carotid Occlusion Surgery Study [17] employs 

measuring OEF by PET. 

Since the first STA-MCA procedure was described 

by Yasargil, [2,18] many variations have been 

reported but STA –MCA bypass remains the main 

workhorse of a vascular neurosurgeon. Many of 

these variations have been developed in dealing with 

complex intracranial aneurysms and skull base 

tumors. These variations include anastomoses 

between the bilateral anterior cerebral arteries; 

occipital artery-to-posterior, inferior cerebral artery 

(PICA), anterior and inferior cerebral artery (AICA). 

Others includes PICA to PICA, vertebral artery to 

PICA, STA to SCA or PCA, subclavian artery to PCA, 

PCA to SCA, and even a tandem occipital artery to 

AICA and PICA anastomoses. [9]  

Complications in STA-MCA bypass are limited and 

include early postoperative TIA, delayed stroke, 

development of a pseudo-aneurysm, and wound 

dehiscence. High-flow bypass grafts is more prone to 

develop complications than low-flow STA-MCA 

bypass. Radial artery grafts may suffer vasospasm or 

intimal hyperplasia and eventually occlude. Pro-

atherogenic changes can occur in SV grafts, which 

eventually leads to occlusion. After parent vessel 

occlusion thromboembolic complications are 

common after high flow bypass mainly due to the 

change in intracranial hemodynamics. Preoperative 

antiplatelet medications, as well as intraoperative 

anticoagulation, can prevent these thromboembolic 

events. In patients without vascular reserve, 

prolonged temporary occlusion times can lead to 

territory infarcts without changes in the neuro-

monitoring. So it is important to minimize occlusion 

times in these patients. In longstanding perfusion 

deficiency, reperfusion hemorrhage may be 

problematic after revascularization, though the 

incidence is low. Other complications involve the site 

of graft harvests such as infection, ischemic hand, or 

hematoma. [9] 

Here in representative case 1(high flow bypass), 

there were postoperative behavioral, intellectual and 

cognitive dysfunctions that recovered slowly. There 

may be hyper-perfusion of chronically ischemic brain 

tissue but postoperative radiology did not show any 

hyper-perfusion signs. Retrogradely we thought, 

could we avoid such complication by giving low flow 

bypass. 

Most of the ICA and other intracranial arterial 

stenosis or occlusion (acute or chronic) leading to 

cerebral infarct/ischemia is caused by 

atherosclerosis predisposing and precipitating by 

many factors. Other causes include dissection, 

vasculitis, vasospasm and Moyamoya disease. [5,13] 

In this series most of the cases are unique from 

of etiological point. Spontaneous occlusion of 
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cavernous ICA was reported in the literature but such 

occlusion associated with cerebral ischemia was not 

reported.[8] Infection from paranasal sinuses or 

orbit usually spread into cavernous sinus but usually 

does not occlude the ICA; in case of fungal infection , 

fungus may erode the arterial wall and can cause 

mycotic aneurysm with distal embolism or occlusion 

of ICA.[4,12]  

 Giant partially thrombosed ICA bifurcation 

aneurysm case, at initial presentation patient 

refused operation for aneurysm then he returned 

with left hemiparesis with complete occlusion 

aneurysm as well as occlusion of parent ICA with A1 

and M1 (proximally up to PCom). ICA was only 

supplying right PCA through PCom. Young patient 

with MCA stenosis recovered near to normal 

neurology. 

In our series, in a few cases, we did 

revascularization on urgent basis. Nussbaum ES et al 

[6] did emergency EC-IC bypass in patients with acute 

ischemic injury, which was seemed to be safe and 

effective where patients were relatively young. They 

found bypass was successful in arresting 

progression of stroke, and in some cases resulted in 

rapid neurological improvement. Although the study 

on EC-IC bypass failed to show a benefit from the 

bypass procedure Nussbaum ES et al [7] continued 

to perform the operation in selected cases. Carefully 

selected individuals with occlusive cerebrovascular 

disease and persistent ischemic symptoms, despite 

maximal medical therapy, seem to obtain 

demonstrable and durable benefit from cerebral 

revascularization. 

 

CONCLUSION  

In this small series, cases with concordant clinical 

features, MRI findings and angiographic finding 

underwent bypass surgical procedure and we found 

such concordances ended up with positive result 

(though short term) with cerebral revascularization. 
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ABSTRACT 
The Liliequist membrane is a critical membrane located at the base of the brain 

separating the supratentorial from the infratentorial cisterns. The advantages of 

Liliequist membrane fenestration as a critical part of the pterional trans-Sylvian 

approach for ruptured anterior circulation aneurysm clipping is not well established. 

We demonstrated that the fundamental role of Liliequist membrane fenestration is 

brain relaxation through the egress of CSF that is not usually gained from other 

modalities (e.g., placement of a lumbar drain, fenestration of lamina terminalis) in 

this specific setting. 

 

 
BACKGROUND 

Dissection through the arachnoid planes and fenestration of the 

accessible cisterns are the cornerstones of modern microsurgery while 

dealing with intracranial lesions. 

The Liliequist membrane is a horizontal arachnoid membrane 

attached to the dorsum sellae anteriorly, the mammillary body 

superiorly and the basilar artery posteriorly. It is bounded by the 

oculomotor nerve on each side. Embryologically, the Liliequist 

membrane is considered a remnant of the primary tentorium (1). 

The first recognition of the Liliequist membrane was in 1875 by Key and 

Retzius (2). Eight decades later, it was rediscovered by an eminent 

Swedish radiologist named Bengt Liliequist (1923-1972) as part of his 

doctoral thesis titled “The subarachnoid cisterns. An anatomical and 

roentgenologic study” (3). The Liliequist membrane became a 

universally accepted medical eponym and officially settled through 
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Yasargil’s paper “Anatomical observations of the 

subarachnoid cisterns of the brain during surgery” 

in1976 (34). Since that time, the Liliequist membrane 

underwent detailed descriptions in literature based 

on cadaveric and radiological studies (4-8). 

In this article, we describe the technique and 

benefits of Liliequist membrane fenestration to 

achieve brain relaxation during the pterional trans-

Sylvian approach for ruptured anterior circulation 

aneurysm clipping.  

 

PERTINENT ANATOMY OF THE LILIEQUIST MEMBRANE 

Intracranially, the arachnoid membranes can be 

either outer or inner membranes. The outer 

membranes include both the convexity and the basal 

arachnoid membranes, while the inner membranes 

include the trabecular arachnoid membranes which 

encase the neurovascular bundle within the cisterns 

(8). The Liliequist membrane is an inner rather than 

outer arachnoid membrane (9). 

There is some controversy regarding the number 

of layers of the Liliequist membrane. The early 

literature published by Liliequist and Yasargil 

described a single-layer membrane (5,10-12). Later 

studies by Matsuno and Rhoton (13,14) assumed the 

two-layer model (the diencephalic membrane and 

the mesencephalic membrane). Recently, the 

existence of a third layer was described, but it was 

questionable as to whether this third layer 

represents a distinct layer or sparse arachnoid 

trabeculae (8).  

From the dorsum sellae, the diencephalic 

membrane extends superoposteriorly to the 

mammillary bodies between the chiasmatic and the 

interpeduncular cisterns and can sometimes be 

identified radiologically in the sagittal MRI view. The 

mesencephalic membrane is a thin sheet that 

extends inferoposteriorly to the 

pontomesencephalic junction, between the 

interpeduncular and the prepontine cisterns. 

Laterally, the Liliequist membrane is attached to the 

oculomotor nerve and/or the uncus and tentorium. 

The Liliequist membrane is closely related and 

variably penetrated by the posterior communicating 

and basilar arteries and their perforating branches 

(4-8,10-14).  

 

THE GENERAL INDICATIONS FOR LILIEQUIST MEMBRANE 

FENESTRATION 

Liliequist Membrane fenestration plays an important 

role in multiple procedures related to microscopic or 

endoscopic cranial surgery: 

1. In surgery for tumors in the sellar and parasellar 

regions such as craniopharyngiomas, 

meningiomas, basilar tip aneurysms, and 

arachnoid cysts, Liliequist membrane 

fenestration provides an effective surgical 

corridor and promotes brain relaxation through 

CSF egress. (1,15,17). 

2. Liliequist membrane fenestration is one of the 

most critical steps for endoscopic third 

ventriculostomy success. 

3. Some reports consider the microscopic 

fenestration of the basal subarachnoid cisterns 

as an effective method to decrease the 

intracranial pressure in acute intra-operative 

brain swelling and also in severe traumatic brain 

injury. These reports advocate the inclusion of 

Liliequist membrane fenestration as a 

mandatory procedural step to achieve a good 

surgical outcome (16,18) 

 

THE TECHNIQUE FOR LILIEQUIST MEMBRANE 

FENESTRATION DURING THE PTERIONAL APPROACH FOR 

ANTERIOR CIRCULATION ANEURYSM CLIPPING 

The pterional approach is the preferred approach for 

the clipping of most anterior circulation aneurysms 

except for the distal anterior cerebral artery 

aneurysm. Using the trans-Sylvian route, the 

Liliequist membrane can be approached laterally. 

Opening the Liliequist membrane can be achieved 

through different corridors; namely, the carotid-

oculomotor triangle, the optico-carotid triangle and 

even through the interoptic space. Fenestration 

through the carotid-oculomotor space is the most 

convenient, relatively wide and safe technique.  

After dural opening, the Sylvian fissure is widely 

opened from inside to outside on the frontal side of 

the Sylvian veins and the proximal segment of the 

middle cerebral artery until the internal carotid 

artery bifurcation. Frontal and temporal retractors 

are gently applied; these retractors should “hold” the 

brain tissue with intermittent retraction to avoid 

vascular compromise. The frontal lobe is elevated, 

and the temporal lobe is retracted gently downward 

and posteriorly. The carotid cistern is opened and 

the thickened arachnoid fibers over the origins of the 

anterior and middle cerebral arteries are released. 

Once the 3rd nerve is identified, the carotid-

oculomotor triangle is dissected and subsequently 
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the deeper membrane of Liliequist can be identified. 

As the exposure is deepened, the surgeon will 

extend the arachnoid opening laterally over the third 

nerve. Sectioning of the Liliequist membrane should 

be started from its anterior part as there is a large 

space behind the membrane. Then, the 

interpeduncular cistern is opened through caudal 

dissection of the Liliequist membrane between the 

oculomotor nerve and the internal carotid artery to 

release the cerebrospinal fluid. At this point, the 

posterior communicating and the anterior choroidal 

arteries may be visualized as they arise from the 

posterior surface of the internal carotid artery (the 

posterior communicating artery courses 

perpendicular to the Liliequist membrane whereas 

the anterior choroidal artery courses obliquely into 

the crural cistern) (12). 

The egress of the CSF and the identification of the 

basilar artery within the inter-peduncular cistern is 

the critical step that ensures the completion of the 

fenestration process. Additional steps were 

suggested by some reports including irrigation and 

mechanical cleaning of blood clots beyond the 

Liliequist membrane to minimize the possibility of 

postoperative vasospasm and hydrocephaly (15,16).  

