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Editorial
Jan Grosek, University Medical Centre Ljubljana
Tomaz Jagric, University Medical Centre Maribor
Dear Colleagues,

CORRESPONDENCE

Jan Grosek

jan.grosek@Xkclj.si

Tomaz Jagric
tomaz.jagric@gmail.com

Allow us to offer you a brief introduction to this issue of
the journal Surgery and Surgical Endoscopy.

Hana Zavrtanik and Ale§ Tomazi¢ have written an ex-
cellent review article on the acceptance of minimally in-
vasive (MI) techniques in complex pancreatic surgery,
which involves exposure of the retroperitoneal gland,
dissection around a major vascular structure, and man-
agement of an intricate organ. All of this results in a pro-
cedure associated with high morbidity. As far as laparos-
copy is concerned, distal pancreatectomy has been widely
adopted, both for benign and malignant pancreatic dis-
ease. Laparoscopic pancreaticoduodenectomy, howev-
er, is gaining slower acceptance due to its demanding
resection and reconstruction phase. It is still limited to
selected centers, which have been able to demonstrate
promising results. Robotics, with a three-dimensional
view, improved degree of movement, and elimination of
hand tremor, were designed to overcome the limitations
of conventional laparoscopy. The authors conclude that
a learning curve is a clear obstacle to wider implemen-
tation of MI techniques, and that in order to ensure its
safe adoption one must guarantee not only standardized
training but also centralization of pancreatic surgery at
specialized centers. Regarding robotics, one must also
take into account cost analysis, which makes it difficult
to justify the use of the robotic platform in the current
healthcare environment.

Acute appendicitis (AA) is one of the most common ab-
dominal emergencies worldwide. Urban Neudauer and
Zdravko Stor present the results of a retrospective study
of 1,153 patients with AA treated at their institution in a
2-year period. In a full 96.4% of them, a laparoscopic ap-
pendectomy (LA) was successfully performed. Through
analysis of their excellent results, the authors conclude
that LA is a safe and effective method, and as such it is the
standard of care for the treatment of AA.
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Sigmoid diverticulitis has increased in inci-
dence over the past few decades, becoming a
major healthcare burden for Western coun-
tries. Most cases undergo successful manage-
ment in an outpatient setting with oral anti-
biotics and temporary restrictions. Among
patients that must be hospitalized, some re-
quire surgical treatment. Bojan Krebs and
Ana Sumabh carried out a retrospective anal-
ysis of patients treated at their institution in
a 5-year period. Almost half of the patients
required surgical treatment. In two-thirds of
operated patients, a non-restorative resec-
tion had to be performed, which proves that
Hartman’s procedure is still a valid standard
of care treatment for Hinchey III and IV sig-
moid diverticulitis.

Surgical therapy should preserve mobility as
well as diminish the pain for patients suf-
fering from arthritis. Katja Semprimoznik
performed a retrospective review of patients
undergoing proximal row carpectomy at her
institution over a period of 3 years. Analyz-
ing one’s own results is very important, and
Semprimoznik demonstrated their surgical
treatment as a good salvage procedure for ar-
thritic wrists. Moreover, a review of the lit-
erature shows her institution’s results to be
comparable to those at other medical centers.

Tomaz Jagric presents a very interesting case
report of a patient with a non-ampullary du-
odenal neuroendocrine tumor that needed
salvage surgical resection after incomplete
endoscopic resection. The patient was suc-
cessfully treated with laparoscopic—endo-
scopic cooperative surgery, and the author
believes that this procedure will be estab-
lished as the treatment of choice for small
low-grade NETs as well as incompletely re-
sected NETs of the non-ampullary duode-
num.

Radiation enteritis is a significant complica-
tion in patients receiving external beam ra-
diotherapy (EBRT). The case report by Andrej
Omejc et al. describes a 15-year-old female
patient with skeletal metastases due to max-
illary rhabdomyosarcoma. They performed
a laparoscopic insertion of a tissue expander

into the lower pelvis, thereby displacing the
intestinal loops and thus crucially allowing
an EBRT. Not only was the patient’s initial
recovery uneventful and the silicon implant
removed easily after 6 weeks after EBRT, but
the oncologic treatment itself was also suc-
cessful. After a year of thorough follow-up,
the disease is still in remission. The authors
conclude that this method for displacing in-
testinal loops is effective, offers minimal
morbidity, and thus should always be consid-
ered as an option for excluding the intestine
from the pelvis.

Alja Mateli¢ and Katja Semprimoznik pres-
ent the case of a 4-year-old boy who suffered
an injury to his right leg. Despite appropri-
ate primary surgical treatment, the infection
caused a skin defect with an exposed calca-
neus bone, requiring a dermal matrix and a
split-thickness skin graft. The treatment was
successful, with both the aesthetic and func-
tional outcome satisfactory.

In conclusion, describing the protocol of their
new promising non-randomized study, Jan
Grosek assesses the possible clinical impli-
cations of lymphatic mapping in colon can-
cer, using near-infrared indocyanine-green
fluorescence imaging. This technology could
hypothetically not only guide surgeons to
adequate lymphadenectomy, but could even
possibly obviate the need for an extended re-
section on the one hand or be an indication
for it on the other. We sincerely hope you
enjoy reading these articles as much as we
did. Let us finish by encouraging you to con-
sider the journal Surgery and Surgical Endos-
copy for publishing your work.
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The Role of Minimally Invasive
Pancreatic Surgery

Hana Zavrtanik, AleS Tomazic¢

Department for Abdominal Surgery, University Medical Centre Ljubljana

CORRESPONDENCE

Prof. Ales Tomazi¢, MD, PhD
ales.tomazic@kclj.si
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REVIEW ARTICLE
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Abstract

Laparoscopic pancreatic resections have been shown to be fea-
sible and safe, with rising numbers being reported during the
last decade. Although laparoscopic distal pancreatectomy has
been widely adopted, laparoscopic pancreatoduodenectomy
has gained slower acceptance due to the complexity of the pro-
cedure. Comparisons with open surgery have shown shorter
hospital stays, reduced intraoperative blood loss, and similar
results in terms of oncological adequacy. Due to improved post-
operative recovery, a shorter median time to adjuvant chemo-
therapy and equal or even longer overall survival have been re-
ported for minimally invasive resections. However, these data
often represent experience from a single center or even a single
surgeon and may not be generally applicable. Moreover, several
studies have indicated that low patient volume leads to a longer
hospital stay and higher costs, and can negatively impact out-
comes. It has been shown that the expertise gained in laparo-
scopic and robotic procedures applied in other gastrointestinal
areas does not necessarily ensure good outcomes for pancreatic
resections. Pancreatic surgery, especially minimally invasive
surgery, is associated with a steep learning curve. Experience in
robot-assisted pancreatic surgery is increasing and is expected
to improve surgical safety, but reports are few, lack randomiza-
tion, and are mostly limited to dedicated centers. Importantly,
minimally invasive pancreatic surgery must be provided with
an advanced degree of expertise and should be performed in
referral centers able to guarantee key services. This article re-
views current literature regarding the value of minimally inva-
sive pancreatic surgery, pointing out its benefits, limitations,
and future prospects.
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Introduction

The central retroperitoneal location of the pancre-
as and its close proximity to other visceral organs
and major vascular structures makes pancreatic
surgery technically challenging. Although periop-
erative mortality after pancreatic resections has
decreased over the years, major morbidity still
remains high, reaching 20 to 40% even in expe-
rienced hands (1). Minimally invasive techniques
with their well-known advantages of providing
less trauma, reduced pain, and faster return to
daily activities have been increasingly applied to
pancreatic resections during the last decade with
the potential to improve postoperative recovery.
These improved perioperative outcomes could be
of great importance in patients with pancreat-
ic adenocarcinoma, for whom improved recovery
could mean earlier application of adjuvant thera-
py (2). However, concerns regarding the extensive
learning curve exist, with possible increased post-
operative morbidity during the implementation
phase (3). Since the first reports of laparoscopic
pancreatic resections in 1994, laparoscopic dis-
tal pancreatectomy (LDP) has been widely adopt-
ed and is now considered a treatment of choice,
mainly for benign and low-malignant lesions
in the distal pancreas (4, 5). On the other hand,
laparoscopic pancreatoduodenectomy (LPD) has
gained slower acceptance due to the complexity
of the procedure (6). Experience in robot-assisted
pancreatic surgery is increasing and is expected to
improve surgical safety (7).

This article reviews current literature regarding
the value of minimally invasive pancreatic surgery
for the treatment of benign and malignant pan-
creatic lesions, discussing different techniques,
their benefits, limitations, and future prospects.

Laparoscopic Distal
Pancreatectomy

Distal pancreatectomy involves resection of pan-
creatic tissue to the left of the superior mesenter-
ic vein—portal vein confluence. The first series of
LDPs were described for the treatment of chron-
ic pancreatitis (8). Because no anastomoses need
to be formed laparoscopically, this approach was
later widely adopted for benign, pre-malignant,

and malignant disease of the pancreatic body or
tail. Depending on the underlying disease process,
different resection techniques were implemented.
These were first described for an open approach
(9—11) and were later shown to be feasible for
minimally invasive surgery (12).

Spleen preservation is generally recommended
in the case of non-malignant pancreatic disease
(12—14) and can be achieved with splenic vessel
preservation (e.g., the Kimura technique) or with-
out (e.g., the Warshaw technique) (9, 10). During
a spleen-preserving distal pancreatectomy, short
gastric vessels and the left gastroepiploic artery
must be preserved. The Warshaw technique yields
a substantial success rate of splenic preservation
in the laparoscopic approach, but some series have
reported increased risk of spleen-related compli-
cations, such as perigastric varices, splenic infarc-
tion, secondary splenectomy, chronic abdominal
pain, and prolonged hospital stay when compared
to the Kimura technique (14—16).

In the case of malignant pancreatic disease, dis-
tal pancreatectomy should be extended to include
subsequent splenectomy and resection of lymph
nodes along the splenic artery, splenic hilum, and
inferior border of the pancreatic body and tail (17,
18). A radical approach termed radical antegrade
modular pancreatosplenectomy (RAMPS) was in-
troduced by Strasberg et al. (11). This technique
involves medial to lateral radical tumor resection
combined with extensive lymph node dissection
along the coeliac axis, common hepatic artery, and
the retroperitoneal region, including resection of
Gerota’s fascia (anterior RAMPS) and optional-
ly the left adrenal gland (posterior RAMPS) (12,
19). Posterior dissection is performed to a varying
depth according to the tumor growth in order to
achieve negative margins when the renal vessels,
kidney, or adrenal gland are involved.

Several retrospective observational studies, sys-
tematic reviews, and meta-analyses comparing
laparoscopic with open distal pancreatectomy
(ODP) showed better short-term outcomes after
laparoscopic resection with less blood loss, re-
duced length of hospital stay, and faster recovery.
Nevertheless, the minimally invasive approach
did not result in reduced postoperative morbidi-
ty, showing similar rates of overall complications
and postoperative pancreatic fistula (1, 20-24). A
higher rate of splenic preservation was reported
in patients undergoing LDP, which was suggested
to be due to easier dissection around the splenic
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vessels under the magnification of laparoscopy
(22-24).

Data on oncologic effectiveness (margin status,
lymph node retrieval, and overall survival) are less
often assessed because most reports comparing
LDP to ODP consider both benign and malignant
conditions (20, 23, 24). Laparoscopic distal pan-
createctomy is still used selectively by some sur-
geons who consider the presence of malignancy
to be a contraindication for laparoscopy (6). How-
ever, oncologic outcomes as measured by surro-
gate markers do not appear to be compromised.
Stauffer et al. observed higher lymph node harvest
in their laparoscopic group, although not reach-
ing statistical significance (24). In a comparative
analysis from the National Cancer Database, Shar-
pe et al. reported equivalent numbers of harvested
lymph nodes, but patients undergoing LDP were
less likely to have positive margins than patients
after ODP, after controlling for age, facility type,
tumor size, grade, stage, and neoadjuvant therapy

(25).

Because most studies come from high-volume
pancreatic centers, general application of their
results is questionable. Moreover, selection bias
may play a substantial role because more favora-
ble patients were generally selected for the lapa-
roscopic approach, causing overestimation of its
benefits. The need for confirmation of these find-
ings in a randomized controlled setting has been
well recognized.

A multicenter patient-blinded randomized con-
trolled trial was conducted by de Rooij et al., as-
sessing the time to functional recovery in patients
undergoing either open or minimally invasive
distal pancreatectomy for symptomatic benign,
premalignant, or malignant pancreatic disease
without vascular involvement (26). In total, 111
patients were randomized. Minimally invasive
distal pancreatectomy was associated with a 2-day
reduction in time to functional recovery and better
quality of life without increasing costs.

One of the study limitations is that only a minor-
ity of patients were treated for pancreatic ductal
adenocarcinoma, which impedes the evaluation of
oncologic outcomes. Previous studies showed that
margin-negative resection with adequate or im-
proved peripancreatic lymph node harvest is fea-
sible using the laparoscopic approach and that the
presence of malignancy should not contraindicate
its use (25, 27). The DIPLOMA (Distal Pancreatec-
tomy, Minimally Invasive or Open for Malignan-

cy) trial is currently ongoing and aims to compare
minimally invasive distal pancreatectomy to the
open approach regarding the radical resection rate
for pancreatic ductal adenocarcinoma in a multi-
center randomized setting (28).

Laparoscopic
Pancreatoduodenectomy

Pancreatoduodenectomy is performed for the
treatment of lesions of the pancreatic head and
periampullary region. Because it requires a de-
manding resection and reconstruction phase, it is
considered one of the most challenging operations
in gastrointestinal surgery (6). The complexity of
this procedure dramatically limited the use of the
minimally invasive approach, with questionable
benefits for patients. However, with the advance
of laparoscopic techniques and improved equip-
ment, the number of laparoscopic pancreatodu-
odenectomies (LPD) performed is continuously

rising (29, 30).

Different surgical approaches for minimally in-
vasive pancreatoduodenectomy have been im-
plemented. In the total laparoscopic approach,
both the resection and reconstruction phase are
performed intracorporeally, whereas in the lap-
aroscopic-assisted approach the resection phase
is done laparoscopically but the anastomoses are
performed through a small incision, which is also
used for specimen extraction (1). Moreover, ro-
botic assistance can be used to facilitate laparo-
scopic reconstruction after the total laparoscopic
approach (2).

In accordance with the biological rationale that
laparoscopic procedures decrease surgical trauma
and thus enhance postoperative recovery, several
studies have reported potential advantages of LPD
over the open approach in terms of blood loss,
transfusion requirements, and total hospital stay
(31—33). Although less delayed gastric emptying
and reduced rates of surgical site infections were
reported in some studies (2, 33—35), no difference
between the two approaches was generally seen in
overall postoperative morbidity and mortality (31,
36). However, some concerns have been raised be-
cause increased rates of postoperative pancreatic
fistula (35, 37, 38) and 30-day mortality (29, 30,
31, 39) were reported after LDP when compared
to open pancreatoduodenectomy (OPD), main-
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ly at low-volume centers. In their matched-co-
hort analysis, Dokmak et al. reported significantly
higher rates of clinically relevant (grade C) post-
operative pancreatic fistula after laparoscopic ver-
sus open resection (24% vs. 6% for LPD and OPD,
respectively) (37). Furthermore, a large National
Cancer Database study including more than 7,000
patients reported significantly higher postoper-
ative 30-day mortality for patients undergoing
LPD compared to those who underwent open re-
section (29). Although not statistically significant,
an inverse association of hospital case volume (=
10 minimally invasive pancreatoduodenectomies /
2 years) with 30-day mortality was observed. An
analysis of the same database found that LPD was
associated with more than twice the risk of mor-
tality compared with OPD (7.5% vs. 3.4% for LPD
and OPD, respectively) in hospitals performing <
10 LPDs / 2 years. In contrast, 30-day mortality in
hospitals performing > 10 LPDs did not differ be-
tween the laparoscopic and open approach (39).
These findings highlight that the introduction of
LPD should be supervised carefully and probably
only used in high-volume centers.

To confirm the results of previous studies in a
randomized controlled setting, three randomized
controlled trials comparing outcomes after LPD
vs. OPD have been conducted so far.

The PLOT and PADULAP single-center trials ran-
domized 32 and 66 patients, respectively, to un-
dergo either open or laparoscopic resection (40,
£41). The primary endpoint was the length of hos-
pital stay, which was significantly decreased in the
laparoscopic group in both studies (7 vs. 13 days
and 14 vs. 17 days). Reduced rates of overall com-
plications after LPD but similar pancreas-related
morbidity and overall mortality were reported in
the PADULAP trial. However, no difference with
regard to the aforementioned outcomes was found
between the two groups in the PLOT trial.

