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Abstract
Background: Robotic surgery is a new technology which
may expand the variety of operations a surgeon can
perform with minimally invasive techniques. We present
a retrospective review of our first 100 consecutive ro-
botic cases in children.
Methods: A three-arm robot was used with one camera
arm and two instrument arms. Additional accessory
ports were utilized as necessary. Two different attending
surgeons performed the procedures.
Results: Twenty-four different types of procedures were
completed using the robot. The majority of the proce-
dures (89%) were abdominal procedures with 11% tho-
racic. No urology or cardiac procedures were
performed. Age ranged from 1 day to 23 years with an
average age of 8.4 years. Weight ranged from 2.2 to 103
kg with a median weight of 27.9 kg. Twenty-two pa-
tients were less than 10.0 kg. Examples of cases included
gastrointestinal (GI) surgery, hepatobiliary, surgical
oncology, and congenital anomalies. The overall
majority of cases had never been performed minimally
invasively by the authors. The overall intraoperative
conversion rate to open surgery was 13%. One case (1%)
was converted to thoracoscopic because of lack of do-
main for the articulating instruments. No conversions or
complications occurred as a result of injuries from the
robotic instruments. Interestingly, four abdominal cases
were converted to open surgery due to equipment fail-
ures or injuries from standard laparoscopic instruments
used through non-robotic accessory ports.
Conclusions: Robotic surgery is safe and effective in
children. An enormous variety of cases can be safely
performed including complex cases in neonates and
small children. Simple operations such as cholecystec-
tomies have minimal advantages by using robotic tech-

nology but can serve as excellent teaching tools for
residents and newcomers to this form of minimally
invasive surgery (MIS). The technology is ideal for
complex hepatobiliary cases and thoracic surgery, par-
ticularly solid chest masses.
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Robotic surgery is a new technology which offers three-
dimensional visualization, complete camera control,
tremor filtering, and articulated instrumentation. This
new technology has gained enormous popularity in
adult urology and is particularly useful for prostate
surgery [1–4]. The general surgery applications have
been quite varied for adult patients [5–8]. While a few
pediatric urology series have been reported for children
[9–13], very few reports have been published for general
pediatric surgery except for an occasional case report
[14–15]. We present the first comprehensive report of
robotic surgery in children and examine our initial
experience in our first 100 consecutive pediatric patients.
The focus of this report is to acknowledge the types of
procedures that can be accomplished robotically as well
as to discuss the issues and problems we discovered
while developing a pediatric robotics program.

Methods

This retrospective study was approved by the institutional review
board (IRB). Our hospital is a tertiary care center that has multiple
services using the robot including our pediatric general surgery division
and four adult departments (urology, cardiothoracic, gynecology, and
general surgery). Our surgical robot is the Da Vinci surgical robot
made by Intuitive Surgical (Sunnyvale, CA). The authors received
introductory robotic training in the course offered by the manufac-
turer. We have the original three-arm Da Vinci with two instrument
arms and one camera arm. Initially, we had the 8 mm instruments but
added 5 mm instruments in 2004. Similarly, the 12 mm three-dimen-
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sional camera initially was the only choice available but we later
purchased the 5 mm two-dimensional camera in 2004. The 5 mm
instruments became our preferred choice. Although there were occa-
sional exceptions, the 5 mm camera was used if the child was less than
10 kg and the 12 mm camera if the child was greater than 10 kg.

The fourth-year general surgery residents come to our pediatric
service for two months with some basic MIS experience, usually con-
sisting of gallbladders, appendectomies, and an occasional splenec-
tomy. They had no complex MIS experience and no robotic
experience. After an introductory period as bedside assistant for one or
two cases, a fourth-year resident is allowed to perform easy and
moderate cases such as cholecystectomies, fundoplications, and sple-
nectomies. They also share console time for portions of complex
procedures.

