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Abstract

This article evaluates the utility of the “hanging garden” technique of dural repair, while advocating for formally standardizing and 
naming the technique. Herein, we describe the illustrative case of a 55- year-old patient who underwent the “hanging garden” technique 
of dural repair during a Pedicle Subtraction Osteotomy (PSO) for a fixed sagittal deformity. The patient underwent primary suture 
closure utilizing the “hanging garden” technique. There were no persistent peri/postoperative complications including Cerebrospinal 
Fluid (CSF) leak, neurological deficit, nerve root injury, vascular injury, nor infection. To the best of our knowledge, we are the first 
to coin the term “hanging garden” with respect to this technique of dural repair. Previous studies discuss direct (i.e. suture closure) 
and indirect (i.e. sealant/graft) repair modalities, but have not previously named a systematic method of protecting the nerve rootlets 
with traction sutures applied to the dura nor have they formally standardized the technique.
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Introduction

Dural Tear (DT), a common complication of spine surgery, has a 
reported incidence ranging from about 2% to 20% [1-3]. The dura 
mater consists mostly of collagen and fibroblasts and is less than 
500 µm thick [4]. In surgery for Adult Spinal Deformities (ASD), 
iatrogenic DTs are common, requiring prompt identification and 
treatment. The gold standard involves secure primary suture 
closure. For larger or irreparable tears, augmentation with a dural 
patch or sealant is recommended to reduce the risk of complications, 
including infection, persistent CSF leakage, pseudomeningocele, 
durocutaneous fistula, and nerve rootlet entrapment [6,7]. Herein, 
we describe and determine the utility of the “hanging garden” 

technique for dural repair which involves tractions sutures pulling 
the dura safely away from the nerve rootlets. To the best of our 
knowledge, this is the first standardized description of this DT 
repair technique in the English-language literature. 

Illustrative Case Presentation and Technique Description

An otherwise healthy 55-year-old patient presented to our 
institution with a fixed sagittal spinal deformity. The deformity 
was causing pain and affecting the patient’s Quality of Life 
(QoL) and posture. After thorough history and physical, imaging, 
preoperative clearance, and discussion of risks and benefits of 
surgery versus not pursuing treatment, a decision was made 
to pursue surgical correction via PSO. Informed consent was 
obtained and the patient was scheduled for surgery. The patient 
was brought to the operating room and prepped and draped in 
standard fashion, a posterior muscle splitting midline approach 
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was taken and dissection was carried down to the spinous process of T1-T4, all while obtaining intraoperative neuromonitoring (motor 
evoked potentials and somatosensory evoked potentials). During the osteotomy a considerable amount of scar tissue was encountered. 
As dissection of the scar tissue was performed to minimize cauda equina compression and dural buckling, an egress of clear fluid 
was encountered, signifying an intraoperative DT. The decision was made to pursue primary closure due to the small size of the DT. 
In order to protect the neural elements and provide adequate closure, the “hanging garden” method of dural closure was performed. 
That is, 6-0 Prolene® (Ethicon Inc., Cornelia, GA, USA) sutures were placed at the edges of the DT with gentle retraction of the edges, 
and were raised away from the underlying neural elements. Next, watertight primary closure was achieved using 6-0 Prolene® sutures 
in an interrupted pattern, Castro Viejo needle drivers, and ring forceps - all while protecting the underlying neural elements (Figure 
1 and Figure 2). Adjuncts such as free fat graft, fibrin glues, and bioabsorbable sheets were not required for closure. Intraoperative 
Valsalva maneuver to 30-40 mmHg did not demonstrate any CSF leak, therefore the closure was deemed watertight. Our patient did not 
experience any perioperative complications (e.g. persistent CSF leak, spinal headache, etc). Postoperative magnetic resonance imaging 
(MRI) did not show any CSF leak nor collection. Repeat Valsalva maneuver to 30-40 mmHg confirmed there was no CSF leakage. 
Postoperative complications such as CSF leak, neurological deficit, nerve root injury, vascular injury, wound dehiscence, and infection 
were absent at one week, three month, six month, and one year follow up, leading to a normal postoperative course.

Figure 1: “Hanging Garden” Technique of Traction Suture Placement.



Citation: Martin A, Zahir J, Smith N, Raji O, Nelles D, et al. (2024) The “Hanging Garden” Method of Incidental Durotomy Repair: An 
Illustrative Case Report and Technique Description. J Surg 9: 11182 DOI: 10.29011/2575-9760.011182

3 Volume 09; Issue 15
J Surg, an open access journal
ISSN: 2575-9760

Figure 2: Closure of dural defect during lumbar PSO. Note use of olive tip suction and ring forceps along with utilization of “hanging 
garden” technique with traction sutures on the sides of the repair.