These findings are contrary to the recent LEOP-
ARD-2 trial—a multicenter, patient-blinded
randomized controlled trial comparing LPD to
OPD performed in a setting of trained surgeons
at specialized pancreatic centers (42). The trial
was prematurely terminated due to a potential-
ly higher 90-day mortality rate in the LPD group
(10% vs. 2%, p = 0.20). The authors included 99
patients (from an initially planned 136 patients)
and found no differences in time to functional re-
covery, postoperative complications, costs, and
quality of life. Similar to previous reports, includ-

ing the PLOT and PADULAP trials, LPD was as-
sociated with longer median operative times and
lower blood loss. In addition, major postoperative
complications and pancreas-specific complica-
tions were comparable between the two groups.
For comparison, reported mortality rates were 3%
versus 3% in the PLOT trial, and 0% versus 7% in
the PADULAP trial for laparoscopic and open re-
section, respectively.

Given that the majority of pancreatoduodenecto-
mies are performed for malignant or premalignant
lesions, adequate oncological resection remains
another key question. The results of several com-
parative studies showed equivalent oncologic out-
comes in terms of margin status and lymph node
yield in patients undergoing OPD vs. LPD for ad-
enocarcinoma. These data suggest that the mini-
mally invasive approach can be used outside of be-
nign indications for pancreatic resection (29, 30,
36, 37, 39). Croome et al. suggested a potential on-
cological advantage of minimally invasive pancre-
atoduodenectomy showing shorter median time
to adjuvant chemotherapy in LPD when compared
to OPD (2). Moreover, the proportion of patients
who did not receive adjuvant chemotherapy due to
poor functional status or complications was lower
after laparoscopic resection. Although there was
no significant difference in overall survival be-
tween the two groups, improved progression-free
survival was observed in the laparoscopic group.

Laparoscopic pancreatoduodenectomy has been
described for all indications, even locally advanced
malignant disease invading surrounding organs or
vascular structures (43). However, most large se-
ries exclude patients with very large tumors, vessel
infiltration, substantial preoperative comorbidi-
ty, a history of abdominal surgery, or a very high
BMI (36, 44). Despite a few studies demonstrating
favorable outcomes of laparoscopic resections,
these findings should be interpreted with caution
(31). For example, in their retrospective cohort
study, Kuesters et al. reported significantly high-
er tumor-free resection margins in their laparo-
scopic group (87% vs. 71%) (36). However, these
findings could be explained by selection criteria
for a laparoscopic approach as contraindications
for minimally invasive resection were clear signs
of vascular infiltration, borderline resectability of
the tumor, and previous abdominal surgeries.

The majority of studies focus on short-term sur-
rogates of oncologic outcome—namely, lymph
node yield and margin status—and the exact clin-

10
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ical relevance of these findings is yet to be deter-
mined. The quality of oncologic resection is best
shown by overall survival, but data on long-term
oncologic results are scant. In a systematic review
conducted by Kendrick et al. (31), only one study
was found that reported local recurrence rates
and overall survival (2). Conrad et al. performed
a propensity score weighting analysis to assess
long-term oncologic outcomes for patients with
adenocarcinoma undergoing LPD vs. OPD (44).
They reported 1-, 3-, and 5-year overall survival
rates of 82.5, 50, and 38.6% for LPD and 76, 44,
and 28% for OPD, but the difference did not reach
statistical significance. Similarly, Kuesters et al.
reported a non-significant trend toward improved
5-year survival in their laparoscopic group (20%
vs. 14% for the laparoscopic and open procedure,
respectively, p = 0.51) (36).

Based on the current literature, laparoscopic re-
section of pancreatic adenocarcinoma seems
to aim at improving patient-centered outcome
(quality of life) and not increasing overall survival.
Patient selection may be the most important factor
for optimizing the advantages of the laparoscop-
ic approach with this complex surgical procedure.
Tumor size seems to be less important than tumor
localization because portal or superior mesenteric
vein infiltration increases the risk of conversion
during the resection. These patients may thus not
benefit from the minimally invasive approach.

Robot-Assisted Pancreatic
Resections

The technical challenges of laparoscopic pancre-
atic resections have prompted the use of robotic
assistance, which was designed to overcome the
limitations of conventional laparoscopy. Robotic
platforms offer three-dimensional high-defini-
tion vision with extended degrees of freedom of
movement and improved ergonomics. This allows
steadier and more precise manipulation of tissues,
leading to potential benefits as compared to both
the laparoscopic and open approaches.

Several reports have confirmed the safety and
feasibility of the robotic approach, showing sim-
ilar advantages as with laparoscopic surgery when
compared to the open approach, such as less blood
loss and a shorter hospital stay with an equivalent
morbidity rate (45). On the other hand, robot-as-

sisted resections have been criticized due to longer
operative times, higher cost, and non-superiority
in oncologic outcomes (7).

Robot-Assisted Distal Pancreatectomy

For distal pancreatectomy, robotic assistance
was shown to be safe and feasible with equivalent
postoperative outcomes in terms of postopera-
tive morbidity, mortality, length of hospital stay,
and readmission rates when compared to con-
ventional laparoscopy (46—51). At the same time,
enhanced visualization and improved dexterity
provided by the robotic platform resulted in high-
er spleen preservation rates, decreased blood loss,
lower rates of conversion to open surgery, and im-
proved oncological radicality, as reported in some
studies (46, 48, 50, 51). However, because the
majority of studies are retrospective comparative
single-center case series with a relatively small
sample size prone to selection bias, it is still not
clear whether the robotic approach provides addi-
tional advantages for patients, particularly in cas-
es in which splenic preservation is not indicated.

Daouadi et al. (46) retrospectively compared 30
robot-assisted distal pancreatectomies (RDPs) to
94 LDPs and observed no conversions to open sur-
gery in the robotic arm (compared to 16% in the
laparoscopic group). This was observed despite
the fact that more complex cases were undertak-
en in the robotic cohort, including a significant-
ly greater proportion of patients with pancreatic
ductal adenocarcinoma and patients who had un-
dergone previous abdominal surgery. Moreover,
50% of the conversions in LDP were for pancre-
atic ductal adenocarcinoma and resulted in a 35%
margin-positive rate, suggesting that the lapa-
roscopic approach was inferior for this disease.
Conversely, a 100% RO resection margin rate was
reached with robotic assistance. Blood loss was
comparable between the two groups; however,
among patients in the top quartile of perioperative
blood loss, significantly lower blood loss was ob-
served in RDP (375 ml vs. 550 ml for RDP vs. LDP,
respectively), indicating improved control of ma-
jor hemorrhage.

Similarly, in their meta-analysis, Xu et al. (50)
showed a slight technical advantage of the robotic
approach, including conversion and splenic vessel
conservation rates. Although spleen preservation
rates were comparable between the two groups,
splenic vessel preservation was achieved more

11



s

October 2019

frequently in RDP. This is important because pres-
ervation of splenic vessels decreases the risk of
postoperative splenic infarction when compared
to splenic vessel ligation.

Despite these benefits, the significant cost of ro-
botic instrumentation combined with a longer op-
erative time makes it difficult to justify the use of
the robotic platform in the current healthcare envi-
ronment. However, the studies are inconclusive on
these two topics. Docking the robot and intraopera-
tive instrument exchange may extend the operation
time, but in a meta-analysis by Xu et al. (50) RDP
was not any more time-consuming. Furthermore,
Daouadi et al. (46) even observed significantly de-
creased operative times in the robotic group (293
vs. 371 minutes in RDP and LDP, respectively). This
was suggested to be due to better three-dimension-
al visualization and flexible motion of EndoWrist
instruments, allowing better performance in tissue
manipulation and thereby easier and faster pan-
creas and spleen mobilization as well as vascular
control. Robotic assistance was generally associat-
ed with an approximately two-fold increase in cost
when compared to conventional laparoscopy (47,
49, 50). However, in view of promising oncologic
results and other benefits, this approach should not
be abandoned, as suggested by Souche et al. in their
cost-effectiveness analysis (49). Easier access and
cost reduction of this technology is expected in the
future, thereby possibly expanding the field of ro-
botic approach to more complex corporeal or distal
pancreatic lesions, which have so far been treated
with open surgery.

Robot-Assisted Pancreatoduodenectomy

Considering pancreatoduodenectomy, the advan-
tages of the robotic platform mentioned above
could aid in lymph node harvesting, the Kocher
maneuver, dissection of hepatic hilum structures,
duodenal mobilization, and fine dissection of the
portal vein and superior mesenteric artery. Fur-
thermore, in the reconstruction phase of the pro-
cedure, the three-dimensional view, improved
degree of movement, and elimination of hand
tremor and fulcrum effect of rigid laparoscopic
instruments proved to be extremely useful when
performing anastomosis, especially pancreato-
and hepaticojejunostomy. However, due to a lack
of evidence-based quality data, the true benefit of
the robotic approach for this operation remains to
be demonstrated.

Several reports have shown promising results,
comparable to and at times better (in conversion
rate and hospital stay) than conventional laparos-
copy and open surgery.

When compared to OPD, robotic assistance was
associated with decreased blood loss and a shorter
hospital stay but similar morbidity and mortali-
ty rates (46-52). Cai et al. analyzed single-center
outcomes of 865 consecutive open and robotic
pancreatoduodenectomies (RPD) performed by
surgeons well beyond their learning curve for both
open and robot-assisted pancreatic surgery. They
found statistically lower rates of clinically rele-
vant pancreatic fistula in the robot group (15.8%
VS. 5.7%, p < 0.001) (56). Moreover, a higher num-
ber of lymph nodes harvested and Ro resection
rate was achieved in RPD (53, 54). Although tumor
size did not differ between the two approaches,
more favorable lesions tend to be operated on in a
minimally invasive fashion, which highlights the
importance of proper patient selection to obtain
favorable outcomes. Watkins et al. (57) conduct-
ed a study among five high-volume pancreatic
centers during the period of implementation of
RPD, including a maximum of 20 cases at any site
in order to quantify the immediate risk of adopt-
ing this new approach. Except for longer operative
times, all other outcomes were equivalent to open
surgery as reported in the literature, even during
the early phase of adoption.

Robot-assisted pancreatoduodenectomy appears
to offer some advantages compared to convention-
al laparoscopic surgery, although data compar-
ing these two approaches are scant. Even though
dexterity is improved by the robotic approach,
no reduction in postoperative complications can
presently be demonstrated compared to LPD. Ret-
rospective comparative study of LPD and RPD per-
formed by Liu et al. showed significantly shorter
operative time, hospital stay, and less blood loss in
the robot-assisted group whereas no significant
difference was observed between the two groups
in terms of overall complication and mortality
rates (58). Nassour et al. abstracted 235 LPDs and
193 RPDs from the National Surgical Quality Im-
provement Program database and found no dif-
ference in operative time, reoperation rate, length
of hospital stay, 30-day mortality, and overall
and major morbidity between the two approach-
es (59). However, RPD showed the advantage of
a lower conversion rate (11.4% vs. 26.0% for RPD
and LPD, respectively). Interestingly, in a system-
atic review and network meta-analysis comparing

12



October 2019

s

different minimally invasive pancreatoduodenec-
tomy techniques, Ricci et al. showed the total ro-
botic approach to have the best safety/efficacy ra-
tio of all minimally invasive techniques, being the
best choice in terms of overall complication rates,
reoperation rates, mean harvested lymph nodes,
and margin-negative resection rates (60). Both
laparoscopic approaches (total laparoscopic and
with hand-assisted reconstruction phase) seemed
to be inferior to the robotic and open procedures in
their analysis.

Nevertheless, data presently available in the liter-
ature do not support the use of robotic assistance
for pancreatoduodenectomy compared to the lap-
aroscopic or open approach. The reason for this
might be the low number of reported cases. Ac-
cording to Zureikat et al. (61), real advantages in
terms of operative time, postoperative morbidity,
and oncological results were shown after 80 pan-
creatoduodenectomies, which was not attained in
most of the published series. Therefore, satisfying
results could potentially be achieved after a wider
spread of robotic pancreatic surgery, with a longer
follow-up as well as prospective randomized
studies for patients undergoing RPD for pancreat-
ic cancer.

Learning Curve

Thelearning curve of minimally invasive pancreatic
surgery is an important barrier to its implementa-
tion. As mentioned before, surgical safety has been
a problem in hospitals with low patient volume (<
10 procedures per year), reporting increased post-
operative pancreatic fistula and mortality rates af-
ter LPD when compared to the open approach (29).
Due to the high specificity of pancreatic surgery,
expertise gained in laparoscopic and robotic pro-
cedures in other gastrointestinal areas does not
ensure good outcomes after pancreatic resections.
The learning curve of minimally invasive pancreat-
ic surgery depends on the surgeon’s experience in
open pancreatic resections and advanced gastro-
intestinal laparoscopy as well as the intensity and
quality of laparoscopic training.

The most common indicators of the learning curve
reported in the literature are decrease in operative
time, estimated blood loss, and conversion rates
(62—67). As progress is made along the learning
curve, surgical complexity is increased without

worsening operative outcomes. The number of
procedures needed to overcome the learning curve
for minimally invasive pancreatic resections dif-
fers among the studies.

Laparoscopic Distal Pancreatectomy

For laparoscopic distal pancreatectomy, a cutoff
of 10 procedures has been suggested to complete
the learning curve (62). In most series, a reduction
in operative time and conversion rate was report-
ed after 10 to 20 procedures among surgeons with
extensive experience in pancreatic surgery and ad-
vanced laparoscopic techniques treating patients
at a tertiary pancreatic center (63—67). However,
de Rooij et al. (68) warned against the traditional
parameters that are used to describe the impact of
the surgical learning curve, suggesting that other
data (postoperative morbidity, mortality, hospital
stay, and readmission rates) are needed to assess
the various parts of surgical proficiency gain. In
their series of 111 laparoscopic distal pancreatec-
tomies, the authors reported no change in opera-
tive time or blood loss throughout the observation
period, although surgical complexity increased. As
experience was gained, more aggressive and com-
plex tumors (pancreatic ductal adenocarcinomas
and T3/T4 pancreatic tumors requiring multivis-
ceral resection) were undertaken.

Robot-Assisted Distal Pancreatectomy

Similar to the laparoscopic technique, Napoli et al.
showed a clear reduction in operative time after
the first 10 RDPs, despite increasing rates of ma-
lignant histology (69). However, another report
identified the learning curve of RDP to be approxi-
mately 40 cases, observing a significant reduction
in operative time and 90-day readmission rate
(70). Although non-significant, reduction in clin-
ically significant grade B or C fistulae incidence
and major postoperative complication rates was
additionally observed after 40 cases. The surgi-
cal team comprised three surgeons with extensive
prior experience in open and laparoscopic pan-
creatic surgery but minimal experience with the
robotic platform. Thus, basic familiarity with the
platform, including optimal port placement, ro-
botic docking, and an initial rapid improvement in
dissection skills, was needed first, thereby proba-
bly prolonging the actual learning curve.

13



s

October 2019

Laparoscopic Pancreatoduodenectomy

The learning curve for LPD has been estimated to
be between 30 and 80 procedures (62). Nagawaka
et al. showed stabilization of operative times and
blood loss after 30 cases (71). Similarly, Kim et al.
performed an analysis of 100 LPDs and reported
that the total operation time decreased signifi-
cantly when comparing their initial 33 cases (9.8
hours) to the last 34 cases (6.6 hours) (72). In ad-
dition, a decrease in complication rate and mean
hospital stay was also observed. Wang et al. con-
cluded that a minimum of 40 cases are required
for a laparoscopic surgeon with a certain degree of
experience to attain technical competence in LPD
(73). A hybrid approach was suggested to be per-
formed during the initial experience of LPD to en-
sure safe and efficient implementation of the total
laparoscopic approach (74). This advice allows de-
velopment of proficiency in laparoscopic dissec-
tion, which can then be applied to reconstruction
and anastomoses with less challenge. The authors
reported reduced operative times after 10 proce-
dures, and significantly lower operative time and
estimated blood loss when compared to the tradi-
tional open approach were observed after 50 pro-
cedures.

Robot-Assisted Pancreatoduodenectomy

Robot-assisted pancreatoduodenectomy could be
expected to have a shorter learning curve when
compared to LPD due to enhanced dexterity. How-
ever, robotic surgery is associated with unique
struggles such as complete loss of haptic feedback
and lack of direct visual control over instrument
position, which require adaptation and careful
team cooperation (75). Napoli et al. showed a de-
crease in operative time after 33 RPDs, but they
suggested that the number of operations could
vary based on individual surgeon and institution-
al experience (76). Similarly, Zhang et al. reported
completion of a learning curve after 40 procedures
(77). Boone et al. analyzed 200 cases, showing
that the learning curve needed to attain profi-
ciency in RPD was approximately 80 procedures
(78). In their series, conversion rate to open sur-
gery and estimated blood loss improved after 20
procedures, decrease in pancreatic fistula was ob-
served after 40 procedures, but overall efficiency,
as measured by operative time, took longer: up to
80 procedures. However, this might not be attrib-

utable solely to the learning curve of the attend-
ing surgeon because trainees played an increasing
role throughout the experience and were given re-
sponsibility for key portions of the procedure.