Sharp dissection is always advised to minimize 

the risk of uncontrolled bleeding from tearing of the 

vessel wall. Also, the blunt and vigorous dissection 

may cause disastrous consequences by injuring the 

hypothalamus either directly or indirectly, by 

affecting its blood supply. Structures at risk during 

this step include the posterior communicating artery 

or its perforators, the oculomotor nerve or its blood 

supply and the proximal part of the superior 

cerebellar artery. 

In the case of SAH due to a ruptured aneurysm, 

several studies have described the effectiveness of 

Liliequist membrane fenestration, either alone or in 

tandem with lamina terminalis fenestration, in 

reducing the incidence of post-SAH hydrocephalus, 

(9, 12, 15, 19-21). However, None of these studies 

focused on the effect of Liliequist membrane 

fenestration on brain relaxation specifically, which is 

crucial in such complex procedures regardless of the 

presence of hydrocephaly.  

Liliequist membrane fenestration will create a 

free connection between the supratentorial and 

infratentorial compartments which represents the 

crucial advantage of Liliequist membrane 

fenestration over the opening of the cisterns or 

lamina terminalis; this fact was supported by Yaşargil 

and Winkler-Lawton et al reports through the “Fifth 

ventricle theory” (12, 19). The fifth ventricle theory 

can be described as the following; in cases of 

aneurysmal SAH, the Liliequist membrane will entrap 

blood clots and it will be inflamed and thickened, 

thus the interpeduncular and prepontine cisterns 

will be isolated and dilated with CSF creating a “fifth 

ventricle”. At this point, Liliequist membrane 

fenestration will result in dramatic CSF egress with 

striking brain relaxation which renders further 

surgical steps safer and more effective. Castro-Flores 

et al have suggested that in several patients, even 

after the opening of the supratentorial cisterns, the 

CSF pathway will remain constricted until the 

Liliequist membrane is opened (15). 

 

AN ILLUSTRATIVE CASE  

A 59-year male presented to the emergency 

department with an altered level of consciousness 

(Glasgow Coma Scale:9) of sudden onset. Initial 

resuscitation was done and the patient was 

transferred to the intensive care unit. A brain CT scan 

showed left gyrus rectus hemorrhage. Contrasted 

brain CT scan and CT angiography revealed complex 

ruptured anterior communicating artery aneurysm 

with a wide neck, and hypoplastic left Proximal 

anterior cerebral artery. The anterior communicating 

artery was vertically oriented, and the anterior 

cerebral arteries were connected distally to the 

anterior communicating artery, with two Murphy's 

teats (Figure 1A).  

Surgical clipping through the standard right pterional 

trans-Sylvian approach was chosen. After dural 

opening, around 20cc of CSF was drained through a 

lumbar drain. A microsurgical arachnoid dissection 

was performed using an operative microscope; 

starting with the opening the proximal Sylvian fissure 

and the carotid cisterns; there was minimal egress of 

CSF.  

The Liliequist membrane was identified and 

opened lateral to the supracliniod internal carotid 

artery through the carotid-oculomotor space. At this 

point, there was a striking CSF egress that filled the 

surgical field despite repetitive suctioning. This CSF 

egress had a profound effect on brain relaxation, 

provided us a wide operative corridor, and rendered 

the subsequent steps of aneurysm dissection and 

clipping more feasible. (Figure 2). 



 324 Samer S. Hoz, Zaid Aljuboori, Zahraa F. Al-Sharshahi 

The postoperative course was uneventful and the 

patient gradually improved and was discharged with 

no neurological deficits (Figure 1B and C).  

 

 

 
 

Figure 1. Illustrative case of a ruptured anterior communicating artery aneurysm. A: contrasted CT scan of the brain showing the 

left gyrus rectus due to a ruptured anterior communicating artery aneurysm. B: An intraoperative microscopic view showing a two-

clip reconstruction for the aneurysmal neck through the right pterional trans-Sylvian approach. C: An early postoperative brain CT 

scan showing the clipping result. 

 

 
 

Figure 2. Stages of Liliequist membrane fenestration through the right pterional trans-Sylvian approach (Intraoperative microscopic 

view). The Liliequist membrane identified as a whitish layer lateral to the supracliniod internal carotid artery through the carotid-

oculomotor space. (A) Opening the Liliequist membrane resulted in striking CSF egress that filled the surgical field several times (B). 

(+): pointer on the Liliequist membrane, F: Frontal lobe, T: Temporal lobe, C: internal carotid artery, ON: optic nerve. 

 
CONCLUSION  

Fenestration of the Liliequist membrane has a 

fundamental role during the pterional trans-Sylvian 

approach for ruptured anterior circulation aneurysm 

clipping as it allows brain relaxation through egress 

of CSF that is not usually achieved through other 
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modalities (e.g, placement of a lumbar drain, 

fenestration of lamina terminalis). Further studies 

are needed to verify this observation towards 

making the fenestration of the Liliequist membrane 

a recommended surgical step rather than an 

optional one. 
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MRI: magnetic resonance imaging; 
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ABSTRACT 
Pilocytic astrocytoma (PA) is a subset of gliomas characterized by a benign course 

with an excellent prognosis and rarely metastasizing or spreading along the neuraxis. 

We report a case of a 56-year female with intraventricular dissemination of pilocytic 

astrocytoma in an adult and discuss the clinical significance diagnosis and 

management including the peculiar pattern of dissemination of the pilocytic 

astrocytoma. The course of the disseminated disease may not be as good as that of 

patients with localized recurrence or totally resected primary disease and can vary 

from rapid progression to prolonged stabilization. 

 

 

INTRODUCTION 

Pilocytic astrocytoma (PA) is subset of gliomas characterized by a benign 

course with an excellent prognosis and rarely metastasizing or 

spreading along the neuraxis. 1-14 Dissemination of a pilocytic 

astrocytoma is a rare event that occurs in 2-4% of cases particularly in 

children. 6, 8, 11 We report a case of intraventricular dissemination of 

pilocytic astrocytoma in an adult and discuss the clinical significance 

diagnosis and management including the peculiar pattern of 

dissemination of the pilocytic astrocytoma. 

 
CASE REPORT 

A 56-year old female patient presented with progressively increasing 

headache, vomiting and blurring of vision without any focal neurological 

deficits or seizures. Her general and systemic examination was 

unremarkable. Neurologically she was conscious, alert and oriented to 

time, place and person. Higher mental functions were normal. She had 

bilateral papilloedema and other cranial nerves were normal. Motor 

and sensory examination was normal. Her general and systemic 

examination was normal. The patient underwent MRI brain and it 

showed minimally contrast enhancing bilateral thalamic lesions, with 

intraventricular spread in third ventricle and the aqueduct causing 

obstructive hydrocephalus (Figure 1, 2 and 3). The patient underwent 
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endoscopic exploration of the third ventricular lesion 

that could be excised as well as the lesion in the 

aqueduct also could be excised. Part of the lesion in 

the fourth ventricle was left alone as it was densely 

adherent to the surrounding structures. Intra-

operatively external ventricular drainage was (EVD) 

was inserted and was kept in situ for 5 days till the 

CSF was acceptably clear. She later underwent right 

ventriculo-peritoneal shunt surgery. 

Histopathological examination of the section and 

additional made serial deeper section showed few 

fragments bits of cellular neoplasm of astrocytic 

origin. The tumour composed admixture of compact 

cellular and oedematous loose-knit tissue showing 

scattered protoplasmic astrocytes having fairly 

uniform round to oval or slightly elongated nuclei 

with delicate - open chromaWr pattern and barely 

discernible cytoplasm. The fibrillary background 

showed few microcytfic spaces and vascular 

proliferation comprising few ectatic congested blood 

vessels Coupie of foe show doubtful Rosenthal fibers 

(Figure-4). No granulomas were seen. 

Histopathological features were consistent with - 

'pilocytic astrocytoma'. Section shows a tumor of 

moderate cellularity with cells amidst fibrillary 

background. Microcystic change, hyalinized 

vasculature were seen. No mitosis, necrosis, 

microvascular proliferation seen. Rosenthal fibres 

and eosinophilic granular bodies were seen. The 

tumor cells express GFAP & P 53 (focal) and were 

Immunonegative for synaptophysin 8i EMA. The Mib-

1 labeling index was approximately 1%. Low grade 

astrocytic neoplasm suggestive of pilocytic 

astrocytoma. In post-operative made she did well as 

she was conscious, with no focal neurological 

deficits.  

 

 
 

 
 

Figure 1. MRI 

brain T1W, T2W 

and Flair axial 

images showing 

bilateral 

thalamic tumor 

with blockage of 

the aqueduct 

and associated 

hydrocephalus. 

 

 
 

Figure 2. MRI brain T1W sagittal images and T2W coronal 

image showing the blockage of aqueduct by tumour. 

 

 
 

Figure 3. Post-operative MRI T2W and FLAIR axial images 

showing although the tumor could be removed from upper 

part of the aqueduct but still the lower part is closed. 

 

 
 

Figure 4. Histopathological examination of the section and 

additional made serial deeper section showed few fragments 

bits of cellular neoplasm of astrocytic origin. The tumour 

composed admixture of compact cellular and oedematous 
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loose-knit tissue showing scattered protoplasmic astrocytes 

having fairly uniform round to oval or slightly elongated nuclei 

with delicate - open chromaWr pattern and barely discernible 

cytoplasm. The fibrillary background showed few microcytfic 

spaces and vascular proliferation comprising few ectatic 

congested blood vessels Coupie of foe show Rosenthal fibers. 

 

DISCUSSION 

Dissemination of primary central nervous system 

neoplasms along the neuraxis is commonly 

associated with high grade lesions i.e. 

medulloblastoma, germ cell tumors and malign glial 

tumors. 1-5, 11, 15-18 Dissemination of low-grade gliomas 

has been documented only in few cases. 1-14, 19 

Usually the site of dissemination is spinal 1, 6, 8, 11, 16, 19-

23 but in rare cases it can be intraventricular 

metastasis leading to hydrocephalus. 21 Clinically it 

can occur after a long postoperative period or may 

be the first sign of disease or of relapse. 1, 6, 8, 11, 16, 19-25 

The clinical presentation ranges from asymptomatic 

cases to hydrocephalus, meningismus, worsening of 

focal deficits, new onset of neurological deficits and 

onset of seizures. 8, 11, 19, 24 The tumour spread in 

these patients is via the CSF and it is accepted that 

low grade astrocytomas in proximity to ventricles or 

CSF cisterns are more likely to spread than deeply 

located tumors. 21, 26, 27 Several mechanisms have 

been hypothesized to explain the spread of 

intracranial tumors by CSF pathways including 

malignant transformation, cellular anaplasia, 

surgical manipulation, natural history, multiplicity 

and presence of cell adhesion molecules (CD44 

adhesion molecule as it may play a role in astrocytic 

invasion and adhesion). 7, 28 It has been suggested 

that the tumor mass located in the floor of the third 

ventricle may breach the ependyma, invading the 

ventricular cavity and thus resulting in to ependymal 

or leptomeningeal seeding. 2, 3, 5, 8, 9  

Pilocytic astrocytoma is a benign tumor that 

corresponds to histological Grade I 13, 29-31 and 

associated with 20-year survival rates of greater than 

90% in patients who undergo total excision of the 

lesion. 8, 13, 29, 30 Presently there is not much known 

about the optimum treatment and course of 

disseminated low-grade astrocytomas. 1, 2, 14, 16, 32 

Probably hydrocephalus, biopsy and partial 

resection may also be additional favorable factors, 

although this remains unproven. 8, 14 In has been 

suggested that the total resection must be 

performed as often as possible and no adjuvant 

therapy should be carried out for low grade gliomas, 

13, 14 however the treatment of the disseminated 

tumor, remains controversial. 14, 20, 25 The course of 

the disseminated disease may not be as good as that 

of patients with localized recurrence or totally 

resected primary disease and can vary from rapid 

progression to prolonged stabilization. 1, 2, 14, 16, 25, 32 11, 

20, 21 
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ABSTRACT 
We report a case of a 35-year-old male who presented with a pulsatile swelling in the 

posterior parieto-occipital area. CT and MRI revealed an extra-axial mass. Gross total 

resection was performed. Histologically it was found to be a plasmacytoma. No 

recurrence has been noted in the last 48 months of follow up. 

