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INTRODUCTION 

Conjoined twins are rare and occur at an estimated rate of ap-
proximately 1:50,000 to 1:200,000 live births [1,2]. Most con-
joined twins are female (about 75% of cases) [2]. Conjoined 
twins are often clinically classified as thoracopagus, omphalopa-
gus, pygopagus, ischiopagus, and craniopagus [3], of which om-
phalopagus twins are the second most common type [2]. As a 
more specific classification, xipho-omphalopagus twins are 

those conjoined in the xiphoid area. The separation of con-
joined twins is considered necessary since separation increases 
their chance of survival. In addition, separation maximizes pa-
tients’ available functions and enhances quality of life [4]. Al-
though clinical classifications exist, each set of conjoined twins 
has a unique conjoined anatomy. Therefore, to achieve success-
ful separation, a detailed preoperative plan must be developed, 
and coordination across multiple medical specialties is required 
[2,4,5], given that the surgical challenges of separating shared 
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organs, wound closure, and reconstruction require specific at-
tention [4-6].

Tissue expansion is an advanced technique for providing suffi-
cient tissue and skin area, as required during separation for 
wound closure [5-7]. Although previous studies in other coun-
tries have applied the tissue expansion technique to varying ex-
tents [4,5,7,8], no studies have reported the application of this 
technique in Vietnam. In this article, we report on and highlight 
lessons learned from the successful application of the rapid tis-
sue expansion method in 10-month-old xipho-omphalopagus 
conjoined twins in Vietnam.

	

CASE 

Female xipho-omphalopagus conjoined twins were delivered by 
cesarean section at 36 weeks of gestation to a 29-year-old wom-
an with a history of two pregnancies and one birth. The preg-
nant woman had no history of disease during the antenatal peri-
od. This patient was diagnosed with twins, but conjoined twins 
were unexpected. The conjoined twins were detected by ultra-
sound only when the pregnant woman was admitted to the hos-
pital for delivery at a provincial hospital. Thus, the doctors de-
cided to perform a cesarean section. The conjoined twins were 
safely delivered with a combined weight of 3.0 kg. The twins 
were joined at various organs, including the pericardial mem-
brane, diaphragm, liver, and small intestine. In addition, baby A 
had a heart defect in the right chest and baby B had a hemangio-
ma in the left arm. The twins were also joined at the upper ab-

domen from the sternum to umbilicus. Above and below the 
area of fusion, they showed two normal upper and lower limbs. 
The twins were placed under nursing care and followed up at 
the provincial hospital for 1.5 months. The twins were then re-
ferred to our hospital for continued follow-up examinations and 
a planned intervention. The twins were healthy and well-nour-
ished. A multidisciplinary team that was formed in preparation 
for the intervention determined that separation should be de-
layed until the twins gained adequate weight with independent 
feeding and until they could tolerate the extended and intensive 
surgical procedure. It was thus suggested that surgical separation 
should proceed when the twins reached 10 months.

The twins presented with a combined weight of approximately 
7 kg for surgical preparation (Fig. 1). The area of fusion from 
the sternum to the umbilicus was 18 cm in length and 6 cm in 
width. The right and left twins were marked as babies A and B, 
respectively (Fig. 2). The estimated skin and tissue surface area 
of 110 cm2 was considered to be deficient. In anticipation of in-
sufficient skin coverage following twin separation, we deter-
mined that tissue expansion would be needed in order to allow 
closure. The area of fusion deviated from the midline, indicating 
that the twins’ anterior body had a larger area than the posterior 
body. A tissue expander was thus placed on the anterior body 
between the sternum and umbilicus because this placement fit 
the bottom portion of the tissue expander (Fig. 3). The tissue 
expander was a rectangular prism with dimensions of 7 cm 
(width) × 9.5 cm (length) × 5 cm (height), providing a theoreti-
cal volume of approximately 330 mL. A 4-cm skin incision was 
made parallel to, and approximately 2.5 cm from, one edge of 
the expander, on the fusion of the sternum (Fig. 4). 

A subcutaneous cavity with dimensions of 8 cm × 11 cm was 
made, and the tissue expander was placed between the subcuta-
neous and abdominal wall. We used three layers of nylon sutures 

Fig. 1. A pair of 10-month-old xipho-omphalopagus conjoined 
twins. The twins presented with a combined weight of about 7 kg, 
and they were prepared for tissue expansion.

