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Editorial

Aleš Tomažič  
President of the Slovenian Society for Endoscopic Surgery

CORRESPOnDEnCE

Prof. Aleš Tomažič, MD, PhD 
ales.tomazic@kclj.si

Dear Colleagues,

I am pleased to present the fourth issue of Surgery 
and Surgical Endoscopy. With great personal effort, 
the editors have inspired a good number of colleagues 
to publish their articles in our journal. The number of 
quality articles submitted is so large that we have no 
concerns about preparing the issues for the coming 
year. One might think that the circumstances with the 
coronavirus spreading also contributed to this. During 
these times we are tending to remain at home, there 
are no conferences in our own countries or abroad, and 
consequently we have more time to dedicate to writing 
articles.

In theory, matters are as described—but reality is far 
from that. At the Ljubljana University Medical Center’s 
Department of Abdominal Surgery, during the epidem-
ic we realized more than 90% of our operative program, 
we organized and conducted lectures remotely, and we 
also conducted additional programs to shorten wait-
ing times, among other efforts. The situation was pre-
sumably similar at other Slovenian hospitals. It is clear 
that these contributions are not the result of Slovenian 
surgeons having extra time on their hands, but the re-
sult of individuals’ inner drive and enthusiasm. This is 
nothing new: this is how surgical research and surgical 
articles have been created for many years—and that is 
also why this journal is so valuable.

Laparoscopic hernioplasty for inguinal hernia has be-
come established in many hospitals in Slovenia in the 
last 10 years. In this issue of the journal you will find 
a contribution by Radenko Koprivica on laparoscop-
ic inguinal hernioplasty plus an excellent comment on 
this topic by Jurij Gorjanc. Obesity is a disease of mod-
ern times, and the journal has published an article by 
Tadeja Pintar on the importance of standardization 

mailto:ales.tomazic%40kclj.si?subject=
mailto:ales.tomazic%40kclj.si?subject=
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in bariatric surgery and the related prevention of liver 
failure in these patients. A review of the treatment of 
spontaneous intracerebral hematomas and a presenta-
tion of his own results was contributed to the journal 
by the neurosurgeon Tomaž Velnar. In addition to these 
articles, you will find three interesting case reports in 
the journal: microsurgical replantation of a complete 
traumatic scalp avulsion, single-port laparoscopic re-
section of an intraductal papillary mucinous neoplasm 
of the bile duct, and treatment of a newborn with ges-
tational alloimmune liver disease.

Robotic surgery is gaining ground around the world, 
and Slovenia is no exception. At the Ljubljana Universi-
ty Medical Center, after initial steps in the field of urol-
ogy, abdominal surgeons are gaining experience with 
robotic surgery this year. Jan Grosek describes in detail 
the special features of robotic right hemicolectomies 
with the da Vinci Xi robotic system.

In conclusion, I encourage you to write and send pro-
fessional contributions of all kinds: original research 
articles, meta-analyses, case studies, and more. We 
will do our best to publish high-quality contributions 
as promptly as possible. Stay healthy during the uncer-
tain period ahead!

Prof. Aleš Tomažič
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Letter to the Editor:  
Mesh Fixation in Laparoscopic 
Transabdominal Preperitoneal (TAPP) 
Inguinal Hernia Repair

Jurij Gorjanc
President of the Slovenian Hernia Society

CORRESPOnDEnCE

Jurij Gorjanc
jurij.gorjanc@mf.uni-lj.si 

LETTER TO THE EDITOR

SURGERY SURG ENDOS 2020; 2(2): 
7-9

Dear Editor,

It was interesting to read the article about mesh fixation in 
transabdominal preperitoneal (TAPP) inguinal hernia repair 
(the comparison of a stapling device and glue in this issue). The 
fact is that there are still departments or individuals today that 
fixate mesh in TAPP with staple devices or even close the per-
itoneum with tackers. Indeed, the stapling technique in TAPP 
was long (1990–2005) a gold standard, and after 2005 good 
studies emerged that persuaded us to the contrary. So, should 
we really just forget the staples? Are they so wrong? And, last 
but not least, what about very large hernia defects? Should 
we not tack at least in these cases to prevent mesh migration 
(repositioning)?

This topic was actually cleared in the International Endohernia 
Society (IEHS) guidelines in 2011, and it is summarized in the 
text and tables below:

Recurrence
There are no more recurrence cases after non-fixation in com-
parison to fixation. In L1, M1, L2, and M2 hernias, we may con-
sider non-fixation (1).

In the case of fixation, the recurrence rate in the stapling de-
vice group compared to the glue group is even higher (0.6% vs. 
0.4%). The results are summarized in Table 1.