Minimally Invasive Training Paradigms

Learning curve identification is clearly important
in order to evaluate quality and patient safety dur-
ing implementation of new surgical procedures as
well as to guide surgical training.

Minimally invasive pancreatic surgery is asso-
ciated with a long learning curve. Given the low
number of pancreatic resections in most centers,
surpassing the learning curve of open surgery,
let alone minimally invasive pancreatic surgery,
remains a challenge during traditional training
paradigms. Therefore, complete centralization of
these procedures at centers of excellence as well
as evidence-based structured implementation
programs with deliberate training are needed to
prevent increased morbidity and mortality (3).
One example is the nationwide deliberate train-
ing program LAELAPS (Longitudinal Assessment
and Realization of Minimally Invasive Pancreatic
Surgery) initiated by the Dutch Pancreatic Can-
cer Group in order to safely implement minimally
invasive pancreatic surgery in the Netherlands. It
includes standardized detailed technique descrip-
tion, video training, and proctorship in minimally
invasive distal pancreatectomy and pancreatodu-
odenectomy (79, 80). After training introduction
in 2014, a significant increase in the use of mini-
mally invasive pancreatic surgery with improved
patient outcomes was observed. Of the 91 hospi-
tals in the Netherlands, pancreatic surgery is cur-
rently centralized at 17 hospitals, which all per-
form a minimum of 20 pancreatoduodenectomies
annually.

Conclusion

Pancreatic resections are complexand highlymor-
bid procedures with long learning curves. Reports
from high-volume centers provide important data
on the benefits of minimally invasive pancreatic
surgery when performed in an ideal setting, such
as reduced blood loss, reduced length of hospital
stay, and equivalent short-term morbidity and
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mortality. Currently, enough evidence appears in
the literature to postulate that LDP should play
a more standard role, with open surgery being
preferred only in cases of significant chronic in-
flammation or a large lesion in direct proximity
to the coeliac truncus. However, data on LPD are
less convincing. Safe adoption of these complex
procedures requires adequate training involving
a standardized approach and proctorship as well
as comparative measurements of results. Central-
ization of pancreatic surgery at specialized clinics
that allow technical development and guarantee
all key services is crucial.
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Abstract

Background. Proximal row carpectomy is a salvage procedure
for arthritic wrists. According to the published literature, the
operation preserves mobility and diminishes pain. We compare
the outcomes of patients who were operated on at our depart-
ment to postoperative outcomes published in the literature.

Methods. A retrospective review of patients undergoing proxi-
mal row carpectomy in our hospital in the last 3 years was per-
formed. All the patients were invited for a follow-up. At the fol-
low-up visit, the movement and strength of both wrists were
measured. The patients also completed a short questionnaire.
Pre- and postoperative measurements on the operated and
un-operated wrist were compared. A literature search regard-
ing proximal row carpectomy was performed.

Results. Mobility of the operated wrist before and after opera-
tion, grip strength before and after operation, mobility of the
operated and unoperated wrist, and grip strength of the oper-
ated and unoperated hand were compared. After the surgery,
dorsal flexion, volar flexion, ulnar deviation, radial deviation,
and active range of motion were 128%, 90%, 97%, 88%, and
97% of the preoperative value, respectively. On average, spher-
ical grip strength was 71% of the preoperative measurements,
and cylindrical grip strength was 83% of the preoperative val-
ue. Patients achieved 77% of the preoperative grip strength
and 66% preoperative finger strength. For the patients whose
non-dominant hand was operated on, dorsal flexion and volar
flexion were 75% and 66% of the unoperated hand, respective-
ly. Patients whose dominant hand was operated on had dorsal
flexion, volar flexion, and ulnar and radial deviation of 57%,
58%, 66%, and 46% of the contralateral side, respectively. On
average, power grip and finger strength were 56% and 80% of
the unoperated hand, respectively.

Conclusion. Proximal row carpectomy successfully diminishes
pain and preserves mobility in patients with partial wrist ar-
throsis. Postoperative results in our hospital are comparable to
those at other medical centers.
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Introduction

Arthrosis of the wrist is a chronic condition caus-
ing limited mobility of the hand, pain, and there-
fore problems at work and in everyday life. There
are several different operative procedures to al-
leviate the pain, some retaining the mobility of
the wrist, and some diminishing it. The treatment
varies from radial styloidectomy when only the
distal scaphoradial joint is affected to complex
procedures when arthrosis has progressed to the
proximal pole of the scaphoid or other wrist artic-
ulations. Treatment options are extensive dener-
vation of the wrist (1), total wrist arthrodesis (2),
excision of the affected scaphoid and intercarpal
arthrodesis (3, 4), or proximal row carpectomy
(PRC) (5). Each option is appropriate for selected
patients.

In recent years, several reports have described the
use of PRC for the treatment of acute wrist inju-
ries, such as in hand replantation, open wrist in-
jury with significant bone loss or articular surface
damage, and irreducible or unsuccessfully recon-
structed perilunate injuries (6). Various authors
have reported good results after PRC, mostly com-
paring operated and unoperated hands.

In this study, postoperative results of patients
who underwent PRC at the Department of Recon-
structive, Plastic, and Hand Surgery at Celje Gen-
eral Hospital were analyzed comparing unoperat-
ed and operated wrists. In addition, the status of
the wrist before and after the surgery were also
compared, postulating that, because arthrosis is
a chronic condition, improvement of the mobility
and strength of the arthritic wrist is achieved with
surgery, which cannot be confirmed by comparing
solely unoperated and operated hands. A literature
search was performed, and our results were com-
pared to those in the literature.

Methods

Aretrospective analysis of patients who underwent
PRC at the Department of Reconstructive, Plastic,
and Hand Surgery at Celje General Hospital from
January 2010 to December 2012 was performed. All
patients were invited for a follow-up. During the
follow-up, the patients underwent measurements
of the mobility of both wrists and strength meas-
urements of both hands. The patients also com-

pleted a short questionnaire about their level and
frequency of pain, problems at work, leisure activ-
ities, and everyday life—all questions comparing
status before and after the operation. Measure-
ments of the mobility and strength of the operated
wrist and hand before and after the operation were
compared.

Results

Twenty-two patients underwent PRC in a 2-year
period. Eleven patients had scaphoid non-union
with local arthrosis or scaphoid non-union ad-
vanced collapse (SNAC), three patients were di-
agnosed with arthrosis, three patients had acute
perilunate dislocation, one patient had chronic
scapholunate dissociation, and four were treated
with PRC because of an unsuccessful previous op-
eration. The average age at the time of operation
was 40 years (range 18-75 years). All patients had
an X-ray preoperatively, twelve had CT, and five of
them also had MRI. Only MRI was performed in five
patients. Half of the patients had preoperative range
of movement and strength measurements done.

Thirteen patients responded to our request for
evaluation of the wrist for this study, two of them
had only partly completed strength and mobility
measurements (acute injury of the other hand),
and two more completed a short questionnaire.
Seven of the responding patients were treated be-
cause of scaphoid non-union, two were treated for
partial arthrosis of the wrist, three were treated
after previous unsuccessful operation (scaphoid
fracture and scapholunate ligament reconstruc-
tion), one had chronic scapholunate dissociation,
and two were treated for perilunate dislocation.
Eight patients were treated on the non-dominant
hand and five on the dominant hand. The average
age of the responding patients was 36 years at the
time of the operation (range 18—62 years).

At a follow-up visit, on average 19.9 months
(range 9-35 months) postoperatively, mobility
and grip strength of both wrists and hands were
measured. Patients also answered questions about
pain in the wrist, work, and everyday life limita-
tions. The mobility of the operated wrist before
and after operation, grip strength before and after
operation, mobility of the operated and unoper-
ated wrist, and grip strength of the operated and
unoperated hand were compared.
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Measurements of mobility of the operated wrist
are shown in Table 1. Seven of the operated pa-
tients who responded to the request for follow-up
had preoperative measurements done. Mobility
measurements of the operated wrist before and
after operation showed improved dorsal flexion in
three patients (176% of the preoperative mobili-
ty). An unchanged range of motion was detected
in one patient, and a diminished range of motion
was shown in three patients (80% of the preop-
erative). On average, postoperative dorsal flexion
was 128% of the preoperative value. Volar flexion
improved in two patients (122% of the preoper-
ative), remained unchanged in two patients, and
was diminished in three patients (63% of the pre-
operative). On average, volar flexion was 90% of
the preoperative value. Ulnar deviation was mostly
diminished (76% of the preoperative), unchanged
in one patient, and improved in one, on average
97% of the preoperative value. Radial deviation
was diminished to zero degrees in two patients,
50% of the preoperative value in one patient, un-
changed in one patient, and improved in three
patients (156% of the preoperative); on average it
was 88% of the preoperative measurements. Ac-
tive range of motion (AROM) from volar to dorsal
flexion was diminished in three patients (82% of
the preoperative), unchanged in two patients, and
improved in two patients (117% of the preopera-
tive). Preoperative AROM was 76 degrees, and af-
ter operation it was 73 degrees. On average, it was
97% of the preoperative AROM.

Strength measurements before and after the op-
eration are shown in Table 2. Spherical and cylin-

der strength are different modes of grip strength,
and lateral and pulp to pulp pinch are different
modes of finger fine movement grip. Strength
measurements showed some patients retaining or
even improving preoperative power grip strength.
On average, spherical grip strength was 71% of
the preoperative measurements, and cylindrical
grip strength was 83% of the preoperative value.
Patients achieved 77% of the preoperative grip
strength. Finger strength was also improved in
some patients; however, the values reached on
average 66% of the strength before the operation
(range 0—150% of the preoperative value).

Next, we compared the mobility of the operat-
ed and contralateral hand. The results are shown
in Table 3. The first half of the table (nos. 1—7)
are patients operated on the nondominant hand.
One patient (no. 3) was found with better mobil -
ity of the operated hand; this patient had bilat-
eral scaphoid non-union, was operated on the
non-dominant hand, and is now awaiting PRC
of the other wrist. Dorsal flexion was diminished
to 75% of the contralateral unoperated wrist and
volar flexion was diminished to 66%. Half of the
patients were found with better or the same ul-
nar deviation compared to the contralateral side,
and half had on average 55% ulnar deviation of
the contralateral side. Radial deviation was the
same or improved in half of the patients, two had
no radial deviation, and two had diminished ra-
dial deviation (at 37%) of the contralateral side.
The active range of motion was 141 degrees in the
unoperated wrist and 81 degrees in the operat-
ed wrist, or 61% of the contralateral unoperated

Table 1. Measurements of motion of the operated wrist before and after proximal row carpectomy.
No. = patient number, Pr = preoperative (°), Po = postoperative (°), AROM = active range of motion.

Dorsal Volar
flexion flexion
No

Ulnar
deviation

AROM

Radial
deviation

| e o
55| 45| 81

| Pr | Po | % | | Pr|Po| % | | Br|Po % ﬂﬂ-
50| 50| 100 35/ 30| 85 10 5/ 50

1

2 10| 25| 250 40| 25| 55 15| 10| 66 5 0 0 50| 50| 100
3 35| 45| 128 40| 30| 75 30| 25| 83 10 5| 200 75| 75| 100
4 45| 40| 88 40| 40| 100 10| 20| 200 10| 15| 150 85| 80| 94
5 35| 25| 71 50 30| 60 15| 15| 100 10 0 0 85| 55| 64
6 40| 40| 100 30| 40| 133 15| 10| 66 5 5[ 100 70| 80| 114
7 20| 30| 150 45| 50| 111 30| 25| 83 25 30| 120 65| 80| 120
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Table 2. Strength measurements before and after proximal row carpectomy.
No. = patient number, Pr = preoperative, Po = postoperative.
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Power grip,

Power grip,
cylinder (kg)

Lateral pinch
((39)

Pulp to pulp
pinch, thumb
to index, 2 kg

Pulp to pulp
pinch, thumb
to index, 3 kg

Pulp to pulp
pinch, thumb
to little finger

spherical (bar)

(kg) (kg) (kg)
| Pr | Po | % || Pr | Po % || Pr ) Po| % || Pr | Po) % || Pr | Bo) % || Pr )P0 %
1 0.7/ 03| 42|| 40| 30| 75 11| 11| 100|| 6.5 6.5 100|| 3.5/ 2.5/ 71|| 0.7| 05| T
2 0.4| 05| 125|| 20| 5| 25/| 25[/0.75| 30 2| ol o 2| ol of| 15/ o] o
3 01| o] of| 20 15 75|| 4.5|175| 38 2| 2| 100 1/0.75| 75|| 15| o o0
4 1| 0.9/ 90 58| 58| 100 11| 10| 90|| 55| 6.5 84 2| 3.5| 57 2| 3.5/ 57
5 0.4| 0.4| 100 35| 50| 142 5 8| 160 3 2| 66| 2.5 2| 80 1| 15| 150

wrist without counting the patient whose mobility
was better because of bilateral involvement of the
wrist. Patients whose dominant hand was operat-
ed on had dorsal flexion 57%, volar flexion 58%,
ulnar deviation 66%, and radial deviation 46% of
the contralateral side. The active range of motion
was 55% of the contralateral side, on average 78
degrees compared to 134 degrees of the unoperat-
ed side. The average dorsal flexion was 68%, volar
flexion 63%, ulnar deviation 80%, radial deviation
54%, and AROM 79 degrees, 64% of the contralat-

eral side. There was no significant difference in
patients whose dominant or non-dominant hand
was operated on when comparing the mobility of
the wrist with the contralateral side.

Strength measurements comparing operated and
unoperated hands are shown in Table 4. On aver-
age, power grip was diminished and was 56% of
the unoperated hand. Finger strength was 80% of
the unoperated hand. Because power grip strength
was lower than published in different articles, we

Table 3. Measurements of motion after proximal row carpectomy of operated and unoperated wrist.
No. = patient number, Op = operated wrist (°), No = unoperated wrist (°), AROM = active range of motion.

Dorsal Volar

Ulnar

Radial AROM

flexion flexion deviation deviation
vo.op T o [ | | op [ o [ % | Lop | o] | op [0 ] | Jon [ o] e
1 45| 80| 56 50 70| 71 30| 30| 100 5/ 20| 25 95| 150| 63
2 25| 50| 50 25 60| 41 10| 30| 33 o| 15 0 50| 110| 45
3 45| 30| 150 30( 30| 100 20| 15| 133 15| 10| 150 75| 60| 125
4 40| 70| 57 35| 75| 46 15| 30| 50 0| 20 0 75| 145| 51
5 30| 45| 66 40| 50| 80 20| 15| 133 10| 10| 100 70| 95| 73
6 70| 70| 100 60| 80| 75 30( 30| 100 20| 20| 100 130| 150| 86
7 35| 70| 50 35| 65| 53 25| 30| 83 10 20| 50 70| 135/ 51
8 30| 70| 42 50 80| 62 25/ 30| 83 5 20| 25 80| 150| 40
9 55| 65| 84 35| 75| 46 20| 30| 66 15| 20| 75 90| 140| 64
10 25| 60| 41 30, 60| 50 15| 30| 50 0| 20 0 55| 120| 45
11 45| 70| 64 40| 60| 66 30| 30| 100 20| 20| 100 85| 130| 65
12 40| 70| 57 40| 60| 66 10| 30| 33 5/ 15| 33 80| 130 61
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Table 4. Strength measurements after proximal row carpectomy, operated and unoperated hand.
No. = patient number, Op = operated wrist, No = unoperated wrist.

Power grip, Power grip, Lateral pinch Pulp to pulp Pulp to pulp Pulp to pulp
spherical (bar) | | cylinder (kg) (kg) pinch, thumb | | pinch, thumb || pinch, thumb
toindex, 2 kg || to index, 3kg | | to little finger
(kg) (kg) (kg)
MIIMIIMIIMIIMIIMI
1 0.18 10.5 5.25 3.25 0.15
2 0.38| 13| 29 30 68 L4 11 13| 84 6.5 9 72 2.5 3 83 0.5 1| 50
3 0.05 1 5 5 48 10(|0.75| 4.5| 16 0.5 Ll 12 0| 2.75 0 0| 15
A 0| 0.2 0 15| 25| 60| | 175 3| 58 2 2| 100| | 0.75| 1.75| 42 0| 1.75
5 0.4 1| 25| 40| 54| 74|| 10| 13| 76 6| 9| 66 4| 5/ 80 1 3] 33
6 0.3/0.94| 31|| 30| 46| 65|| 55| 10| 55 5/ 6| 83 2| 4| 50 1| 15| 66
7 0.9| 14| 64|| 58 80| 72|| 10/ 11| 90|| 6.5(6.75| 96|| 3.5/ 3.5/ 100||1.25| 15| 83
8 0.58 1| 58 50( 50| 100 7.5 8.5| 88 5.5 4| 137 2.5 2| 125 1/ 0.25( 400
9 0.4| 0.5 80 50| 48| 104 8| 10| 80 2| 15[ 133 2 2| 100 1 1| 100
10 |0.68| 0.7| 97 32| 32| 100 6.5|5.75| 113||3.75| 3.5| 107||3.25| 3.5| 92|| 1.25| 1.75 71
1 |0.65| 11| 59 50| 54| 92 9| 8.5| 105 5/ 5.5 90 3(2.75( 109 1| 15| 66

separated operated patients into non-dominant
hand (nos. 1—6) and dominant hand (nos. 7—11).
Patients whose non-dominant hand was oper-
ated on showed highly diminished grip strength:
spherical 18%, cylindrical 50%, on average 34%
of the contralateral. Finger strength was 53% of
the unoperated dominant hand. Patients whose
dominant hand was operated on showed greater
remaining strength: average spherical 71%, cylin-
drical 93%, average both strengths together 82%
of the contralateral hand. Fine touch strength was
greater in most patients, on average 114% of the
unoperated non-dominant hand.

