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observed in nine patients (1.6  %). Omphalitis and persis-
tent wound secretion were detected in eight children and 
foreign bodies consisting of cyanoacrylate were removed 
from three of these patients. Meanwhile, umbilical pain 
leading to surgical revision was observed in one child, and 
eight umbilical hernias were repaired during the TUCA 
procedures. No signs of postoperative incisional hernia 
were recorded.
Conclusions  TUCA is a safe and comfortable access 
method for pediatric laparoscopic surgery in various age 
groups. This method is easy to learn and can be quickly and 
safely performed in the vast majority of children.

Keywords  Open laparoscopy · Pediatric surgical 
training · Umbilical cord · Cyanoacrylate

Introduction

Safe entry into the abdominal cavity and the creation 
of capnoperitoneum via CO2-insufflation are the basic 
steps that allow for laparoscopic surgery. This maneu-
ver moves the gut and underlying organs away from 
the abdominal wall, and allows for the safe insertion of 
additional ports and instruments. Access to the perito-
neal space can be gained either by blind percutaneous 
puncture with a spring-loaded Veress needle (accord-
ing Janos Veress, 1938) or by using an open approach 
[1, 2]. For many surgeons, open infraumbilical access 
based on the method of Hasson is considered the stand-
ard approach in adults, and this approach is also often 
applied in children [3–5].

Potential primary and locoregional complications that 
may occur during abdominal wall puncture and insuffla-
tion of gas include bleeding from the anterior abdominal 
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wall vessels, bowel perforation, visceral vessel bleeding 
and/or major retroperitoneal vascular injury [6]. Second-
ary complications include wound infection, incisional 
hernia development, bowel adhesion, and hypertrophic 
scar formation.

The aim of the present study was to evaluate our experi-
ences with transumbilical cord access (TUCA) in three dif-
ferent procedures and age groups to analyze the method’s 
feasibility, safety and complication profile. In addition, 
we investigated the value of TUCA for pediatric surgical 
training.

Methods

In a prospective evaluation, we identified 1,083 laparo-
scopic procedures using the TUCA approach performed 
during a 5-year period between 2007 and 2012. For a 
further investigation, we extracted data from all cases of 
infants and children who underwent laparoscopic pyloro-
myotomy (LPM), laparoscopic herniorrhaphy (LHR) or 
laparoscopic appendectomy (LAP). We collected data on 
age, gender, complications and follow-up, and furthermore, 
evaluated the surgeons’ qualifications. Using the Interna-
tional Classification of Procedures in Medicine (ICPM) 
codes, data were extracted from the hospital documenta-
tion system. For follow-up, patient records were examined. 
The Ethics Committee of the Ruhr-University of Bochum 
approved this study [Registr. No. 4601-13 (LPM), 4600-13 
(LHR) and 4599-13 (LAP)].

The length of time required to establish pneumoperi-
toneum was estimated in a subset of patients. This time 
included the initial incision, trocar insertion and confirma-
tion of proper intra-abdominal positioning with the intro-
duced camera. The data for the age at surgery, body weight 
and length were extracted from the patients’ records. The 
body mass index (BMI) was estimated according the equa-
tion BMI = body mass (kg)/square of body high (m)2.

TUCA procedure

Meticulous cleansing and disinfection of the umbilicus 
were first performed. A stab or “smile” incision was then 
created at the lower rim of the umbilicus, and the fibrotic 
remnant of the umbilical cord was freed from the surround-
ing tissue on the lateral sides. Access into the abdominal 
cavity was gained via a horizontal incision at the base of 
the umbilical cord (Fig. 1). A curved Kelly clamp was then 
placed subcutaneously for traction to facilitate access into 
the peritoneal cavity using blunt, curved forceps. In chil-
dren or adolescents with pronounced adiposity, it is benefi-
cial to place a second Kelly clamp at the linea alba below 
the point of deep incision (Fig. 2).

