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1. Introduction 

 

Cauda equina syndrome (CES) is a severe neurological condition resulting from compression of 

the cauda equina nerve roots in the lumbosacral region. This syndrome is considered a 

neurosurgical emergency due to its potential for irreversible neurological damage, including 

bladder, bowel, and sexual dysfunction. Prompt surgical intervention is crucial to improving 

patient outcomes, making minimally invasive discectomy (MID) an attractive option compared 

to traditional open surgery [1]. 
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MID has gained popularity in spine surgery due to its ability to reduce soft tissue damage, 

postoperative pain, and recovery time. This technique involves using smaller incisions, 

specialized endoscopic instruments, and microsurgical tools to remove the herniated disc material 

compressing the cauda equina. Studies have shown that MID can achieve comparable or superior 

outcomes to conventional discectomy while minimizing complications [2]. 

The pathophysiology of CES involves mechanical compression of the cauda equina, leading to 

ischemia, inflammation, and subsequent neurological dysfunction. The most common cause is a 

massive lumbar disc herniation at the L4-L5 or L5-S1 levels, with sequestrated fragments further 

exacerbating neural compression. Early surgical decompression is paramount to prevent 

permanent deficits and disability [3]. 
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Traditional open laminectomy has been the gold standard for treating CES for decades. However, 

this approach requires extensive paraspinal muscle dissection, prolonged operative time, and 

increased risks of postoperative complications such as infection and fibrosis. MID aims to 

overcome these limitations by providing adequate decompression through a less invasive 

corridor, reducing trauma to surrounding tissues [4]. 

Endoscopic discectomy, a type of MID, has revolutionized lumbar spine surgery by utilizing a 

small working channel through which instruments and a camera are inserted. This technique 

allows for real-time visualization and targeted decompression of the compressed nerve roots 

while preserving the integrity of stabilizing structures. Compared to traditional surgery, 

endoscopic discectomy has demonstrated favorable outcomes, including lower blood loss and 

faster recovery [5]. 
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Patients with CES typically present with varying degrees of lower extremity weakness, saddle 

anesthesia, urinary retention, and fecal incontinence. A detailed neurological examination is 

essential to assess the extent of deficits and determine the urgency of surgical intervention. MRI 

remains the gold standard imaging modality for confirming the diagnosis and identifying the 

level of disc herniation [6]. 

The timing of surgery is a critical determinant of prognosis in CES. Studies indicate that patients 

who undergo decompression within 24 to 48 hours of symptom onset have significantly better 

functional recovery than those with delayed intervention. Delayed surgery beyond this window 

is associated with higher rates of persistent bladder dysfunction and lower extremity weakness 

[7]. 

Minimally invasive transforaminal endoscopic discectomy (MI-TED) has emerged as a 

promising technique for CES treatment. This approach involves inserting a working cannula 

through Kambin’s triangle, an anatomical safe zone that minimizes injury to neural structures. 

MI-TED offers direct visualization of the herniated fragment, allowing for precise decompression 

while sparing the facet joints and ligamentous structures [8]. 

One of the primary advantages of MID over conventional discectomy is the reduced incidence 

of postoperative epidural fibrosis. Excessive scarring around the nerve roots following open 

surgery can lead to chronic pain and recurrent radiculopathy. By minimizing soft tissue 

disruption, MID decreases the likelihood of such complications, enhancing patient outcomes [9]. 

Postoperative pain management is another significant benefit of MID. Patients undergoing MID 

typically report lower pain scores compared to those receiving open laminectomy. This is 

attributed to reduced muscle dissection, lower intraoperative blood loss, and minimal retraction-

related ischemia. As a result, opioid consumption and hospital stays are significantly reduced 

[10]. 

The risk of dural tears and cerebrospinal fluid (CSF) leaks is a concern in spinal surgery. MID 

techniques have been associated with a lower incidence of dural tears due to the use of 

magnification and real-time visualization, allowing precise dissection. When a dural tear occurs, 

prompt repair using fibrin glue or suture techniques can prevent persistent CSF leakage and its 

associated complications [11]. 

