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a b s t r a c t 

Background: An uncommon complication of anterior cervical discectomy and fusion (ACDF) is dura tear, which 

may be further complicated by cerebral spinal fluid (CSF) leak. Dural tears with CSF leak can lead to catastrophic 

neurologic outcomes and should be recognized early. 

Case Description: This case report describes a 43-year-old female patient with history of Ehlers-Danlos syndrome 

who presented 1-year post-ACDF with positional headaches and lightheadedness. Imaging revealed ACDF plate 

subsidence and CSF leak with inferior displacement of the cerebellar tonsils. 

Outcome: The patient underwent a revision procedure with removal of index screws and CSF repair using epidural 

blood patch, fat graft, and Tisseel. The original bicortical screws were replaced with shorter larger diameter 

unicortical screws. Post-operative imaging at 2 and 6 weeks confirmed resolution of CSF leak. 

Conclusions: Healthcare professionals and patients undergoing spinal surgery should be aware of late presentation 

CSF leaks which can represent gradual decline in neurological function. Surgical candidates at risk to develop 

CSF leaks should be counseled about possible complications in preoperative planning. 
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Anterior cervical discectomy and fusion (ACDF) is an effective

urgery for a multitude of cervical spine pathologies with rela-

ively low rates of morbidity and mortality [1] . Complications fol-

owing ACDF are commonly mild and can include dysphagia, dys-

honia, hematoma, and infection [2] . Dural tears with cerebrospinal

uid (CSF) leak are an uncommon complication which should be

ecognized early to reduce permanent and potentially catastrophic

utcomes [3–5] . Compressive pseudomeningocele and postoperative

eurological deficits were both found to be associated with dural tears,

ndicating the potential for significant CNS deficits following incidental

urotomy. Surgical site infection was also found at increased rates with

ural tears, and there have been reported cases of intracranial hemor-
FDA device/drug status: Not applicable. 

Author disclosures: SH: Nothing to disclose. JG : Nothing to disclose. MBC : No

onsulting: Spinevision, Clariance (None). AHD : Royalties: Stryker (D), Spineart (F),

esearch Support (Investigator Salary, Staff/Materials): Orthofix (D); Fellowship Sup

Short sentence summary: This case report describes a delayed cerebrospinal fluid

y a past medical history of Ehlers-Danlos syndrome. 
∗ Corresponding author. Department of Orthopedic Surgery, Warren Alpert Medi

SA. Tel.: 401-330-1420 

E-mail address: alandanielsmd@gmail.com (A.H. Daniels) . 

ttps://doi.org/10.1016/j.xnsj.2023.100271 

eceived 13 June 2023; Received in revised form 18 August 2023; Accepted 18 Augu

vailable online 27 August 2023 

666-5484/© 2023 The Author(s). Published by Elsevier Inc. on behalf of North Ame

icense ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
hage in the days following surgery. Increased surveillance and effective

reatment of dural tears is required to prevent such outcomes postoper-

tively [3–5] . 

Most CSF leaks during ACDF are recognized intra-operatively. How-

ver, small dural tears may not be identified, especially if the arachnoid

ayer remains intact and no obvious CSF leakage occurs. These occult

SF leaks may present in a delayed fashion during the postoperative pe-

iod. They can occur up to five years post-operatively with fluid leakage

rom the wound, meningitis, symptoms of mass effect, neck masses, or

ymptoms of intracranial hypotension including positional headaches,

izziness, and lightheadedness [2 , 6 , 7] . 

This report demonstrates a case of delayed CSF leak more than 1-year

fter ACDF in a patient who presented with symptoms of intracranial

ypotension. 
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Fig. 1. (A) Preoperative posterior-anterior (PA) (left) and lateral (right) cervi- 

cal radiographs demonstrating multilevel spondylosis with associated C6 on C7 

retrolisthesis. (B) Postoperative PA (left) and lateral (right) radiographs demon- 

strating interval C5–7 ACDF with adequate alignment and no hardware compli- 

cations. 
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Fig. 3. Sagittal (left) and axial (right) cuts demonstrating evidence of C5–7 

ACDF with the left C7 vertebral body screw penetrating the posterior cortex of 

the vertebral body. 
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A 43-year-old female patient attended the orthopedic spine clinic

ith complaints of bilateral upper extremity numbness and weakness

ver several years, more recently affecting her quality of life and daily

ctivities. Past medical history was notable for Ehlers-Danlos syndrome

EDS). After confirming her numbness and weakness by physical ex-

mination, subsequent cervical magnetic resonance imaging (MRI) in-

icated spinal cord compression at C6–C7 with associated T2 hyper-

ntensity on MRI confirming a diagnosis of cervical myelopathy. Ante-

ior cervical discectomy and fusion were performed with full postopera-

ive symptom resolution and no immediate postoperative complications

 Fig. 1 ). At 6-month follow-up, the patient reported improvement in

ervical pain and neurological symptoms, with a normal cervical spine

xamination. 