 

 

INTRODUCTION 

Plasma cell neoplasm is characterized by proliferation of single clone of 

plasma cells. Solitary plasmacytoma of skull bone in a young adult is 

very rare, it is hence being reported. 

 

 

CASE REPORT 

A 35-year-old male presented with headache, vomiting and decreased 

vision and swelling in the occipital region. The swelling had appeared 

about 3 days after a fall sustained 6 months back. It had started as a 

small swelling but had since then gradually increased in size. 

On examination, the patient was conscious, alert and oriented. He 

had a 6x4 cm sized cystic swelling over the left parieto-occipital region. 

The swelling had irregular margins and had a smooth surface. Its 

consistency was solid with areas of cystic change. There was no 

pulsation or tenderness. CT scan revealed an osteolytic solid mass. MRI 

showed hyper-intense lesion on T1 with enhancement on contrast. It 

had mixed intensity on T2.Laboratory investigations showed a 

hemoglobin of 15.9 g/dL, total WBC count was 8700/microL, differential 

count P52L35M8E4B1, and platelet count of 2.37 lakhs /dL. There was 

no evidence of hypercalcemia.No M component was detected in the 

serum protein electrophoresis.  

The patient underwent craniotomy under general anesthesia in Jan 

2016. The tumor was purple in color, nodular, vascular and separable 

from the underlying dura. Margins of the bone were nibbled and 

cranioplasty with methyl meth-acrylate was done in the same sitting. 

Histopathology revealed the diagnosis of plasma cell tumor. He was 

given a course of radiotherapy. The patient was planned for bone 
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marrow aspiration which he refused. Skeletal survey 

did not reveal any other lesion. There was no 

evidence of recurrence in the last 45 months.  

 

 
 

Figure 1. 

 

 
 

Figure 2. 

 

DISCUSSION 

Solitary plasmacytoma of the skull without signs of 

multiple myeloma is a rare entity and only a few 

cases have been reported in the literature. (1) It may 

involve cranial vault, skull base or orbit. Symptoms 

and signs are non-specific and usually lack 

neurological deficits. The diagnostic characteristics 

are based on the presence of radiological solitary 

skull lesion, histological evidence of plasma cells, 

fewer than 5% plasma cells in the bone marrow 

aspirate, less than 24mg/dl monoclonal protein in 

the serum, urine negative for Bence-Jones proteins 

and no evidence of hypergammaglobulinemia, 

hypercalcemia or anemia and no recurrence in 2 

years of follow up. (2) 

Usual presentation of the plasmacytoma of skull 

is as a painless or painful lump without any 

neurological deficit which depends upon the size and 

location of the tumor. (3) Cosmetic skull deformity is 

usual reason for referral to neurosurgeon. 

Total surgical resection followed by radiotherapy 

has been advocated as effective in managing the 

solitary plasmacytoma. (1) Arienta et al. report that if 

total resection has been achieved, then radiotherapy 

should be reserved for the case of tumor recurrence. 

(4) Furthermore, there are reports of complete cure 

after biopsy and radiotherapy because plasma cell 

neoplasms are exquisitely sensitive to radiation. (5) 

The lesion can be highly vascular. (6) Preoperative 

embolization has been resorted to in order to reduce 

vascularity.(7) Craniectomy and cranioplasty is 

recommended because of high recurrence rate from 

the residual tumor cells on the involved bone 

surface. (8) 

Computed tomography reveals destructive well 

demarcated soft tissue mass with peripheral bony 

fragments. Usually, the lesion is isointense on T1WI 

and T2WI and enhances on contrast administration 

in both CT and MRI. However, in our patient it was 

slightly hyperdense on CT and slightly hyperintense 

on T1W1 with mixed attenuation on T2WI. In the 

absence of early diagnosis of multiple myeloma, the 

lesion can be misdiagnosed as a meningioma, 

lymphoma or even myxoma. 
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ABSTRACT 
Headache after lumbar puncture is a common occurrence and have a benign course 

in the majority. In rare cases, it can be a mani­festation of rare but potentially life-

threatening intracranial complications. We discuss a case of 65 years male patient 

who was operated for left inguinal hernia under spinal anaesthesia, had persistent 

headache partial response to conservative measures developed one episode of 

seizures and lapsed into altered sensorium. Imaging findings were suggestive of 

extensive left frontal-temporoparietal acute SDH with mass effect and midline shift. 

The hematoma was evacuated and the patient recovered well. Prolonged and 

persistent post-dural puncture headache complicated by atypical neurological 

deterioration following spinal anaesthesia should prompt the physician to consider 

the possibility of intracranial complications and to seek immediate radiological 

investigations. 

 

 

INTRODUCTION 

Headache after lumbar puncture [post-dural puncture headache 

(PDPH)] is a common occurrence in most cases after lumbar puncture 

and most of post-LP headaches are not severe and have a benign 

course (1-4) but in rare cases PDPH can also be a manifestation of a rare 

but potentially life-threatening complication such as acute subdural 

hematoma (SDH). (3, 5-16). 

 

 

CASE REPORT 

A 65-years old male patient was operated for left inguinal hernia one 

week back under spinal anaesthesia. He was complaining of persistent 

headache and with the diagnosis of PDPH he was given analgesics, oral 

hydration, and bed-rest without much improvement. On 7th day he 

had multiple episodes of vomiting, one episode of generalized tonic-

clonic seizures and lapsed into altered sensorium. His general and 

systemic examination was normal. Per abdomen examination was 

normal. Bowel sounds were normal. Neurologically he was in altered 
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sensorium. Glasgow coma scale was 4. Pupils were 

bilateral 3 mm and reacting to light. Plantars were 

bilateral extensor. There was no history of 

hypertension or diabetes. There was no history 

suggestive of bleeding disorders, using tobacco, or 

alcohol. Complete blood count including platelets 

and white blood cells and coagulation tests were 

within normal range. A plain computed tomography 

(CT) of brain revealed an extensive left frontal - 

temporo- parietal acute SDH with mass effect and 

midline shift (Figure-1). The patient underwent 

emergency craniotomy and evacuation of 

hematoma. He was electively ventilated and could be 

weaned off from ventilator and recovered well. 

 

 
 

Figure 1. Plain computed tomography scan brain showing 

large acute left frontal-temporo-parietal subdural hematoma 

with mass effect and midline shift. 

 

DISCUSSION 

Dural puncture with subsequent postdural puncture 

headache (PDPH) is a recognized complication of 

spinal anesthesia. (13, 17) The possible mechanism 

for PDPH is the leakage of cerebrospinal fluid 

depletes the cushion of CSF supporting the brain and 

its sensitive meningeal vascular coverings, resulting 

in gravitational traction on the pain-sensitive 

intracranial structures causing classical headache. (2, 

18) Post-dural puncture headache (PDPH) is classic-

ally postural and responds within 48 h to increased 

fluid intake and bed rest (5, 19, 20) and more 

frequently seen in the younger patients and in 

women. (4, 21, 22) Severe and prolonged post-dural 

puncture headache with or without new neurological 

signs or deficits should be regarded as a warning sign 

of an intracranial complications (i.e. subdural 

haematoma or intracerebral haemorrhage). (3, 5-11, 

14, 15, 23-27) In contrast to adults, the dura is 

adherent to skull and may be less stretchable 

duramater due to either atherosclerosis or age-

related mechanical changes in the epidural space 

explaining the lower incidence of PDPH. (28) The 

mechanism responsible for PDPH i.e. the leakage of 

CSF and subsequent lowering of the intracranial 

pressure following dural puncture and caudal 

movement of the spinal cord and brain stretching 

and tearing dural veins, results in subdural bleeding 

in the elderly. (2, 5, 7, 13, 18, 27, 29, 30) The 

management of acute SDH depends on size of the 

hematoma as smaller lesions in conscious patients 

can be managed conservatively under close 

supervision, (5, 7, 9, 31, 32)however the larger lesions 

with neurological deficits require neurosurgical 

intervention and evacuation of hematoma. (7, 8) 

While considering the patient of PDPH for 

conservative management, particularly a lumbar 

autologous extradural blood patch as a possible 

means to stop the CSF leakage one should be 

cautious and has low threshold for cranial imaging as 

the procedure can worsen the patient and 

neurological deterioration if there is intracranial 

hematoma. (7)  

 

CONCLUSION 

In summary, prolonged and persistent post dural 

puncture headache complicated by atypical 

neurological deterioration following spinal 

anesthesia should prompt the physician to consider 

the possibility of intracranial complications and to 

seek immediate radiological investigations to avoid a 

potential negative outcome.  
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ABSTRACT 
Background: Pituitary surgery is the most common surgery used to remove pituitary 

tumours. The use of mini doppler in surgical removal of an endonasal pituitary 

tumour has shown good short-term clinical outcomes and few complications in 

patients. Cavernous sinus invasion limits the surgical excision and still a challenge of 

gross total resection.   

Objective: The main objective of this study is to evaluate the outcome of surgical 

removal of an endonasal pituitary tumour using mini doppler.    

Method: A total of 12 patients were studied retrospectively from 2012 to 2018 in a 

single institution (Private hospital) in Dhaka, Bangladesh. The male and female ratio 

was 7:5. 

Results: 92% of cases of the total number of patients had satisfactory removal/ 

neurological improvement/hormonal improvement. Among 12 cases, 8 cases had 

transient diabetes insipidus and one patient had CSF leak.    

Conclusion: The intraoperative Doppler is a useful tool to localize the carotids, which 

provides safer resection of endonasal pituitary tumours. Thus, it is very safe and 

effective for laterosellar resection of recurrent pituitary tumours and for cavernous 

sinus invasions. 