Acute Pain
There are advantages in favor of glue fixation concerning post-
operative pain (Table 2).

mailto:jurij.gorjanc%40mf.uni-lj.si?subject=
mailto:jurij.gorjanc%40mf.uni-lj.si?subject=
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Table 1. Recurrences after fixation with staples versus fixation with fibrin glue (2).

Study Follow-up Type of 
repair

Recurrence Level of 
evidence

Stapling device Fibrin glue

Olmi et al. (2007) [13] 26 monthsa TAPP 0/581 0/222 lb

Lau et al. (2005) [44] 1.2 yearsa TEP 0/94 0/92 lb

Lovisetto et al. (2007) [14] 11.7 months TAPP 0/98 1/99 lb

Ceccarelli et al. (2008) [20] 19 (4-40) monthsb TAPP 0/87 0/83 3b

Santoro et al. (2007) [22] 13.2 (5-24) monthsb TAPP 0/245 0/250 3b

Schwab et al. (2006) [23] 23.7 (11-47) monthsb TEP 5/87 2/86 3b

Novik al (2006) [24] 1, 16, 40 months TEP 0/96 0/9 3b

Toprat et al. (2005) [25] 28.3 ± 10.9 monthsb TEP 3/117 1/81 3b

23.9 ± 11.3 monthsb

Total 8/1405 4/922

0,6% 0,4%
a Median; b mean (range)

Table 3. Chronic pain after fixation with staples versus fixation with fibrin glue (2).

Study Pain score Repair Chronic pain P-value Level of 
evidence

Stapling device Fibrin glue

Lau et al. (2005) [44] Linear scale TEP = = n.s. 1 b

Lovisetto et al. (2007) [14] VAS (6 mo) TAPP ↑ ↓ <0.001 1 b

Boldo et al. (2008) [12] VAS (1 week) TAPP = = n.s. 2b

Topart et al. (2005) [25] Chronic pain TEP ↑ ↓ 0.037 3b

Schwab et al. (2006) [23] Chronic pain TEP ↑ ↓ 0.002 3b

Ceccarelli et al. (2008) [20] Chronic pain TAPP = = n.s. 3b

Study Repair Acute pain P-value Level of 
evidence

Staples Fibrin glue

Lau et al. (2005) [44] TEP = = n.s. lb

Olmi et al. (2007) [13] TAPP ↑ ↓ <0.05 lb

Boldo et al. (2008) [12] TAPP ↑ ↓ <0.05 2b

Table 2. Acute pain after fixation with staples versus fixation with fibrin glue (2).
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Chronic Pain
There are strong data for omitting staple fixation 
in order to reduce chronic pain (Table 3).

Costs
Costs were analyzed in three randomized con-
trolled trials. Only one study included not only 
the costs for endoscopic equipment but also for 
hospitalization and surgery, including anesthe-
sia, time spent in the operating room, and mate-
rials (3). In various randomized controlled trials, 
the costs due to the use of fibrin glue ranged from 
$120 to $517. Today, the use of acryl glue makes 
these procedures much cheaper.

As can be seen, the statements are unequivocal: in 
order to prevent acute and chronic pain, adhesive 
materials (“glue”) are superior to stapler fixation 
devices (“tacks”). There is also no need to repeat 
similar studies with tacks (or staples) in local gen-
eral hospitals because it is clear that we can (un-
intentionally) cause acute or chronic pain by tack-
ing. Surgeons should especially be warned against 
(blind) peritoneal closure with tacks because they 
can harm the vascular and neural structures lying 
behind. The peritoneum should be closed in an 
atraumatic way for deeper structures (suturing or 
sticking with glue).

Is stapling for TAPP nowadays an absolute no-go? 
Yes. Patients with large hernias (L3, M3), who—
according to old school—would be candidates for 
mesh fixation with one or more tacks in “permit-
ted” spots (close to the iliopubic tract medially), 
may profit as much or even more from a slightly 
larger mesh (17 × 12 cm) that is fixed with glue.

References
1. Taylor C, Layani L, Liew V, et al. Laparoscopic in-

guinal hernia repair without mesh fixation: early 
results of a large randomized clinical trial. Surg En-
dosc. 2008;22:757–62.

2. Bittner R, Arregui ME, Bisgaard T, et al. Guidelines 
for laparoscopic (TAPP) and endoscopic (TEP) treat-
ment of inguinal hernia [International Endohernia 
Society (IEHS)]. Surg Endosc. 2011;25:2773–843.