Fig. 2. Close-up photograph of the fusion area. The twins’ anterior 
body and posterior body.
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to close the incision. A portion of the bottom of the expander 
contacted the twins’ ribs to avoid backward stretching during 
expansion. The injection port was then placed on baby B’s chest, 
and the expander was filled with a baseline of 70 mL sterile sa-
line (0.9% NaCl) to stop blood from entering the dissection 
cavity. The expander was well-tolerated by the twins with no 
signs of local or systemic reactions. The first injection into the 
expander began on the 6th day of tissue expander insertion, be-
fore removing the sutures. We performed further injections into 
the expander every 2 days with approximately 30–70 mL per in-
jection according to the expansion of the skin (Fig. 5). The ex-

pander reached 335 mL (or slightly higher than the expander’s 
theoretical volume) after six injections and within 10 days (Fig. 
6). In order to prepare for surgical separation, expansion was 
completed on the 15th day after insertion. The expanded skin 
area was estimated at 180 cm2, which was sufficient to cover 
both patients’ skin deficiencies.

The twins presented for surgical separation 6 days following 
the end of tissue expansion. The surgical team was from our hos-
pital. The total time for surgical separation and reconstruction 
was approximately 10 hours. The abdominal wall was closed in 
two layers, with the fascial muscle layer closed directly, using part 

Fig. 3. Designated area for the tissue expander. The twins’ anterior 
body was selected to insert the tissue expander. The team measured 
and estimated the location and area for the tissue expander. It was 
decided to place the injection port on baby B’s chest.

Fig. 5. Tissue expander injection schedule and volume.

Fig. 4. After inserting the tissue expander. The tissue expander with 
rectangular prism was inserted into the twins’ anterior body. A 4-cm 
skin incision was made parallel to one edge of the expander, on the 
fusion of the sternum. Three layers of nylon sutures were used to 
close the incision.
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of the fibrous layer around the expander, and the expanded skin 
of the chest was closed directly after the Z-lines incision. This al-
lowed usage of the expanded skin at the ends of the expander. 
The sternal skin area was more challenging to close than the ab-
dominal skin, so several additional incisions were made to en-
hance the tissue expander’s effect during closure. Within 72 
hours after surgery, both babies were put on positive airway pres-
sure and high-flow nasal cannulation. Both children had a good 
healing process on day 16 (Fig. 7), and they were discharged in 
good health 1 month after separation (Fig. 8).

DISCUSSION 

Tissue expansion is an increasingly popular technique because it 
provides soft tissue for closure and reconstruction in surgery. 
This is the first case of rapid tissue expansion applied to the sur-
gical separation of xipho-omphalopagus conjoined twins to be 
reported in Vietnam. We found that tissue expansion was safe 
and provided adequate soft-tissue coverage for each closure af-
ter separation, and we therefore suggest that this successful im-
plementation can be a lesson for similar procedures.

Wound closure and reconstruction usually pose major chal-
lenges for surgeons during the separation of conjoined twins 
[4,5,9]. If only one of the twins can be saved, soft-tissue cover-
age is simpler given that it is possible to use skin flaps from the 
lost baby for the surviving baby [10,11]. However, wound clo-
sure and reconstruction become more difficult if both babies 
can be saved, given that the area of skin deficiency is larger, es-
pecially in xipho-omphalopagus conjoined twins [2,4,5]. Tissue 

expansion is considered to be the most advanced and suitable 
method for providing adequate soft-tissue coverage for closure 
and reconstruction [6,7,9], and we used this technique to pre-
pare for surgery due to the technique’s known benefits and our 
experience with the technique.

Tissue expansion using different approaches has been de-
scribed previously [4,5,8,12]. However, the tissue expander is 
generally inserted between the subcutaneous layer and the ab-
dominal wall muscle, which is the most suitable space for ex-
panding the skin and soft tissue because it reduces the risk of 
pressure on the abdomen and internal organs during injection 
into the expander [7,13]. Unlike previous authors [14-16], we 
performed skin incision parallel to the edge of the expander, 
which facilitated dissection of the expander cavity and could 
stop bleeding. The most challenging issue in skin and tissue ex-

Fig. 6. The end of the injection process. Close-up photograph of the 
tissue expander when it reached 335 mL. 

Fig. 7. Healing process after surgical separation. The healing process 
on day 16 in babies.