Functional outcomes following MID for CES have been encouraging. Studies have demonstrated 

significant improvements in lower extremity strength, sensory deficits, and bladder function 

postoperatively. While complete neurological recovery depends on the severity and duration of 

preoperative deficits, early decompression through MID provides the best chance for functional 

restoration [12]. 

Patient selection plays a crucial role in the success of MID. Ideal candidates include those with 

contained or sequestrated disc herniations causing CES, without severe spinal instability or 

extensive degenerative changes. In patients with multilevel stenosis or instability, a more 

extensive surgical approach may be necessary to achieve adequate decompression [13]. 

Despite its advantages, MID is associated with a learning curve for spine surgeons. Mastery of 

endoscopic techniques and familiarity with spinal anatomy are essential to ensuring safe and 

effective decompression. Surgeons must undergo specialized training to develop proficiency in 

handling the endoscope and avoiding complications such as nerve root injury [14]. 

Technological advancements in endoscopic spine surgery have led to the development of biportal 

endoscopic discectomy (BED). This technique utilizes two portals—one for the endoscope and 

the other for instruments—providing enhanced visualization and maneuverability. BED has 

demonstrated excellent clinical outcomes in the treatment of lumbar disc herniations, including 



Minimally invasive discectomy versus open laminectomy and 

discectomy for the treatment of cauda equina syndrome 

Abdelfatah Mohamed Salim 

Alaosta 
 

  

Cuest.fisioter.2025.54(2):4613-4624                                                                                 4617 
 

CES [15]. 

Another significant consideration in MID is the prevention of recurrent disc herniation. Studies 

suggest that preserving the annulus fibrosus and utilizing annuloplasty techniques may reduce 

the risk of re-herniation. Additionally, postoperative rehabilitation focusing on core 

strengthening and lumbar stabilization exercises plays a critical role in preventing recurrence 

[16]. 

 

Open Laminectomy and Discectomy for the Treatment of Cauda Equina Syndrome 

Cauda equina syndrome (CES) is a rare but severe neurological emergency caused by 

compression of the cauda equina nerve roots. This compression results in motor, sensory, and 

autonomic dysfunction, necessitating urgent surgical intervention to prevent irreversible 

neurological deficits. Open laminectomy and discectomy are the primary surgical treatments for 

CES, aimed at decompressing the affected nerve roots and restoring normal neurological function 

[17]. 

 
The pathophysiology of CES is largely attributed to mechanical compression from herniated 

intervertebral discs, spinal stenosis, tumors, or traumatic injuries. The cauda equina nerve roots 

are particularly vulnerable due to their anatomical arrangement within the thecal sac, making 

them susceptible to ischemia and dysfunction when compressed. Prompt surgical decompression 

is crucial to avoid permanent neurological impairment [18]. 

Open laminectomy is a well-established surgical procedure that involves the removal of the 

lamina to create space within the spinal canal. This procedure is frequently combined with 

discectomy, where herniated disc material compressing the nerve roots is excised. Together, 

these procedures alleviate pressure on the cauda equina, aiming to restore motor and sensory 

function while improving bladder and bowel control [19]. 

Preoperative assessment for patients with CES includes a thorough neurological examination, 

imaging studies such as MRI and CT scans, and laboratory investigations if necessary. MRI is 

considered the gold standard for diagnosing CES, as it provides detailed visualization of soft 

tissue structures, including the degree of nerve root compression. CT myelography may be 

employed in cases where MRI is contraindicated [20]. 

The timing of surgical intervention is a critical factor in patient outcomes. Studies indicate that 

decompression performed within 24 to 48 hours of symptom onset significantly improves 
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neurological recovery compared to delayed surgery. Delays beyond this window increase the 

likelihood of persistent motor deficits, urinary incontinence, and chronic pain syndromes [21]. 

The surgical approach for open laminectomy and discectomy involves positioning the patient in 

a prone or kneeling position under general anesthesia. A midline incision is made over the 

affected vertebral levels, followed by retraction of paraspinal muscles. The lamina is then excised 

to expose the dura, and the herniated disc material is removed using microsurgical techniques to 

minimize trauma to surrounding structures [22]. 