3. Moreno-Egea A, Torralba Martinez JA, Morales 
Cuenca G, et al. Randomized clinical trial of fixation 
vs nonfixation of mesh in total extraperitoneal in-
guinal hernioplasty. Arch Surg. 2004;139:1376–9.
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Adhesive Techniques for Mesh and 
Peritoneum Fixation in Laparoscopic 
Inguinal Hernia Repair

Radenko Koprivica, Sanjanin Perišić, Manuela Kuhar Makoter
Department of Abdominal Surgery, Murska Sobota General Hospital

CORRESPOnDEnCE

Radenko Koprivica, MD, PhD
koprivica.radenko@gmail.com 

KEy WORDS

TAPP, mesh fixation, adhesive 
technique, cyanoacrylate, 
peritoneal closure, pain

RESEARCH ARTICLE

SURGERY SURG ENDOS 2020; 2(2): 
11-16

Abstract
Background. Standard hernia repair methods employ open 
or laparoscopic techniques involving mesh fixation with tis-
sue-perforating methods, mesh fixation with adhesive, and 
non-fixation methods. The European Hernia Society Guide-
lines state that the use of glue adhesives for mesh fixation and 
peritoneal closure reduces acute and chronic postoperative pain 
compared to mesh fixation with tissue-perforating methods.

Methods. Between February 1st, 2018 and August 31st, 2018 we 
prospectively monitored 20 patients that underwent laparo-
scopic transabdominal preperitoneal (TAPP) inguinal her-
nia repair. In Group 1, patients underwent mesh fixation and 
peritoneum closure with tacks. In Group 2, mesh fixation and 
peritoneum closure were performed with a laparoscopic in-
strument using the adhesive n-butyl-2-cyanoacrylate (NBCA). 
There were 10 patients in each group. For both groups we used 
a light polypropylene titanium mesh measuring 10 × 15 cm. An-
algesic therapy after surgery was the same for all patients. All 
patients were discharged on postoperative day 1. We recorded 
the performance of mesh and peritoneum fixation, and postop-
erative pain, measured with a visual analogue scale (VAS). We 
also followed early postoperative complications: hematomas, 
wound infections, and recurrent hernias. Follow-up visits were 
performed on postoperative days 1, 6, and 30. In the statisti-
cal analysis we used standard descriptive statistics, single- and 
two-factor analyses of variance, a multiple ranking test, Mood’s 
median test, and Tukey’s test.

Results. The average age of patients was 53.7 years without 
significant differences between the groups. During the 30-day 
follow-up there were no recurrent hernias, wound infections, 
or hematomas in either of the groups. A two-factor analysis of 
variance, multiple range test (LSD), and Tukey’s test showed 
that there was no statistically significant difference between 
the two groups. A single-factor analysis of variance showed 
that the difference between the three samples in Group 1 was 
not statistically significant. A multiple range test (LSD) showed 
that only the difference between the first and third sample in 

mailto:koprivica.radenko%40gmail.com?subject=
mailto:koprivica.radenko%40gmail.com?subject=
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Group 1 was statistically significant. A single-fac-
tor analysis of variance for Group 2 showed that 
the difference between the three samples in Group 
2 was statistically significant. Mood’s median test 
showed that the difference between all three sam-
ples in Group 2 was statistically significant. Multi-
ple range tests showed that, of the fifteen possible 
comparisons, the difference was statistically sig-
nificant between seven sample comparisons and 
was not significant in nine comparisons. The test 
also showed that the pain on the VAS scale was the 
same in patients in Group 1 at 30 days as in Group 2 
patients at 6 days. The pain intensity was the same 
in patients in Group 1 (tacks) on postoperative day 
30 and patients in Group 2 (glue) on postoperative 
day 6.

Conclusion. Adhesive techniques are a better op-
tion than penetrant fixation techniques for pre-
venting and reducing postoperative chronic pain 
after TAPP repair.

Introduction
Inguinal hernia surgery is the most common-
ly performed operation in Europe and the United 
States (1, 2). Standard methods of operation are 
open or laparoscopic techniques involving mesh 
fixation with tissue-perforating methods, mesh 
fixation with adhesive, and, finally, non-fixation 
methods (3–5). Non-fixation mesh methods are 
simple, with little postoperative pain, but there 
are complications such as large mesh mobility, 
lower tensile strength, and a high percentage of 
hernia recurrence (6). Fixation methods in lap-
aroscopic techniques in a meta-analysis com-
pared to non-fixation have shown that there is 
no statistically significant difference in the per-
centage of hernia relapse (7). The current Inter-
national Endohernia Society (IEHS) guidelines 
recommend the use of non-fixation techniques in 
transabdominal preperitoneal (TAPP) hernia re-
pair, which should be considered as types: lateral 
(L1 and L2) and medial (M1 and M2) inguinal her-
nias (European Hernia Society (EHS) classifica-
tion) (8). There are three categories of adhesives 
for fixation: synthetic adhesives, biological adhe-
sives, and genetically engineered polymeric adhe-
sives (9, 12). The use of adhesive for mesh fixation 
decreases postoperative complications compared 
to tissue-perforating methods (3, 10, 12). Accord-
ing to EHS guidelines, the use of glue adhesives 