Results

The first consecutive 100 patients are summarized in
Table 1. This covered a 39-month period from late
October 2002 until early February of 2006 (Fig. 1). All
procedures involved either abdominal or thoracic pro-
cedures and no cardiac or urological procedures were
performed. Overall, the first author was the surgeon of
record for 78% and the second author for 22% of the
cases. Age ranged from 1 day to 23 years with an
average age of 8.4 years. All but 1 patient was 18 years
of age or younger. Weight ranged from 2.2 kg to 103 kg

with a median weight of 27.9 kg (Fig. 2). Twenty-two
patients weighed less than 10.0 kg including seven that
were less than 5 kg. The youngest patient was a 2.4 kg 1-
day-old who underwent a duodenal atresia repair. The
smallest patient was a 2.2 kg 6-day-old neonate who
underwent a congenital diaphragmatic hernia (CDH)
repair.

Most operations in this series were intraabdominal
(89%) with 11% thoracic procedures. Open conversion
rates were 12% for the entire series with 11 abdominal
procedures (12% of abdominal cases) and one thoracic
procedure (9% of thoracic procedures). One thoracic
procedure (1% of all cases and 9% of thoracic cases),
was converted to thoracoscopic.

Abdominal procedures

The most common operation was the fundoplication
(34%). One fundoplication patient, our first fundopli-
cation, returned with a breakdown of their wrap three
years after their procedure. One patient complained of
dysphagia post-operatively that resolved with time. The
next most common operation was the cholecystectomy
(17%). Except for the first three cholecystectomies per-
formed by the staff surgeon, the rotating fourth year

Table 1. Pediatric robotic procedures: General surgery

Procedure Attempted Converted Reasons for conversion

Abdominal (89) Fundoplication 34 0
Cholecystectomy 17 1 Gallbladder bed bleed
Splenectomy 8 4 Misfired stapler, trocar injury, grasper

injury, misfired hemoclip
Total proctocolectomy with pullthrough 4 1 Tumor discovered
Ladd�s procedure 3 1 Dense adhesions (prior surgery)
Neuroblastoma 3 1 Anatomical difficulty
Adrenalectomy 3 1 Pheochromocytoma; developed intraoperative

hypertensive crisis
Small-bowel resection 2 0
Heller myotomy 2 0
Congenital diaphragmatic hernia
(abdominal approach)

1 0

Rectal prolapse 1 0
Kasai 1 0
Duodenal atresia 1 0
Ovarian teratoma 1 0
Ovarian cystectomy 1 0
Meckel�s 1 0
Abdominal lymphangioma 1 0
hemicolectomy 1 0
pyloroplasty 1 0
Gastric duplication 1 1 Anatomical difficulty
Retroperitoneal Tumor 1 1 Anatomical difficulty
Pancreatic tumor 1 1 Anatomical difficulty

Thoracic (11) Posterior mediastinal mass 2 0
CCAM 2 1 Anatomical difficulty
Mediastinal germ cell tumor 1 0
Medistinal teratoma 1 0
Mediastinal inflammatory mass 1 0
Bronchogenic cyst 1 0
Intralobar sequestration 1 0
Pulmonary segmentectomy 1 0
Congenital diaphragmatic
hernia (thoracic approach)

1 1 * Lack of domain

Total 100 14

* - Converted to thoracoscopic



resident performed all subsequent robotic cholecystec-
tomies. Although no postoperative complications oc-
curred, one patient was opened due to persistent oozing
from the liver bed which could not be adequately con-
trolled with cauterization early in the series.

We had a string of non-robotic mishaps that oc-
curred, coincidentally, all during splenectomies. We at-
tempted eight splenectomies but opened four of them for
bleeding. None of the causes for bleeding were related to
robotic instrumentation; in fact, they all occurred due to
standard laparoscopic instrumentation issues. One pa-
tient with idiopathic thrombocytopenic purpura (ITP)
bled from an inadequate staple line on the splenic vein.
Another patient had the splenic vein sheared when a
hand-held laparoscopic clip applier ‘‘scissored’’ the vein
without applying a clip. A third patient with an enor-
mous spleen extending into the pelvis had a blunt injury
to the spleen while manipulating it with a handheld
laparoscopic grasper. Finally, a fourth patient had a
trocar injury to the left common iliac artery requiring
immediate open conversion.

