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Background:Tissue expansion is a well-recognized tech- 
nique for reconstructing a wide variety of skin and soft 
tissue defects. Its application in the pediatric population 
has enabled the plastic surgeon to achieve functional and 
aesthetic goals that were previously unobtainable. 
Objectives: To review the use of tissue expansion in the 
pediatric population, with particular emphasis on indication, 
operative technique, regional considerations and how to 
avoid complications. 
methods: We retrospectively reviewed data on 103 expanded 
flap reconstructions performed in 41 pediatric patients du- 
ring the period 2003–2006. Tissue expanders were placed on 
a subcutaneous plane above the fascia and inflated weekly. 
The expanded skin was used as a transposition flap or a full 
thickness skin graft for the reconstruction of the involved 
area. Forty-three tissue expanders were inserted to the 
head and neck in 21 patients, 45 were inserted to the trunk 
in 13 patients and 15 were inserted to the groin and lower 
extremity in 8 patients. Twenty-eight patients had one round 
of tissue expansion, while 13 patients had two to six rounds. 
A plastic surgeon, medical student and a lawyer reviewed 
the patients' photographs and evaluated their aesthetic 
outcome:
results: Eighty-six percent of the head and neck recon- 
structions and 40% of the trunk and extremity reconstructions 
were graded as having excellent aesthetic outcome, and 
11% of the head and neck reconstructions and 37% of the 
trunk and extremity reconstructions were graded with good 
aesthetic outcome. The remaining patients were graded with 
moderate outcome. None of our patients was graded as poor 
aesthetic outcome. Complications included infection in 6 
patients (6%), extrusion in 3 (3%), hematoma in 2 (2%), flap 
ischemia in one patient (1%), and expander perforation after 
percutaneous stabbing in one patient (1%).
conclusions: Tissue expansion is an efficient and valuable 
technique for reconstruction of large skin lesions and scars.
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aBstract:

KeY wOrds:

t he expansion of skin was first reported in 1957 by 
Neumann [1], who used a rubber balloon with an exter-

nal port to reconstruct a traumatic ear defect. Almost 20 
years later, Radovan [2] presented his experience with breast 
reconstruction. In 1982 Austad and Rose [3] described a 
self-inflating expander. Tissue expansion in children was first 
described in 1983 by Argenta et al. [4] who used it to treat 
neck contractures in burn patients. 

Both animal and human studies have documented his-
tological changes in soft tissue undergoing expansion. A 
mechanical force applied to skin influences numerous aspects 
of cellular architecture and function [5-7]. Tissue expand-
ers are available in a variety of shapes, sizes, contours and 
backing configurations. Our experience, as well as others, has 
shown that careful planning, use of high profile rectangular 
tissue expanders, and transposition or rotation flap design (in 
contrast to direct advancement) are essential for a successful 
reconstruction. 

Patients and metHOds

We performed 103 expanded flap reconstructions in 41 
pediatric patients between the years 2003 and 2006 [Table 
1]. All of these patients were operated on by the senior author 
(A.M.). The indications for tissue expansion were large and 
giant congenital pigmented nevi (46%), extensive scars and 
scar contractures (32%); the remainder comprised a variety 
of congenital and acquired deformities such as vascular mal-
formations, hemangiomas and aplasia cutis. Tissue expansion 
was used to increase the size of full-thickness skin grafts in 
2 patients, local flaps in 37 patients, and distant flaps in 2 
patients. The youngest age at the start of the expansion was 7 
months, and the mean patient age was 3 years and 10 months. 
One to four tissue expanders were placed per patient dur-
ing the first procedure (average of two tissue expanders). 
The expansion period lasted from 8 to 12 weeks (average 10 
weeks).