Intraoperative neuromonitoring may be utilized to enhance surgical precision and minimize the 

risk of iatrogenic nerve injury. Somatosensory evoked potentials (SSEPs) and electromyography 

(EMG) are commonly used modalities to monitor nerve root function throughout the procedure, 

ensuring optimal decompression [23]. 

Postoperative care focuses on pain management, early mobilization, and neurological 

rehabilitation. Patients are monitored for complications such as cerebrospinal fluid (CSF) leaks, 

infections, or worsening neurological symptoms. Physical therapy plays a crucial role in 

optimizing functional recovery, with a focus on regaining lower limb strength and bladder control 

[24]. 

Despite the effectiveness of open laminectomy and discectomy, some patients may experience 

residual symptoms postoperatively. Persistent pain, motor weakness, or neurogenic bladder 

dysfunction can occur, necessitating long-term follow-up and rehabilitation. In cases of 

incomplete recovery, additional interventions such as spinal cord stimulation or physical therapy 

may be considered [25]. 

The success rate of open laminectomy and discectomy for CES largely depends on factors such 

as the timing of intervention, severity of nerve compression, and patient comorbidities. Studies 

report that early surgery leads to significant improvements in motor function and sphincter 

control, whereas delays are associated with poorer prognoses [26]. 

Complications associated with open laminectomy and discectomy include dural tears, infections, 

and epidural hematomas. While these complications are rare, they necessitate careful surgical 

technique and postoperative monitoring. Dural tears, in particular, require prompt repair to 

prevent CSF leaks and associated complications such as meningitis [27]. 

Minimally invasive surgical techniques have been explored as alternatives to open laminectomy 

and discectomy. While these approaches offer reduced blood loss and faster recovery times, they 

may not provide the same level of decompression necessary for severe CES cases, making open 

surgery the preferred method in most scenarios [28]. 

Comparative studies between open and minimally invasive techniques suggest that while both 

approaches yield positive outcomes, open laminectomy remains the gold standard for extensive 

decompression. However, ongoing research is investigating the potential for endoscopic-assisted 

procedures to achieve comparable results with fewer complications [29]. 

The role of adjunctive therapies such as corticosteroids and neuroprotective agents in CES 

management is still being investigated. While some studies suggest that steroids may reduce 

inflammation and improve outcomes, their routine use remains controversial due to potential side 

effects, including immunosuppression and delayed wound healing [30]. 

The economic burden of CES treatment is significant, with costs associated with surgery, 

rehabilitation, and long-term care. Early intervention not only improves patient outcomes but 

also reduces the overall healthcare burden by minimizing the need for prolonged rehabilitation 

and secondary interventions [31]. 

Minimally Invasive Discectomy Versus Open Laminectomy and Discectomy for the 
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Treatment of Cauda Equina Syndrome 

Cauda equina syndrome (CES) is a severe neurological condition resulting from compression of 

the lumbosacral nerve roots, leading to symptoms such as lower limb weakness, saddle 

anesthesia, and bladder or bowel dysfunction [32]. Prompt surgical intervention is crucial to 

prevent permanent deficits [33]. Traditionally, open laminectomy and discectomy have been the 

standard surgical approaches for CES [34]. However, minimally invasive discectomy (MID) has 

emerged as a potential alternative, aiming to reduce tissue damage and enhance recovery [35]. 

This discussion delves into the comparative aspects of MID and open laminectomy and 

discectomy in CES treatment [36]. 

Open laminectomy involves the removal of the lamina to decompress the spinal canal, providing 

direct access to the herniated disc [37]. While effective, this approach can lead to significant 

muscle dissection and postoperative pain [38]. In contrast, MID utilizes smaller incisions and 

specialized instruments to access and remove the herniated disc with minimal disruption to 

surrounding tissues [39]. The goal of MID is to achieve similar decompression with reduced 

morbidity [40]. 