Blunt spreading of the preperitoneal space and penetra-
tion of the peritoneum was used to avoid unintended dis-
section of the embryological remnants and abdominal con-
tents. The trocar was then placed via an introducer, while 
purse string sutures were only used in selected cases. The 
creation of capnoperitoneum was initiated after insert-
ing the camera and checking the intraperitoneal position 
to avoid subcutaneous emphysema and extraperitoneal 
insufflation. After the operation, the umbilical wound was 
closed in layers with single stitches used for the fascia and 

Fig. 1   The approach: a clamp is placed at the umbilical cord pillar, 
and the deep incision is spread using curved forceps

Fig. 2   Traction with a clamp and transverse incision at the border 
between the linea alba and the fibrous umbilical cord. Schematic 
drawing
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subcutaneous tissue. Finally, the skin was closed with intra-
cutaneous sutures or cyanoacrylate skin adhesive.

For laparo-endoscopic single-site-surgery (LESS), 
we used the Triport® (Olympus, Hamburg, Germany). 
The introduction of this trocar system requires transverse 
enlargement of both the umbilical skin incision and deep 
fascial entry to approximately 15 mm.

Statistics

The data are expressed as the median, arithmetic 
mean  ±  standard deviation (SD) and [minimum/maxi-
mum]. For the statistical analyses, we used a linear regres-
sion analysis and Pearson’s correlation coefficient. The sig-
nificance level for the correlation coefficient was tested for 
(n − 2) degrees of freedom.

Results

Valid data were extracted from 556 patients with a median 
follow-up of 24  months (27  ±  14). The age at surgery 
ranged from 10  days to 17  years. Data for 240 male and 
316 female children were included. The body weight (BW) 
ranged between 2.7 and 106 kg. TUCA was performed in 
all patients, and no conversion was required.

The number of patients, gender, age, follow-up, and 
complication rate are presented in Table 1.

Laparoscopic pyloromyotomy

This cohort consisted of 78 male and 14 female infants 
operated on at a median age of 38  days (42 ±  18; range 
10–109). LPM was performed with the conventional 3-tro-
car technique (3LPM; n = 71) or LESS (n = 21). Compli-
cations were observed in four cases (4.3 %).

Laparoscopic herniorrhaphy

This group exclusively comprised 155 girls with a median 
age of 12 months (39 ± 50; range 0–207). We applied lapa-
roscopic extraperitoneal repair according to the method 

of Endo et  al. [7] (the conventional open technique was 
used in boys). The oldest patient in the LHR group was a 
17-year-old adolescent girl. One complication (0.6 %) was 
identified in the LHR group.

Laparoscopic appendectomy

In this group, 309 children (162 boys and 147 girls) were 
included. The median age at surgery was 11 years (10 ± 3; 
range 1–17). Four complications (1.3 %) were observed.

Umbilical hernia (UH)

In eight cases, LHR patients presented with UH. These 
children had a median age of 6  months (1–48). Among 
these cases, the preformed fascial defect was used for 
trocar insertion, and hernia repair was conducted during 
wound closure. No recurrence was observed, and no umbil-
ical hernias were encountered in the LPM and LAP groups.

Types of complications

We experienced no relevant events during trocar insertion 
requiring additional surgical procedures. No cases of mild 
emphysema, bleeding or superficial tears of the omen-
tum or bowel surface without further consequences were 
detected in this retrospective study.

The overall complication rate was 1.6  % (9 of 556). 
Complications occurred after LHR (one child), LPM and 
LAP (four children each). During follow-up, five children 
suffered from umbilical infections, and iatrogenic subcu-
taneous deposits of the skin adhesive (Dermabond®, Ethi-
con, Norderstedt, Germany) were noted in three infants. In 
one additional case, umbilical pain led to surgical revision 
of the umbilicus with removal of the subcutaneous suture 
material. No postoperative incisional umbilical hernias 
occurred.

Non-board-certified surgeons performed 30  % of the 
operations under supervision (167 operations: 19 LPM; 
33 LHR; 115 LAP), whereas board-certified surgeons per-
formed 70 % of the operations.