Discussion

DTs arising from ASD surgery can lead to various complications, including intense headaches, nausea, vomiting, sensitivity to light, 
continuous CSF leakage, pseudomeningocele, persistent draining fistula, and noncommunicating hydrocephalus. Without timely 
correction, these issues may lead to lasting consequences such as the formation of an ascending hygroma, subarachnoid hemorrhage, 
intraventricular hemorrhage, and subdural hematoma [8,9]. Additional complications such as bowel and bladder dysfunction, may also 
be related to incidental durotomy. The retrospective study by Oshina et al. found a significantly higher rate (p<0.001) of bowel and 
bladder dysfunction (i.e. sphincter disturbance) among patients with DT who were undergoing microendoscopic surgery of the lumbar 
spine [10]. This suggests that during the incidental durotomy repair, the sacral nerve rootlets may have been captured and damaged from 
the suture needle. This makes sense anatomically as the sacral rootlets are more dorsal and central, thereby increasing the risk of damage 
during primary DT suture repair. We posit that these deleterious complications may be decreased or even avoided with use of the “hanging 
garden” technique, as the goal of the technique is to pull the dura safely away from the delicate neural structures underneath. This should 
prompt spine surgeons to utilize the “hanging garden” technique in order to protect underlying neural structures during primary closure. 
There are also a number of risk factors for DT in the ASD population identified in the existing literature, including older age, osteotomy, 
revision surgery, and rheumatoid arthritis (RA) [2,6,11-17].  Continually evolving anatomical understanding should also inform future 
management and repair techniques, such as, recently published literature highlighting the importance of posterior epidural ligaments 
(PELs) identified both in thoracic and lumbar regions (Figure 3). A study identified PELs in 5 out of 14 cadavers (35.7%) and observed 
that thoracic PELs possess adequate tensile strength to pose a potential risk to the integrity of the dural sheath during surgery [18]. 
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Figure 3: Posterior epidural ligaments in thoracic spine ( black arrows → point to posterior epidural ligaments). 

In managing intraoperatively diagnosed DTs, a direct primary repair is the preferred approach, necessitating DT exposure through 
extended laminectomy. Therefore, it has been argued that, virtually all dural repairs should be performed under an operating microscope 
[19]. Suture closure with 5-0 to 7-0 nonabsorbable monofilament in a running or interrupted pattern is common, with careful rootlet 
repositioning if the tear is below the conus medullaris. Additionally, tacking sutures may be utilized at torn areas [20]. Additionally, 
blood in the dural sac, if present, can be minimized with sterile saline wash to minimize arachnoiditis. Valsalva maneuver to 30-40 
mmHg ensures repair adequacy. If no CSF leakage is seen during Valsalva maneuver, then repair is considered watertight. Adjuncts 
such as free fat graft, fibrin glues (e.g. Duraseal® Integra Life Sciences, Plainsboro, NJ, USA) and bioabsorbable sheets (e.g. Duragen® 
Integra Life Sciences, Plainsboro, NJ, USA) enhance suboptimal or incomplete closure, however some studies have indicated hydrogel 
(such as Duraseal®) expansion even after initial deployment [21]. Moreover, caution is vital to prevent stenosis, especially ventrally, 
laterally, or in tight corners with deployment of Duraseal® or Duragen®. Duraseal® is an absorbable, synthetic polyethylene glycol (PEG) 
hydrogel used as an adjunct for repair of DT [22]. Duragen®, on the other hand, is a 3 dimensional sheet of collagen matrix used to 
cover and adhere to a repaired tear, or to augment thin, missing, or highly damaged dura [23]. Patches are crucial for extensive traumatic 
tears. Additionally, autograft tissues (such as fascia or subdermal fat) provide options for massive or irreparable tears. Nevertheless, 
all closures must be watertight or as close to watertight as possible [7,20,24]. However, challenging areas, such as ventral tears during 
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posterior surgery or axilla of nerve roots, may require alternative techniques such as nerve root sheath sewing. Meticulous wound closure 
with interrupted facial sutures (Figure 4 and Figure 5) or running subcuticular and skin stitches is vital to prevent CSF fistulas and other 
complications [25].

Figure 4: “Hanging Garden” Technique of Traction Suture Placement and Dural Closure.
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Figure 5: Watertight closure of dural defect using interrupted 
sutures.