A preliminary study by Khashan et al. compared outcomes between MID and open laminectomy 

in CES patients [41]. The study included 12 patients in each group and assessed surgical 

complications, length of hospitalization, and functional outcomes [42]. Results indicated 

comparable complication rates between the two groups [43]. Notably, both groups experienced 

significant improvements in lower extremity motor scores and reductions in leg pain [44]. 

However, significant improvement in back pain was observed only in the MID group [45]. Final 

functional scores were similar between groups [46]. 

The advantages of MID include reduced muscle dissection, which may lead to decreased 

postoperative pain and faster recovery [47]. Additionally, the smaller incisions used in MID are 

associated with reduced blood loss and shorter hospital stays [48]. These benefits can be 

particularly advantageous in patients with comorbidities that increase surgical risk [49]. 

However, MID requires specialized equipment and a steep learning curve for surgeons [50]. The 

limited exposure inherent in minimally invasive techniques can pose challenges in cases with 

complex anatomy or extensive pathology [51]. Therefore, patient selection and surgeon 

experience are critical factors in determining the appropriateness of MID for CES [52]. 

In terms of functional outcomes, both MID and open laminectomy aim to relieve nerve 

compression and restore neurological function [53]. Studies have shown that both approaches 

can effectively improve motor strength, sensory deficits, and autonomic dysfunction associated 

with CES [54]. The choice of surgical technique should be individualized based on patient 

characteristics and surgeon expertise [55]. 

A study by Li et al. evaluated the efficacy of percutaneous endoscopic lumbar discectomy, a form 

of MID, in CES patients [56]. The study reported significant improvements in neurological 

function and pain relief, with a high rate of patient satisfaction [57]. These findings suggest that 

endoscopic techniques may be a viable option for CES treatment [58]. 

Shih et al. conducted a study comparing minimally invasive discectomy to open laminectomy in 

CES patients [59]. The results indicated that minimally invasive discectomy is an effective and 

safe procedure for the treatment of CES when compared to open laminectomy and discectomy 

[60]. However, MID in these cases should only be considered by surgeons experienced in 

minimally invasive spine surgery [61]. Further studies with larger sample sizes and long-term 

follow-ups are needed [62]. 

The choice between MID and open laminectomy should also consider the potential for 
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complications [63]. While both procedures carry risks such as dural tears, nerve injury, and 

infection, the minimally invasive nature of MID may reduce the incidence of certain 

complications [64]. However, inadequate decompression due to limited visualization is a 

potential concern with MID [65]. 

In terms of healthcare costs, MID may offer economic advantages due to shorter hospital stays 

and faster return to work [66]. However, the initial costs of specialized equipment and the need 

for surgeon training may offset these benefits [67]. Economic analyses are needed to provide a 

comprehensive assessment of the cost-effectiveness of MID compared to open laminectomy [68]. 

Patient satisfaction is an important outcome measure in surgical interventions [69]. Studies have 

reported high levels of satisfaction with both MID and open laminectomy, with patients reporting 

significant improvements in pain, function, and quality of life [70]. The less invasive nature of 

MID may contribute to higher satisfaction rates in some patients [71]. 

The role of imaging in the preoperative assessment and postoperative evaluation of CES patients 

is crucial [72]. Magnetic resonance imaging (MRI) is the gold standard for diagnosing the extent 

of nerve compression and planning the surgical approach [73]. Postoperative imaging can help 

assess the adequacy of decompression and identify any residual or recurrent pathology [74]. 

Rehabilitation plays a vital role in the recovery process following both MID and open 

laminectomy [75]. Early mobilization and physical therapy can enhance functional recovery, 

reduce pain, and prevent complications such as deep vein thrombosis [76]. The minimally 

invasive nature of MID may facilitate earlier initiation of rehabilitation protocols [77]. 

The impact of surgical approach on long-term outcomes in CES patients is an area of ongoing 

research [78]. While short-term outcomes are promising for both MID and open laminectomy, 

long-term follow-up studies are needed to assess the durability of symptom relief and the 

incidence of recurrent disc herniation [79]. 
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