 

 

INTRODUCTION 

Pituitary tumours are unusual growths that occur in your pituitary 

gland. Recurring pituitary adenomas can cause visual problems to re-

emerge, as well as the loss of pituitary function. It is generally divided 

into three categories depending upon their biological functioning: 

benign adenoma, invasive adenoma, and carcinomas. Most adenomas 

or tumours are benign, about 35% are invasive and just 0.1% to 0.2% 

are carcinomas.1 Since the initial description of a transnasal method for 

pituitary tumour care in 1907, transsphenoidal surgery has undergone 

continuous development, marked by close collaboration between 

neurosurgeons and otolaryngologists. Painful excentric muscle training 
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and ultrasound (US) and doppler-guided sclerosing 

injections of polidocanol have shown good clinical 

results, and the traditional surgical approaches have 

been less necessary.1-3 In 1910, Oskar Hirsch 

developed a lateral endonasal approach which he 

initially conducted as a five-step procedure over 

several weeks before simplifying the procedure with 

a single step submucosal transseptal approach.4 For 

many years, the conventional surgical treatment of 

mid-stage Achilles tendinosis consisted of a dorsal 

approach with central longitudinal tenotomy and tea 

excision.5-7 A pilot study using an US and 

dopplerguided scraping technique combined with a 

short rehabilitation period showed promising 

results.8 The scraping technique is based on the 

same findings that started the sclerosing polidocanol 

injection treatment, where gray-scale Us and doppler 

showed a relationship between vessels and nerves 

on the ventral side of the Achilles and chronic tendon 

pain. 9-11 Endoscopic endonasal pituitary surgery for 

the treatment of recurrent pituitary tumours is 

becoming increasingly common. The endoscopic 

endonasal transsphenoidal approach (eTSS) allows 

for more panoramic viewing and wider access to the 

base of the skull.12 Pituitary adenomas are most 

often classified as functional or non-functional, 

depending on their pattern of hormonal secretion. 

We addressed the safety and effectiveness of mini 

doppler in recurrent pituitary in this study and this 

doppler is commonly used in neurosurgical practice 

at present. It is a safe and non-invasive testing tool 

for cerebrovascular diseases. It is used to examine 

parameters of the blood flow, to diagnose stenosis, 

occlusion, and deformity of major head and neck 

arteries. Doppler ultrasound in carotid and 

measures both qualitative and quantitative blood 

flow parameters vertebral arteries, and other forms 

of care. 13-14 Nowadays the application of Doppler 

ultrasonography is becoming increasingly important 

in endoscopic transsphenoidal surgery. And that is 

indeed a safe and effective strategy. This study aims 

to evaluate the outcome of surgical removal of an 

endonasal pituitary tumour using mini doppler.  

 

METHODS 

A retrospective chart review was performed on 12 

patients who underwent surgical removal of an 

endonasal pituitary tumour using mini doppler 

between 2012 and 2018 in a single institution 

(Private hospital) Dhaka, Bangladesh. Informed 

consent from the patients to archive and process 

personal data in anonymous form was obtained.  

Inclusion criteria were, namely: patients 

developed recurrence of the tumour with symptoms 

like headache, vomiting, visual disturbances or 

hormonal imbalances. Exclusion criteria were, 

namely: Asymptomatic recurrence of the tumour. 

Follow up was carried out with routinely MRI of the 

brain with contrast performed in 1, 6 and 12 months. 

Then yearly for all patients. Minimum follow up in 

this study was 2 years. The hormonal study was 

assessed by an endocrinologist for functional 

tumours monthly for the first few months and then 

every 6 months and according to clinical 

manifestations.  

 

OPERATIVE PROCEDURE 

For all 12 patients, the same procedure was carried 

out as follows. The endonasal transsphenoidal 

approach was done using the binostril technique. 

Anatomical landmarks are posterior choana on both 

sides, from there 1.5 cm above the mucosal flap with 

scar tissue were separated and in the midline part of 

the keel of the sphenoid and the sphenoidal bony 

defects were identified. A high-speed drill to enlarge 

the defect and to localize the internal carotid arteries 

mini doppler was used. For recurrent tumours it’s 

difficult to localize particularly in the cavernous sinus 

and with the help of mini doppler medial 

opticocarotid recess (MOCR) can be identified and 

hence the tumour removal became safer. In some 

cases, where the tumour extended beyond the 

carotid, the whole of the artery was exposed by 

drilling and the tumour was removed from the lateral 

side. Cavernous sinus invasions were removed by 

localisation of carotid through mini doppler and 

opening up of cavernous sinus and through two 

suckers in two hands, along the longitudinal axis of 

artery tumour was removed to avoid injury to the 

cranial nerves. Bleeding from cavernous sinus was 

stopped by using fibrillar surgicel. A fascia was taken 

from the thigh and fibrin glue was used for dural 

closure. 

 

POSTOPERATIVE COMPLICATIONS AND MANAGEMENT 

Diabetes insipidus (DI)  

● If the consecutive three hours the urine output ≥ 

250 ml then injection Vasopressin 5 IU 

intramuscular was given. 
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● After 48 hours when the nasal pack was removed 

Desmopressin nasal spray was used 2 puff in one 

nostril and according to urine output. 

● Half strength normal saline IV was used to reduce 

the sodium level. 

● Avoidance of Hydrocortisone IV to minimize the 

DI except for those cases where the cortisol level 

was low.  

● In all cases the DI was transient and over one to 

two weeks the urine output became normal.  
 

For the CSF leak, the patient was managed with 

lumbar drainage with bed rest which was failed and 

re-exploration was done through an endoscopic 

approach to seal the leak with dural substitute and 

glue.  

Patient with little residual tumour was followed 

up with contrasted-MRI of the brain every 6 months 

and found no recurrence of size nor symptoms for 

the last 3 years. 

 

RESULTS 

Characteristics of patients are summarized in Table 

1. It was reported that 8.33% of patients had a 

residual tumour and 91.67% total removal of 

tumours among all patients. Among 12 cases, 8 cases 

had transient diabetes insipidus and one had CSF 

leak (Figure 1). 

 
Table 1. Characteristics of patients. 

 

Pt  Sex, age  Surgery 

year  

 Clinical presentation  Type of tumour Complication  Follow-up  

1  Male,45  2012  Headache, visual 

disturbance  

Non-functional  

Transient DI 

adenoma  

No  

residual  

2  Male,38  2013  Weight loss, 

tachycardia, 

irritability  

TSH secreting 

tumour  

Transient DI  No  

residual 

Normal level of 

hormone  

3  Male,28  2014  Headache,  

Vomiting, visual loss  

Non-functional 

tumour apoplexy  

Transient DI  No  

residual  

4  Male,32  2015  Abnormal growth 

of hands and feet  

Growth 

hormone-secreti ng 

tumour  

Transient DI  No  

residual 

Normal level of 

hormone  

5  Male,52  2016  Headache  Non-functional 

tumour  

CSF leak  

VIth nerve palsy  

No  

residual  

  

6  Male,36  2017  Headache, visual 

disturbance  

Non-functional 

tumour  

Transient DI  No  

residual  

  

7  Male,26  2017  Headache, vomiting  Non-functional 

tumour apoplexy  

Transient DI  Small 

residual  
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8  Female,25  2012  Amenorrhoea  Prolactinoma  None  No  

residual 

Normal level of 

hormone  

9  Female,30  2013  Infertility  Prolactinoma  None  No  

residual 

Normal level of 

hormone  

10  Female,42  2017  Headache  Non-functional 

tumour  

Transient DI  

  

No  

residual  

  

11  Female,24  2018  Headache  Cortisol 

secreting tumour  

None  No  

residual  

  

12  Female,43  2018  Headache  Non-functional 

adenoma  

Transient DI  No  

residual  

  

 

 
Table 2. Complication rates in male and female patients. 

 

Gender  DI  Postoperative hormonal 

deficiency  

Residual Tumour  

Male  6  None  1  

Female  2  None  0  

 

 
Table 3. Tumour resection types. 

 

Tumour type Cavernous Sinus 

invasion 

Gross 

total 

removal 

Cranial Nerve Injury 

    

Non- 

Functional 

4 3 1(VIth nerve) 

Functional None All None 

 

*Incomplete removal of one non-functional tumour was due to adherence of tumour with cranial nerve inside the cavernous sinus. 
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COMPLICATIONS 

The total number of patients was 12 in this study and among them, 8 patients had Diabetes Insipidus and 1 

patient had CSF leak. There were 6 male patients and 2 female patients having DI. 

 

 

Figure 1. Bar charts showing the number of patients having diabetes insipidus.  

 

In the figure (2A), intraoperative image showing the safe incision line in the midline and the probe, blue arrow 

touched is the safe incision line. And in figure (2B), contrast MRI brain T1 weighted image in sagital section is 

showing recurrent pituitary tumour.  

 

 
 

Figure 2 (A, B). Intraoperative image and MRI image of recurrent pituitary tumour. 

 

DISCUSSION 

The mini doppler controlled surgical removal of an 

endonasal pituitary tumour has shown good short-

term clinical outcomes and few complications in 

patients at varying levels of activity. With this 

treatment method, rapid pain relief and a return to 

even high-level sporting activity are feasible. The 

technique provides the greatest degree of freedom 

and efficiency at specific anatomical goals for sagittal 

surgery. This method is one step better for the 

treatment of recurrent pituitary tumours for 

improved quality and hospital stay time. More 

quantitative and qualitative data are required for 

calculating better results. In reaction to the 

procedure, athletes back in full pain-free training and 

competition are found to have a good result. The 

follow-up period after surgery was also not long, and 

with time, further failures could occur. Ongoing 
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research will concentrate on longer-term clinical 

outcomes and impacts on the thickness and function 

of the tendons. By using this strategy, since these 

lesions typically displace the optical apparatus away 

from the surgeon, tumour removal will begin 

craniopharyngioma and preexisting growth 

hormone and gonadal deficiencies experienced a 

complete failure of anterior pituitary function and DI 

following surgery immediately after opening the 

dura mater, resulting in prompt chiasm 

decompression. The early decompression probably 

allows the removal of any tumour adherent to the 

optical apparatus and/or its arachnoidal and 

vascular connections with less chance of visual 

degradation. This approach requires minimal nasal 

mucosal dissection, resulting in fewer sinonasal 

complications and a quicker and less painful 

rhinological recovery.15-16There are a variety of 

vascular problems associated with an approach 

through the nose and sublabial route use. The major 

drawback to the direct endonasal route is the fairly 

narrow and slightly off-midline direction of 

operation.17 This issue was largely solved by several 

technical innovations, including the use of low-profile 

micro-dissection instruments and cutting blades and 

the use of mini-dopplers, the use of angled 

endoscopes for more panoramic cephalad and 

lateral visualization beyond the microscope's tunnel 

vision, and the use of intraoperative surgical 

navigation to validate surgical trajectory and main 

land making. 18 Unfortunately, the complete removal 

by any method in the three other patients was not a 

realistic goal given the size and invasiveness of the 

tumours. Some of the patients in this series 

encountered new permanent endocrinological 

abnormalities, with the new DI occurring in 8 cases. 