We asked the patients about subjective feelings,
everyday life, and pain before and after the oper-
ation rated on a scale from 0 (no pain) to 10 (most
excruciating pain imaginable). As expected, both
patients with perilunate luxation had no pain
prior to the operation but reported experiencing
pain of level 2 and up to level 7 after the opera-
tion. One patient described pain as being present
during certain movement, and the other felt pain
when loading the wrist. The patient who felt pain
up to level 7 is now unemployed, partly because of
problems with his hand and partly because of oth-
er health issues. He also complained of having a lot
of problems in everyday life. The other patient was

unemployed before the accident; now he has a job,
he is still active in all his leisure activities (moto-
cross and playing musical instruments), and he
has no problems in everyday life.

Patients with arthritic changes rated the pain be-
fore the operation on average as 8 (range 3-10),
the pain being present every day without trigger-
ing activity. After the operation, patients rated
pain on average as 3 (range 0—6), the pain being
present only while loading the hand or during cer-
tain movements. Nine patients changed jobs after
the operation. Two patients were regularly retired,
one patient got a job (was unemployed before the
operation), one patient was promoted, and one
patient had minor problems with the operated
hand but changed work due to other health prob-
lems. Four patients had to change their job because
of less strength and occasional pain (two worked
as roofers and are now limited at work because of
a height hazard; one worked as a driver who was
also responsible for unloading, and one was work-
ing on a conveyor belt; both are now employed as
dispatchers). One patient lost his job partly be-
cause of his hand impairment and partly because
of other injuries (falling from a height). Patients
mostly do the same leisure activities as they did
before the operation; only one patient changed the
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sports he engaged in during his leisure time. Four
patients partly changed their leisure activities
(a different position while playing soccer, lower
weights while exercising at the gym, more caution
while doing the same sport as before), and others
had no change (doing some kind of sports, playing
musical instruments, gardening, and doing work
outside the house). Nine patients had no problems
in everyday life, three had minor problems, two
had moderate problems, and one had severe prob-
lems mostly because he was not able to work as he
did before the operation.

Literature Review

Various authors have reported their results with
PRC for both arthritic and traumatic wrists. Im-
briglia (5) reported improvement of the flex-
ion-extension arc from 65 to 84 degrees postop-
eratively, average ulnar deviation 23 degrees, loss
of radial deviation, and grip strength 80% (range
50—90%) of preoperative. Of 26 patients, three
patients, all heavy manual workers, were unable
to return to their previous occupation. At the fol-
low-up 10 years after the operation, 12 patients
developed signs of arthritic changes in the radio-
capitate joint, and all were asymptomatic.

Another review of PRC (6) included 22 wrists with
an average follow-up of 14 years. There were four
failures requiring fusion at an average of 7 years.
All four failures occurred in patients who were 35
years of age or less at the time of the operation. The
remaining wrists had an average flexion-exten-
sion arc of 72 degrees, associated with an average
grip strength of 91% of that on the contralateral
side. The remaining 14 patients that did not ex-
perience failure were very satisfied. The patients
rated nine wrists as not painful, four as mildly
painful, five as moderately painful, and none as
severely painful.

A retrospective study with a minimum 15-year
follow up described long-term outcomes of PRC
(7). Sixty-one patients who were operated on from
1967 to 1992 were included. All patients had wrist
arthritis and underwent PRC. Average follow-up
was 19.8 years. Postoperative range of motion and
grip strength remained stable over time. X-ray re-
vealed narrowing and arthritic changes in the ra-
diocapitate joint. Most patients complained about
wrist pain and took pain medication daily. Seven-

ty-four percent of the patients were not satisfied
with the results of their surgery. Twelve patients
underwent wrist arthrodesis. Manual laborers
with heavy demands were not able to return to
their previous jobs. The authors recommended al-
ternative treatments for patients with heavy de-
manding jobs and younger patients.

Wall et al. (8) reviewed the results of PRC in 17
wrists (16 patients) with a minimum follow-up of
20 years. Eleven wrists (65%) underwent no fur-
ther surgery. The remaining six wrists underwent
a second procedure, radiocarpal arthrodesis, and
the average time to the second procedure was 11
years (range 8 months to 20 years). Ten of the 11
patients were satisfied after the operation, with
a minimal decrease in motion and grip strength
compared with the uninvolved side. The flex-
ion-extension arc was 68°, and grip strength was
72% of the contralateral side. All patients returned
to their original employment. There was no corre-
lation between degenerative radiographic changes
and satisfaction level. The predicted probability of
failure revealed a higher risk in patients who un-
derwent PRC at a younger age, which leveled off at
age 40. The authors did not exclude younger pa-
tients from PRC in the future but suggested appro-
priate preoperative counseling.

Della Santa et al. (9) compared six patients with
acute (up to 21 days after the injury) perilunate
injuries and six patients with chronic conditions
and an elective procedure. All twelve patients un-
derwent PRC. Follow-up was 3 years. Patients with
acute injuries were all satisfied with the results
of the surgery, having 54% of the mobility of the
contralateral hand and grip strength at 71% of the
other hand. At follow-up, two patients developed
radiocapitate degenerative changes (both also had
a distal radius fracture at the time of the injury).
In the elective group, half of the patients were not
satisfied with the results, having mobility at 66%
and strength at 59% of the other hand. Five pa-
tients developed degenerative changes in the ra-
diocapitate joint.

Comparison of PRC and midcarpal arthrodesis for
the treatment of SNAC and scapholunate advanced
collapse (SLAC) in stage II (13) showed similar re-
sults after both procedures, with flexion/exten-
sion AROM postoperatively at 61 degrees in mid-
carpal arthrodesis and at 75 degrees in PRC. Pain
relief was better in PRC, and higher grip strength
was found in the midcarpal arthrodesis group. The
rate of complications was similar in both groups.
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Comparison of PRC and four-corner fusion for
SLAC or SNAC wrist was performed in a systematic
review of outcomes of 52 articles on this topic (14).
More complications were shown after four-cor-
ner fusion (non-union, hardware issues, and dor-
sal impingement), whereas PRC provided a better
postoperative range of movement but higher rate
of subsequent osteoarthritis, the majority being
asymptomatic. Grip strength, pain relief, and sub-
jective outcomes were similar.

Authors report flexion-extension AROM being 68
to 84 degrees on operated wrists, or 63% of the
contralateral side, with only one article describing
it as being minimally decreased compared to the
unoperated side. Measurements of AROM postop-
eratively showed 79 degrees of flexion-extension
arc, on average 64% of the contralateral unoper-
ated hand. Comparing only patients with preoper-
ative and postoperative measurements of AROM,
preoperative AROM was 76 degrees, and after op-
eration it was 73 degrees. On average it was 97% of
the preoperative AROM.

Grip strength also diminished in all studies,
reaching 72 to 80% of the unoperated hand. Our
research showed highly diminished strength in
patients whose non-dominant hand was operated
on, reaching 34% of the unoperated hand. The pa-
tient whose dominant hand was operated on had

a grip strength of 82% of the unoperated hand.
Postoperative grip strength was on average 77%
of the preoperative value.

Comparing subjective feelings of the patients,
three (13%) were dissatisfied with the results of the
operation, two because of unemployment partly
caused because of hand problems and one because
he was not able to do everything he did before the
operation in his everyday life. Eleven patients were
very satisfied with the results (74%). Sixty percent
of the patients had no problems in everyday life.
There were no complications while treating these
patients.

The main outcomes of the studies reviewed are
shown in Table 5.

Conclusion

In our experience, PRC proved to be a good salvage
procedure with high patient satisfaction after the
procedure during a short follow-up time. Compar-
ing operated and unoperated wrists might not be
the best way to evaluate the success of the opera-
tion because most patients have chronic problems
and diminished mobility and strength even before

Table 5. Articles review and comparison to our results. — = no data, AROM = active range of movement.
Jebson Stern Berenger Ali Wall Celje
(2003) (2005) & Weiss (2012) (2013) General
(2004) Hospital
Patients, n 18 21 26 12 61 16 15
(22 wrists) (17 wrists)
Follow-up, years 13.1 14 - 3 19.8 20 17
AROM - - 84 - - 68 79
postoperatively, °
AROM 63 71 - 54—66 - - 64.%; 97%
(% of contralateral preoperative
hand) value
Grip strength 83 91 80% 59-71 - 72 51%; 77%
(% of contralateral preoperative preoperative
hand) value value
Secondary 2 4 - 0 12 6 0
operations, n
Dissatisfied 1 - - 3 74% 1 3
patients, n

25



s

October 2019

the operation. Also, there is significant difference
in strength when comparing patients whose dom-
inant versus non-dominant hands were operat-
ed on because the non-dominant hand likely has
lower strength compared to the dominant hand in
every person.

Comparing the status of the operated wrist be-
fore and after the operation shows a possibility of
actually improving mobility and strength of the
affected hand. With the low number of cases for
which we were able to make this comparison, a
larger study would be needed to confirm this.
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Background. Acute appendicitis (AA) is the most common indi-
cation for emergency abdominal surgery. Laparoscopic appen-
dectomy is the standard of care for the treatment of AA.

KEY WORDS Methods. We performed a retrospective study of 1,153 patients
with AA admitted to the Department of Abdominal Surgery,
University Medical Centre Ljubljana, from January 1%, 2017 to

acute appendicitis, laparoscopic

appendectomy December 31, 2018. The following data were recorded: age, sex,
duration of symptoms, type of treatment, duration of opera-
tion, operative outcomes, and postoperative complications.
RESEARCH ARTICLE

Results. In the 2-year period we treated 1,153 patients with AA.
SURGERY SURG ENDOS 2019; 1(2): There were 627 men (54.4%) and 526 (45.6%) women. The av-
27-34 erage age was 39.11 years. Abdominal ultrasound was the most
common diagnostic procedure before surgery. In 1,079 (93.6%)
patients, ultrasound was positive for AA. In 51 (4.4%) patients,
AA was diagnosed with CT scan. During operation, AA without
perforation was found in 897 (77.8%) patients. In 291 (18.9%)
patients, the appendices were perforated. Perityphlitic abscess
was found in 31 (2.6%) patients. In 1,111 (96.4%) patients, a lap-
aroscopic appendectomy was performed. In 25 (2.2%) patients,
the laparoscopic appendectomy was converted to open, and in
six patients (0.5%) open surgery was performed. The average
operative time was 39 minutes. The mean length of hospital
stay was 4.91 days.

Conclusion. Laparoscopic appendectomy is a safe and effective
method of treating AA. The advantages of laparoscopic appen-
dectomy are shorter hospitalization and lower morbidity and
mortality.
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Introduction

Acute appendicitis (AA) is the most common ab-
dominal surgical emergency, with around 50,000
to 300,000 acute appendectomies performed an-
nually in the UK and the US, respectively (1). The
lifetime risk is about 8%, but the pathogenesis is
still not fully understood. It is thought to be mul-
tifactorial, with mechanical, infectious, and ge-
netic circumstances leading to inflammation of
the appendix (2). Acute appendicitis can present
as simple or uncomplicated, with inflammation of
the appendix, with or without phlegmonous imbi-
bition of its surroundings, or as complicated AA,
with inflammation having led to gangrene or per-
foration, with or without building of an abscess (2).
Previous studies have estimated the prevalence of
perforation at approximately 20%, higher rates
being found in the elderly and young children, ir-
respective of sex (3, 4). AA rates initially decreased
after the mid-20™ century in the majority of the
western world and have then stabilized since 1990
(5). Acute appendicitis is associated with signifi-
cant morbidity, mortality, and costs to the health-
care system.

After clinical examination and blood tests, ultra-
sound is the recommended primary imaging strat-
egy (2, 6). The reported sensitivities for ultrasound
in experienced hands in detecting appendicitis are
between 78% and 86% (7, 8). Although CT scan
misses fewer cases, it exposes patients to radia-
tion, is generally less available, and is associated
with higher cost (6-8). It is primarily used as sec-
ondary imagining in patients with suspected AA at
the University Medical Centre Ljubljana. Magnetic
resonance is another emerging technique, espe-
cially in pregnant women and the pediatric popu-
lation with suspected AA (9, 10).

The first diagnosis of AA and surgical removal of
the appendix was performed in 1880 by Lawson
Tait, and after that open appendectomy was the
only standard treatment for AA for over a centu-
ry, with only minor modifications of the surgical
technique (11). Kurt Semm performed the first lap-
aroscopic appendectomy in 1981 (12). In Slovenia,
the first reports of laparoscopic appendectomy
date to 1990. The method slowly gained ground
in the 1990s and early 2000s, until it became the
predominant technique and new gold standard in
surgical treatment of acute and chronic appendi-
citis (11, 13). Multiple studies have demonstrated
the superiority of laparoscopic appendectomy be-

cause it is associated with a lower rate of wound
infections, less postoperative analgesia, and a
shorter hospital stay (14-16). It also offers the
possibility of inspecting the entire abdominal cav-
ity and can determine other causes of abdominal
pain mimicking AA (17). However, it is associated
with a slightly longer operative time in compari-
son with traditional open appendectomy (15).

Recently published European trials have suggested
that it is feasible to treat uncomplicated appendi-
citis nonoperatively with antibiotics alone (14, 15).
Other studies have found that although non-op-
erative management was associated with shorter
hospital stays and fewer complications, the over-
all efficacy was lower because of the high rate of
recurrence in comparison with appendectomy (16,
17). Therefore, laparoscopic appendectomy is still
the most effective treatment for patients with AA
(16).

Materials and Methods

We performed a retrospective study of 1,153 pa-
tients admitted to the Department of Abdomi-
nal Surgery, University Medical Centre Ljubljana
from January 1%, 2017 to December 31%t, 2018 who
underwent an appendectomy. The final diagnosis
was determined after receiving the results of the
pathological examination.

From the database of our information system we
collected data about patients’ age, sex, preopera-
tive diagnostic mode (ultrasound and/or CT scan),
operative technique (laparoscopic appendectomy,
open appendectomy, or explorative laparotomy
and additional operative procedures), duration of
operation, length of hospital stay, postoperative
complications, and mortality. For all emergency
surgeries we also analyzed the time until the sur-
gery was performed.

Results

Altogether, 1,153 appendectomies were performed.
There were 627 male patients (54.3%) and 526
(45.6%) female patients. The mean age of the pa-
tients was 39.11 years (37.28 years and 41.25 years
for male and female patients, respectively) (Table 1).
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Table 1. Patients’ demographic data.

Total number of patients 1,153
Sex, n (%)
e Male 627 (54.3%)
e Female 526 (45.6%)
Mean age (years) 39.11

Emergency operations, n (%) 1,132 (98.2%)

Diagnostic imaging, n (%)

e Abdominal ultrasound 1,129 (97.9%)
e CTscan 24, (2.1%)
e CT scan after ultrasound 27 (2.5%)
e Diagnostic laparoscopy 18 (1.6%)

Abdominal ultrasound was used as primary diag-
nostic imaging in 1,129 (97.9%) patients and CT
scan in 24 patients (2.1%). Diagnosis of AA was
established with abdominal ultrasound in 1,079
patients (95.6%). In 27 (2.5%) patients, the ab-
dominal ultrasound was negative and CT scan was
used as secondary imaging afterward. In 18 (1.6%)
patients after negative abdominal ultrasound, the
decision for diagnostic laparoscopy and appen-
dectomy was established with the clinical pres-
entation.

Table 2. Type of operations.

Out of 1,153 appendectomies performed, 1,132
(98.2%) were performed as an emergency oper-
ation. Sixteen (1.4%) procedures were performed
as elective procedures for the treatment of chron-
ic appendicitis, and five procedures (0.4%) were
performed either after unsuccessful drainage
(four procedures 0.3%) or after unsuccessful con-
servative treatment (one procedure 0.1%) of AA
(Table 2).

We analyzed the time between admission and the
surgery. Only the 1,132 emergent appendectomies
were included in the analysis. The average time
was 5 hours and 28 minutes. Only 10 appendecto-
mies (0.9%) were performed later than 24 hours,
in two (0.2%) patients the abdominal ultrasound
was negative, and in three (0.3%) patients only the
control abdominal ultrasound was positive.