A total of 22 different abdominal procedures were
attempted with 19 successfully completed robotically.
Three cases were not completed robotically because we
were not confident with the anatomy. These included
resection of a benign retroperitoneal ganglioneuroma,
resection of a large gastric duplication cyst, and resec-
tion of a pancreatic mass. Other cases that were opened
included a Ladd�s procedure with dense adhesions from
a prior open exploration, an adrenal pheochromocy-
toma that developed an acute hypertensive crisis early in

the case, and a total proctocolectomy where a large
colon tumor invading the anterior abdominal wall was
unexpectedly discovered intraoperatively.

Two patients were re-explored shortly after their
initial robotic procedure. One of these patients had
undergone a small bowel resection two days earlier but
developed what we incorrectly thought was a small bo-
wel obstruction. Re-exploration was negative and the
patient�s ileus resolved a few days later. The second
patient had a large neuroblastoma that had been treated
with chemotherapy. Intraoperatively, the extent of the
tumor was difficult to assess and we could not accurately
appreciate the margins of the tumor. Although intra-
operative margin biopsies were negative, a follow-up CT
scan soon after surgery confirmed a significant portion
of the tumor remained. The patient was taken back for
open resection.

Thoracic procedures

The thoracic procedures are also summarized in Ta-
ble 1. We had an unsuccessful attempt at a CDH repair
using a thoracic approach in a 2.5 kg child. The hemi-
thorax of this child was too small to articulate the 5 mm
instruments with the bowel present in the chest. We used
a standard thoracoscopic approach to complete the
procedure but it later recurred. We later successfully
closed a CDH from the abdomen as there was signifi-
cantly more room for the articulating instruments.

One congenital cystic adenomatoid malformation
(CCAM) resection was opened because we were not
confident with the anatomy. This was our first attempt
at any MIS pulmonary resection (thoracoscopic or ro-
botic). We successfully resected a CCAM robotically on
our next attempt. We went on to perform segmentec-
tomies for sequestration and bronchiectasis. Several
solid chest tumors were resected including two anterior
tumors, two posterior tumors, and an inflammatory
mass. The articulating instruments seemed particularly
well suited for solid chest masses.

Operation room (OR) times

OR times ranged from 53 minutes (bronchogenic cyst)
to 12 hours and 10 minutes (our first total proctoco-
lectomy with ileoanal J-pouch pullthrough). The overall
average was 2 hours and 37 minutes for all completed
cases. The average time at the surgeon�s console was 105
minutes. The average time for robot docking was four
minutes. The average time for loading the initial set of
instruments was less than one minute. The average
undocking time was less than one minute. All combined,
this implies an additional time of approximately seven
minutes for these maneuvers.

Discussion

The variety of cases we accomplished was far greater
than we anticipated. Subjectively, the learning curve was

Fig. 1. Robotic cases over time.

Fig. 2. Distribution of cases by patient weight.



steep as both residents and staff became more com-
fortable much quicker with robotic surgery than with
the laparoscopic equivalent. For the first six cases per-
formed by each staff surgeon, both staff surgeons were
present with one at the console and the other serving as
the bedside assistant. As we became more adept with the
robot, we discontinued this for simple and moderate
cases such as fundoplications and splenectomies. For
complex or unusual cases, both staff surgeons were in-
volved whenever possible. Open conversion rates were
10% (eight cases) for the first author and 22% (five cases)
for the second author. One additional thoracic CDH
case (1% of all cases, 9% of thoracic cases) was con-
verted to thoracoscopy by the first author. Limitations
in patient size became more significant below 3 kg. Al-
though we had a few patients less than 3 kg, the intra-
corporeal length of instrument required for articulating
the current instruments will make it unlikely that we will
see procedures in children less than 2 kg until newer
technology arrives. Furthermore, procedures in the
hemithorax may be limited to children larger than 2.5 kg
as we learned from our thoracic CDH experience.

