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Avulsion of the scalp most commonly results from the 
entrapment of long hair in high-speed rotary parts of 

industrial machinery, although it has also occurred as a result of 
dogbites and assaults (1,2). Although there is tremendous vari-
ability seen in the patterns of avulsion for sharp force and ani-
mal attack scalpings, there is very little variability seen in the 
patterns of industrial scalpings, which tend to follow similar 
lines of least resistance along the insertions of the frontalis and 
temporalis muscles anteriorly, and the occipitalis muscle poste-
riorly (3-5). When tearing through the skin above these inser-
tions, the avulsed portion may include the eyebrows as well as 
all or part of the ears. The deep plane of cleavage is generally 
through the loose connective tissue between the galea aponeu-
rotica and the periosteum, although it does occasionally 
include part or all of the periosteum. Because it is a rare and 
disfiguring occurrence, numerous methods have been described 
over the years with respect to the acute management of this 
injury as well as secondary reconstruction of the defects. Before 
the advent of microsurgical techniques, acute management of 
an avulsed scalp typically involved simply replacing the avulsed 
portion as a free graft and suturing it back in place (6,7). This 
technique generally had poor results with the exception of one 
case involving a partially avulsed scalp of a child as described 
by Lu (7) in 1969. 

Microvascular replantation of an avulsed scalp was first 
described by Miller et al (8) in 1976, when both superficial 
temporal arteries along with five veins were reanastomosed 
successfully. Since this procedure, many avulsed scalps, both 
partial and complete, have been replanted successfully using a 
widely variable number of arteries and veins – the vast majority 
using two or more arteries and as many veins as possible (8-10). 
One consistent finding in these replanted scalps has been 

postoperative congestion in the occipital region (3,8,9,11-14); 
various methods have been attempted to control this including 
decreasing the number of arteries reanastomosed to increase 
the vein-to-artery ratio (11) as well as the use of leeches post-
operatively (15). Although most articles still seem to highlight 
their authors’ attempts at reanastomosing as many vessels as 
possible, many articles have demonstrated that a scalp (even 
including up to two-thirds of the face [16]) can be successfully 
replanted using as few as one artery and one vein (11,16). A 
consistent point that most authors seem to agree on, however, 
is that if more veins are viable, then at least two veins should 
be used to decrease the incidence of venous congestion that 
results from the excellent arterial reperfusion. We present a 
case of total scalp avulsion to highlight some of the afore-
mentioned treatment and outcome issues. Despite the increas-
ing number of publications describing scalp replantation after 
traumatic avulsion, there has not yet been a case reported in 
Canada in which a scalp has been replanted using vascular 
repair. To the authors’ knowledge, the present case regarding 
replantation of a complete avulsed scalp using only a single 
artery is the first to be described in the Canadian literature.

Case presentation
A 33-year-old woman presented to the hospital with a complete 
avulsed scalp after catching her hair in the rollers of a paper 
manufacturing machine. The laceration extended across both 
supratarsal folds into the temporal region bilaterally, including 
the eyebrows. The frontalis muscle had been torn as had the 
right temporal branch of the facial nerve. The laceration 
extended bilaterally across the helical roots, including the post-
auricular skin in the flap, then continued behind the mastoids 
onto the neck and completed the avulsion at the level of C6 – a 
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Total scalp avulsion is a rare but potentially devastating injury that when 
treated (following a few basic principles) can have very good reconstructive 
results. The present article reviews the current literature and describes the 
steps involved in the successful replantation of a complete avulsed scalp of a 
33-year-old woman. To the authors’ knowledge, the present case regarding 
replantation of a complete avulsed scalp using only a single artery is the first 
to be described in the Canadian literature.
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L’avulsion totale du cuir chevelu avec réanastomose 
microvasculaire : rapport de cas et analyse 
bibliographique

L’avulsion totale du cuir chevelu est un traumatisme rare au potentiel 
dévastateur qui, lorsqu’elle est traitée conformément à quelques principes 
fondamentaux, peut donner de très bons résultats en chirurgie de 
reconstruction. Le présent article contient une analyse des publications à 
jour et décrit les étapes utilisées pour réimplanter avec succès une avulsion 
complète du cuir chevelu chez une femme de 33 ans. À la connaissance des 
auteurs, le présent cas portant sur la réimplantation d’une avulsion 
complète du cuir chevelu au moyen d’une seule artère est le premier à être 
décrit dans les publications canadiennes.
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total laceration length of approximately 35 cm (Figures 1 and 2). 
The laceration in the occipital portion extended obliquely 
through the subcutaneous and dermal layers, leaving a very thin 
area of the flap that had also been crushed in the rolling 
machine. 