Forty-three tissue expanders were inserted into the head 
and neck in 21 patients (51%), 45 were inserted into the 
trunk in 13 patients (32%) and 15 were inserted to the groin 
and lower extremity in 8 patients (20%). The mean tissue 
expander volume for head and neck lesions was 297 ml, for 
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table 1.Characteristics of patients who underwent flap reconstructions

TBSA = total body surface area, TE = tissue expansion

Patient 
no.

age
(mos) location of skin problem

dimension of 
defect (% tBsa) mean volume of te

no. of 
cycles complications

1 8 Back 15 450 2

2 7 Scalp 5 350 1 Hematoma

3 12 Scalp 3 350 1

4 9 Scalp and cheek 4 225 2

5 9 Scalp, forehead 6 350 2

6 216 Thigh 9 750 2 Percutaneous stabbing of the TE

7 96 Neck 4 500 2

8 216 Thigh 4 500 1

9 10 Trunk, neck 22 500 3 Hematoma

10 156 Thigh 3 425 2 Infection, extrusion

11 60 Back 12 300 2

12 108 Abdomen, left thigh 20 500 1

13 120 Scalp 4 250 3 Infection, extrusion

14 108 Scalp 2 350 2

15 8 Trunk, right thigh 34 400 5 Seroma, infection

16 48 Back, left thigh 30 740 5 Seroma, infection, extrusion

17 24 Groin 3 250 1

18 84 Neck 2 250 1

19 24 Back 2 500 1

20 216 Back 8 550 1

21 204 Cheek 6 70 1

22 72 Cheek 1 70 2

23 84 Scalp 3 350 1

24 180 Anterior trunk 2 350 1

25 36 Cheek 2 350 1 Infection

26 132 Scalp 3 250 1

27 132 Abdomen, thigh 42 750 1

28 12 Anterior and poterior trunk 20 750 3 Wound dehiscence following 
trauma, flap ischemia

29 18 Back 2 350 1

30 36 Right temporal region 1 70 1

31 144 Left lip 1 70 1

32 36 Scalp 5 350 2

35 96 Scalp 2 350 1

36 108 Scalp 3 350 1

37 12 Scalp 2 250 1

38 12 Abdomen 5 350 2 Infection

39 120 Trunk 4 350 2

40 9 Scalp 1 250 1

41 42 Abdomen 1 500 1 Extrusion
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exPander inFlatiOn

The inflation process is initiated one week after expander 
insertion and the injections are repeated on a weekly basis. 
The volume of expansion varies according to the size of the 
expander and the anatomic site in which it was implanted. 
Inspection of skin color, capillary refill and simple palpation 
are performed when administering injections, and patient 
comfort is taken into consideration. Typically, 8 to 10 weeks 
are sufficient to fill the expanders. Jackson et al. [10] reported 
their experience with tissue expanders of the extremities and 
the successful use of external ports with an infection rate of 
only 6%. Others, like us, are reluctant to use external ports 
due to fear of infection [11].

FlaP recOnstructiOn

After the expansion has been completed, the patient is ready 
for the reconstructive surgery. Local and regional expanded 
flaps are the cornerstones of the reconstruction in most cases; 
expanded full-thickness skin grafts, expanded free flaps, and 
expanded prefabricated flaps are used far less frequently.

results

A plastic surgeon, a medical student and a lawyer reviewed 
the photographs of the patients and evaluated their aesthetic 
outcome. Results were graded as excellent, good, moderate, 
and poor. There was no significant difference between the 
three evaluators. Head and neck reconstructions were graded 
as having excellent outcome in 86% of the cases, 11% as hav-
ing good results and the remainder as moderate outcome.

The outcome of trunk and extremities reconstructions was 
graded as excellent in 40% of the cases and good in 37%. The 
remaining patients were those who had undergone multiple 
expansions with the resultant widening of the scars, and 
were graded with moderate aesthetic outcome. None of our 
patients was considered to have a poor aesthetic outcome.

cOmPlicatiOns

The overall rate of major complications (complications that 
delay the process of expansion and reconstruction) in our 
series was 13%. Hematoma occurred in 2 patients (2%), 
infection in 6 (6%), expander exposure in 3 (3%), flap isch-
emia in 1 patient (1%), and perforation due to percutaneous 
stabbing in 1 patient (1%).

discussiOn

Controlled skin expansion is a clinical technique for provid-
ing localized donor tissue for reconstructive surgery [12,13]. 
In this article, we present our experience with 103 expanded 
flap reconstructions performed in 41 pediatric patients. 
The indications for tissue expansion were large and giant 

trunk and torso lesions 480 ml, and for lower extremities 
lesions 446 ml.