for mesh fixation and peritoneal closure reduces 
acute and chronic postoperative pain compared to 
mesh fixation with tissue-perforating methods 
(5, 11, 12).

Methods
Between February 1st, 2018 and August 31st, 2018 
we prospectively monitored 20 patients divided 
into two groups: Group 1 consisted of patients un-
dergoing the TAPP procedure with mesh and peri-
toneum closure with tacks, and Group 2 consisted 
of patients undergoing the TAPP procedure with 
mesh and peritoneum closure with glue. There 
were 10 patients in each group. The inclusion cri-
teria were the following: male, adult, and clas-
sified by the American Association of Anesthe-
siologists (ASA) class I–III. Patients with direct, 
indirect, or bilateral inguinal hernia to L1–3 or 
M1–3 were enrolled according to the EHS classi-
fication. Exclusion criteria were the following: fe-
male; large inguinoscrotal hernia; severe comor-
bidity; use of an anticoagulant, corticosteroid, or 
immunosuppressive; and psychiatric therapy. In 
Group 1, mesh and peritoneum fixation was per-
formed with tacks (Ethicon™ SecureStrap®, an 
absorbable strap fixation device, Johnson & John-
son). In Group 2 the mesh and peritoneum were 
fixed with a laparoscopic instrument using the 
adhesive n-butyl-2-cyanoacrylate (NBCA; Liq-
uiBand® Fix8™ by Advanced Medical Solutions). 
In both groups, we used a light polypropylene ti-
tanium mesh measuring 10 × 15 cm (TiLENE® 
Blue, pfm medical). All patients were operated 
on by the same surgeon. In Group 1 we fixed the 
mesh with an average of five to seven tacks, and 
the peritoneum was fixed with an average of seven 
or eight tacks. In Group 2, fixation with adhesive 
was performed in approximately the same number 
of focal points as in Group 1. In Group 2, after fix-
ation of the mesh, the intra-abdominal pressure 
dropped from 14 mmHg to 6 to 8 mmHg, and then 
the peritoneum was fixed with glue. After that we 
released the gas from the abdomen, and after 5 
minutes we again performed pneumoperitoneum 
at 8 mmHg and performed an inspection for the 
success of peritoneum fixation. Analgesic therapy 
after surgery was the same for all patients: par-
acetamol 1 gram intravenously four times/day on 
the 1st day, and paracetamol 500 mg orally three 
times daily for another 3 days. The patients were 
discharged on postoperative day 1. We recorded 
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the performance of mesh and peritoneum fix-
ation, and postoperative pain, measured with a 
visual analogue scale (VAS). We also followed early 
postoperative complications: hematomas, wound 
infection, and recurrent hernias. Controls were 
performed on postoperative days 1, 6, and 30. In 
the statistical analysis we used standard descrip-
tive statistics, single- and two-factor analyses of 
variance, a multiple ranking test, Mood’s median 
test, and Tukey’s test.

Results
The average age of patients was 53.7 years with-
out significant differences between the groups. 
There were four patients with bilateral inguinal 
hernias, nine with right-sided inguinal hernias, 
and seven with left-sided inguinal hernias. There 
was no difference in the distribution of hernias 
by group. The distribution of hernia size in both 
groups was similar in 50% of cases of L2 or M2, in 
30% of L1 or M1, and in 20% of L3 or M3 according 
to the EHS classification. During the 30-day fol-
low-up, there were no recurrent hernias, wound 
infection, or hematomas in both groups. In Group 
1, the mesh and peritoneum were fixed with tacks. 
In Group 2 the peritoneum and mesh were fixed 
with glue. Compared by the parameters tested, the 
groups were similar (Table 1). The average time of 
surgery in Group 1 was 45 minutes, and in Group 2 
it was 51 minutes.

In Group 1, on postoperative day 1, the average 
pain measured by the VAS scale was 2.1, on post-
operative day 6 it was 1.3, and on postoperative 
day 30 it was 0.8. In Group 2, the average pain on 
postoperative day 1 was 2, on postoperative day 6 
it was 0.8, and on postoperative day 30 it was 0.4. 
(Table 2).