In 1,111 cases (96.4%) a laparoscopic appendec-
tomy was performed. In 25 cases (2.1%) the lap-
aroscopic approach was converted into the open
approach, and in six cases (0.5%) a standard ap-
pendectomy was performed. There were 11 cases
(1%) in which explorative laparotomy was used.

In 43 out of 1,111 (3.7%) patients with laparoscop-
ic appendectomies, an additional procedure was
performed during the appendectomy: in 13 (1.1%)
patients cholecystectomy, in seven (0.6%) pa-
tients hernioplasty of the umbilical hernia, in five
(0.04%) patients adhesiolysis, and in three (0.3%)
patients extirpation of an ovarian cyst (Table 3).

Parameter (n =1,153)

Emergency appendectomy

Elective procedure (chronic appendicitis)
Appendectomy after unsuccessful drainage
Appendectomy after conservative treatment

1,132 (98.2%)
16 (1.4%)
4.(0.3%)
1(0.1%)

Table 3. Operative technique.

Parameter (n = 1,153)

Laparoscopic appendectomy
Laparoscopy/conversion/open approach
Open appendectomy

Explorative laparotomy/appendectomy

1,111 (96.4%)
25 (2.3%)

6 (0.5%)

11 (1.0%)
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Table 4. Additional operations after conversion and open appendectomy.

Suture of the cecum

Cholecystectomy

Ileotransverse anastomosis
Right-hemicolectomy

Segmental resection of the small intestine

4 (16%)
3 (12%)
1(4%)
1(4%)
1(4%)

Among 25 (2.3%) conversions, there were 14 cases
(1.3%) in which an additional surgical procedure
was performed: the cecum was sutured in four
(0.4%) patients and a cholecystectomy was per-
formed in three (0.3%) patients, in one (0.09%)
patient anileotransverse anastomosis was formed,
in one (0.09%) patient a right-side hemicolecto-
my was performed, and in one (0.09%) patient a
segmental resection of the small intestine was
carried out (Table 4).

There were six open appendectomies, and in three
(50%) patients an additional procedure was carried
out; in all three (50%) patients it was a hernioplas-
ty. Among 11 explorative laparotomies with appen-
dectomies, five (45.5%) were performed with an
additional procedure: in four (36.3%) patients sur-
gical management of the ileus was carried out, and
in one (9.0%) patient the tumor was extirpated.

We analyzed the average duration of an appendec-
tomy performed. For 1,068 laparoscopic appen-
dectomies, the average duration of the procedure
was 39.7 + 17.6 minutes.

Eighty-six out of 1,153 patients (7.4%) had com-
plications. Sixteen (1.4%) patients required a re-
operation. In three (0.26%) patients, surgical
management of the postoperative ileus was re-
quired, in three (0.26%) patients evacuation of
an intraabdominal abscess was required, and in
three (0.26%) patients surgical hemostasis was
required. In four (0.35%) patients, wound dehis-
cence was operated on (Table 5).

Sixty-nine out of 1,153 (5.9%) patients with com-
plications were managed without surgical treat-
ment. The most common complication was post-
operative fluid formation in the abdomen; this
occurred in 46 (3.9%) patients. Fifteen (1.3%) cas-
es were managed with percutaneous drainage and
31 (2.7%) patients were managed conservative-
ly. The second most common complication was

Table 5. Surgical complications with reoperation.

Parameter (n = 16)

Postoperative ileus 3(18.7%)
Intraabdominal abscess 3 (18.7%)
Intraabdominal hemorrhage 3(18.7%)
Wound dehiscence 4 (25.0%)
Relaparoscopy 2 (12.6%)
Suspected perforation 1(6.3%)

Table 6. Surgical complications.

Parameter (n = 69)

Postoperative fluid formation 46 (66.6%)
Percutaneous drainage 15 (21.7%)
Conservative treatment 31 (44.9%)
Intraabdominal abscess 10 (14.5%)
Percutaneous drainage 2(2.9%)
Conservative treatment 8 (11.6%)
Postoperative ileus 3 (4.3%)
Wound infection 6 (8.7%)
Other complications 4 (5.9%)

the formation of an intraabdominal abscess in 10
(0.8%) patients. In two (0.17%) cases the abscess
was evacuated with percutaneous drainage, and in
eight (0.69%) patients it was managed conserva-
tively. (Table 6)

Two out of 1,153 (0.017%) cases resulted in periop-
erative death. In both cases, the patients had co-
morbidities and the cause of death was cardiores-
piratory arrest.
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The final diagnosis was based on the patholo-
gist’s report. There were 1,030 patients with AA
(89.3%). There were 62 cases (5.4%) of chronic
appendicitis, 14 cases (1.2%) of fibrous oblite-
ration, and 10 cases (0.9%) of hyperplasia of the
lymphatic tissue. In 10 cases (0.9%), anormal ap-
pendix was found. In two cases (0.2%) the report
was inconclusive.

There were 219 cases of perforation (19.0%), 31
cases of perityphlitic abscess (2.7%), and six cas-
es of suspected perforation (0.5%). In 897 cases
(77.8%) the appendix was not perforated.

In 10 cases (0.9%) a low-grade appendiceal neo-
plasm was diagnosed, and in seven cases (0.6%)
it was a neuroendocrine tumor of the appendix.
There were also two cases of a polyp and one case
of adenoma. An adenocarcinoma was found in five
cases (0.4%): two cases of appendiceal and one of
each peritoneal, pancreatic, and cecal adenocarci-
noma. There were 12 (1.9%) cases of negative ap-
pendectomies. (Table 7)

The average hospital stay was 4.91 days with a
median of 4 days. It was significantly higher in
patients with a perforated appendix (7.66 days
with a median of 6 days) than in patients with a
non-perforated appendix (4.12 days with a median
of 3 days).

Table 7. Pathologist’s report.

Discussion

Laparoscopic appendectomy has been a gold
standard in the treatment of acute appendicitis at
our institution for over a decade (13). It remains
the most commonly performed emergency sur-
gery, with 1,111 laparoscopic appendectomies in
2017 and 2018. The conversion rate was low, at 25
cases (2.2%), and it was commonly associated with
the need for an additional procedure. When only a
laparoscopic appendectomy was performed, the
conversion rate was even lower, at 1.0% (11/1,068).
A commonly reported conversion rate in the liter-
ature has been approximately 10% (22-24). Re-
cently the conversion rate has been decreasing,
with an American study reporting a conversion
rate of 4.6% and an Italian study a conversion rate
of 7.9% (25, 26).

Laparoscopic appendectomy has been associated
with a lower rate of wound infection, less post-
operative need for analgesia, a shorter duration
of hospital stay, and the possibility of inspection
of the entire abdominal cavity (14—17). It has been
associated with a slightly longer operative time in
comparison with traditional open appendectomy
(15). In our study, the time required for the pro-
cedure was 39.7 + 17.6 minutes. An Italian study
reported an operative time of 54.9 + 14.2 minutes,
and in a Korean study it was 58.20 + 20.72 min-
utes (27, 28). The last study is directly compara-
ble to ours because it also included laparoscopic
appendectomies that were performed by surgical

Parameter (n = 1,153)

Acute appendicitis

Acute appendicitis with perforation
Chronic appendicitis

Perityphlitic abscess

Fibrous obliteration

Hyperplasia of the lymphatic tissue
Low-grade appendiceal neoplasm
Neuroendocrine tumor of the appendix
Adenocarcinoma

Adenoma

Normal appendix

1,030 (89.3%)
219 (19.0%)
62 (5.4%)
31 (2.7%)
14 (1.2%)
10 (0.87%)
10 (0.87%)
7 (0.6%)

5 (0.43%)
3(0.26%)
12 (1.0%)
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trainees, which was also the case in our analysis,
although the extent of the influence on the opera-
tive time was not determined in our study.

The complication rate in our study was 7.4%, or
4.7% if laparoscopic appendectomies only were
analyzed. Our data compare favorably with data
from developed countries found in the interna-
tional literature, in which the rate varies between

4 and 35.5% (29-32).

Greater inpatient delay before appendectomy has
been associated with an increased risk of perfora-
tion (33, 34). In a recent meta-analysis, delaying
appendectomy for up to 24 hours after admission
does not appear to be a risk factor for complicated
appendicitis, postoperative surgical-site infec-
tion, or morbidity, and it is considered an alter-
native to night-time surgeries (35). At our insti-
tution, over 99% of emergency appendectomies
were performed within 24 hours of admission;
the average in-hospital delay was 5 hours and 28
minutes.

The rate of perforation in our patient group was
found to be 22.2% if suspected perforation and
appendiceal abscess were included in the value.
The rate of perforation is line with the rate that
has been consistently reported in the literature in
recent decades, which hovers around 20% (3, 4).
The interpretation of the risk factors involved in
perforation exceeds the range of this study. Other
studies have identified age and pre- and in-hospi-
tal delay as the greatest contributors to the rate of
perforation (3, 4, 36).

We use abdominal ultrasound as recommended
primary diagnostic imaging when AA is suspected.
We found abdominal ultrasound to be diagnostic
in 95.6%, which shows a high degree of sensitivi-
ty. Other studies have reported a slightly lower rate
of sensitivity, which varied between 86% and 78%
(7, 8). With a high rate of sensitivity of abdominal
ultrasound examination at our institution, we do
not routinely use a CT scan as primary diagnos-
tic imaging (6—8). Multiple studies have reported
the sensitivity of a CT scan to be superior to an ul-
trasound examination, and therefore a CT scan is
routinely used at our institution as the secondary
imaging when a high degree of clinical suspicion
has been established (37, 38).

The proportion of negative appendectomies was
1.0%. Worldwide, the rate of negative appendec-
tomies has been steadily decreasing, from a his-
torically acceptable 15 to 25% to 1.7% in a recent

American study (39). However, given that the
number of unusual pathological findings (i.e.,
other than acute or chronic appendicitis) was
more significant, at 4.3%, most of the current lit-
erature continues to support routine histological
examination of the tissue specimen (40, 41).

The average length of hospital stay was 4.91 days
(median value 4 days) and was statistically signif-
icantly longer in the group with a perforated ap-
pendix (7.66 days with a median value of 6 days)
than in the group with a non-perforated appendix
(4.12 days with a median value of 3 days). A new-
er study has found that it is possible to discharge
patients with uncomplicated appendicitis after
48 hours (42). Other studies have found that it is
possible to discharge patients with uncomplicated
appendicitis even sooner, after 24 hours without
a significant difference in complications or read-
mission (43). In the United States, multiple insti-
tutions have initiated an outpatient laparoscopic
appendectomy protocol with low morbidity and
a low readmission rate (44, 45). Ambulatory ap-
pendectomies has been adopted in some European
centers as well, but there is no consensus for se-
lection of patients with AA for ambulatory surgery

(46).

Conclusion

Laparoscopic appendectomy has become the
standard treatment for AA. Open appendectomy or
explorative laparotomy are performed in selected
cases only. Rates of conversion and negative ap-
pendectomies are low and postoperative compli-
cations are uncommon, which reaffirms the safety
of the procedure. In the future, the increasing age
and number of polymorbid patients might pose
challenges, and the adoption of ambulatory ap-
pendectomy at several centers might lead to fur-
ther reduction in the average hospital stay.
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Abstract

Background. Diverticulitis can present in about 10 to 25% of all
patients with diverticulosis. It can be simple or complicated:
associated with the formation of abscess, bowel obstruction, or
perforation with peritonitis. With better understanding of the
natural history of diverticulitis in recent years, there are in-
creasing changes in treatment recommendations.

Methods. We performed a retrospective cohort study of all pa-
tients treated for acute diverticulitis at the Department of Ab-
dominal and General Surgery, University Medical Centre Mar-
ibor, between January 1%, 2012 and January 1%, 2017. We were
interested in the type of treatment (operative vs. conservative),
surgical approach (resection with stoma vs. resection with pri-
mary anastomosis), and surgical technique (laparoscopic vs.
open).

Results. During a 5-year interval we treated 92 patients with
acute diverticulitis. Fifty-two patients were treated conserva-
tively with antibiotics and 40 patients underwent urgent sur-
gery. The most common procedure was the Hartmann opera-
tion, performed in 67% of our patients. A lavage and drainage
of the abdominal cavity was performed in 17%, and a resection
with primary anastomosis in 7%. In six cases we used a laparo-
scopic approach.

Conclusion. The majority of our patients with acute divertic-
ulitis who were operated on were treated with reliable, tested
procedures. Despite the encouraging results of primary anas-
tomosis without stoma formation and laparoscopic techniques,
there is not enough strong evidence to broadly recommend ei-
ther technique. However, we strongly believe that further re-
search and the results of ongoing randomized studies will prove
that new modern techniques are feasible and safe.
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Introduction

Diverticula are structural alterations within the
colonic wall. They form from herniation of the co-
lonic mucosa and submucosa through defects in
the circular muscle layers within the colonic wall.
This often occurs at sites of penetrating blood
vessels in the colon (1). Diverticular disease is a
gastrointestinal disease, defined as the presence
of diverticula, and diverticulitis indicates the in-
flammation of a diverticulum or diverticula, which
is commonly accompanied by gross or microscopic
perforation (2). The overall prevalence of divertic-
ulosis increases with age. Approximately 50% of
individuals 60 and older will have diverticulosis,
and by age 80 this percentage is expected to rise to
approximately 70% (2).

Acute diverticulitis can present as mild intermit-
tent discomfort or as chronic severe unrelenting
abdominal pain. Systemic symptoms of fever and a
change in bowel habits are common. Constipation
is reported in approximately 50% of patients and
diarrhea in 25 to 35%. Other symptoms include
nausea, vomiting, and urinary symptoms (2). Di-
verticulitis can present in about 10 to 25% of pa-
tients with diverticulosis. It can be simple, with-
out any associated complications, or complicated,
associated with the formation of abscess, fistula,
bowel obstruction, or frank perforation (3).

The most common classification of diverticuli-
tis used today is Hinchey’s classification, which
was introduced in 1978 and has undergone several
modifications (4—6). It has four stages (Table 1),
and the stage alone is a significant predictive fac-
tor for a patient’s mortality (7).

Nowadays, patients with generalized peritonitis
due to complicated diverticulitis should under-
go urgent operation. However, despite intensive
research carried out during the last century, the
best treatment algorithm is yet to be determined
(8). There are multiple options that are linked to
the gravity of clinical status, the patient’s general
condition, and the surgeon’s preference.

Methods

We performed a retrospective cohort study of all
patients treated for acute diverticulitis at the De-
partment of Abdominal and General Surgery, Uni-
versity Medical Centre Maribor between January
1%, 2012 and January 1%, 2017. Basic data included
age, sex, American Society of Anesthesiologists
(ASA) status, and the type of treatment (conserv-
ative vs. operative). Operative and postoperative
data included the type of operation, time until
release, and postoperative complications, which
were classified according to the Clavien—Dindo
classification (9, 10). We were interested in the
difference between the number of Hartman oper-
ations and operations with primary anastomosis
and the share of laparoscopic procedures.

Results

During a 5-year interval we treated 92 patients
with acute diverticulitis. There were 34 men and
58 women. The average age was 64 years (24—93).
Most patients were ASA 2 (40%) and ASA 3 (36%).

Table 1. Hinchey classification of acute diverticulitis (4, 6).

Hinchey classification Modified Hinchey classification

Pericolic abscess or phlegmon

II Pelvic, intraabdominal, or retroperito-
neal abscess

111 Generalized purulent peritonitis

\Y Generalized fecal peritonitis

Pericolic abscess
Ila Distant abscess amendable to percuta-
neous drainage
ITb Complex abscess associated with fistula
111 Generalized purulent peritonitis
I\Y Fecal peritonitis
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Table 2. Demography of the study population.

Age: years, mean + SD 64.2 £ 14.8
Age: years, n (%) <50 15 (16.3)
51—60 21(22.8)
> 60 56 (60.9)
Sex: n (%) Male 34 (36.9)
Female 58 (63.1)
ASA: n (%) 1 17 (23.6)
2 29 (40.3)
3 26 (36.1)

The distribution of patients admitted with acute
diverticulitis according to the Hinchey classifica-
tion is shown in Table 3.

Fifty-two patients were treated conservatively
with antibiotics and 40 patients were urgently op-
erated on. The type of treatment according to the
Hinchey classification is shown in Table 4.

Median hospitalization time in the conservative
group was 7 days and in the operative group 14
days. The most common procedure was the Hart-
man operation, performed in 67% of our patients.
In 17% we performed lavage and drainage, and in
7% a resection with primary anastomosis. We per-
formed six laparoscopic procedures.

Discussion

Diverticulosis is fairly common condition in west-
ern countries. It is the fourth most expensive gas-
trointestinal condition in the developed world (9).
According to the literature, there should be no
clear predisposition to diverticulosis on the ba-
sis of sex (10), and so it is interesting that in our
study the rate of females admitted for acute diver-
ticulitis is much higher than that of males. On the
other hand, a large Canadian epidemiologic study
observing a 14-year interval found that admis-
sion rates were higher for women than for men
in nearly all age groups. The difference rose from

Table 3. Number of patients admitted per year according to the Hinchey classification.