The patient was brought to the operating room with the 
scalp wrapped in saline-soaked gauze and placed on ice, and the 
hair was then cut on the back table. Under loop magnification, 
the superficial temporal arteries and veins were identified on 
the scalp first and then on the patient. It was believed that the 
anterior branch of the right superficial temporal artery was the 
least damaged; consequently, it was dissected proximally in the 
patient and distally in the flap to mobilize as much length as 
possible for the reanastomosis. The temporal veins were mobil-
ized bilaterally. The vessels were then cut back beyond the 
zones of injury, cleaned of any loose adventitia and placed in 
the microclamp. Under microscopic magnification, the right 
superficial temporal artery was reanastomosed in a back-to-
front fashion using 10-0 nylon microsutures. Once the clamp 
was removed, there was good flow across the anastomosis; how-
ever, this revealed a tear in the intima distally that was not pre-
viously visible and the vessel was reclamped. The distal portion 
was trimmed beyond the intimal tear, a second anastomosis was 

performed and good flow was achieved (Figure 3). The scalp was 
then tacked into place and the right, then left, temporal veins 
were anastomosed in a similar manner to the artery. Good flow 
was noted throughout the scalp; however, venous congestion 
was noted in the occipital area that had been more severely 
traumatized and, due to the crush, had no veins available for 
reanastomosis. Because there was good flow to the area, it was 
decided not to debride any tissue at this time.

The flap was then aligned into its anatomical position and 
the frontalis muscle, which had been torn, was then sutured 
using 4-0 polysorb sutures. Because of the local edema and 
trauma, it was impossible to adequately identify the avulsed 
temporal branch of the facial nerve for repair. The skin closure 
was then completed circumferentially and the perfusion 
reassessed and found to be adequate throughout the scalp, with 
the exception of the slightly sluggish and congested area at the 
occiput. The total ischemic time was 9 h.

The scalp remained well perfused through the patient’s six-
day hospital stay and, despite the congestion in the occipital 
area, the tissue appeared to be viable. At three-week follow-up, 
however, the occipital tissue had become nonviable and required 
a debridement and split-thickness skin graft for coverage. 
Nine months postoperatively, there was some residual scarring at 
the nape of the neck and in the right upper eyelid that required 
simple excision, as well as some scar webbing in the lateral nasal 
region bilaterally that required z-plasty lengthening. At 
nine months, the patient had progressed to a full recovery of her 
frontalis function (Figure 4).

At two years postinjury, the patient requested a secondary 
reconstruction for the alopecia in the occipital area that had 
been skin grafted. This was corrected using a 500 mL skin 
expander, with later excision of the affected tissue and closure 
with a rotation advancement flap. 

DisCussion
Scalp replantation is a relatively rare occurrence and, there-
fore, many trainees may not have the opportunity to encounter 
such a case during residency. Although there is no consensus 
on the number of vessels to anastomose to ensure viability, the 
present case highlights the principles of scalp replantation for 
these challenging cases. The first step in replanting an avulsed 

Figure 1) Avulsed scalp flap on side table before preparation for 
replantation

Figure 2) Anterior, left and right lateral views of the zone of injury

Figure 3) Microvascular reanastomoses of the right superficial tem-
poral artery and vein
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scalp is its preparation for microsurgery by either cutting or shav-
ing the hair. One problem described frequently in the literature 
is the presence of hair on the underside of the scalp, requiring 
extensive and tedious cleaning and irrigation – this was certainly 
an issue with our case. One recommendation made by Sabapathy 
et al (17) was the use of a sterile bucket on which to place the 
scalp while shaving it to recreate its natural convex shape, 
allowing the hair to rinse off the scalp without becoming 
attached to the underside of the galea.