Preservation of pituitary function in such patients is 

challenging particularly those in whom the anterior 

pituitary function has already failed.19 In our series of 

12 patients, the complication rate was low. A 

common clinical complication in our series was a 

postoperative CSF leak that occurs in 1 patient who 

had neurological defcits, including new cranial nerve 

palsy. Skin incision or brain retraction is also no 

longer required. These benefits lead to a decrease in 

complications, faster patient recovery, minimal 

postoperative discomfort and a decrease in overall 

costs. The cavernous sinus extension limits the 

excision of tumour and adjuvant radiotherapy is the 

alternate choice of treatment.20  

CONCLUSION 

The intraoperative Doppler is a useful tool to localize 

the carotids, which provides safer resection of 

endonasal pituitary tumours. Thus, it is very safe and 

effective for laterosellar as well as removal of 

intracavernous portions of tumour by two hand 

technique.  
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ABSTRACT 
Intramedullary spinal cord metastasis (IMSCM) is a rare complication of malignancies 

still studied by case reports; although surgery is related with the best results, the 

management is still debated considering the risks and the low life expectancy; in fact, 

many authors prefer conservative management (radiotherapy, chemotherapy), and 

so less than 200 cases reported in the literature with patients IMSCM were treated 

surgically; reporting such cases will help to understand the pathology and elaborate 

a clear management protocol. We report three cases of IMSCM operated at our 

department; in those patients, the intramedullary lesions revealed the primary 

tumours. 

 

 

INTRODUCTION 

Face to patients with intramedullary spinal cord metastasis (IMSCM) the 

management is a challenge, because of the low life expectancy and the 

bad general condition of those patients. We report three patients with 

IMSCM managed surgically, in those patients the spinal cord location 

revealed the primary tumour.       

 

 

CASE PRESENTATION 

Case 1 

The first patient is a 57 years old man, with heart disease and smoking 

history of 30 years. The onset of the troubles dates back to 5 months, 

with weakness of the left hemibody, and Bravais-Jacksonian 

convulsions; a month later, there was the appearance of upper back 

pain with radiation to the limbs as well as functional impotence which 

confined the patient to bed. The clinical exam at the admission found: 

cauda equina syndrome with Urinary urgency, Saddle anaesthesia, 

Abolition of myotatic reflexes in the two lower limbs, there was a 
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significant muscular atrophy of the two lower limbs, 

total deficit of the dorsiflexion and plantar flexion of 

the foot, sensitive deficit (hypoaesthesia in the path 

L5-S1), partial deficit in flexion and extension of the 

leg on the thigh and the thigh on the trunk, and a 

Babinski sign. Initially a brain MRI objectified right 

parietal nodular lesion of 2 cm diameter (figure1A). 

The spinal MRI objectified an intramedullary lesion of 

conus medullaris in heterogeneous hypersignal on 

T1 WI and T2 WI (figure1B, C, D). The diagnosis of 

central nervous metastasis was retained and the 

investigations for the initial tumour was pushed; the 

thoracic CT objectified a right apical pulmonary 

neoplasia with parietal extension classified T3 N0 Mx 

(figure 1E). The patient was operated and a gross 

macroscopic removal of the conus medullaris 

tumour was performed. In post operative there was 

a slight recovery on the sensitive and motor 

functions. The anatomopathological study was in 

favor of a metastasis of lung adenocarcinoma. The 

patient was sent then to oncology where a 

complement of radiotherapy and chemotherapy was 

performed. There were no complications within 30 

days. 

 

 
 

Figure 1. Images of patient 1; (arrows: the tumour in different locations). (A): axial T1 injected brain MRI, objectifying the right 

parietal metastasis; (B): sagittal T1 WI injected spinal MRI showing the enhancement of conus medullaris nodule; (C): sagittal T2 WI 

spinal MRI; (D): axial T1 WI spinal MRI; (E): axial thoracic CT, objectifying right apical pulmonary neoplasia with parietal extension.        

 

Case 2 

The second patient is a 41 years old man, with past 

medical history of what it was thought to be lung 

abscess treated with antibiotics without following. 

The onset of the disorder dates back to two months 

before admission, marked by the installation of 

muscle weakness in the lower limbs of rapid 

progression. The neurological exam at the admission 

found a total flasco-spasmodic paraplegia, 

abolishing of osteotendinous reflexes of the two 

lower limbs and bilateral Babinski sign. A spinal MRI 

objectified an expansive intraspinal intramedullary 

process of the conus medullaris with heterogeneous 

hypersignal on T1 WI and T2 WI (figure 2A, B). Already 

in the preoperative assessment, a chest X-rays 

performed for the anesthesia preoperative 

assessment objectified a suspect inhomogeneous 

opacity on the lower left lobe (figure 2C). As part of 

the investigations thoraco-Abdomino-pelvic CT 

objectified a lower left lobe pulmonary excavated 

mass, and multiple hepatic hypodense lesions (figure 

2D, E). The patient underwent a CT-guided trans-

parietal puncture of the lung lesion brought 40 cc of 

pus, the bacteriological study was negative but the 

anatomopathological examination was in favor of 

lung squamous cell carcinoma. The patient was 

operated; he underwent a partial removal of the 

tumour of the conus medullaris through Th 11, Th 12 

and L1 laminectomy. In post operative the patient 

was stable. The pathological examination was in 

favor of a metastasis of a lung squamous cell 

carcinoma. The patient was sent then to oncology 

where a complement of radiotherapy and 

chemotherapy was performed. There were no 

complications within 30 days. 

 

 
 

Figure 2. Images of patient 2; (arrows: the tumour in different 

locations). (A): sagittal T1 WI spinal MRI, showing the conus 

medullaris tumour; (B): axial T1 WI spinal MRI;(C): chest X-rays 
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performed in the preoperative assessment showing suspect 

inhomogeneous opacity on the lower left lobe; (D): axial 

thoracic CT confirmed the presence of a lower left lobe tumour 

with necrosis;(E): abdominal CT, showing multiple liver 

metastasis. 

 

Case 3 

The third patient is 26 years old woman without past 

medical history; the onset of the disorder dates back 

to one month before admission with the appearance 

of a weakness in the four limbs, urinary and fecal 

urgency. The neurological exam at the admission 

found neck pain, paresthesia in the four limbs, a total 

flasco-spasmodic tetraplegia, abolishing of 

osteotendinous reflexes on the four limbs, right 

Babinski sign, and urinary retention. Spinal MRI 

objectified a fusiform enlargement of the cervico-

dorsal spinal cord with extensive lesions from C4 to 

Th 2, hyposignal T1WI, hyper signal T2 WI, after 

injection of gadolinium there was an enhancement 

in form of small heterogeneous eccentric masses 

extended on 8.5 cm from C4 to Th 2, with edematous 

infiltration of the overlying spinal cord segments up 

to the bulbomedullary junction as well as underlying 

segments down to Th 7 (figure 3). The patient was 

operated and the tumour was removed through a C3 

to Th2 laminectomy. The histological exam found a 

metastasis from a breast carcinoma; in fact a 

thoraco-abdominal CT was performed and found a 

suspect left breast mass (figure 3F); the patient was 

sent then to oncology for further investigations and 

management (radio and chemotherapy). In post 

operative immediately the patient was stable, but 

three weeks later she presented breathing 

difficulties for what she was admitted; an urgent 

spinal CT was performed without abnormalities, but 

the thoracic CT objectified an atelectasis; the patient 

was put under oxygenotherapy unfortunately 3 days 

later she presented sudden hemodynamic 

instabilities followed by a heart arrest and the 

resuscitation efforts failed. 

 

 

 

 

 
 

Figure 3. Images of patient 3. (A): 

sagittal T1 WI spinal MRI, the tumour 

appears isointense and hypointense 

with spinal cord swallowing 

(arrows);(B): sagittal T2 WI spinal MRI, 

the tumour appears with 

heterogeneous signal mostly 

hyperintense with the presence of 

myelomalacia and a cyst (arrows); 

(C): sagittal T1 WI injected spinal MRI, 

heterogeneous enhancement of 

multiple nodules (arrows); (D): MR-

myelography, objectifies the amount 

of swallowing the tumour was 

creating; (E): axial T2 WI spinal MRI, 

showing spinal cord compression by 

an intramedullary formation 

(arrows); (F): thoracic CT, showing the 

left breast suspect nodule (arrow).  
 

 

Table 1: Summary of our IMSCM cases (morbidities and mortalities were evaluated within one month). 

 

Patients Age Sex Locations Primary 

 tumours 

Management Other  

metastasis 

Outcome Morbidities & 

Mortalities 

Case 1 57 M Conus Lung  Surgery Brain Improvement None 
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Case 2 41 M Conus Lung  Surgery Liver Stable None 

Case 3 26 F Cervico-dorsal Brest  Surgery None Stable Death 

  

 

DISCUSSION 

Metastasis to the spinal cord are rare [1,2,3,5], and 

described mostly by case reports [5]. Based mostly on 

Sung et al review of the English literature [3], Jincai et 

al performed In 2019 a summary of prior studies 

about IMSCM treatment and outcome, they reported 

also their own series of 61 patients; in their paper, in 

sum 519 patients have been reported since 1960 of 

them only 152 were treated surgically [1]. As in our 

cases, the most common primary locations are the 

lung and the breast respectively [1, 5]; other locations 

are less common including colon [6], melanoma [2], 

and renal [2]; in 10 patients (3.3%) of Sung et al series 

the primary tumour was unknown [2]. One of our 

three patients had brain location, and in the Jincai et 

al review 206 (40%) of the patients with IMSCM have 

brain metastasis [1], so we find it very reasonable to 

ask systematically for brain MRI for those patients 

even in absence of clinical symptoms. There is no 

clear protocol for the management of IMSCM [1, 2, 4, 5]; 

surgery gave an improvement rate of 77% and a 

stability of 23 % according to kalayci et al [3], for that 

it seems to be the optimal management tool if the 

general condition allows such heavy procedure, and 

also if the life expectancy is acceptable, in fact the 

prognosis of IMSCM is widely depending on the 

other locations and is frequently poor. For some 

authors, surgery could be difficult to propose, and 

they prefer radiotherapy that might assure an 

acceptable local control, except for radioresistant 

tumours such as renal cell carcinoma and melanoma 
[1, 2, 4, 5]. In our cases, the three patients were without 

past medical history of diagnosed malignancies, and 

images were not specific; after surgery, the 

investigations were urged by our pathology 

laboratory colleagues, even before giving the final 

histopathological results; so the diagnosis was based 

on surgical biopsy of the tumours and the invasive 

management was inevitable [5]. The surgeon should 

not consider radical removal of the tumour, but 

rather spinal cord decompressing by debulking [5], 

keeping in mind the fact that it is about a low life 

expectancy patient; the surgeon also is warned to 

not in any case expose the patient to complications 

that could deteriorate the quality of his short life.      

CONCLUSION 

Intra spinal cord metastasis are rare complications of 

some malignant tumours, especially lung and breast 

cancers; surgery is the treatment of chose if the life 

expectancy and the general condition of the patient 

are good; otherwise radiotherapy could in some 

cases assure relief and local control of the tumour. 
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ABSTRACT 
Bringing a pregnancy to term is possible for a woman carrying a ventriculoperitoneal 

bypass valve, however, pregnancy can be a source of malfunction of the bypass 

system. We report two cases of malfunction of a VPS during the pregnancy's 3rd 

trimester in two patients aged 25 and 30 years respectively. The valve was examined 

in both cases and the persistence of the neurological signs required a cesarean 

section. The diagnostic aspects and management strategies were discussed as 

regards these two cases and throughout the literature review. 