In cases of postoperative CSF leaks, a closed approach is favored, 
employing nonsurgical options such as lumbar drains to divert 
CSF, allowing for secondary intention healing. Lumbar drains 
are preferable over ventriculostomy, typically diverting CSF for 
5-7 days to optimize healing while avoiding additional surgery 
[25]. An auxiliary method of managing DT and subsequent CSF 
leakage is the use of carbonic anhydrase inhibitors (CAIs), such 
as acetazolamide (Diamox). The mechanism of action of carbonic 
anhydrase inhibitors results in decreased production of CSF by 
choroid plexus, thereby limiting CSF leakage. Up to a 39%-48% 
decrease in CSF production after CAI administration has been 
reported as compared to typical daily production [26]. Some 
studies have shown that CAI is an effective treatment for CSF 
leakage due to DT, however other studies did not show the same 
benefit [27,28]. Finally, radiological modalities for diagnosis such 
as T2 weighted MRI or CT myelography can also aid in diagnosis 
and localization of DT. Ongoing CSF leakage warrants prolonged 
bed rest, further surgical exploration, and/or subarachnoid drain 
placement [22,25,29,30]. As an adjunct to clinical and radiological 
evaluation, beta 2 transferrin testing of wound discharge is an 
effective method of diagnosing a CSF leak. Beta 2 transferrin 
is a protein exclusively found in CSF and perilymph [31]. The 
study by Shenoy et al. found that a novel double armed suture 

dural repair device (DuraStat LLC, Exton, PA, USA) was able to 
repair the dura in significantly less time and with significantly less 
variation than traditional instrumentation (p=0.013). Moreover, 
the novel device had significantly higher water tightness (p=0.005) 
and significantly less trapped nerve roots (p=0.016) [32]. Dong et 
al. investigated direct and indirect repair methods, stating that one 
stage direct suture repair with graft augmentation is recommended. 
Still, indirect repair remains the method of choice for larger DTs 
with many of the new sealants and grafts only employed in animal 
models and in vitro [33]. The systematic review by Choi et al. 
evaluated the various DT repair modalities. They concluded that 
primary closure with and without graft augmentation is the best 
method of DT repair. Infection rates between primary closure with 
and without patch, graft, or sealant were not significantly different. 

Sealants did not significantly reduce the rate of CSF leakage when 
combined with primary suture closure. They also did not find a 
significant difference between the interrupted suture and locked 
suture techniques. The rates of neurological deficit were not 
significantly different between the groups. Again, this highlights 
that direct repair should be performed if possible [7]. Haque et al. 
utilized a minimally invasive surgery (MIS) retractor system for 
novel use of a CV-20 taper ½ circle, 10 mm diameter needle and 
Scanlan® (Scanlan International Inc., Saint Paul, MN, USA) dural 
closure set. The CV-20 needle is typically utilized in pediatric 
neurosurgery, and in this case its small size allowed for successful 
dural repair in difficult to reach working areas. No complications 
were appreciated at the 24-week postoperative follow up. This may 
represent a cost-effective option for institutions already utilizing 
this instrumentation and emphasizes the importance of extreme 
diligence in tight areas when repairing DTs [34]. Another method 
of DT repair was described by Heo et al. which involves placing a 
nonpenetrating titanium vascular anastomosis clip during Biportal 
Endoscopic Spine Surgery (BESS). They concluded that clipping 
may be an effective alternative for incidental durotomy. There were 
no complications of the clipping discussed [35]. As endoscopic 
surgery continues to gain traction, this technique may increase 
in its use. Finally, and perhaps most importantly, Rahyussalim 
et al. employed a very similar method to the “hanging garden” 
technique, however they utilized this for herniated nerve rootlets. 
They also placed suture anchors at the dural edges and applied 
traction to engulf the herniated nerve rootlets. Nevertheless, they 
did not formally name this technique [36]. Although there are 
numerous methods of DT repair, it is apparent that a watertight 
seal and coverage of the defect by means of direct or indirect 
repair is required and is the most effective method of closure for 
DTs amenable to this type of repair. We offer here our preferred 
technique of dural repair with our suggested name “hanging 
garden” inspired by the remarkable Babylonian creation and one 
of the Seven Wonders of the Ancient World.
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Conclusion

In our experience, we found that the “hanging garden” technique 
of DT repair is a safe and effective primary suture closure method, 
all while protecting the underlying neural structures. While there 
are various methods of DT repair, primary closure with or without 
augmentation remains the gold standard. As such, we are the first 
to name the “hanging garden” technique and formally standardize 
this method of dural tear repair.
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