Team structure and nursing

Robotic nursing team teaching is critical to the success
of a program. Initially, our robotic teams were some-
what inconsistent in terms of personnel. The need for a
central organization of this became obvious. About one
year into our robotic experience, our hospital appointed
a scrub nurse as our robotics coordinator for all surgical
services. This greatly expedited organization for sched-
uling of cases as well as intraoperative issues such as set-
up time, turnover time, and all technical aspects with
robot maintenance issues. Scrub nurse and circulating
nurse training became streamlined and more consistent.
Although there is no way to objectively assess these
components, subjectively we can not place enough
emphasis on the importance of a coordinator and a
dedicated robotic nursing team.

Case selection

When we planned our early robotic cases, we initially
elected to avoid fundoplications and cholecystectomies
because we felt adept at doing these cases with standard
MIS techniques. We picked a difficult case for our first
robotic case, an abdominal mass near the head of the
pancreas. Although we successfully unroofed a portion
of this mass, we quickly realized that this case was too
complicated for our first case and we converted to open
surgery. Three days later, we did our first case success-
fully by performing a cholecystectomy in an obese 16
year old girl. Despite learning the basics of the robot
with this case, we avoided cholecystectomies and
fundoplications for another year as we reserved the ro-
bot for complex procedures. This was a mistake. The
number of cases we did our first year was too small to
develop consistency in learning for our nurses, our res-
idents, and even ourselves. We then started adding
fundoplications and cholecystectomies to our schedule

whenever possible. This really paid off for the entire
team as everyone became more adept with the subtleties
of the robot including setup, draping, and instrument
exchanges. We soon noticed that our more complex
cases moved along much smoother. Although we fully
realize there are no technical or patient advantages to
performing a cholecystectomy with the robot, a robotic
cholecystectomy has turned out to be an ideal intro-
ductory teaching case for our rotating fourth-year resi-
dents. Since we have new residents every two months,
we look forward to these cases to help introduce
robotics to our residents. The same is true for our
fundoplications as our fourth-year residents are per-
forming these skin-to-skin by their third-fundoplication.

Case planning

Trocar placement is not always the same as standard
MIS. This is largely due to the fact that the instrument
arms external to the patient need a certain amount of
room to move and pivot. For example, we recessed our
robotic left arm port slightly more inferiorly along the
mid clavicular line in a robotic cholecystectomy when
compared to the laparoscopic approach. This avoids
collisions of the left robot arms external to the patient
with the central camera. Similarly, trocars for the
instrument arms in robotic fundoplication need to be
placed more lateral than the typical location for the
laparoscopic approach. This also helps avoid external
instrument arm collisions with the central camera.

In our early experience, robot cart location became a
significant area of frustration for our nursing staff as it
was quite different from case to case. The room always
had to be reorganized by moving the robot, the console,
and the equipment tower depending on the procedure.
We solved this by no longer moving these large items
around the room; instead, the patient was moved. The
robot is now aligned near the OR table in the same
location cases after case. Once the patient has been
anesthetized, we unlock the OR table and rotate it
according to whatever we need to perform. For exam-
ple, if we are doing an upper abdominal procedure, the
head of the bed is rotated towards the robot. If we are
working in the right upper quadrant, then the table is
rotated 45 degrees with the robot coming in over the
patient�s right shoulder. The robot is then brought the
last few feet up to the bedside when it is time for
docking. This dramatically simplified our set-up plans
for our nursing staff. Additionally, our anesthesiologists
adapted to this very quickly and found they had satis-
factory access to the patient no matter which direction
the OR table had been rotated.