 

 

INTRODUCTION 

Since the introduction of derivative CSF techniques in the treatment of 

hydrocephalus, the prognosis for children with this pathology has 

considerably improved [2,12,15,24,26] Bacterial meningitis is a common 

cause of morbidity in pediatric wards and constitutes the main aetiology 

of hydrocephalus occurrence [8.23]. With the development of 

neurosurgery in the past 20 years, many children are operated on from 

an early age and most often benefit from the establishment of a VPS. 

Today, many of these female children are of childbearing age. 

Malfunction can occur in 50% to 70% of women in labour with VPS, and 

doesn't necessarily mean anything in the development of future 

pregnancies. [18]. Treatment may be difficult and requires 

multidisciplinary collabouration between neurosurgeons, obstetrician-

gynecologists-, and anaesthetists.       

 

 

CLINICAL CASES 

Case 1 

A 25-year-old pregnant woman, second gesture and primiparous, was 

admitted to the gyneco-obstetrics emergency department for seizures 
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and impaired alertness. There was a record in the 

case of a VPS bypass performed at the age of 5 years 

for obstructive hydrocephalus. A previous pregnancy 

5 years ago had been carried to term without 

incident. The physical examination revealed a 

Glasgow score of 11 without focal neurological 

deficit. The diagnosis of a pregnancy toxemia in the 

3rd trimester was brought up. However, blood 

pressure and pulse were normal, blood sugar and 

proteinuria dosages were also normal. The obstetric 

examination found a pregnancy of 32 weeks of 

amenorrhea (WA), a uterine height (UH) at 29 cm in 

relation to gestational age, and fetal heart sounds 

(FHS) being normal. The VPS examination noted 

resistance to depression of the valve reservoir and 

the Cranio-cerebral CT scan showed dilation of the 

ventricular cavities with a ventricular drain in place 

(Figure 1). An evaluation of the VPS has been carried 

out. Removal of the peritoneal drain did not reveal 

any obstruction of the distal catheter, and it was 

reintroduced into the peritoneal cavity. The post-

operative course was marked by a noteworthy 

improvement in the state of consciousness. The 

patient was kept under intensive care monitoring 

observation. A week later moderate signs of 

intracranial hypertension (ICHT) reappeared. A 

caesarean was performed at 34 WA. Upon extraction 

of the newborn, the peritoneal drain was found in 

the vesico-uterine pouch. After verifying its 

permeability and extensive washing of the operating 

site, the drain was replaced in the peritoneal cavity. 

The post-operative course was satisfactory for the 

mother and for the child throughout a follow-up of 

15 months. 

 

 
 

Figure 1. Head CT scan showing ventricular dilation. 

Case 2 

A 30-year-old pregnant woman, first gesture, 

consulted in neurosurgery for headache and visual 

disturbances having developed for a week during a 

pregnancy of 34 weeks. There was a record of VPS 

for post-meningitis hydrocephalus at the age of 6 

years. A valve revision was performed at the age of 

16 following a VPS malfunction and the patient had 

retained neurosensory sequelae with a significant 

decrease in visual acuity. Upon examination, the 

blood pressure was normal. The obstetrical 

examination found an UH at 30cm in relation to the 

gestational age and the fetal heart sounds were 

normal. The cranioencephalic scanner had shown 

dilation of the ventricular cavities. Given the 

worsening of neurological disorders with impaired 

alertness, a revision of the VPS was carried out. The 

peritoneal drain has been repositioned on the other 

side of the midline. The clinical improvement had 

been brief and the outcome on day two was marked 

by the onset of seizures and a new impairment of 

consciousness. An emergency Cesarean was 

performed with the extraction of a newborn with a 

good Apgar score. The development was marked by 

an improvement in consciousness but with 

permanent blindness in the mother. 

 

DISCUSSION 

Ventriculoperitoneal shunt remains the most widely 

used method for the treatment of hydrocephalus 

[18]. Its complications, which are most often 

mechanical and/or infectious, have been widely 

reported in the literature [1,3,4,7]. In pregnant 

women with a VPS, malfunction can occur in 50% to 

70% of cases [2,18,20,26]. Furthermore, it is 

established that VPS has a higher incidence of fault 

during pregnancy than other types of leads 

[2,5,10,21,24,25,27]. It usually occurs during the 

pregnancy's 3rd trimester [2,5,18,26]. A summary of 

the cases reported in the literature is shown in Table 

1. The mechanism for the occurrence of VPS 

malfunction remains still little understood [11]. The 

mechanism most often described would be the 

increase in intra-abdominal pressure due to the 

presence of the fetus, which would hinder resorption 

of CSF in the peritoneum [5,11,12,13]. The regression 

of symptoms observed in most series after childbirth 

is an argument in favor of this mechanism. The 

second hypothesis would be the compression of the 

catheter by a large uterus or a neighboring viscera 
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such as the stomach, bladder or liver [14.15]. In our 

1st case, the peritoneal drain was wound in the 

vesico-uterine pouch. In our 2nd case, the 

malfunction is linked to a functional obstruction of 

the peritoneal catheter, probably related to the 

increase in intra-abdominal pressure. It has been 

noted by several authors that there is no correlation 

between the type of valve and the occurrence of the 

fault. [17, 20,21].  

The classic clinical picture is the occurrence of 

signs of intracranial hypertension (ICHT) whose 

intensity is variable. These are usually isolated or 

associated with persistent headaches to vomiting or 

visual disturbances [11]. These signs can also be 

observed in pregnant women without VPS 

malfunction noted. In the series of Wishoff et al. [27], 

59% of patients with VPS had signs of intracranial 

hypertension. The onset of drowsiness, confusion 

syndrome, blindness, or altered consciousness is 

evidence of the severity of intracranial hypertension. 

The occurrence of inaugural convulsive seizures as in 

our first case, or intense headache, can mimic the 

image of pre-eclampsia in the third trimester of 

pregnancy and mislead the diagnosis of valve 

malfunction [2,10,15,24]. A malfunction can be 

suspected through the revision of the VPS which 

sometimes displays resistance to the depression of 

the valve reservoir. However, the majority of current 

VPS systems are no longer equipped with a flexible 

CSF tank. The scanner and/or MRI, in the event of a 

malfunction, assesses the dilation of the ventricular 

cavities associated or not with transependymal 

resorption and erasure of the cortical grooves with a 

well-positioned ventricular drain. There is however a 

risk of irradiation of the fetus by X-rays [6.18]. 

Isotopic cisternography can diagnose the 

malfunction, but also risks fetal exposure to 

radioactive products [5, 6, 18,27]. MRI is the 

examination of choice because it does not involve 

any risk of fetal irradiation, and makes it possible to 

assess the hydrodynamics of the LCS on the flow 

sequences [2,6,13,18,27]. The problem is the 

existence of a shunt which is not compatible with 

MRI, and the deregulation of the drainage pressure 

by the magnetic field [9]. In our two cases, the 

scanner made it possible to diagnose the 

malfunction of the VPS. 

The treatment of VPS malfunction during 

pregnancy requires a multidisciplinary 

collabouration between obstetrician-gynecologist, 

anesthesiologist-resuscitator, and neurosurgeon. It 

must take into account gestational age, and 

especially the mother's neurological state. Valve 

overhaul is sometimes not necessary. Liakos et al 

[17], in their series, had respectively reported a rate 

of malfunction and valve revision of 13.7% and 5% 

among 138 pregnancies followed in 70 patients. 

When the neurological signs are moderate, a 

conservative treatment is proposed as a first 

intervention by several authors. [5,11,13,14,27]. The 

bed rest sometimes associated with a diuretic 

treatment such as furosemide or acetozolamide and 

the daily mechanical pumping of the valve reservoir 

when possible most often allow a regression of the 

symptoms of ICHT and allow to carry pregnancy to 

term. Mechanical pumping can be associated with 

regular suction of the valve reservoir [5, 11, 12]. 

However, we believe that this method, even if it can 

be effective in managing ICHT, carries a high risk of 

infection. In our 1st case, the change of site of the 

peritoneal drain allowed us to attain an acceptable 

period for childbirth. Hawg et al 2010, have 

advocated for the same approach. Rees et al made 

the change to the complete system although 

obstruction of catheter was not proven. Several 

authors argue for the conversion of VPS to VAS 

(ventriculoatrial shunt) in the event of malfunction 

[11,15,21,22,25]. The arguments proposed are the 

low rate of malfunction and neurological signs 

observed in the patients with a VAS during 

pregnancy. Sova et al [26] had proposed the 

externalisation of the peritoneal catheter until 

delivery, but this approach in our opinion increases 

the risk of infection. Endoscopic ventriculo-

cisternostomy can be performed in case of VPS 

malfunction on obstructive hydrocephalus, and at 

the same time allows the complete removal of the 

defective bypass system [9.25]. The obstetric 

approach also depends on the neurological 

condition of the patient. In most of the series vaginal 

delivery is recommended [2,6,9,13,18]. On the other 

hand, in the event of significant neurological 

deterioration, a cesarean is necessary. In this case, 

the revision of the VPS can be carried out 

simultaneously.  
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Table 1. Summary of cases from the literature. 

 

Authors Matern

al age 

(years) 

Gestational 

age  

(WA) 

symptoms treatment Type of birth anaesthesia outcome 

mother new-

born 

Freo et al 

[10} 

35 36 coma Shunt 

revision  

Caesarean 

section 

general good good 

Hwang et al 

[13] 

32 - Headach

e and 

drowsine

ss 

Shunt 

revision 

Caesarean 

section 

general good good 

Cuisimano et al 

[5] 

21 30 Headach

e and 

vomiting 

Pumping 

and 

suction 

Caesarean 

section 

general good good 

Houston et al 

[12] 

26 33 Headach

e and 

nausea 

suction Vaginal 

delivery 

No 

anaesthesia 

good good 

Riffaud et all 

[25] 

33 20 Headach

e, 

vomiting 

and 

visual 

disturban

ce 

Ventriculo-

cisternosto

my and 

valve 

removal 

Vaginal 

delivery 

epidural 

anaesthesia 

good good 

26 15 Headach

e and 

visual 

disturban

ce 

Ventriculo-

cisternosto

my and 

valve 

removal 

Vaginal 

delivery 

epidural 

anaesthesia 

good unspe

cified 

27 8 headache Ventriculo-

cisternosto

my and 

valve 

removal 

Vaginal 

delivery 

epidural 

anaesthesia 

good good 

Hanakita et al 

[11] 

25 32 Headach

e, visual 

disturban

ce and 

alertness 

disorder 

conversion 

of VPS to 

VAS 

Vaginal 

delivery 

No 

anaesthesia 

good good 

Fletcher et al. 

[9] 

32 36 Headach

e, 

amnesia 

and 

urination 

Shunt 

revision 

Caesarean 

section 

general good good 

Rees et al 

[24] 

27 20 Convulsio

ns and 

alertness 

disorder 

Change of 

ventriculop

eritoneal 

bypass 

device 

abortion No 

anaesthesia 

good bad 

Sova et al 

[26] 

27 27 Headach

e, 

diplopia 

and 

Parinaud 

External 

ventricular 

drain 

Caesarean 

section 

general good good 
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syndrom

e 

Murakami et al 

[21] 

20 unspecifi

ed 

Headach

e and 

visual 

disturban

ce 

conversion 

of VPS to 

VAS 

Vaginal 

delivery 

epidural 

anaesthesia 

good good 

Kleinman et al. 