Twenty-eight patients (68%) had one round of tissue 
expansion, while 13 patients (32%) had between two and six 
rounds: 7 patients (17%) required two sessions, 3 patients 
(7%) required three sessions, 1 patient (2%) required four 
sessions and 2 more (5%) required more than five sessions 
to fully reconstruct the defect.

A plastic surgeon, medical student and a lawyer reviewed 
the patients' photographs and evaluated their aesthetic out-
come. Results were graded as excellent, good, moderate, and 
poor. Eighty-six percent of the head and neck reconstructions 
and 40% of the trunk and extremities reconstructions were 
graded as having excellent results; 11% of the head and neck 
reconstruction and 37% of the trunk and extremity recon-
structions were graded with good outcome. The remaining 
cases were graded with moderate outcome. None of the 
patients was considered to have a poor aesthetic outcome.

tissue exPanders

Rectangular expanders with a soft bottom and a remote 
injection port (SoftspanTM Tissue Expander, Bauer Design, 
Special Surgical Products, Victor, MT, USA) were used in all 
body regions, with the expanders in place for an average of 
10 weeks. The volume of the tissue expanders ranged from 70 
to 1000 ml. The expanders were injected weekly (or as often 
as every 4 to 5 days in some cases). Expanders were typically 
overinflated beyond the manufacturer's recommended full 
capacity [8,9].

OPerative tecHnique

All of the expanders are placed while the patients are under 
general anesthesia. All patients received one dose of intra- 
venous cephazolin an hour before the procedure. Incisions for 
placement of the expanders were carefully planned, with the 
most important consideration being the visional design of the 
final flap. The expander pocket should reflect the dimensions of 
the expander to be placed, being 1–2 cm larger in each dimen-
sion, so that the tissue expander will lie comfortably without 
sharp folds. Extreme care should be taken when dissecting the 
pocket to minimize trauma to the skin flap being elevated. 

We use internal remote injection ports in all of our 
patients. The port should be low profile and placed in areas 
where there is no potential pressure on the overlying skin. It 
is important that the port be distanced from the expander to 
ensure that the expander is not punctured when accessing 
the port [7].

After insertion of the expander, the pocket is closed with 
two layers of nylon sutures. The skin nylon suture is not 
removed throughout the entire process of expansion. We 
routinely use drains, with one drain placed in each expander 
pocket. The drains are removed 4–5 days after the surgery. 
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pure upward advanced flaps. With this design the reconstructed 
neck has a better contour and more favorable scar location. 

Tissue expansion is also very effective in treating anterior 
burn scar contractures of the neck. The expanders are placed 
in the unburned skin in the posterolateral neck or the supra-
clavicular region. The flaps are designed as large transposition 
flaps, wrapped around the anterior neck to release these chal-
lenging mentosternal contractures. When no adjacent tissue 
is available for expansion, island or prefabricated expanded 
flaps from the supraclavicular areas can be transplanted into 
the anterior neck defect.

trunk•	
Use of expanded transposition flaps has enabled excision of 
nevi of the upper back and buttock/perineal region, where 
previously it was thought that only skin grafting was possible 
[22]. Tissue expanders in the 500–750 ml range are used most 
commonly in infants and young children. Serial expansion 
with careful planning and increased use of the expanded 
transposition flap design has made possible the excision 
of progressively larger nevi of the back and buttocks, with 
excellent results. Importantly, the expanded transposition 
flap overcomes the problem of "diminishing gain" seen with 
serial advancement flaps, facilitates coverage of the shoulder 
and the posterior neck with improved contour and less risk 
of contracture, and allows reconstruction of the buttocks and 
perineum while maintaining natural contour.

Expansion must be avoided in or around the area of breast 
buds in females, and lesions of the breast should be left until 
after breast development, regardless of the psychological 
implications of delaying the treatment until that age.

extremities•	
Tissue expansion in the extremities has limitations and is 
associated with a higher complication rate, particularly in 
the lower extremities. Tissue expansion has been of some 
help in treating smaller lesions, where tissue is available both 
proximal and distal to the lesion and the lesion is confined 
to a fairly small segment of the limb. The geometry of the 
extremity, as well as the limited flexibility of the skin (par-
ticularly in the lower extremity) limits the use of regional 
expansion [23,24].