Hinchey classification

2012 2013 2014 2015 2016

1 9 7 14 5 12 47
2 1 6 7 4 23
3 4 2 4 6 1 17
4 2 0 0 2 1 5
(Total) 16 15 25 17 19 92

Year Total

Table 4. Type of treatment according to the Hinchey classification. AB = antibiotic, HA = Hartmann
procedure, Lap lav + drain = laparoscopic lavage and drainage, Lav + drain = lavage and drainage,

PA = resection with primary anastomosis.

Hinchey classification HA Lap lav Lav PA Other
+ drain + drain
(0]

1 47 0 0 0 0
2 5 5 1 3 2
3 15 1 0] 0 1
A 5 0 0 0 0
(Total) 52 27 6 1 3 3
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15/100,000 in the 40—-49 age group to 137/100,000
in the 80 and older age group (11). Researchers
have tried to explain these discrepancies between
men and women by the specific protective effect of
testosterone on the colonic wall from weakening
with age in men (12), and by the possible negative
effect of pregnancy on the wall of the colon due to
high pelvic pressures that occur during gravidity
and labor in women (13).

The surgical treatment of acute diverticulitis with
complications has progressed over the years. A
three-stage procedure made way to a two-stage
procedure, the so-called Hartman procedure, in
the 1980s (14). It refers to sigmoid resection with
end colostomy with later reversal. It is associat-
ed with high morbidity and mortality, but there
is also the problem of non-reversal of colosto-
mies (15). Surgery has therefore evolved to a one-
stage procedure in which resection and primary
anastomosis is performed in a single procedure,
although anastomosis is sometimes constructed
in the presence of perforation or peritonitis (14).
Many studies demonstrated no differences be-
tween the Hartmann procedure and primary re-
section with anastomosis in terms of morbidity
and mortality (15, 16). In our study, the majority of
patients (more than 58%) underwent Hartman’s
two-stage procedure. There were only four prima-
ry resections with anastomosis, all in the Hinchey
1 and 2 patient group, and all were operated on in
the last year of our period investigated.

With the rise of laparoscopic surgery, new chal-
lenges and techniques have appeared. Laparo-
scopic peritoneal lavage has emerged as a prom-
ising alternative to sigmoidectomy in patients
with purulent peritonitis owing to perforated di-
verticulitis (17). This technique was first described
in 1996 and the results were very encouraging.
Many laparoscopic surgeons used this technique
with good results, and the strategy was even rec-
ommended by certain national boards (18). Unfor-
tunately, in a large multicenter, parallel-group,
randomized, open-label study the trial had to be
stopped because of the high morbidity and mor-
tality rate in the lavage group, and it was con-
cluded that laparoscopic lavage is not superior
to sigmoidectomy for the treatment of purulent
perforated diverticulitis (17). Current recommen-
dations are that there is not enough evidence to
recommend laparoscopic lavage as an alternative
to bowel resection (14), and even the authors who
concluded in their studies that laparoscopic lavage
for perforated diverticulitis with purulent perito-

nitis (Hinchey 3) is feasible and safe have voiced
warnings before widespread implementation of
this technique (19).

According to our data, we performed six laparo-
scopic peritoneal lavages with drainage. There was
one patient with Hinchey 3 diverticulitis, but all
the others had Hinchey 2 grade. All laparoscopi-
cally treated patients had no postoperative com-
plications and were on average dismissed on post-
operative day 9, 5 days earlier than average.

Conclusion

The treatment strategy for acute diverticulitis
is still evolving. Modern practice guidelines are
adapted to individual cases, considering disease
severity, risk factors, persistency of symptoms,
and the patient’s wishes. The choice of surgical
approach is left to the discretion of the surgeon. At
our department, the majority of patients were still
treated with reliable, tested procedures, but we
have also started using new promising techniques.
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Abstract

Much controversy exists in the treatment of small low-grade
and endoscopically incompletely resected non-ampullary du-
odenal neuroendocrine tumors (NET). In recent years, the de-
velopment of minimally invasive surgery has spawned a less
aggressive treatment option for these patients. We present the
case of a 21-year-old patient who was incidentally diagnosed
with a duodenal NET and was treated with laparoscopic—endo-
scopic cooperative salvage surgery after incomplete endoscopic
NET resection. He was admitted to our hospital for further eval-
uation and treatment after incomplete endoscopic resection of
a NET in the third portion of the duodenum. The histological
examination revealed a moderately differentiated NET with 20
mitoses on 10 high-power fields and a Ki-67 of 3 to 20%. The
tumor involved the resection margin. The patient was sched-
uled for a laparoscopic—endoscopic cooperative full-thickness
excision of the tumor remnant. The histological analysis of the
surgical specimen revealed fibrotic tissue after previous en-
doscopic mucosal resection with no residual tumor cells. The
patient was discharged on the 5% postoperative day. With this
case presentation we wish to show that, in experienced hands,
the minimally invasive approach is a treatment alternative with
excellent long-term functional results, reducing the trauma of
open surgery and high patient morbidity. We therefore believe
that in the future laparoscopic—endoscopic cooperative surgery
will firmly be established as the treatment of choice for small
low-grade and incompletely resected NETs of the non-ampul-
lary duodenum.
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Introduction

Although the incidence of duodenal neuroendo-
crine tumors (NET) has been slowly rising due to
better imaging modalities and wider use of endos-
copy, the experience in dealing with these tumors
is relatively small (1-6). The duodenal NETSs are
classified as ampullary or non-ampullary due to
their different biological behavior (1). Ampullary
duodenal NETs are generally more aggressive,
and so the choice of the treatment modality is rel-
atively straightforward. In most cases, a cephal-
ic pancreaticoduodenectomy is advocated (1, 3).
Non-ampullary duodenal NETs, however, can be-
have relatively indolently and the choice for their
treatment depends on the size of the tumor.

The latest European Neuroendocrine Tumor Soci-
ety (ENETS) guidelines recommend surgical resec-
tion for non-ampullary duodenal NETSs larger than
20 mm, whereas non-ampullary duodenal NETs
smaller than 10 mm without lymph node involve-
ment and confined to the submucosal layer should
be resected endoscopically. Much more controversy
exists for non-ampullary tumors smaller than 20
mm. In addition, the choice of a salvage treatment
after incomplete endoscopic resection of small
non-ampullary NETSs is also a matter of debate.

Because of the small incidence of duodenal NETsS,
it is relatively difficult to obtain enough experi-
ence for endoscopically borderline resectable or
endoscopically unresectable duodenal NETSs. Given
the relatively indolent behavior of these tumors,
it seems that open surgery in these cases presents
overtreatment for these patients and exposes them
to a highly morbid procedure. In recent years, the
development of minimally invasive surgery has
spawned a third and less aggressive treatment op-
tion for patients with small non-ampullary duo-
denal NETs. We present the case of a 21-year-old
patient who was incidentally diagnosed with a
duodenal NET and was treated with laparoscop-
ic—endoscopic cooperative salvage surgery after
incomplete endoscopic NET resection.

Case Presentation

A 21-year-old man was admitted to our hospital
for further evaluation and treatment after incom-
plete endoscopic resection of a duodenal NET. His
previous medical history was uneventful apart

from dyspeptic pain in the epigastrium and reflux
that he had been suffering for 6 months before
hospitalization. He was admitted to another hos-
pital for endoscopic evaluation of the dyspeptic
problems. An esophagogastroduodenoscopy was
performed, which disclosed multiple superficial
erosions in the esophagus and a small hiatal her-
nia. The endoscopy was carried out to the second
portion of the duodenum, where a 7 mm flat and
broad-based polyp on the lateral wall was found.
A polypectomy was performed with endoscopic
mucosal resection, and the specimen was sent for
histology. The histological results confirmed that
the resected polyp was a duodenal NET with mod-
erately differentiated cells with 2 to 20 mitoses on
10 fields of high magnification and a Ki-67 of 3 to
20%. The radial resection borders were free of tu-
mor cells, but the tumor extended to the base of
the specimen, suggesting a R1 resection. The pa-
tient was sent for an Octreoscan and a SPECT/CT
with negative results, excluding possible multifo-
cal disease or distant metastases. The patient was
then transferred to our hospital for further treat-
ment. The site of the scar was marked with a car-
bon dye before the operation. His medical records
had been reevaluated and we decided to perform
laparoscopic—endoscopic cooperative reresection
of the excisional scar. The procedure was discussed
with the patient, and he agreed to the operation.
During the operation the identification of the scar
was facilitated with endoscopic transillumination.
The resected specimen was sent for definite his-
tology, the defect was closed with a running su-
ture, and a drain was placed behind the duodenum.
After the procedure, the patient was admitted for
observation to our intensive care unit for 2 days.
On the 1*t postoperative day the nasogastric tube
was removed, and the patient began with slow sips
of fluid. On the 2™ postoperative day enteral feed-
ing was increased to 100 ml fluids per day, and the
patient was transferred to the ward. On postoper-
ative day 2 the patient started to pass stool, and
we began to slowly increase enteral feeding until
postoperative day 5, when the patient was allowed
to ingest solid food. The abdominal drain was re-
moved and oral analgesics were started. After an
uneventful recovery, the patient was discharged
on postoperative day 6. The histological analysis
of the surgical specimen revealed fibrotic tissue
and intramural bleeding after polypectomy with
no sign of residual NET. At the last follow-up 6
months after the operation (Figure 1), the patient
was well with no functional disturbances and no
signs of disease recurrence.
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Figure 1. Abdominal incision scars 6 months after
operation.

Surgical Procedure

The patient was placed in prone position with
his legs abducted. After preparation of the surgi-
cal field and draping, a small incision was placed
supraumbilically and pneumoperitoneum was
established with a Veress needle. A 12 mm trocar
was placed supraumbilically, after which a 12 mm
trocar was placed under laparoscopic control in
the middle clavicular line and a 5 mm trocar in the
anterior axillar line. In addition, one 10 mm trocar
was placed in the epigastrium for liver retraction
and a 5 mm trocar in the mesogastrium (Figure 2).
The surgeon was positioned between the legs with
the first assistant on the patient’s right and the
second assistant on the patient’s left. After ex-
ploration of the abdominal cavity, the hepatocolic
ligament was incised and the hepatic flexure of the
colon was mobilized caudally until the prerenal
fascia was visible. The preparation continued to-
ward the left. When the second portion of the duo-
denum was well visible, we began with Kocheriza-
tion of the duodenum. Kocherization was carried
out from right to left, with the ultrasonic scalpel
held in the surgeon’s left hand while the right

E
-
D —
4 o
B | —
A

Figure 2. Trocar placement.

hand retracted the duodenum with non-traumat-
ic forceps toward the patient’s left side. The sec-
ond assistant continuously exerted traction on the
transverse colon toward the left, while the first
assistant retracted the hepatic flexure caudally.
The Kocherization was continued until the second
and the third portion of the duodenum were com-
pletely mobilized from the inferior vena cava. As
the final step, the third portion of the duodenum
was mobilized from the transverse mesocolon. Af-
ter the duodenum was freed from the retroperito-
neum, an intraoperative duodenoscopy was per-
formed. The tumor site was clearly visible with the
transillumination of the spotted tumor site with
the endoscope. The site was marked with a 2-0
holding suture under endoscopic supervision. The
site was completely excised with an ultrasonic en-
doscalpel and placed in an endobasket. The defect
was closed with two 3-0 resorbable running su-
tures. After the suturing, the duodenum was test-
ed for leakage with gentle endoscopic insufflation.
A 15 French drain was placed behind the duode-
num and the specimen was extracted through the
supraumbilical incision. The duration of the oper-
ation was 260 min (Figure 3).
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Figure 3. Intraoperative pictures of the laparoscopic—endoscopic cooperative full-thickness duodenal
wall excision. A = mobilization of the hepatic flexure caudally; B = incision of the prerenal fascia;

C = Kocherization of the second part of the duodenum; D = mobilization of the duodenum and the head
of the pancreas from the inferior vena cava toward the left; E, F = mobilization of the third part of the
duodenum from the transverse mesocolon; G = the third part of the duodenum is completely mobilized
and lifted anteriorly with the grasping forceps; H = intraoperative duodenoscopy, the carbon dye spot
is clearly visible; I = endoscopic view of the scar after neuroendocrine tumor excision, the white arrow
marks the scar, the reddish discolored mucosa of the scar is clearly visible; ] = laparoscopic holding
suture placement under duodenoscopic surveillance; K = excision of the tumor with ultrasonic scalpel;

L = laparoscopic suturing of the duodenal wall defect.

Discussion

In recent years, a slow increase in the incidence of
duodenal NETs has been noted (1—5, 15). This rise
has been attributed to more widespread use of en-
doscopy, and therefore clinicians more often face

difficult decision on how to treat these relative-
ly indolent tumors. The treatment for small and
low-malignant NETs and incompletely excised
NETs of the duodenum, however, is still highly
debatable. For ampullary NETSs, the latest ENETS
guidelines propose surgical resection (1, 3). For
non-ampullary NETSs, the decision is much more
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difficult. Neuroendocrine tumors larger than 20
mm should be resected because of the high prob-
ability of lymph node metastases. Neuroendocrine
tumors smaller than 10 mm can be treated with
endoscopy, but the case is not so clear for NET's
ranging from 10 mm to 20 mm and those not re-
sectable with endoscopy. In cases of unsuccessful
treatment, the only option has traditionally been
open surgery, which potentially exposes patients
with an indolent lesion to harmful complications
and long-term functional disabilities (2, 7-10).
This article presents the case of a 21-year-old man
with an incomplete NET excision of the third por-
tion of the non-ampullary duodenum.

Small NETs of the non-ampullary region of the
duodenum have a small probability of lymph node
metastases (1, 3, 11). Given their accessibility with
endoscopy, they should ideally be treated with
endoscopic mucosal or endoscopic submucosal
resection. However, in contrast to the stomach,
where the organ walls are thick and the work-
ing place is large, the duodenum poses specif-
ic difficulties. Because of the thin duodenal wall,
endoscopic resections have a high risk of com-
plications, occurring in 30% and with early and
late perforation described as the most dangerous
(2, 7—10). Once a perforation has occurred, it can
rarely be controlled endoscopically, and the pa-
tient must be operated on and further subject-
ed to intensive care because of severe peritonitis
and sepsis. Another problem is the narrow work-
ing space in the duodenum, which makes endo-
scopic maneuvering and the resection difficult
(2, 7-10). The technically challenging procedure
and narrow working space often result in insuf-
ficient resections, necessitating further surgical
treatment. The development of laparoscopy has
allowed avoidance of an open surgical procedure
in patients with low-malignant or endoscopically
unresectable NETSs.

Laparoscopy allows better visualization of the
duodenum and reduces the risks of early and late
perforations common to endoscopic mucosal and
submucosal resections in the duodenum. The de-
fect can be closed up safely with suturing of the
entire wall. If the tumors are located on the ante-
rior wall of the second part of the duodenum, the
excision is straightforward. However, tumors in
every other region are inaccessible without mobi-
lization of the duodenum. Laparoscopic Kocher-
ization takes considerable laparoscopic skills.
Additionally, suturing of the wall defect after the
excision of the lateral or posterior duodenal wall

can be exceedingly difficult. Excision of the tumor
with sufficiently clear resection margins remains
a great challenge. The tumor is often not clear-
ly visible even if the site has been preoperatively
marked with carbon dye. Furthermore, the resec-
tion margins cannot be safely determined intra-
operatively.

To deal with these difficulties, laparoscopically
assisted duodenal excision was proposed by Abe et
al. (10). With this approach, the surgeon mobilizes
the duodenum laparoscopically so it can be lifted
toward a small midline laparotomy. The procedure
is than carried out with an open approach. Some
proponents of laparoscopically assisted surgery
claim that this type of surgery offers significant
advantages over total laparoscopic full-thickness
excisions of the duodenal wall because extracor-
poreal suturing eliminates the risk of postopera-
tive hemorrhage, anastomotic insufficiency, sur-
gical site infection, and duodenal deformity (10).
However, mobilization of the duodenum toward
the laparotomy, as proposed by Abe et al., could
prove very difficult or even impossible in obese
patients. This approach is therefore limited to
lean patients with the tumor located in the second
portion of the duodenum. In our case, the tumor
was located on the lateral wall of the third part of
the duodenum, and so the laparoscopically assist-
ed approach would probably be unsuccessful. We
therefore decided to perform laparoscopic—endo-
scopic cooperative surgery.

This type of surgery was first described by Hiki et
al. and was developed to overcome the drawbacks
of the laparoscopically assisted procedures (12).
In laparoscopic—endoscopic cooperative surgery,
the duodenum is Kocherized laparoscopically,
but then the tumor site is marked or even ex-
cised intraoperatively endoscopically. Moreover,
full-thickness wall excisions can be performed
laparoscopically under endoscopic view. The de-
fect can be safely sutured, preventing leakage
after endoscopic excisions. In our case, laparo-
scopic—endoscopic cooperative surgery was per-
formed. We also performed a full-thickness wall
excision because endoscopic excision had already
been previously performed in our patient. The tu-
mor was located on the lateral wall on the D3 por-
tion in our patient and was safely extracted. This
location would have been relatively inaccessible
if a laparoscopically assisted procedure had been
performed with the duodenum mobilized to the
level of laparotomy. Totally laparoscopic—endo-
scopic full-thickness excision has the advantage
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that it can safely be performed in obese patients
because mobilization to the level of laparotomy
can be avoided.