However, over 1-year postoperatively the patient returned to the of-

ce due to severe positional headache and lightheadedness which had

een progressively worsening and became constant. The patient did not

eek additional medical care during the first postoperative year. A radio-

raph demonstrated subsidence of the ACDF plate ( red arrow in Fig. 2 ).

ue to these concerning symptoms, the patient was admitted and evalu-

ted with a cervical MRI and CT scan. MRI demonstrated a CSF leak and
2 
igns of intracranial hypotension with inferior displacement of cerebel-

ar tonsils. Computed tomography scan further demonstrated posterior

ortex perforation of the left C7 vertebral body screw as well as interval

ild subsidence and kyphosis of the ACDF construct ( Figs. 3 and 4 ). 

The patient was taken back to the operating room for revision ACDF

nd repair of the CSF leak which was performed emergently. After reach-

ng the required plane, the wound was thoroughly irrigated, and the

revious plate was identified. All previous screws were removed, and bi-

ateral C5, bilateral C6, and left C7 screws were reinserted with shorter,

arger diameter screws, avoiding bicortical screws which may have been

 risk factor for a leak in this patient with an underlying connective tis-

ue disorder. The right C7 screw was removed, and a large amount of

SF emanated from the hole. After full emanation of the CSF, we first

laced autologous blood in the screw hole. Then a fat graft was used,

isseel was placed, and multiple other small amounts of fat were added

efore a short-diameter screw was inserted. There was no further ema-

ation of CSF. Following irrigation, thorough wound exploration found

o bleeding or injury to visceral structures. The surgery occurred with-

ut any complications. 

The patient was observed in the orthopedic unit for 48 hours before

eing discharged home with bedrest instructions. Pain medication and

cetazolamide were prescribed, but no physiotherapy was needed. The

atient’s headache soon resolved. Repeated imaging at 2 weeks and 6

eeks postoperatively confirmed no evidence of persistent CSF leak, and

adiographs showed a revision construct with shorter unicortical ACDF

crews ( Figs. 5 and 6 ). Physical examination was normal with no fur-

her interventions needed. We used close clinical and MRI monitoring

o ensure adequate repair over time since it was not possible to confirm

he repair intraoperatively given limited visualization. The patient has

onsented to the submission of this case report. 

iscussion 

This report describes a unique case of intracranial hypotension pre-

enting 1-year following ACDF. The patient presented with orthostatic

eadache and lightheadedness caused by a delayed CSF leak, likely
Fig. 2. (A) Intraoperative fluoroscopy. (B) Immediate ra- 

diograph of C5–C7 ACDF. (C) Compared to 1 year postop- 

eratively which demonstrates subsidence (red arrow). 
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Fig. 4. Preoperative T2 weighted sagittal (A) and axial (B) 

MRI demonstrating the presence of a ventral hyperintense 

fluid collection consistent with CSF leak (red arrow). The 

yellow arrow in (A) demonstrates tonsillar herniation. Pre- 

operative midsagittal T1 brain MRI (C) demonstrating in- 

ferior displacement of the cerebellar tonsils. Postoperative 

T2 sagittal MRI. 

Fig. 5. Cervical spine X-ray 2-weeks after the revision surgery. PA (left) and 

Lateral (right) views demonstrate the replacement of the C7 screws with shorter 

screws of increased diameter and maintained lordosis without any immediate 

postoperative hardware complications. 

Fig. 6. A 6-week postoperative T2 weighted sagittal MRI demonstrating reso- 

lution of CSF leak. 
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ue to a combination of mild cage subsidence and subsequent cervi-

al kyphosis, which led to screw tip penetration through the posterior

ertebral body into the spinal canal. Preoperatively, the presence of a

SF leak with resultant signs of intracranial hypotension and brainstem

erniation was confirmed with both MRI and CT scans. Intraoperatively

his was confirmed with a large rush of CSF from that screw hole after

crew removal. 