Time to beginning of insufflation

In a supplemental group of 28 children with a median body 
weight of 18  kg (23 ±  22; range 3.4–80), median age of 
4.6  years. (5.8 ±  5.4; range 0.05–15.7) and median BMI 
of 15.4 kg/m2 (16.7 ± 4.6; range 11.2–28.6) we estimated 
the time from the beginning of the incision to the beginning 
of insufflation. The median time to the start of the creation 
of pneumoperitoneum was 70 s (102 ± 97; range 46–220). 
We experienced one case with an extreme time of 540 s in 
an adipose girl with a body weight of 80 kg (BMI 22 kg/

Table 1   Patient characteristics, follow-up time and complication rate

Procedure LPM LHR LAP

Number of pts. 92 (16.5 %) 155 (28 %) 309 (55.5 %)

Gender (male:female) 78:14 0:155 162:147

Median age 38 days 12 months 11 years

Follow-up 24 months

Complications 4.3 % 0.6 % 1.3 %

Non-board-certified surgeons 21 % 21 % 37 %
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m2) and an unfavorable umbilical anatomy. A good correla-
tion was observed between the body mass (BM) and time 
to gain access (T) according to the equation T = 47 + 2.3 
BM (r = 0.52; p = 0.01) (Fig. 3). Neither the age at sur-
gery nor BMI correlated with the time required for the first 
trocar insertion.

Discussion

The type of access chosen for pediatric laparoscopic pro-
cedures is a matter of personal experience and preference. 
The procedure should be safe, simple and rapid, and both 
open and closed primary trocar insertion are related to the 
potential danger of perforating injuries [6]. In a Cochrane 
Database study, the authors concluded that there “appears 
to be no evidence of benefit in terms of safety of one tech-
nique over another” [8].

Closed laparoscopy can be used safely, and many pedi-
atric surgeons feel comfortable with open access [2, 9, 
10]. Surgeon experience and case volume appear to play 
a major role in preventing complications with closed Ver-
ess needle or open access [11]. In a survey of the urologic 
members of the American Academy of Pediatrics, 45  % 
exclusively used Veress needle access [12]. However, the 
survey revealed a higher significant complication rate for 
the closed technique. In another series, closed access with 
a Veress needle and blind trocar insertion were the only 
factors associated with serious complications [13]. Mean-
while, in a Japanese survey, 96.6 % of surgeons preferred 
minimal open laparotomy for the first trocar insertion in 
adults [14].

Different techniques for open umbilical access have been 
described. TUCA uses the inner umbilical ring as a natural, 
preformed entry into the abdomen. This entry is approached 
via a short infraumbilical “smile” incision along a natural 

skin crease. The passage of the trocar is virtually oblique 
from the infraumbilical skin crease through the inner ring. 
This approach is advantageous because it provides entry 
into the abdomen through a former embryological entry, 
which offers fast and direct access into the abdomen. The 
resulting scar is nearly invisible in most cases.

In contrast to the findings of previous reports, in which 
the umbilical cicatrix pillar was incised vertically, we per-
formed a deep transverse incision at the border between the 
linea alba and the umbilical cord remnant (Fig. 2) [15, 16]. 
This deep incision line is anatomically preformed in infants 
and children; it allows for good identification and preserva-
tion of embryological duct remnants and facilitates the clo-
sure of physiological umbilical hernias in young patients.

Anatomically, the umbilicus is subdivided into three 
layers: (1) umbilical skin; (2) Wharton’s jelly, which trans-
forms into a fibro-aponeurotic cord during the first year; 
and (3) the umbilical fascia and internal peritoneal surface 
[17]. From birth to adulthood, involution of the umbili-
cal ducts occurs. The fibrous remnant of the umbilical 
cord is not well described in the anatomical literature. Lal 
et al. [17] introduced the term “umbilical pillar or tube” to 
describe this structure. However, in a later paper focused 
on adults, the umbilical duct remnants were not taken into 
account. In the first months after birth, the urachus, both 
umbilical arteries and umbilical vein transform into fibrous 
cords. However, the embryological ducts are vital and 
should be preserved or ligated in neonates and infants. The 
relevant rate of “physiological” umbilical hernias in infants 
allows for easy access. Even in a high proportion of older 
individuals, the umbilical fascia is absent. The increasing 
strength of the umbilical fascia and the attachment of the 
falciform ligament behind the umbilical ring may sustain 
the mechanical properties of the umbilicus [18, 19]. There-
fore, obtaining passage through the internal umbilical ring 
in older children, adolescents and obese patients may be 
more difficult [16].