Opponents of the total laparoscopic approach
claim that laparoscopic suturing in this region is
prone to leakage. Our patient, however, did not
have any leakage, and furthermore reports from
experienced centers support the safety of laparo-
scopic suturing with extremely low morbidity (2).
Abe et al. claim that with laparoscopic full-thick-
ness excision of the duodenal wall, there is a sig-
nificant risk of intraperitoneal seeding (10). Duo-
denal NETs smaller than 20 mm are very indolent
in their behavior, and therefore the risk of seeding
is negligible (13). Moreover, none of the authors
that presented their long-term experience with
full-thickness excision of low-grade duodenal
NETs have reported intraabdominal recurrences
due to intraoperative seeding (13). Therefore, we
feel that seeding of low-grade tumors after RO
full-thickness excision is exceedingly rare because
no intraabdominal implants after full-thickness
excisions have ever been recorded in previous re-
ports (6, 14). In addition, the incidence of lymph
node metastases in small low-grade gastrointes-
tinal NETs, which would necessitate a more ag-
gressive surgical approach, are reported to range
from 7% to 15% (1, 3, 11, 14). Due to the low rate of
lymph node metastases and low recurrence rates
of low-grade duodenal NETSs, we are convinced
that full-thickness excision does not predispose
patients to locoregional recurrences and is suf-
ficient for small low-grade and incompletely re-
sectable NETs of the non-ampullary duodenum.
At the last follow-up 6 months after surgery, our
patient was free from disease, further supporting
the safety of laparoscopic—endoscopic coordinat-
ed full-thickness excision.

The case of laparoscopic—endoscopic coordinated
non-ampullary duodenal NET excision presented
in this article is an example of a minimally inva-
sive approach for the treatment of low-malig-
nant or endoscopically unresectable NETs of the
duodenum. We showed that in experienced hands
the trauma caused by open surgery for these in-
dolent tumors can be reduced without exposing
patients to higher morbidity, providing excellent
long-term functional results. Therefore, we be-
lieve that in the future laparoscopic—endoscopic
cooperative surgery will firmly be established as
the treatment of choice for small low-malignant
and incompletely excised NET's of the non-amp-
ullary duodenum.
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Abstract

A reconstruction ladder is used to decide how to treat a variety
of skin defects. Often it is good to have alternative possibilities,
such as a dermal matrix. This case report presents the case of a
4-year-old boy who suffered an injury to his right leg. Despite
appropriate primary surgical treatment, the infection caused
a skin defect with an exposed calcaneus bone. The wound was
covered with a dermal matrix and later with a split-thickness
skin graft. The aesthetic and functional outcomes of the treat-
ment were satisfactory.

Introduction

Wounds with exposed deeper tissues impossible to suture have
always been a challenge in reconstructive surgery. In deciding
how to close large skin defects, reconstructive surgeons follow a
so-called reconstruction ladder. This is applied to cases ranging
from primary surgical treatment with direct suturing of wounds
and skin grafts to more complex flaps, both local and free.

Traumatic skin defects arise in both adults and children. Ini-
tially, microsurgery for children was questionable due to the
small diameter of the blood vessels. With the advance of mi-
crosurgical techniques, the use of free flaps is now successful
in children as well as in adults (1, 2), but the procedure remains
demanding for the patient and the medical personnel involved
(3). Initially, the minimum blood vessel diameter required for
safe anastomosis was 0.7 mm; however, the use of super-mi-
crosurgical techniques makes possible anastomosis of perfo-
rating vessels of smaller diameters (1). In children, compared to
the adults, associated diseases (diabetes, arterial hypertension,
atherosclerosis, and venous insufficiency) are rare, and there-
fore these cases involve fewer risk factors that could endanger
survival of the flap (4).

The closure of defects in the ankle and foot is particularly diffi-
cult because the bone or tendons are often exposed. The lack of
soft tissue in this area and additional trauma to the limb limit
the use of local flaps (5).
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Free flaps, such as an anterolateral thigh flap
(ALT) or circumflex iliac artery perforator flap
(SCIP), can be used (1, 4). Based on our experience,
the use of free flaps in this area does not provide
satisfactory outcomes because the flap is thick and
lifted above the skin surrounding the defect. This
makes wearing footwear more difficult and, con-
sequently, additional procedures are required to
improve functionality.

With the emergence of dermal matrix in 1981, a
new method of defect closures appeared as an al-
ternative to the existing reconstructive ladder (6).
Dermal matrix is a regeneration system consisting
of two layers. The porous matrix layer consists of
bovine collagen fibers and glucosamine. This layer
serves as a basis for the migration of fibroblasts,
macrophages, lymphocytes, and capillaries from
the defect and allows the formation of neodermis,
which is histologically very close to normal human
dermis. The second layer is temporary and con-
sists of silicone, which acts as a protection against
the external environment (7, 8).

Complications that arise with the use of the der-
mal matrix are infections and the formation of
hematoma under the dermal matrix. These can
be avoided with appropriate changes of dressings
and efficient hemostasis prior to dermal matrix
application (8).

The vascularization of the dermal matrix evolves
from granulation tissue in and around the defect
and spreads over nonvascular tissue (bones and
tendons). The silicon layer of dermal matrix pre-
vents tissue dehydration and maintains a suitable
environment for tendons and bones to remain vi-
tal. The transparent color of the silicon layer al-
lows inspection of the defect, which is important
for assessing the development of infection or oc-
currence of a hematoma. The dermal matrix must
be firmly attached to the defect. In this way, shear
forces that might tear the newly formed vessels do
not occur (9).

The healing process can be optimized with the
use of negative pressure. The system for creat-
ing negative pressure consists of polyurethane
foam connected to a sub-atmospheric pressure
of 50—125 mmHg. By continuously removing the
secretion from the wound, this minimizes the risk
of developing edema, prevents infection, reduces
the possibility of hematoma occurrence, and op-
timizes the adherence between the wound and the
graft or matrix. With the use of a negative pres-
sure system, there is less danger of infection, and

so waiting for complete vascularization of the
dermal matrix over the exposed tissues may be
prolonged (9).

At first, dermal matrix was used to cover major
burns and, in children, to cover a defect after the
removal of congenital nevi and in reconstruct-
ing congenital abnormalities (10—14). The use of
dermal matrix to cover skin defects after trauma,
where due to various reasons the use of grafts and
flaps is impossible or undesirable, is becoming
more frequent (8).

The main disadvantages of the use of dermal ma-
trix are the price of the matrix and materials used,
and prolonged treatment (13). Dermal matrix is
relatively expensive, and treatment requires two
surgeries. In the first procedure, the dermal ma-
trix is attached to the defect. After 2 to 3 weeks,
when the dermal matrix is completely vascular-
ized, which can be macroscopically detected in
the change of color from yellow to red, the silicon
layer begins to peel off. At this point, the silicon
layer must be removed and a split-thickness skin
graft must be attached to the vascularized matrix.
It takes an additional week for a split-thickness
skin graft to heal (7).

The use of dermal matrix provides functional-
ly and aesthetically satisfactory outcomes. Com-
pared to skin grafts, the advantage of dermal ma-
trix is the elasticity of the coverage. The dermal
matrix is thin; it does not create an additional vol -
ume in areas with less subcutaneous tissue, and it
prevents the need for secondary tissue-thinning
surgery (6).

Here we present a case of a 4-year-old boy who
suffered an injury in the area of the right calca-
neus. The wound was first covered with a dermal
matrix and later with a split-thickness skin graft.
The outcome was satisfactory.

Case Presentation

A 4-year-old boy came to the hospital because
his right foot had been caught in bicycle spokes.
He suffered an injury to the area of the right cal-
caneus. At admission to the hospital, an extensive
tissue laceration was visible — a V-shape wound
with a diameter of 12 cm stretching over the bone.
Under general anesthesia, primary surgical treat-
ment of the wound was performed. The skin was
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Figure 1. Necrotic flap after
primary treatment with direct
suturing.

cleaned with antiseptics, the wound was irrigated
with saline, surgical debridement and hemostasis
were performed, and the wound was directly su-
tured. After the surgical procedure, the boy was
admitted to the children’s surgery department.

On the 2™ day after the injury, necrosis of the
traumatic flap was visible, and a plastic surgeon
was consulted. The boy had a fever and elevated
inflammatory parameters, and fluid was oozing
from the wound.

On the 3" day, the boy underwent another surgery.
This operation included excision of the necrotic
traumatic flap and the necrotic surrounding tis-
sue. Tissue cultures were taken from the wound.
The wound was rinsed and a wet dressing was ap-
plied. Amoxicillin / clavulanic acid was introduced
into the therapy. Dressings were changed every 6
hours. Microbiology results indicated the presence
of Staphylococcus hominis (low number), Clostrid-
ium perfringens, and Prevotella spp. Following the
advice of an infectious disease specialist, the an-
tibiotic clindamycin was introduced. According to
the antibiogram, the two antibiotics were suffi-
cient to treat the bacterial infection.

With regular changing of the dressings, the secre-
tion from the wound diminished and red discol-

oration of the wound edges disappeared. Negative
pressure therapy was initiated. Granulation tissue
started forming around the edges of the wound; a
defect over the calcaneal bone and Achilles tendon
remained (Figure 2).

With the clearing of the inflammation, we decid-
ed to cover the exposed subcutaneous tissue. Af-
ter exploring various options for reconstruction,
a dermal matrix with silicon cover was chosen
to cover the exposed structures. Another oper-
ation was performed. The wound was debrided,
and dermal matrix was applied over the exposed
bone and tendon. Microbiology tests of the tissue
collected intraoperatively indicated the presence
of cutaneous flora in the wound. After the proce-
dure, the boy’s foot was bandaged. The day after
the procedure, the condition of the dermal matrix
was assessed. There was no hematoma present
under the dermal matrix; a system for a negative
pressure therapy was applied. At the next change
of the dressing, there were no signs of infection
and there was no fluid collection under the der-
mal matrix. The patient was discharged to out-
patient care while he continued receiving amox-
icillin / clavulanic acid. A month after application
of the dermal matrix, vascularization was nearly
complete, with 1 cm?2 of non-vascularized area in
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Figure 2. Red discoloration of the
edges with granulation tissue.

A defect over the calcaneal bone
and Achilles tendon remained.

Figure 3. Removing the silicone
layer

| Figure 4. Split-thickness skin graft
covering the defect.
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Figure 5. Final outcome
with dermal matrix fully
vascularized.

the center of the matrix over the calcaneus. The
silicon layer began to peel off. Due to the opaque
coloring of the secretion on the bandages, we
decided to remove the silicone layer and apply
a split-thickness skin graft to cover the defect,
even though a nonvascular part of dermal matrix
was centrally present.

The boy underwent another operation under gen-
eral anesthesia. A split-thickness skin graft was
placed on the dermal matrix. Following the sur-
gery, the boy was prescribed strict inactivity for
the first few days. A green secretion was present
on the dressings; the graft was healing without
apparent signs of infection. A 0.5 cm2non-vascu-
larized dermal matrix was present above the cal-
caneus where the skin graft did not heal; a dermal
matrix was preserved (Figure 4).

During hospitalization the secretion reduced,
and the boy was discharged home. In outpatient
care a hydrocolloid dressing was applied to the
remaining defect weekly, and the remaining de-
fect slowly healed from the edges. At the final
examination, the dermal matrix was fully vascu-
larized and the skin defect was completely healed
(Figure 5).

Discussion

A difficult case of a skin defect of the foot was dis-
cussed. If a free flap that provided excellent cov-
erage with high-quality tissue had been used,
additional demanding surgery would have been
needed. If successful, the boy’s rehabilitation
would have been relatively short. A free flap would
still have been overabundant for the foot area, and
the boy would have needed another surgery to
reduce the volume of the free flap. An additional
trauma created at the site of the injury is another
disadvantage of the free flap. The use of negative
pressure therapy is an alternative treatment op-
tion in defects like this because it does not cause
additional trauma. However, it does take longer
to heal, prolonging the time of exposure of deep
tissues to desiccation and possible infection. We
decided to use a dermal matrix. During the first,
rather simple operation, the defect was covered
with a dermal matrix and a system for negative
pressure therapy was applied to it. After a month,
another operation followed, during which the sil-
icone coverage was removed and a split-thickness
skin graft was used to cover the defect. The vascu-
larization process lasted longer than was initially
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estimated, and healing was prolonged due to the
incomplete vascularization of the dermal matrix.
The final result was aesthetically and functionally
satisfactory.

Conclusion

Dermal matrix and local and free flaps can be used
to cover a skin defect after trauma. Flaps provide
good skin coverage and a short period of rehabili-
tation; however, the surgery is extremely demand-
ing. The use of a dermal matrix to cover defects is
evolving and offers an alternative treatment. This
approach provides aesthetically and functionally
satisfactory results.

Parental consent was obtained for publication of
this article.
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Abstract

In patients receiving external beam radiotherapy to the pelvis,
radiation enteritis is a significant complication, particular-
ly in patients receiving high-dose radiotherapy (> 80 Gy) and
in those with a low pelvic peritoneal reflection, allowing loops
of the small intestine to enter the radiation field. The lifelong
morbidity of radiation enteritis has motivated attempts at a va-
riety of surgical displacement procedures in the abdomen, pel-
vis, and retroperitoneum. Displacement of organs using omen-
tum, tissue expanders, breast prostheses, and several types of
mesh has been reported, but none of these methods have gained
widespread usage. Morbidity related to the surgical procedure
itself has raised some concerns. Laparoscopic insertion and
subsequent removal of a pelvic tissue expander before and af-
ter external beam radiotherapy is a relatively convenient, safe,
and effective method for displacing loops of intestine out of the
pelvis. This can be done with minimal morbidity and convert
previously untreatable patients into treatable patients who can
receive relatively high doses of radiation. Here, we report a case
of 15-year-old female with maxillary rhabdomyosarcoma in-
volving the maxillary sinus with skeletal metastases who was
scheduled for second-line treatment of metastases with radi-
otherapy. A tissue expander was laparoscopically inserted into
the lower pelvis to displace intestinal loops from the radiation
field to prevent radiation enteritis.
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Introduction

Rhabdomyosarcoma is the most common soft tis-
sue sarcoma seen in childhood and adolescence.
The most frequent site is the head and neck, ac-
counting for 40% of all cases. Other sites involved
are the genitourinary tract, retroperitoneum, and,
to a lesser extent, the extremities. Here, we report
the case of a 15-year-old female with maxillary
rhabdomyosarcoma involving the maxillary sinus
with skeletal metastases. As primary treatment,
according to RMS 2005 protocol (1), she received
nine cycles of chemotherapy. The primary max-
illary tumor of the maxillary sinus was surgically
removed after four cycles of chemotherapy. With
the sixth cycle of chemotherapy, radical radio-
therapy of the primary tumor location and metas-
tases in the spinal vertebrae, ribs, pelvis, and left
femoral bone started what led to complete regres-
sion of skeletal metastases. In the course of main-
tenance therapy, MRI scan showed a 12 x 28 x 23
mm lesion in the sacrum in the vicinity of the right
sacroiliac joint with characteristics of metastasis.
After that, a second line of treatment was started
with chemotherapy and radiotherapy.

In patients receiving external beam radiotherapy
(EBRT) to the pelvis, radiation enteritis is a sig-
nificant complication of EBRT, particularly in pa-
tients receiving high-dose radiotherapy (> 80 Gy)
and in those with a low pelvic peritoneal reflec-
tion, allowing loops of the small intestine to enter
the radiation field (2, 3). Often the morbidity and
impact of the side effects of radiation treatments
can become worse than the original disease (4).
The lifelong morbidity of radiation enteritis from
conventional radiation treatments has motivat-
ed attempts at a variety of surgical displacement
procedures in the abdomen, pelvis, and retrop-
eritoneum (5-16). Displacement of organs using
omentum, tissue expanders, breast prostheses,
and several types of mesh has been reported, but
none of these methods have gained widespread
use. Despite some apparent advantages, these
methods have not entered mainstream clinical
practice. For conventional radiation techniques,
the benefit is often not worth the extra surgical
morbidity. The dose to other adjacent structures
usually remains high even with displacement.

Because the region of the right sacroiliac joint with
the intestine was already included in primary ra-
diation treatment in our patient, a tissue expander
was laparoscopically inserted in the lower pelvis

to displace intestinal loops from the radiation field
to prevent radiation enteritis.