Fig. 8. Babies A and B 1 month after surgical separation on the day 
of discharge.
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pansion is making a firm skin incision against the pressure of the 
expansion device itself while avoiding disrupting or tearing the 
initial incision. In previous studies, surgeons waited for com-
plete healing at the incision (about 2–3 weeks) before beginning 
expander injections [4,5,7], whereas we improved upon the 
technique by using nylon sutures (sizes 3.0 or 4.0) in three lay-
ers to close the incision, using the first layer to isolate the tissue 
expander, the second layer to close the subcutaneous layer, and 
the third layer to close the skin layer. A noteworthy difference 
from other approaches is that the first-layer suture helped isolate 
the tissue expander from the incision, thus relieving pressure 
from the expander on the incision and reducing the risk of dis-
ruption of the incision. With the use of the first layer of sutures, 
we were thus able to perform injections into the expander earlier 
than reported by other authors; we began expansion injections 
on the 6th day after inserting the expander without waiting for 
complete healing. In addition, the expansion injections were 
done every 2 days with a capacity of 30–70 mL depending on 
the skin expansion, thus shortening the time required for tissue 
expansion. We have successfully applied this specific three-layer 
suture technique in more than 200 cases of tissue and skin defi-
ciency in patients with various diseases and conditions (e.g., 
post-burn scarring, ulcerated hematoma, melanoma, congenital 
defects, and post-injury scarring).

We also realize that choosing the correct position to insert the 
expander plays an important role in the success of the tissue ex-
pansion process. Since the conjoined twins were fused with a 
deviation from the midline, the front side was selected for inser-
tion of the expander because there was more space than on the 
back side. In some previous cases, two or three tissue expanders 
were used depending on the specific conditions [4,5]. In our 
case, the distance between baby A’s left nipple and baby B’s right 
nipple was longer in the fused frontal area than in the fused area 
on the back, thus allowing the expander to be placed without af-
fecting the mammary glands of both babies. Furthermore, this 
fused area was relatively flat, which facilitated tissue expansion 
and the removal of the expander. In addition, we believe that the 
use of Z-incisions also contributed to successful surgical closure, 
as Z-incisions utilize and maximize the skin stretching from the 
sides of the expander [17]. During tissue expansion, a fibrotic 
capsule around the expander formed and could serve as a source 
of tissue along with the abdominal wall muscles used for surgi-
cal closure. Typically, this fibrotic capsule will last for up to 18-
24 months, which is enough time for both babies’ abdominal 
wall structures to complete development.

We implemented rapid tissue expansion with six injections in 
11 days, a procedure similar to that reported by Hilfiker et al. 
(who completed the process in 14 days) [12]. Our decreased 

stretching time was likely due, in part, to the increased speed 
with which skin can expand under a stretching force in young 
children, and also due, in part, to the injection of the expander 
(when the development of a fibrotic capsule was negligible in 
an early stage) in the first few weeks, lessening the effects of the 
fibrotic capsule on tissue expansion. Using the rapid tissue ex-
pansion technique, which provided adequate skin and tissue for 
surgical closure, we decreased the time that the expanders were 
implanted in the body, thereby reducing the risk of infection. 

The design of skin flaps for the tissue expansion process may 
also be important in closing the abdominal wall [18,19]. Since 
the tissue expander was a rectangular prism, the skin above the 
top (thymus area) and bottom (near the navel) of the tissue ex-
pander expanded more than other areas, thus helping cover the 
areas that needed the most skin and soft tissue. We did not ob-
serve any complications related to infection or necrosis around 
the tissue expansion area. However, we believe that there is al-
ways a risk of these complications if sterility cannot be ensured 
during tissue expansion [6,9]. Spitz et al. reported that they de-
clined to use subcutaneous tissue expanders due to the risk of 
infection [8,10]. Therefore, it is necessary to closely monitor 
the tissue expansion area to detect and quickly process signs of 
potential complications.

In summary, rapid tissue expansion was implemented safely 
and provided adequate tissue and skin for closure required by 
separation of xipho-omphalopagus conjoined twins. Using a 
three-layer suture method with non-absorbable sutures to close 
the incision enabled the early initiation of tissue expansion. Ear-
ly injection into the tissue expander shortened the tissue expan-
sion time, and, in particular, likely reduced the risk of infection 
at the expander insertion site. In addition to surgical separation, 
planning and implementing the tissue expansion itself is highly 
important for improving closure success.
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