In a subset of our patients, small umbilical hernia sacs 
were present at laparoscopy and temporarily used for tro-
car insertion. After the procedure, meticulous closure of the 
fascia using simple single layer stitches was sufficient; no 
postoperative umbilical hernias were observed in our series. 
Furthermore, we always avoided passage directly through 
the umbilical fossa, as previously described (“umbilical 
center insertion method”), because we feel that sufficient 
closure of the fascia may be more difficult with this tech-
nique [4, 20, 21].

Various different objective factors may influence the 
time to gain access, including multiple anatomical layers in 
the linea alba [3], obesity and the body mass index [16], the 
diameter of the trocar [21] and previous abdominal surgery.

Although time is not a primary criterion when the objec-
tive of the method is simplicity [16], we estimated the time 

Fig. 3   Regression analysis between first trocar insertion time and 
body weight
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from the beginning of the infraumbilical incision and insuf-
flation in a subset of patients. For the described technique, 
we estimated a median trocar insertion time of 70  s. In 
addition, we observed a good correlation with body weight 
(Fig.  3). In adults, the blind Veress technique required 
between 3.6 and 5 min for abdominal cavity access [22–24]. 
Compared with that noted in adults, most pediatric series 
have reported a shorter time to insertion of the trocar, inde-
pendent from the applied technique. Our times are compa-
rable with pediatric data collected in the literature (Table 2).

In the current series, we observed no complications spe-
cifically related to the access procedure and no cases of lac-
eration of the embryological ducts, bowel, liver or vessels. If 
in doubt, the surgeon should coagulate or ligate the embryo-
logical umbilical remnant before dissection. Some authors 
recommend a lateral approach to the umbilical ring to avoid 
laceration of the urachus remnant [4]. In cases of periumbili-
cal dermatitis, umbilical secretions or subumbilical cysts, the 
use of TUCA may be contraindicated. Excluding preperito-
neal insufflation, our complication rate of 1.6 % was some-
what higher than that reported in other series. In a North 
American survey, a complication rate of 1.18 % was reported 
[12]. However, available investigations did not focus on 
umbilical infections or stone formation. Furthermore, the 
role of umbilical bacterial flora in the onset of surgical site 
infections in infants and children has not yet been studied.

Therefore, in newborn infants with incomplete involu-
tion of the umbilical cord stump, the need for periopera-
tive antibiotic prophylaxis (AP) must be taken into account 
(level of evidence IV). Generally, there is no existing 
evidence supporting the use of AP for hernia repair or 
pyloromyotomy.

Because antibiotics have been demonstrated to be effec-
tive in preventing postoperative complications after appen-
dectomy, all patients in this subgroup received antibiotic 
prophylaxis [25]. Data confirm the hypothesis that the 
grade of appendiceal inflammation correlates with the rate 
of surgical site infection [26]. In this series, we did not ana-
lyze the severity of appendiceal inflammation.

The surgeon should be aware that the use of non-absorb-
able cyanoacrylate skin adhesive for closure of the trocar 
wound along the umbilical skin crease carries a risk of post-
operative subcutaneous sealant stone formation, foreign 
body reactions and infection. Hence, precise approximation 
of the skin edges for 10 s is required to prevent the forma-
tion of subcutaneous sealant deposits. In suspicious cases, 
surgical revision with removal of the sealant is curative.

In recent years, there has been a clear tendency to use 
umbilical single-site laparoscopic techniques in infants, chil-
dren, adolescents and adults [27–29]. In the present series, 
we applied laparo-endoscopic single-site surgery in subsets 
of infants and children treated with appendectomy and pylo-
romyotomy. Laparoscopic herniorrhaphy was performed Ta
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using a single-site technique employing a needle instrument 
for the insertion of inguinal purse string sutures [7].

Laparoscopic techniques represent an important compo-
nent of pediatric surgical training. In this series, nearly one-
third of the operations were primarily performed by non-
board-certified surgeons under the assistance of a certified 
surgeon. Our experience indicates that the TUCA technique 
is both easy to teach and simple to learn.

In conclusion, the transumbilical cord access technique 
is a simple, safe and rapid access method for primary trocar 
insertion, and the rate of procedure-related complications 
associated with TUCA is minimal.
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