Case Presentation

In our case, this patient with sacral metastasis of
alveolar maxillary rhabdomyosarcoma would or-
dinarily not have been a candidate for EBRT due
to intestinal loops low in the pelvis. Laparoscop-
ic insertion of a tissue expander into the pelvis to
displace the intestinal loops was her only option.
With laparoscopic insertion and subsequent re-
moval of the tissue expander, she was able to re-
ceive radiotherapy to the sacrum without devel-
oping radiation enteritis.

No intestinal preparation was required. A 10 mm
supraumbilical incision was made and an open
Hasson technique was used to achieve pneumop-
eritoneum, with the placement of a 10 mm port at
the umbilicus and 5 mm ports in both iliac fossae.
Soft adhesions in the lower pelvis were divided by
scissor dissection. In lithotomy and steep Trende-
lenburg positioning, the suprapubic incision was
dilated up to 20 mm. A MENTOR®Smooth Rec-
tangle Tissue Expander (10.6 x 9.3 x 6.6 cm) 400
ml made of silicone with attached silicone tubing
was then rolled tight, lubricated with water-solu-
ble lubricant, and inserted via the suprapubic port
and placed laparoscopically in the pelvis, leaving
the normal-saline inflation port attached exter-
nally (Figure 1, Figure 2).

A running dissolvable 2/0 polydioxanone (PDS)
purse-string stitch was then sutured to the peri-
toneum of the sacral promontory and the anterior
and side walls of the pelvis below the level of the
common iliac vessels and tied snugly to keep the
expander in the pelvis. With a Huber® needle in-
serted into the inflation port, the tissue expander
was then filled with 340 ml of normal saline until
the expander began to bulge against the retaining
stitch (Figure 3).

The abdomen was then deflated of gas and the
fascia of both the Pfannenstiel and umbilical port
closed. The port of the expander was then placed
in a small subcutaneous pocket and sutured to
the fascia of the anterior abdomen. Skin incisions
were closed in the usual manner (Figure 4).

Subsequent CT scan confirmed adequate place-
ment of the expander device in the pelvis with the
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Figure 1. Rolled tissue expander.

Figure 2. Insertion of the tissue
expander.

Figure 3. Bulging of the expander.
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intestinal loops now well out of the pelvis and the
planned radiation field (Figure 5).

The patient’s recovery was uneventful, and she
was discharged after 2 days. Two weeks later she
went on to have EBRT to her sacrum, achieving a
good response without any side effects or symp-
toms. Repeat CT prior to removal of the expander
showed a well-placed expander within the pelvis,
with no evidence of radiation injury to the small
intestine or the prosthesis.

The tissue expander was removed laparoscopi-
cally 6 weeks after radiotherapy completion using

STUDY DATE:16.04.2018

Figure 4. Skin incisions closed.

Figure 5. CT scan after tissue
expander insertion: intestinal
loops out of the pelvis.

I1:45
09:59:19

09:51:37

the same initial incisions, with a good cosmetic
result. There were minor adhesions to the silicone
implant, and the PDS retaining string was intact,
but it easily broke with a gentle tug. These two fac-
tors facilitated its easy laparoscopic removal.

After ayear of follow up, the disease is in remission
and the patient is without any major complaints.
Ultrasound examinations and skeletal scintigra-
phy were both negative regarding the progress of
rhabdomyosarcoma.
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Discussion

In general, the effectiveness of any form of radia-
tion treatment is limited by the tolerances of adja-
cent normal tissues. The acute and chronic toxicity
of radiation (especially to the intestines) contin-
ues to confound our therapies (2, 3). Radiation
enteritis causes considerable disability and can be
avoided in many cases. Any patient receiving pel-
vic EBRT should undergo a planned CT scan, with
particular attention given to patients with a low
peritoneal reflection and intestinal loops within
the planned radiation field.

Methods of reducing injury to the small intestine
include multifield conformal therapy with pri-
or three-dimensional planning where the profile
of the radiation beam is shaped to fit the target.
The delivery of intensity-modulated radiotherapy
can also be adjusted, and it improves the ability of
treatment volumes to conform to the shape of the
tumor. Despite these techniques, intestinal loops
are still occasionally injured from being in the ra-
diation field. If available, brachytherapy or cryo-
therapy may be reasonable alternatives to EBRT.
Where EBRT is the preferred or only option, there
are various methods for removing small intestine
from the radiation field. Conventional nonopera-
tive maneuvers to remove small intestine from the
pelvis at the time of administering radiotherapy in-
clude extreme prone or Trendelenburg positioning,
bladder distension, abdominal wall compression,
or the use of an open table-top device (belly board)
(5). The response of such maneuvers is not always
reproducible. More extreme measures described
only in case reports include surgical insertion of a
peritoneal dialysis catheter and creation of a tem-
porary artificial pneumoperitoneum or ascites with
the installation of gas or normal saline into the ab-
dominal cavity (6, 7). These are time-consuming
and painful, need to be repeated, and do not reliably
remove intestine from the radiation field.

Normal saline-filled silicone tissue expanders are
easy to insert and remove and have the benefit of
being non-adherent to both the peritoneum and
small intestine. They are radioresistant to deg-
radation and, when filled with normal saline, are
similar in density to human tissues, and therefore
do not alter the isodose distribution of radiother-
apy. Early experience with tissue expanders found
that complications were more common when large
expanders were left in the pelvis long-term, with
the potential for bladder, ureteric, and iliac vessel

compression. Heaviness is a common complaint
with very large expanders (8). Deep vein throm-
bosis with pulmonary embolism and constipation
due to obstructive defecation have been reported
(8, 9). More recent reports using smaller implants
show them to be associated with fewer complica-
tions (10). Infection with abscess formation and
fistulization have been reported to occur in up to
7% of cases (11). Wound infections associated with
large laparotomy incisions are not uncommon,
particularly when the incision extends into the ra-
diation field (12). Another disadvantage of tissue
expanders is that they do very little to prevent ra-
diation injury to the bladder or rectum, with radi-
ation cystitis (13) and proctitis still being common
complications.

In our case, a conventional 400 ml normal sa-
line-filled silicone tissue expander without su-
ture tabs was used, and it was kept in the pelvis by
means of a PDS purse-string suture. This monofil-
ament has a tensile-strength half-life of 5 weeks,
with significant degradation of the suture at 10 to
12 weeks. Therefore, removal of the expander was
performed easily by gentle traction alone. Howev-
er, with dissolvable sutures, there is a risk of tissue
expander migration, and therefore a non-dissolv-
able suture may also be appropriate. The choice of
a conventional sized expander and the avoidance
of overfilling were challenging because of litera-
ture reports of the risks of ureteric and iliac vessel
compression.

For pelvic lesion, adequate and stable displace-
ment of the intestine in the pelvis is, at present, a
promising technique. The upper abdomen remains
problematic due to the large number of closely
associated organs as well as the motion impart-
ed by the diaphragm (16). Evidence of metastat-
ic disease makes these complex pursuits futile in
most instances, where there can be no significant
impact on morbidity and survival. All of this can
make patient selection for radiotherapy treatment
demanding.

Conclusion

Laparoscopic insertion and subsequent removal of
a pelvic tissue expander before and after EBRT is
a relatively convenient, safe, and effective meth-
od for displacing intestinal loops out of the pelvis.
This can be done with minimal morbidity and can
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convert previously untreatable patients into treat-
able patients who can receive relatively high doses
of radiation. The ease, simplicity, reversibility, and
minimally invasive nature of laparoscopic tissue
expander insertion are its main appeal. It should
be considered as an option for excluding the small
intestine from the pelvis prior to radiotherapy of
the sacrum. These combined techniques offer the
double hope of more effectively treating a difficult
cancer and also diminishing or eliminating the
costly and disabling effects often seen with con-
ventional radiation. Opportunities are open for
valuable collaboration and innovation in this area,
especially in the further development of minimal-
ly invasive displacement techniques.
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Abstract

Background. When dealing with colon cancer, both local and
distant disease recurrence must be appropriately addressed.
The primary tumor with its associated lymph node basin must
be resected. Determination of the mesentery division line thus
ensuring an appropriate degree of lymphadenectomy is critical.
Real-time visualization of lymphatic drainage could hypothet-
ically help in achieving this goal.

Methods. A prospective non-randomized study of colon can-
cer patients undergoing curative laparoscopic resection will
be performed. Peritumoral subserosal ICG injection will be
performed intraoperatively to demonstrate lymphatic drain-
age of the tumor. A D-Light NIR/ICG (Karl Storz, Germany)
system will be used to assess the lymphatics. The primary goal
will be to assess the feasibility of indocyanine-green (ICG)
fluorescence imaging for assessing lymphatic mapping in co-
lon cancer.

Discussion. It is hoped that study will prove the hypothesis
that ICG fluorescence is feasible and successfully demonstrates
lymphatic drainage of the tumor. Hence, this could help in
achieving adequate lymphadenectomy. Moreover, the results
of mapping could possibly obviate the need for an extended re-
section on the one hand or be an indication for it on the other.

Introduction

When dealing with colon cancer, both local and distant disease
recurrence must be appropriately addressed. A primary tumor
with its associated lymph node (LN) basin must be resected.
When excising the tumor, all the resection margins must be
free of disease (RO resection). This is relatively consistently
achieved; however, the extent of mesenteric lymphadenectomy
is variable. En bloc resection of the lymphatic basin that drains
the tumor is a pillar in achieving local control of the disease,
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but it is also a basis for cancer staging that drives
the decision for appropriate adjuvant treatment
planning. Hence, it affects overall survival. The
AJCC recommends that at least 12 LNs be harvest-
ed if final staging is to be accurate (1).

Some authors believe that excising the mes-
entery should follow the principles of complete
mesocolic excision (CME) with central vascular
ligation (CVL), thus ensuring resection along em-
bryological tissue planes with the entire regional
mesocolon being excised and an intact peritoneal
and fascial line package. This presumably leads
to better overall survival due to a greater number
of LNs and an oncologically superior specimen
(2). However, true consensus for CME is lacking
because there are concerns over increased mor-
bidity after such extended resections. Lymphatic
mapping could therefore potentially identify the
drainage LN basin with its true status and possi-
ble aberrant drainage roots. Hence, a “tailored”
instead of “radical” lymphadenectomy could be
carried out, avoiding the need for CME with the
associated risks for postoperative morbidity (3).

The primary goal of the study will be to assess the
feasibility of indocyanine-green (ICG) fluores-
cence imaging for assessing lymphatic drainage
in colon cancer. Secondary goals will be: 1) as-
sessing the impact of ICG mapping on the over-
all number of LNs procured, and 2) assessing the
ratio between the number of overall LNs procured
and positive LNs in the mesentery, additionally
resected whenever this will be necessary because
of the ICG mapping

Methods

Study Design and Patients

The study will prospectively identify 50 consec-
utive patients with colon cancer from the multi-
disciplinary team (MDT) meeting at the author’s
tertiary referral center. Patients will be enrolled
in the study if they are over 18 years of age, diag-
nosed with primary colon cancer proximal to the
rectosigmoid junction, able to undergo routine
staging with intravenous contrast-enhanced CT,
and able to tolerate mechanical bowel prepara-
tion for surgery. Patients will be excluded if they
are under 18, have bowel obstruction or an urgent

resection or surgery for palliative intent is need-
ed, and/or have distant metastases or an allergy
or history of adverse reaction to ICG, iodine, or
iodine dyes. All patients will have a preoperative
workup in line with the Slovenian national guide-
lines for management of patients with colorectal
cancer. These include a colonoscopy with tissue
biopsy confirming adenocarcinoma of the colon,
staging for distant metastasis with a CT scan of
the chest and abdomen, and presentation of each
patient’s case at an MDT meeting.

Patient and tumor demographics, and operative
and other procedural details will be assessed.
These will include age, sex, preoperative stag-
ing, the procedure performed, data on whether
the visualization of the lymphatic drainage was
successful, the presence of LNs outside the pro-
posed line of mesenteric resection, the patholog-
ical stage, the number of LNs procured, the num-
ber of positive LNs, the number of whole LNs, and
among these the number of positive LNs in the
mesentery dissected outside the proposed line of
resection.

Technique

Tumors will be marked with India ink at the time
of the index colonoscopy to assist intraopera-
tive identification. Surgical resection (laparo-
scopic colectomy per routine) will be performed
by a group of dedicated colorectal surgeons well
trained in minimally invasive surgery. A multiport
laparoscopic approach will be performed. Two
techniques will be employed, as per the surgeon’s
own preference. In the laparoscopically assisted
technique, following ligation of the main vascular
pedicle (the ileocolic artery or inferior mesenter-
ic/ascending left colic artery) and mobilization of
the colon, the specimen will be extracorporalized
through a small midline incision using a wound
retractor. A subserosal injection of 1 ml of ICG (5
mg /10 ml) will then be placed in four sites around
the tumor (4 ml in total). Using a D-Light NIR/
ICG (Karl Storz, Germany) system, the ICG will be
excited by light in the near-infrared (NIR) spec-
trum, for image comparison in standard white
light and NIR, and with real-time visualization of
the lymphatic drainage. In the total laparoscop-
ic technique, all the steps will be identical, ex-
cept there will be no extracorporalization of the
colon. Both subserosal injection of ICG as well as
real-time lymphatic mapping will be performed
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intracorporeally. At the end, the specimen will be
extracted through a mini-Pfannenstiel incision.
In both techniques, special wound protectors will
be used to avoid fecal contamination or spillage of
tumor cells.

Descriptive statistics will be used to describe the
outcomes, including means (with standard de-
viation), medians (with range), and values (with
percentage).

Approval for the study was obtained from the
Medical Ethics Committee of the Republic of
Slovenia, the Protocol Review Board (MZ 0120-
362/2019/5). Written consent from all patients
included will be provided prior to study enroll-
ment.

Discussion

Lymphatic mapping philosophically differs from
sentinel LN (SLN) identification in terms of se-
lective removal of the mesocolon draining a tu-
mor. ICG fluorescence technology could lead to
more precise minimally invasive surgery, guiding
optimal oncologic resections without the need
for risk-associated CME. Regardless of CME, ICG
fluorescent lymphangiography could elucidate
the correct mesocolic resection margin, resulting
in better lymphadenectomy as well as influenc-
ing the recommendations for adjuvant therapy.
Second, aberrant LN not seen in preoperative
imaging or acknowledged during the operation
could be identified and removed. This was clearly
shown by Chand et al. in their prospective pilot
study of colon cancer patients undergoing cura-
tive laparoscopic resection. They evaluated ICG
fluorescent lymphangiography in 10 consecutive
patients. In all of them, lymphatic channels were
seen at least to some extent, and, moreover, eight
had drainage to SLNs. In two cases, the resection
was extended due to the discovery of addition-
al LNs; in both cases, these were positive in the
final pathology (4). Cahill et al. found that four
out of 18 patients analyzed had fluorescing SLNs
outside the previously planned resection area (5).
Similar results were reported by Nishigori et al.
They performed ICG fluorescent visualizations in
21 patients, including for blood and lymph flow.
Their surgical plan for the lymphadenectomy had
to be changed in 23.5%. According to their re-
sults, the metastatic rate of ICG-positive nodes

was 10% and the metastatic rate of ICG-nega-
tive nodes was 5.3% (6). Even if one accepts CME
with central vascular ligation as a state-of-the-
art colon cancer treatment, thereby neglecting
voices of concern over postoperative morbidity,
ICG fluorescent lymphatic mapping could be very
useful in laparoscopic surgery for colon cancer
located in the hepatic or splenic flexure. Lym-
phatic drainage at these sites can vary and the
precise site of lymphatic dissection is uncertain
(7, 8). Cancer in the splenic flexure has several
lymphatic drainage roots. These can be the left
branch of the middle colic artery and left colic ar-
tery (LCA) areas in addition to the left accesso-
ry aberrant colic artery when present. Moreover,
drainage pathways to the infrapancreatic node
region and the splenic hilum is also possible.
These kinds of lymph flow patterns were evalu-
ated in a study by Watanabe et al. that included
31 patients with non-metastatic splenic flexural
cancer with a preoperative diagnosis of No. Ac-
cording to their results, lymph node dissection at
the root of the inferior mesenteric vein (IMV) is
important; however, both the middle colic artery
and the left colic artery may not necessarily need
to be ligated. Based on their findings, they also
recommended specific CME types for different
tumor localizations: for cancers in the first part
of the descending colon, a CME with LN dissec-
tion of the LCA and the root of the IMC area is to
be undertaken; the distal third of the transverse
colon cancer requires CME with lymphadenec-
tomy of the MCA and the root of the IMV areas.
Colon cancer located in the splenic flexure can
have lymphatic drainage in different directions.
The results of their study did not show lymphat-
ic drainage to both the LCA and MCA, hence they
believe that ligation of both vessels is not abso-
lutely needed (9).

It is hoped that the results of this study will prove
the hypothesis that ICG fluorescence is feasible
and successfully demonstrates lymphatic drain-
age of the tumor, which was already shown by
some authors in a limited series. Hence, this
could help surgeons in achieving adequate lym-
phadenectomy. Moreover, the results of mapping
could possibly obviate the need for an extended
resection on one hand or be an indication for it on
the other.
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