When dealing with larger lesions, however, more creative 
techniques must be applied to overcome these limitations. 
Lesions in the upper arm and the shoulder can be recon-
structed with a large expanded transposition flap from the 
scapular region. Circumferential nevi from the elbow to the 
wrist can be reconstructed with expanded pedicled flaps from 
the flank and abdomen. For the dorsum of the hand and the 
fingers, expanded full-thickness skin grafts have been used 
with excellent aesthetic outcomes. 

For the resurfacing of even larger nevi, expanded full-thick-

congenital pigmented nevi (46%), extensive scars and scar 
contractures (32%), and the remainder comprised a variety 
of congenital and acquired deformities. Surgical strategies 
were reviewed retrospectively to determine the location in 
the body where the tissue expansion was performed, the 
number of procedures required to accomplish the goal of 
reconstruction, and the design of the expanded flap that was 
used to reconstruct the area in question. Favorable outcomes 
were achieved in all our patients and were largely dependent 
on thorough preoperative planning, parent and patient teach-
ing, and meticulous surgical technique.

regiOnal cOnsideratiOns

scalp•	
Tissue expansion is the preferred treatment for reconstruct-
ing scalp lesions [14,15]. As surgical experience increases and 
planning improves, larger defects can be reconstructed with 
fewer procedures and better restoration of normal hair pat-
terns [16-18]. Treatment can be administered to patients as 
young as 8 months old, with some cranial molding expected 
by the time the expanders are removed. As in the study of 
Colonna et al. [19], no long-term cranial deformity was 
noted in our series of operations in children. According to 
their data, the underlying bone reacts to the presence of an 
expander, but this reaction subsides within 9 months with 
moderate sequelae in the general bony architecture.

Face•	
Large and giant nevi of the face and extensive facial scars 
present the plastic surgeon with a major challenge. These are 
usually treated with expanded local flaps whenever possible, 
with the addition of expanded full-thickness skin grafts for 
the periorbital and eyelid areas and occasionally for the nasal 
dorsum [20,21].

Planning the expansion and reconstruction of the forehead 
must be directed at minimizing any possibility of distorting the 
eyebrow and the normal distance from brow to hairline. Nevi 
and extensive scars of the cheek are best reconstructed with 
expanded or non-expanded post-auricular flaps. Expanded 
full-thickness skin grafts have been used effectively for exci-
sion and reconstruction of nevi of the periorbital, eyelid and 
occasionally the nasal areas [18]. A single, large, expand- 
ed full-thickness graft from the supraclavicular area can cover 
eyelids, the canthus and the region between eyelid and brow, 
without the multiple "seams" that follow the use of multiple 
smaller grafts. 

neck•	
Posterior and posterolateral neck defects can be successfully 
reconstructed with expanded flaps from the upper back and the 
shoulders [17]. The flap is designed in such a way that it can be 
wrapped around the neck, eliminating the "webbing" created by 
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ness skin grafts and expanded free flaps from distant regions 
can be used. However, these procedures are used only in very 
carefully selected patients, and the optimal timing for these 
complex reconstructive procedures is still under investigation.

cOmPlicatiOns

Tissue expansion has been associated with significant com-
plications since its inception. The risks have been described 
in numerous studies and overall complication rates ranging 
from 13% to as high as 40% have been reported. However, 
some of the minor complications will not delay the process of 
expansion and reconstruction, in contradistinction to major 
complications such as infection or extrusion. In this series, 
the overall complication rate was 13%. In eight patients the 
complication delayed the expansion and reconstruction. In 
these cases we removed the tissue expander and had to start 
the process again after a short recovery period. 

Careful patient selection and meticulous surgical tech-
nique are the two most important factors for avoiding 
complications [7]. Although not evident from this series, we 
believe that extremity expansion results in more complica-
tions than expansion in other regions, and we perform it only 
in very selected cases. Moreover, we do not perform direct 
expansion distal to elbows or knees under any circumstances. 

The age of the child does not appear to be a major risk factor 
for complications, with the only apparent exception being 
molding of the skull in the first 2 years of life. 