Once the scalp has been cleaned of hair, the next step is the 
preparation of the vessels for reanastomosis. Because there is 
often severe trauma to the vessels within the zone of injury 
(requiring a significant amount of length to be cut back), many 
authors have recommended the use of interposed vein grafts 
when replanting the scalp to provide adequate length for a 
tension-free anastomosis (9,10,18,19). While this certainly 
increases the length of the vessels, making for an easier anasto-
mosis, it also has the drawbacks of doubling the number of anas-
tomoses that can leak, clot or fail during the postoperative 
period; creating surgical complications in the area of harvest; 
and increasing ischemia time due to the time required for har-
vest, preparation and the extra anastomoses. While the first two 
issues can be mitigated by good surgical technique, to minimize 
operative time, Cheng et al (10) have even gone so far as to 
recommend having two surgical teams operating simultaneously, 
placing vein grafts on the arteries in the patient and onto the 
veins in the scalp. The fact that the right superficial temporal 
artery in the present case had to be cut back not only once, but 
twice, to remove the entire zone of injury, yet was still anasto-
mosed without tension and without autologous vein graft, dem-
onstrates that adequate mobilization of the vessels is certainly 

feasible and preferable to vein grafting. Furthermore, because we 
successfully replanted the scalp using only one artery and 
two veins, and other studies have used even fewer vessels 
(3,11,13,20), one need only find a single artery that can be 
mobilized sufficiently for a tension-free anastomosis to provide a 
viable replant. This too reduces the likelihood of needing a vein 
graft. Although single vein anastomoses have been described 
with excellent survival, because failure in these replants is over-
whelmingly due to venous congestion, it is recommended to use 
a minimum of two veins. Finally, in cases in which the scalp 
seems so traumatized that no viable arteries are available, the use 
of an arterial-venous anastomosis has been described (21); thus 
giving the surgeon the leeway to choose the most easily mobil-
ized vessels for the anastomoses.

Finally, once the scalp has been successfully replanted, 
close monitoring is required because it is not uncommon for 
portions of the scalp to become congested and/or necrotic 
in the postoperative period. One very common location for 
postoperative necrosis to occur is in the area of the occiput, as 
in our case (3,9,11-14). Although we believe that our case was 
more likely related to the crush injury sustained by the flap in 
that specific area, the majority of reported cases of occipital 
failure seem to be due to postoperative venous congestion 
(11,13,14). This is likely a result of two factors: the small 
calibre of the occipital vessels and the difficulty in finding and 
using them in the anastomosis – particularly in this case due to 
the crush – and the gravitational dependence of the area. We 
believe this specific complication can be lessened by spending 
more effort to use at least one of the occipital veins to enable 
drainage. Unfortunately, due to the most common mechanism 
of injury – the occipital hair being caught in a rotary part of an 
industrial machine – the occipital scalp is often crushed and 
devoid of usable vessels, as was in the present case (11).

Finally, with regard to the length of ischemic time an 
avulsed flap can withstand and still remain viable, there is wide 
variation in the literature. Although there is no study that has 
described the precise length of time a scalp can survive, it has 
been demonstrated that a scalp can withstand up to 17 h of 
warm ischemia time (22) and up to 24 h of cold ischemia time 
(23) and still be successfully replanted. Of course, no one will 
disagree that the less time an avulsed flap spends unperfused, 
the better the chance of a positive outcome.

ConCLusion
Avulsion of the scalp is a relatively uncommon occurrence; 
however, when it does occur, it is most frequently due to the 
entanglement of long hair in a high-speed rotary machine. 
Before the advent of microsurgery, the standard of care for 
these types of injuries was generally to treat the scalp as a free 
graft and simply replace it. Following Miller et al’s (8) success-
ful microvascular replantation of an avulsed scalp in 1976, it 
has become the standard of care to do so whenever possible. 
Since that time, much debate has centred on how long a scalp 
can remain viable while ischemic, how many vessels should be 
reanastomosed and whether interpositional vein grafts should 
be used. A careful review of the literature reveals that although 
there is no consensus, several commonly accepted principles of 
treatment emerge: 

Microvascular replantation should be attempted even in cases •	
of prolonged ischemic time;

Figure 4) Nine-month postoperative results showing area of alopecia 
on occiput, and eyebrow elevation demonstrating frontalis function
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Careful cleaning and preparation of the scalp will help avoid •	
the inclusion of hair and debris on the underside of the flap;

One artery is all that is necessary for successful reperfusion, •	
and it should be maximally mobilized to avoid vein graft; and 

One should attempt to reanastomose at least two veins, •	
ideally one in the occiput, to avoid the common complication 
of venous congestion. 

This type of injury is relatively rare and there is no consen-
sus regarding its management. If one follows the simple prin-
ciples we have outlined, then there is every reason to expect a 
successful outcome to this devastating injury.

aCKnoWLeDgeMent: All work originated from Sunnybrook 
Health Sciences Centre, Toronto, Ontario.
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