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STA bifurcates into frontal and parietal branches. It is 
crucial to preserve it for maintaining an adequate blood 
supply for the surgical skin flap.

 ● The temporal muscle occupies the temporal fossa and 
extends beneath the zygomatic arch to the coronoid 
process. It is innervated by the deep temporal nerve 
and vascularized mainly by the anterior and posterior 
deep temporal arteries, branches of the internal maxil-
lary artery (IMA). Preserving these vessels within the 
deep fascia is essential for the muscle’s postoperative 
functionality.

 ● Middle Meningeal Artery (MMA). An ascending branch 
of the IMA, it penetrates the skull base through the fora-
men spinosum and divides into anterior, medial (tempo-
ral), and posterior branches. These branches irrigate the 
external periosteal layer of the dura mater, a layer that 
has angiogenic activity. Therefore, the dural inversion, 
a technique in which dural flaps centered around the 
MMA are inverted, promotes the development of brain 
collateral blood supply [1].

Accurate understanding and preservation of these anatomi-
cal structures are key to the success of the EDMS technique 
in the treatment of Moyamoya disease in children [9].

Relevant surgical anatomy

The Encephalo-Duro-Mio-Synangiosis (EDMS) is a surgi-
cal technique that utilizes tissues irrigated by the External 
Carotid Artery (ECA) for generating brain collateral blood 
supply.

 ● Superficial Temporal Artery (STA). Located approxi-
mately 2 cm anterior to the external auditory canal, the 
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Abstract
Background Moyamoya disease, a progressive occlusive arteriopathy mainly affecting the supraclinoid internal carotid 
artery, leads to abnormal “Moyamoya vessels” and ischemic events in children due to decreased cerebral blood flow. Sur-
gery, especially indirect revascularization, is suggested for pediatric Moyamoya cases.
Method We present the Encephalo-Duro-Mio-Synangiosis (EDMS) technique, illustrated with figures and videos, based on 
14 years’ experience performing 71 surgeries by the senior author (SGJ) and the Moyamoya Interdisciplinary Workteam at 
“Prof. Dr. J. P. Garrahan” Pediatric Hospital.
Conclusion EDMS is a simple and effective treatment for Moyamoya disease, enhancing procedure precision and safety, 
reducing associated risks, complications, and improving clinical outcomes.
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Description of the technique

Preoperative Preparation:

 ● Preoperative administration of Midazolam and Ket-
amine is conducted to mitigate hyperventilation, es-
pecially associated with crying, prior to entering the 
operating room (hyperventilation cause cerebral vaso-
constriction, and therefore brain ischemia).

 ● Cefuroxime is administered 30 min before incision.

Anesthesia and Monitoring:

 ● General anesthesia is performed with sevoflurane, pro-
pofol, remifentanil and dexmedetomidine, following by 
orotracheal intubation, aiming to maintain normocapnia 
(36 to 42 mmHg) and avoiding cerebral vasoconstriction.

 ● Stable hemodynamics (normal blood pressure, cerebral 
perfusion pressure, normocapnia, normothermia, and 
oxygenation).

 ● Body temperature is maintained above 35 °C to balance 
cerebral blood flow and oxygen consumption.

 ● Depth of anesthesia is monitored using bispectral index 
(BIS) and near infrared spectroscopy (NIRS).

Patient Positioning:

 ● The patient is positioned supine with a gel pad under the 
ipsilateral shoulder for minimal neck twisting and head 
rotation of about 90° from the midline.

 ● A soft horseshoe headrest secures the patient’s head, us-
ing fixation tape or a three-pin holder based on age and 
cranial bone thickness (Fig. 1a).

Surgical Procedure:

 ● STA and its branches are located via palpation or ultra-
sound, marking a curvilinear incision behind the hairline 
without damaging the STA.

 ● Skin preparation and draping are performed following 
standard protocols. The incision line is then anesthetized 
using 0.5% lidocaine without vasoconstrictive agents 
(Fig. 1b).

 ● The scalp is incised below the galea aponeurotica, and 
hemostasis is achieved through bipolar coagulation and 
hemostatic forceps. The avascular plane between the ga-
lea and periosteum is carefully identified and separated 
with sharp dissection, leaving a thick periosteum-fascia 
muscular flap (Fig. 2a).

 ● The temporal muscle is dissected from the cranium sub-
periosteally using a retrograde dissection technique to 
preserve its blood supply and prevent muscular atrophy 
(Fig. 2b).

 ● Preserving the MMA is crucial during craniotomy. 
Given the variability in the course of the MMA, it is 
essential to identify its trajectory preoperatively using 
digital angiography and to remain vigilant during sur-
gery. In some cases, a segment of the MMA may run 
into the great sphenoid wing before dividing over the 
dura. To prevent inadvertent injury to the MMA during 
craniotomy, careful planning and meticulous execution 

Fig. 1 Patient Positioning. A: 
Monitoring anesthesia depth with 
Bispectral Index (BIS) and Near 
Infrared Spectroscopy (NIRS). 
B: Surgical incision meticulously 
outlined in a curvilinear pattern 
behind the hairline, strategically 
planned to preserve the integrity 
of the superficial temporal artery
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are essential. Four burr holes are strategically placed, 
as planned according to the patient’s anatomy: the first 
retrocoronal over the superior temporal line, the second 
approximately 6–7 cm posterior to it on the same line, 
covering the motor area. The third and fourth holes are 
positioned over the temporal squama, at the same level 
as the first two, creating a square craniotomy (Fig. 2c-e).