One has to envision the expanded flap for the final recon-
struction during placement of the expander and plan the inci-
sions and the pocket accordingly. In planning the design of the 
expanded flap, we found that there are significant advantages 
in using expanded transposition flaps over pure advancement 
[Figure 1]. Restricting the expanded flap design to advance-
ment alone in order to minimize potential scarring severely 
limits the reconstructive capabilities of the added tissue and 
distracts from the surgeon's ability to achieve the initial goal 
of reconstructive surgery. The cost of additional incisions is 
worthwhile in order to achieve a better final contour of the 
reconstructed part, lower risk of anatomic distortion, better 
position of the scars and lower risk of scar contracture. 
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nevus of the upper back extending into the 
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[B] Expander in place in the upper back. 
[c] Postoperative views. Excision of the 
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expanded flap transposed from the upper 
back. This design of the flap allowed for an 
excellent final contour of the axilla with less 
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Raynaud's phenomenon (RP), an exaggerated vasospastic 
response to cold or emotion leading to discoloration of 
the digits, affects 3–9% of the general population and 
above 90% of patients with systemic sclerosis. RP causes 
considerable discomfort, pain and functional limitations 
whether it appears as a primary condition or secondary to 
other connective tissue diseases. Systemic vasodilators 
used to treat RP are associated with adverse events, such 
as headaches, dizziness and skin irritation which limits 
their use. Furthermore, the efficiency of current therapies 
is relatively low. In a recent study Chung and team assess- 
ed the novel topical micro-emulsion formulation of nitro- 
glycerin, known as MQX-503. In this study 219 patients 
were followed for 2 weeks in a single blind run-in period to 
determine severity and then were double-blinded randomly 

assigned to receive either MQX-503 or a placebo gel for 
4 weeks. During the treatment period the gel was applied 
before or within 5 minutes of an episode of RP and up to four 
times a day. Raynaud condition score, duration and severity 
of attacks were compared between a ‘target’ week (a week 
that most closely resembled the baseline period in terms 
of ambient temperature) and the baseline period. MQX-503 
was associated with a significant improvement in Raynaud 
condition scores, however no differences in frequency and 
duration of attacks were observed. The rate of headaches 
was similar in patients receiving MQX-503 or placebo. MQX-
503 proved to be an effective well-tolerated novel formulation 
for the treatment of RP episodes.  

Arthritis Rheum 2009; 60: 870 
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mqx-503, a novel formulation of nitroglycerin, reduces the severity of raynaud’s phenomenon

“if you wish to be loved, show more of your faults than your virtues”
Edward Bulwer-Lytton (1803-1873), English novelist, poet, playwright and politician. Lord Lytton was a florid, popular writer  

of his day, who coined such phrases as "pursuit of the almighty dollar" and "the pen is mightier than the sword"

Tissue factor (TF) is the major cellular initiator of the 
coagulation cascade and plays important roles in both 
thrombosis and inflammation. The antiphospholipid 
syndrome (APS) is characterized by thrombosis and pregnancy 
morbidity, both associated with increased TF expression. In 
a recent review Girardi and Mackman presented their work 
as well as other studies on the association of TF, as a pro-
inflammatory molecule, and APS-induced pregnancy loss. 
In their mice model, passive transfer of antiphopholipid 
antibodies (aPL) induced TF expression throughout the 
deciduas and on embryonic debris, but with no evidence 
of fibrin deposition or local thrombosis, suggesting that TF-
dependent activation of coagulation does not mediate aPL-
induced pregnancy loss. However, aPL-induced fetal loss was 

prevented by blockade of TF utilizing monoclonal antibodies, 
or in mice that genetically produce less TF. In addition, aPL-
generated complement activation, and the complement split 
product C5a increased inflammation and upon interaction 
with C5a-receptor directly induced expression of TF on 
neutrophils and monocytes, subsequently followed by fetal 
loss. Furthermore, TF expression in neutrophils contributes 
to their respiratory burst and trophoblast injury. It appears 
that TF expression on myeloid cells, but not fetal derived 
cells, induces inflammation and fetal injury. Inhibiting TF 
expression on neutrophils and other myeloid cells might be 
a novel approach to prevent fetal morbidity in APS. 

Lupus 2008: 17: 931 
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