[14] 

20 29 Headach

e and 

vomiting 

pumping Vaginal 

delivery 

No 

anaesthesia 

good good 

Kurtsoy et al. 

[15] 

34 31 Headach

e, 

vomiting 

and 

balance 

disorder 

conversion 

of VPS to 

VAS 

unspecified unspecified good good 

 

 

CONCLUSION 

The treatment of a bypass malfunction during 

pregnancy is sometimes difficult. It requires close 

collabouration between neurosurgeons, obstetrician 

-gynecologists, and anaesthetists. Awareness of 

these different actors is necessary given the number 

of female children who have reached the 

reproductive age. The choice of ventriculo-

cisternostomy in the treatment of hydrocephalus in 

children when it is indicated may allow avoiding the 

occurrence of this complication. It is also a treatment 

of choice when hydrocephalus or VPS malfunction 

occurs during pregnancy. In all cases, carrying out a 

pre, peri and post conceptual survey of patients with 

VPS is necessary.  
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ABSTRACT 
Head and neck squamous cell carcinomas rarely cause cranial metastases, but HPV 

related subgroup is known for unusual metastasis sites on the body. Despite the 

good overall treatment responses in this group, intracranial metastases are always 

accepted as a sign of rapid deterioration. We present a case of cranium metastasis of 

HPV related oropharyngeal squamous cell carcinoma, which had been very well 

responded to the treatment for years but deteriorates in a short period after the 

cranium metastasis. 

 

 

INTRODUCTION 

Head and neck squamous cell carcinomas (HNSCC) are known as rarely 

causing intracranial metastases. In the last years, HPV related subgroup 

of HNSCC has become a distinct subject of studies. They mostly occur 

at oropharynx. The incidence of HPV-positive HNSCC is increasing. 

Unlike the HPV-negative one, this subgroup does not show a 

relationship with tobacco and alcohol, which are prominent risk factors 

of HNSCC. More favourable results of chemotherapy and radiotherapy 

have been reported in comparison to the HPV-negative variant. The 

more successive local control means better morbidity and survival 

rates. On HPV-positive cases, a better prognosis was reported even on 

lung metastasis, which is the most frequent site of distant recurrence. 

Also, a different pattern of metastasis has been mentioned in recent 

studies (3). On the other hand, the presence of brain metastasis has 

always been accepted as a bad sign regardless of HPV status.  

We present a case of a patient who has one of the most extended 

survival lengths reported in the literature despite unusual multisite 

metastases but deteriorated rapidly due to very aggressive cranium 

metastasis.       

 
CASE REPORT 

Sixty-four years old female patient had submitted to hospital with pain 

on the chest and back in 2013. Examinations revealed metastatic 
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lymphadenopathies on mediastinum and 

metastases on the lung, liver, and vertebra corpus, 

but the primary tumour had not been found. With 

consecutive periods of chemotherapy (including 

carboplatin, capecitabine, and cisplatin-etoposide) 

and radiotherapy, local control was achieved, and 

the patient has succeeded five years of survival. In 

2018, the patient had multiple enlarged lymph nodes 

in the cervical area. Following the tru-cut biopsy 

results, the pathology report pointed out CD117 

positivity and low metabolic activity despite the 

clinical features. As a result, pathological 

examinations could not suggest a diagnosis. The new 

PET scan revealed multiple mediastinal and 

intraabdominal lymphadenopathies and improved 

uptake in various areas in the gastrointestinal 

system. With chemotherapy and radiotherapy, the 

local cure was succeeded. Other sites also 

responded to the treatment. In November 2018, in 

an examination for head-ache, extensive cranium 

metastasis was spotted. The patient was consulted 

to neurosurgery, and surgery was offered (Fig. 1). 

During the decision period of patient, right 

hemiparesis and headache complaints were 

developed. In concomitant MRIs within three months 

period, significant enlargement was discovered, and 

operation was performed (Fig. 2,3). 

First, question mark skin incision was performed, 

and the tumour was revealed, extruding from the 

calvarium. A large frontoparietal craniotomy flap, 

which was covering the whole tumour and adherent 

dura, was elevated. Because of the cohesiveness, the 

dura was incised and elevated with the tumour. No 

invasion to parenchyma was observed but cerebrum 

was edematous. Because of that after bone-tumour-

dura complex resection, cranioplasty was planned 

for a further time.  

Pathologic examination revealed that the tumour 

was HPV positive oropharyngeal squamous cell 

carcinoma metastasis with strong p16 and 

neuroendocrine marker positivity. Different from the 

previously pathological examination, ki-67 index was 

found to be very high (about %80). Post-op PET scan 

also revealed an oropharyngeal mass with improved 

up-take near the base of the tongue.  

 

DISCUSSION 

HPV positive HNSCC are characterized by a better 

therapeutic response and lower recurrence in 

comparison to HPV negative variant, which means  

 

 

Figure 1.  

 

overall better clinical outcome in terms of survival 

and morbidity (2). Because of this nature of HPV 

positive HNSCC, even in the presence of metastases, 

more direct and curative approaches are preferred 

instead of palliative treatment options. 

Besides the better outcomes, the distant 

metastasis pattern of HPV positive SCC also differs. 

The longer survival lengths, thank to better 

therapeutic results, may contribute to increased 

numbers of distant metastases on HPV positive SCC. 

The most frequent metastasis sites for HNSCC are 

known as lung, liver, and bone (5). In this order, liver 

and bone metastases were reported as much rarer 

than the lung. An increased incidence in bone 

metastases, especially in vertebras, were reported in 

patients with p16 positive tumours lately. The recent 

articles are reporting HPV positive SCC cases with 

multisite metastasis, including unusual sites such as 

long bones, brain, dura, pancreas, and skin (3,4). 

Among the metastasis sites, the brain was accepted 

to have the worst prognosis and defined as “non-

curable”. Brain metastasis frequency on HNSCC was 

mentioned in a few articles as 0.43 – 5.7%. 

The tumour-free episodes in HPV positive SCC are 

reported to be longer than non-HPV variants in 

several studies (2). When the recurrence or first 

metastasis was spotted during follow-ups, patients 

usually have metastasis on more than one site. In 

both HPV + and – tumours, metastases have much 

more aggressive behaviors than their primary 

tumours. Independent from the response of these 

metastases to the treatment, different, unexpected 

new metastases may occur, and the death of 

patients is usually caused by these aggressive new 

tumours. The development time of metastases is 
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approximately two years following the primary 

tumour treatment (4, 5). In a recent study about 

brain metastases of HNSCC, mean time of interval 

between diagnosis of primary and brain metastasis 

was reported as 26 months. Among the eleven 

patients, two longest intervals were 137 and 66 

months, and the latter patient had 65.7 months of 

disease-free time, meaning prognosis of the brain 

metastasis was the decisive factor in patients’ life (1).  

Besides clinical features, HPV positive SCC’s are 

known to be hard to detect on PET and MRI scans. As 

in our case, this mass had not been detected 

previous PET and MRI scans. 

 

CONCLUSION 

Extended patient follow-up times are suggested for 

HPV positive tumours in many papers as a 

conclusion (2, 4). Under these circumstances, we 

think that it would not be wrong to define the length 

of follow-up as "lifelong". Considering positive 

features of HPV-positivity, with further analysis of 

metastasis pattern of HPV positive HNSCC and with 

the developments of neurosurgical oncology, much 

longer survivability can be achieved in this patient 

group. 
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The patient has consented to the submission of the case report 

for submission to the journal. 
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ABSTRACT 
Memory assessment is a crucial step in the pre-surgical assessment of temporal 

epilepsy. Indeed, it participates to a certain extent in the process of localization of the 

epileptogenic zone and also makes it possible to anticipate the possible risks of 

surgical treatment on the memory. 

We propose to specify the contribution of memory evaluation in 60 patients’ 

candidates for temporal epilepsy surgery, in terms of localization of the 

“epileptogenic zone” and in the appreciation of the risk of postoperative memory 

decline. 

 

 

I. INTRODUCTION 

During the preoperative assessment, the neuropsychological results, 

particularly in terms of memory evaluation, participate to a certain 

extent in the process of localizing the epileptogenic zone. They also 

make it possible to anticipate the possible risks of a surgical treatment 

on memory and language. 

We propose to specify the contribution of memory evaluation in 60 

patients’ candidates for temporal lobe epilepsy surgery, in terms of 

localization of the “epileptogenic zone” and in the appreciation of the 

risk of postoperative memory decline. We present a case of a patient 

who has one of the most extended survival lengths reported in the 

literature despite unusual multisite metastases but deteriorated rapidly 

due to very aggressive cranium metastasis.       

 
II. PATIENTS AND METHODS 

1. Population studied 

We included in our study 60 patients on the following criteria: 

• Severe, drug-resistant temporal lobe epilepsy (at least 03 major 

antiepileptics at optimal doses have been tried as monotherapy and in 

association with an evolutionary decline of at least 02 years); 

Keywords 
memory, 

pre-surgical assessment of 
epilepsy, 

pharmaco-resistant temporal 
lobe, 

epilepsy    

 
 

 
 

Corresponding author: 
H. Lelklou 

 
Bab El Oude University Hospital, 

Algiers, Algeria 
 

leklou_hakim@yahoo.fr 
 
 

 
 

 
 
 

 
Scan to access the online version 

 

 
 



 358 H. Lelklou, M. Djellaoui, H. Si Ahmed, B. Yakoubi 

• Age less than 50 years; 

• Presence of a temporal lesion on brain MRI; 

• Patients whose "epileptogenic zone" is clearly 

defined at the end of the non-invasive pre-surgical 

exploration. 

• Patients operated on for epilepsy surgery with a 

regulated temporal lobectomy with broad 

hippocampal resection. 

 

2. Applied methods 

• We have studied hemispheric dominance in all of 

our patients. 

• We specified the anatomical lesions found on brain 

MRI and we separated the patients into two groups 

(one group with hippocampal sclerosis and another 

with a lesion of another nature). 

• We also specified the lateralization of the 

"epileptogenic zone" and the extent of the surgical 

procedure (hippocampus resected or not). 

• An overall intellectual efficiency (MMS) and memory 

(verbal and visual) assessment was performed on all 

of our patients. The exploration of verbal memory 

was carried out by the Grober and Buschke test. As 

for visual memory, it was assessed by the DMS-48 

test. The frequency of memory disorders was 

evaluated pre-operatively in the whole population 

and was then evaluated according to the associated 

lesions and the lateralization of the "epileptogenic 

zone" 

• The development of postoperative memory 

disorders was specified in all patients and was then 

studied according to the preoperative memory 

status and the nature of the lesions found on MRI). 

 

3. Place and period of the study 

The patients were recruited from the Epileptology 

consultation of the department of Neurology of Bab 

El Oued University Hospital over a period from 

January 2010 to December 2019. 