After a comprehensive literature review, we identified one case of

n oropharyngeal CSF fistula 5-years after ACDF [7] and 1 case dis-
3 
ussing the use of a lateral ventriculo-peritoneal shunt for delayed CSF

eak postcervical laminoplasty. The leak was likely caused by posterior

pinal cord drift after decompression, leading to friction with the pos-

erior bony structure and resulting in thinning of the dural membrane,

radually appearing small cracks, and finally leading to large amounts

f CSF exposure [8] , indicating the rarity of this complication. 

Cage subsidence after ACDF is not rareand occurs in 13.2% to 62.5%

f cases [9] . Cervical kyphosis is a subsequent deformity which may oc-

ur secondary to subsidence as reported in the literature [9] . However,

he correlation between the occurrence of cage subsidence and long-

erm clinical outcomes like screw penetration of the dura leading to

ural tear and CSF leak remains obscure [9 , 10] . 

Cerebrospinal fluid leaks are more common in anterior cervical cor-

ectomy (ACCF) with a 3-times increased risk compared to ACDF. More-

ver, the risk of CSF leak is also elevated in patients with an ossified

osterior longitudinal ligament (OPLL) [2 , 11–13] . Other conditions that

ncrease the risk of CSF leak include dural ectasia in neurofibromatosis

NF) type 1 or Marfan disease, intradural disc herniation, revision op-

rations, compressive osteophytes, arthrodesis, non-White patients, and

ale gender [6 , 12 , 14 , 15] . 

Other possible contributing factors to delayed CSF leak have been

ypothesized, including advanced age, history of prior surgery in the

ame region, length of surgery, and direct trauma [16] . A recent review

n the surgical repair of syndromic scoliosis found that EDS patients

ave a high rate ( > 10%) of dural tears. The dura mater is primarily com-

osed of type 1 collagen, so EDS mutations affecting expression of type

 collagen might contribute to the high rate of dural tears. However,

here is little data demonstrating a causative factor regarding this re-

ationship, and thus further research investigating dural tear incidence

n different EDS subtypes would help to investigate this relationship

17 , 18] . 

The anterior approach associated with ACDF provides limited access

or repair due to limited access to the dura [11] . Therefore, there is

imited information on the management of CSF leaks after ACDF, and

anagement is largely surgeon dependent. The first step in manage-

ent is identification of the dural puncture intra-operatively, for ante-

ior cervical dural tears access and visualization are often a challenge.

f direct visualization and suture repair are to be attempted, a corpec-

omy is necessary. The downside to corpectomy is the increased dead

pace created by corpectomy which may encourage ongoing CSF leak

r pseudomeningocele if the repair is not water-tight. 

After recognition of a leak, it is important to attempt a repair in-

raoperatively to prevent any further complications and the need for

ubsequent procedures [2] . Repair methods include primary dural clo-

ure with suture, repair with fibrin glue, gelatin foam, DuraSeal, muscle

raft, fat and fascia graft, blood patch, or any combination of these tech-

iques [1 , 11] . Postoperatively, CSF drains and wound-peritoneal shunts

ave been used as a preventive measure to reduce CSF leaks which

esulted in excellent success rates of 83% to 100% [1 , 11 , 14] . In this

ase, the use of neither shunt nor drain was advisable since drainage

f additional CSF could be catastrophic in a setting of intracranial

ypotension. 

In this ACDF revision case, we accessed the dural tear through the

re-existing screw hole given our proposed mechanism of injury and its
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avorable risk-benefit ratio compared with corpectomy. The dura was

ealed with an autologous epidural blood patch (EBP) due to the treat-

ent’s efficacy in treating incidental durotomy in a cost-effective man-

er [19] . Epidural blood patch for CSF leaks following dural tears has

een shown to have an 85% success rate that climbs to as high as 90%

hen EBP is repeated [20] . A fat graft was then utilized for its properties

s an effective water sealant, revascularization agent, and its nonadher-

nce to neural elements [21] . Tisseel was used as a hemostatic agent

ue to the inaccessibility and sensitivity of spine revision surgery in a

atient with EDS. 

onclusions 

Healthcare professionals and patients undergoing spinal surgery

hould be aware of late presentation CSF leaks. Our case report demon-

trates a CSF leak due to cage subsidence with progressive kyphosis

ausing screw penetration; this required urgent work-up and surgical

ntervention. Surgical candidates at risk to develop CSF leaks should be

ounseled about possible complications in preoperative planning. Fur-

her research is needed to investigate the role of EDS in developing late

SF leak after spine surgeries, and the ideal management strategies for

he late CSF leaks. 
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or the publication of this study and accompanying images. 
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