Tactile feedback

Our biggest technical concern when embarking on ro-
botic surgery was the presumed loss of tactile feedback.
We have been surprised at how little, if any this im-
pacted our procedures. We had no injuries as a result of
the loss of haptic feedback from the robot. However, we
had one patient with an adrenal neuroblastoma where



we did not completely resect the mass and could not tell
its true extent. This patient required an open explora-
tion. Although it had been reduced with chemotherapy
to less than half its original size, the scarring in the tu-
mor bed made it nearly impossible to distinguish tumor
from normal surrounding tissue. Perhaps the loss of
haptic feedback played a role, but it is our opinion that
the incomplete resection is more a reflection of our poor
choice in case selection for an MIS procedure (robotic or
otherwise) rather than an issue with tactile feedback or
the robot itself.

The robot as an enabler

One of themost important theoretical advantages robotic
surgery offers is that it enables a surgeon to performmore
minimally invasive procedures than they could have done
previously. Our experience supports this concept. The
authors successfully accomplished 20 different types of
procedures that they had not previously attempted lapa-
roscopically or thoracoscopically. Critics of robotic sur-
gery have often argued that a surgeon should perform the
procedure laparoscopically first and then proceed to
robotics. While we agree that the basic principles of MIS
must be mastered prior to performing robotic surgery, we
do not agree that each individual procedure should be
mastered laparoscopically beforehand. An analogy
would be asking a resident to learn suturing and knot
tying with one eye shut (two-dimensional imaging) and
with their wrists in casts (no articulations) first before
learning how to do it freehand with both eyes open.

Steep learning curve

Despite performing several different types of operations
in the first few months, we felt comfortable with the
robot in less than 15 cases. This experience is consistent
with our adult colleagues [16]. Reports suggest than
anywhere between 25 and 50 cases are required to learn
a single new laparoscopic procedure [17]. We believe
that robotic surgery has a distinct advantage over lap-
aroscopic surgery simply because the fulcrum effect is no
longer an issue. Sweeping a laparoscopic instrument
rightward external to the patient causes a leftward
movement of the internal half of the instrument. This
effect has made it difficult for some surgeons to learn
laparoscopy. However, the fulcrum effect does not exist
in robotic surgery. The actual hand, wrist, and finger
motions are mimicked internally by the robotic instru-
ments. Additionally, the three-dimensional 12-times
magnified view may also improve visualization when
compared to a two-dimensional laparoscopic camera.
These issues combined may allow a surgeon to learn
robotic surgery quicker than laparoscopic surgery.

Cost

The capital cost of the robot remains a significant pro-
hibitive problem. In addition to the 1.2 to 1.5 million-
dollar price tag for the initial hardware, replacement

instruments, drapes, and a service contract for mainte-
nance all figure into the overall expense. While this
technology can be afforded by a few hospitals, most
children�s hospitals that rely on donations and fund
raising will have significant problems financing the
purchase of a robot. It is our opinion that cost is the
single most limiting factor in hampering the efforts to
promote and progress pediatric robotic surgery on a
national or international level.

Conclusions

Robotic surgery is safe and effective in children and a
wide variety of procedures can be accomplished. Small
patients, even patients less than 5 kg, can have many
different procedures accomplished with excellent results.
However, space becomes a significant issue in children
less than 3 kg, particularly in the chest. Trocar locations
may need to be adjusted when compared to standard
MIS procedures. The use of the robot is enabling for
many surgeons and may allow the physician to offer
complex MIS where they may have otherwise elected to
perform an open procedure. Solid chest tumors and
complex hepatobiliary surgery are particularly well sui-
ted for the robot. Cholecystectomies and fundoplica-
tions, while easily accomplished with standard MIS
techniques, serve as excellent robotic training cases for
the experienced surgeon, the training resident, and the
entire robotics team including nurses. Proficiency with
the robot can be attained in about 15 cases if case
selection is performed appropriately. Finally, a robotics
coordinator and a consistent OR team form a vital link
for an efficient robotics program and should be orga-
nized early in the development of a robotics programs.
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