 

III. RESULTS 

Distribution of patients according to manual 

dominance: 

100% of patients are right-handed. 

Distribution of patients according to the nature of 

the lesion found on MRI: 

32 patients had hippocampal sclerosis on brain MRI 

(53%) and 28 patients had a lesion of another nature 

(Neuroepithelial dysembryoplastic tumours, 

Gangliogliomas and finally Cavernomas) (47%). 

Distribution of patients according to the 

lateralization of the epileptogenic zone: 

The lateralization of the epileptogenic zone was on 

the left (dominant hemisphere for language) in 27 

patients (45%) and on the right (minor hemisphere) 

in 33 patients (55%). 

 

 

 

Number of 

patients 

Percentage 

% 

Presence of memory 

deficit 
39 65 

Absence of memory 

deficit  
21 

 

35 

Total  

 
60 100 

 

Table 1. Frequency of preoperative memory disorders in all 

operated patients. 

 

A memory deficit is found preoperatively in 65% of 

operated patients. 

 
 

 

Epileptogenic zone on 

the left (dominant 

hemisphere) 

Epileptogenic zone on 

the right (minor 

hemisphere) 

Number 

of 

patients 

Percentage 

% 

Numb

er of 

patient

s 

 

Percentage 

% 

 

Deficit of 

the visual 

memory  

00 00 33 100 

Deficit of 

the verbal 

memory 

27 100 00 00 

Total  

 
27 100 33 100 

 

Table 2. Nature of memory deficit according to the 

lateralization of "the epileptogenic zone". 

 

All the patients with an epileptogenic zone lateralized 

on the left (dominant hemisphere) have a deficit in 

verbal memory and all patients with an epileptogenic 

zone on the right (minor hemisphere) have a deficit 

in visual memory. 

 

 

 

Group with 

Hippocampal Sclerosis  

Group with another 

lesion  

 

Number of 

patients 

Percenta

ge % 

Number 

of 

patients 

Percentage 

% 

 

Presence 

of memory 

deficit 

30 94 09 32 
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Absence of 

memory 

deficit 

02 06 19 68 

Total  

 
32 100 28 100 

 

Table 3. Frequency of preoperative memory disorders 

according to the nature of the lesion. 

 

A memory deficit is found in 93% of patients with 

hippocampal sclerosis and only in 32% of patients 

with a lesion of another nature. 

 

 

Number of 

patients 

Percentage % 

Post-operative decline 9 15 
No effects 51 

 

85 

Improvement 

 
00 00 

Occurrence of global 

amnesia  
00 00 

Total  

 
60 100 

 

Table 4. Postoperative memory status in all operated patients. 

 

Postoperative memory decline is noted in 15% of 

operated patients. No cases of global amnesia have 

been noted. 

 

 

 

Group with pre-

operative deficit 

Groupe without pre-

operative deficit 

Number 

of 

patients 

Percentage 

% 

Number 

of 

patients 

Percenta

ge % 

 

Post-

operative 

decline 

00 00 09 43 

No effects 

 
39 100 12 57 

Improvem

ent 

  

00 00 00 00 

Total  

 
39 100 21 100 

 

Table 5. Postoperative memory status based on the presence 

or absence of a preoperative memory deficit. 

 

No patient had a memory decline in the preoperative 

memory deficit group; whereas a decline is noted in 

43% of the cases in the group without preoperative 

deficit. 

 
 

 

Group with Hippocampal 

Sclerosis  

Group with another 

lesion  

 

Number of 

patients 

Percentage 

% 

Number 

of 

patients 

Percentage 

% 

 

Post-

operative 

decline 

02 06 07 25 

No effects 30 94 21 65 

Improvement 

  
00 00 00 00 

Total  

 
32 100 28 100 

 

Table 6. Postoperative memory status depending on the 

nature of the lesion found on MRI. 

 

No patient had memory decline in the hippocampal 

sclerosis group; while a decline is noted in 25% of 

cases in another lesion group. 

 

IV. DISCUSSION 

The high frequency of memory disorders found in 

our series confirms the data in the literature. Indeed, 

temporal lobe epilepsy is the greatest provider of 

memory disorders observed in epileptic patients [1]. 

Patients with hippocampal sclerosis were more likely 

to have a preoperative memory deficit than patients 

with other lesions. These results agree with the data 

in the literature; indeed, the presence of 

hippocampal sclerosis, whether right or left, appears 

to be a predictive factor for the presence of memory 

impairment in a patient with temporal lobe epilepsy 

[2; 3]. In addition, the severity of the memory deficit 

appears to be correlated with the degree of neuronal 

loss of the diseased hippocampus [4]. 

It has also been shown that when temporal lobe 

epilepsy is linked to a structural lesion of another 

nature, disorders of verbal memory are correlated 

with left hippocampal neuronal loss [5]. 

In our series, the nature of the memory deficit 

observed in right-handed patients depended on the 

side on which the epileptogenic zone was lateralized. 

Indeed, the deficit concerned in all cases the verbal 

memory when the epileptogenic zone was 

lateralized on the left (dominant hemisphere) and 

the visual memory when the epileptogenic zone was 

lateralized on the right (minor hemisphere). This 

observation is consistent with the data in the 

literature which recognizes a lateralizing value for 

the memory deficit [6]. Indeed, temporal lob 

epilepsies concerning the dominant hemisphere are 

characterized by a deficit in verbal memory [7; 8; 2; 

9] and temporal lobe epilepsies concerning the 
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minor hemisphere (the right for right-handers) can 

be associated with a deficit of non-verbal memory 

[10; 11; 12]. 

The risk of a memory deficit after an anterior 

temporal lobectomy is much greater when the 

preoperative memory efficiency is normal [13; 14; 15; 

16; 17]; This could be explained by the fact that the 

absence of a preoperative memory deficit suggests 

that the hippocampus concerned by the excision is 

still functional. 

The data from our study confirm this view; 

indeed, patients who underwent an intervention 

comprising a large hippocampal resection with a 

preoperative memory deficit, did not degrade their 

memory scores postoperatively. This could be 

explained by the fact that the preoperative deficit 

suggests a loss of the function of the hippocampus 

concerned by the resection. 

This favourable postoperative outcome in terms 

of memory is also noted in patients with 

hippocampal sclerosis with a correct preoperative 

memory score. This recalls the favourable prognostic 

value, in terms of memory, of the presence of 

hippocampal sclerosis (see above). Indeed, the 

presence of unilateral hippocampal sclerosis 

(especially when it is severe) with a correct memory 

score, is compatible with a loss of hippocampal 

function compensated by the contralateral side. 

Finally, no global amnesia was noted due to the 

absence of signs indicating a dysfunction of the 

contralateral hippocampus, such as the case of 

simultaneous impairment of verbal and visual 

memory. This notion underlines the major interest of 

memory evaluation in the context of the pre-surgical 

assessment of temporal lobe epilepsy surgery. 

 

IV. CONCLUSION 

During the preoperative assessment of temporal 

epilepsies, the results of the memory assessment 

participate to a certain extent in the process of 

localization and lateralization of the epileptogenic 

zone. 

They also make it possible to anticipate the 

possible risks of a surgical treatment on the memory. 
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of copyright guaranteed by all authors whose manuscripts 

have already been accepted. If the paper was completely or 

partially published or exposed previously, a copy or a 

photocopy of it should be also sent. The technical reports 

should contain a declaration concerning the financial sources 

that cover the costs necessary for instruments and 

methodology acquisition. 

In order to illustrate different cases, photos of identifiable 

patients will not be published without their legal consent or 

that of their legal representative. The letter containing this 

consent together with the manuscripts should be sent to the 

editorial office. 

If the author wishes his unpublished manuscripts returned, 

please note this in the enclosed letter. 

 

3. SENDING OF MANUSCRIPTS 

Authors shall ensure that the article has been "spell and 

grammar checked" prior to the submission. 

The manuscript sent for publishing must be submitted in 

English. The manuscript will be typed without formatting, with 

a 1-line space. Please enclose 1 copy of the manuscript, tables, 

graphics and photos. After publishing, the paper and pictures 

become the property of Romanian Neurosurgery. 

 

There are no article processing charges (NO APCs) and no 

article submission charges. 

 

4. MANUSCRIPT ELABORATION 

Paper sent for publishing should be in accordance with 

international standards of manuscript submittance. These 

standards are mentioned in “British Medical Journal” 1988; 

296: 404-405 or in “Annals of Internal Medicine” 1988; 108:258-

265. The authors are responsible for the accuracy of the 

information contained in the essay. 

 

4.1. The title page should contain the whole title of the essay 

and complete names of authors with their academical 

degrees. If it is necessary, the department, the hospital or the 

institution where the search has been undertaken, should be 

also mentioned. 

 

4.2. Please include an additional page containing the title of 

the essay and the author responsible for correcting of any and 

of all mistakes and for maintaining correspondence. The 

address, phone and fax number should be included (e-mail be 

available). 

 

4.3. A summary, no longer than 300 words, should be written 

on a separate page. Key-words, no more than 7, should be 

listed in alphabetical order on the same page. The use of 

keywords should be approved by the “Index Medicus”. 

 

4.4. Text. The introduction should specify the purpose of the 

paper. The content and the method should give a minute 

account of the work methodology so that the experiment 

conclusion could be reproduced and checked up on in other 

centres. The experiments and medical studies performed on 

human beings should respect the principles specified in “The 

Declaration of Helsinki”, whereas the experiments done on 

animals should be in accordance with “The Principles Charta 

of Animal’s Care and Use”. The results should not contain 

references to previous studies. The discussions should reflect 

the main features of the research. 

 

5. REFERENCES 

- typed on 1 line; 

- quoted in alphabetical order; 

- explanatory footnotes are not accepted; 

- unpublished data and personal papers should be quoted 

inside the text and not in the bibliography; 

- entries to the bibliography should appear in the following 

order: the authors, the title of the essay, the title of the 

periodical (abbreviated according to the list of abbreviation 

specified in the “Index Medicus”), the volume number, the 

page number and the data publication. 

 

6. TABLES AND PICTURES 

There should be 1 copy sent. Each table with its own title 

should be submitted on separate pages. The photos, 

radiographies, CT scans should be labelled on the back with 
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the number of each picture, corresponding with the number 

included inside the text, and the author’s name. The label will 

be placed on the top of the picture. The drawings may be sent 

on vellum paper, tracing paper or transparent paper. The use 

of pictures belonging to other publications is accepted, only if 

mentioning the original source. Further, the partial use of any 

previously published text is accepted with the approval of its 

author and editor. All pages should be consecutively 

numbered, starting with the title page. 

 

7. ABBREVIATIONS 

Abbreviations should be consistently used throughout the text 

and established in a fixed form from the beginning. 

 

8. SUBMISSION 

Manuscripts should be sent to the Editor: 
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"Gr.T. Popa" University of Medicine and Pharmacy 
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9. DISCLAIMER 

The editors disclaim any responsibility for opinions expressed 
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10. THE REVIEW PROCESS 

After the manuscript submission, the peer review process is 

broken down into the following steps: 
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2. The Reviewers review the manuscript. 

3. The Editor drafts a decision to be sent to the author/authors. 
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