 ● The temporal squama is meticulously expanded using 
a high-speed drill and bone rongeur, removing a hori-
zontal portion of approximately 1.5 cm, dissecting pre-
viously to avoid rupture of the MMA if it is found in-
traosseously in the wing segment of the sphenoid. This 
procedure, combined with the beveling of the inner edge 
of the lower border of the bone flap, helps alleviate pres-
sure on the temporal muscle utilized in encephalomyo-
synangiosis (Fig. 2f).

 ● The dural opening is tailored based on the MMA’s 
course, which is assessed through preoperative digital 
angiography and observed during surgery. The approach 
is individualized for each patient due to anatomical 
variations in the MMA’s course, often intersecting the 
central portion of the intended opening. Depending on 
the circumstances, one or several dural openings are cre-
ated, ensuring preservation of the major branches of the 
MMA (Figs. 3 and 4).

 ● To prevent twisting and obstructions during dural inver-
sion, incisions are stopped 2 mm before reaching the 
MMA. This inversion technique allows contact between 
the vascular-rich periosteal dura mater and the cortical 
surface, promoting cortical neovascularization through 
the MMA (Fig. 3e, f) [3].

 ● The arachnoid opening over the brain sulci is performed 
using a No. 11 scalpel and microscissors under micro-
surgical magnification, starting at the most cephalic site 
and avoiding areas with dense pial vasculature (Fig. 3c, 
d).

 ● This procedure exposes the blood vessels on the brain’s 
surface and the superficially vascularized tissues to the 
growth factors in the cerebrospinal fluid (CSF). In case 
of bleeding, it’s important to minimize coagulation as 
much as possible.

 ● The temporal muscle and periosteum are placed over 
the exposed cortical surface, suturing them to the du-
ral edges with Silk 4.0 sutures in an watertight manner 
(Fig. 5a-c).

 ● Dural anchoring points are performed, and hemostasis is 
achieved with Surgicel and fibrin glue.

 ● The bone flap is meticulously repositioned, ensuring 
there is no compression of the temporal muscle (Fig. 5d, 

Fig. 2 Surgical Procedure. A: 
Identification and separation 
of the avascular plane between 
the galea and periosteum. B: 
Retrograde dissection technique 
of the temporal muscle. C and 
D: Bone Exposure and burr 
holes. E: Square craniotomy of 
approximately 7 cm x 7 cm. F: 
Expansion of temporal squama 
using high-speed drill and gouge, 
removing a horizontal section of 
1.5 cm
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Fig. 4 Surgical Procedure. A, C, 
and E: Three individual patient 
cases illustrating the variable 
anatomical trajectories of the 
middle meningeal artery. B, D, 
and F: Dural openings adapted 
to the individual course of each 
middle meningeal artery

 

Fig. 3 Surgical Procedure. A: 
Anatomical course of the middle 
meningeal artery (MMA). B: 
Dural opening tailored to MMA’s 
course. C and D: Microsurgical 
arachnoid opening over brain 
sulci with a No. 11 scalpel. E and 
F: Dural inversion
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Selection of the initial hemisphere for revascularization 
and the surgical technique, with a preference for the EDMS 
method in children, hinges on cerebral vascular anatomy, 
external carotid collateral assessments (on the brain MRI 
and digital angiography), and symptoms lateralization. 
EDMS is favored due to lower risk and simplicity in pedi-
atric patients’ smaller cerebral vasculature, unlike the more 
complex direct anastomosis [2, 4–10].

An MRI is conducted on postoperative day one, followed 
by semi-annual and annual scans. A follow-up digital angi-
ography is scheduled one year after the surgery.

For bilateral revascularization, the second procedure is 
typically planned 3 to 4 months after the first surgery, with 
an updated MRI.

Limitations

The primary drawbacks of EDMS include cosmetic defor-
mity from temporal muscle transposition and the rare pos-
sibility of intracranial mass effect development.

Furthermore, the revascularization process can take up to 
6 months, during which the patient remains at risk of stroke. 
However, clinical improvements are generally observed 
within the first few weeks post-surgery.

e). It is then secured using either titanium microplates or 
non-absorbable Ethibond 2.0 sutures (Fig. 5f).

 ● Scalp closure involves suturing the galea with absorb-
able Vicryl 3.0, followed by the closure of the skin with 
Monocryl 3.0.

 ● A sterile dressing with gauze is applied, followed by the 
placement of a non-compressive cephalic bandage.

 ● After awakening, hyperventilation, especially related to 
crying, is minimized using dexmedetomidine.

 ● Intensive care unit with monitoring is mandatory for the 
pos-operative period.

Indications

Revascularization is recommended for patients diagnosed 
with Moyamoya disease exhibiting symptoms such as tran-
sient ischemic attacks, seizures, strokes, or hemorrhages [7, 
8].

Pre-surgical imaging comprises gadolinium-enhanced 
magnetic resonance imaging (MRI), perfusion studies, and 
4-vessel digital angiography, including the ECA, performed 
within 3 months prior to surgery, with updates for new or 
persistent symptoms.

Fig. 5 Surgical Procedure. A, 
B, and C: Temporal muscle and 
periosteum repositioned over 
exposed cortical surface, sutured 
to dural edges with Silk 4.0 
in watertight fashion, efficacy 
confirmed by Valsalva maneu-
vers. D: Beveling of the inferior 
bone edge. E: Horizontal space 
of the temporal squama previ-
ously resected to ensure there is 
no compression of the temporal 
muscle. F: Bone flap repositioned 
and secured with non-absorbable 
Ethibond 2.0 sutures
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Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00701-
024-06148-1.
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