A two-factor analysis of variance showed that 
there was no statistically significant difference 
between the two groups. However, the difference 
between samples in groups, or the time of pain 
assessment, was statistically significant at p < 
0.0001 (Table 3). A multiple range test (least sig-
nificant difference, LSD) and Tukey’s test confirm 
that there was no statistically significant differ-
ence between the two groups.

A single-factor analysis of variance showed that 
the difference between the three samples in Group 
1 was not statistically significant because p > 0.05. 
A multiple range test (LSD) showed that only the 
difference between the first and third samples in 
Group 1 was statistically significant.

Mood’s median test also showed that the differ-
ence between all three samples was not statisti-
cally significant. However, in this case, there was 
only about an 8% probability that the difference 
could be random (p = 0.0785).

A single-factor analysis of variance for Group 
2 showed that the difference between the three 
samples in Group 2 was statistically significant 
because p < 0.0001 (F ratio = 15.6). The difference 

Condition Group 1 Group 2

n % n %

BIH 2 20 2 20

RIH 4 40 5 50

LIH 4 40 3 30

L1, M1 (< 1.5 cm) EHS 3 30 3 30

L2, M2 (1.5–3 cm) EHS 5 50 5 50

L3, M3 (> 3 cm) EHS 2 20 2 20

Hematoma 0 0 0 0

Wound infection 0 0 0 0

Recurrent inguinal hernia 0 0 0 0

Mesh fixation 10 100 10 100

Peritoneum closure 10 100 10 100

Table 1. Distribution by group.  
BIH = bilateral inguinal hernia,  

RIH = right-sided inguinal hernia, 
LIH = left-sided inguinal hernia,  

L = lateral, M = medial,  
EHS = European Hernia Society 

classification
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between the first and second samples, and be-
tween the first and third samples in Group 2 was 
statistically significant. The difference between 
the second and third samples was not statistically 
significant. Mood’s median test showed that the 
difference between all three samples in Group 2 
was statistically significant (p < 0.0001).

The variance analysis showed that the difference 
between all six samples from both groups of ob-
servations together was statistically significant (p 
< 0.0001).

Multiple range tests showed that, of the 15 possi-
ble comparisons, the difference was statistically 
significant between seven sample comparisons 
and was not significant in nine comparisons. The 
test also showed that the pain in the VAS scale was 
the same in patients in Group 1 on postoperative 
day 30 as in Group 2 on postoperative day 6. The 
pain was much less when the adhesive was used, 

and in practice patients that underwent the adhe-
sive technique reached a condition with less pain 
much faster (Table 4, Figure 1).

Discussion
In order to avoid injury to nerves, blood vessels, 
and adhesions, penetrating agents for mesh fixa-
tion in hernioplasty should not be used (9, 10, 12). 
According to IEHS recommendations, fibrin glue 
should be used for retinal fixation in TAPP herni-
oplasty (8). There are some advantages of NBCA 
over fibrin glue, including stronger mesh fixa-
tion, gluing the peritoneal flap, and the possibility 
of adhesion of incisions on skin. The drawback of 
NBCA is that it is not bioresorbable (9). In all cas-
es, we fixed the mesh with adhesive. There was no 
difference in the percentage of mesh and perito-

Group 1 Group 2

Patient Day 1 Day 6 Day 30 Patient Day 1 Day 6 Day 30

1 3 2 1 1 2 1 0

2 2 0 0 2 2 0 0

3 1 0 0 3 2 1 1

4 0 0 0 4 2 0 0

5 0 0 0 5 2 1 0

6 4 1 1 6 3 2 1

7 3 2 2 7 3 1 1

8 3 3 2 8 2 1 0

9 2 2 1 9 2 1 1

10 3 3 1 10 0 0 0

Average 2.1 1.3 0.8 Average 2 0.8 0.4

Source Sum of 
squares

Df Mean 
square

F ratio p-value

Main effects

  A: group 1.66667 1 1.66667 1.90 0.1732

  B: days 22.0333 2 11.0167 12.58 0.0000

Residual 49.0333 56 0.875595

Total (corrected) 72.7333 59

Table 2. Postoperative pain 
measured by a visual analogue 
scale (VAS), distribution by group 
and time.

Table 3. Two-factor analysis of 
variance for both groups.



October 2020

15

neum fixation, hernia recurrence, and wound in-
fection between groups. Tissue adhesives cause 
a small inflammatory response, improve wound 
healing, and are bacteriostatic (13–15). Reduction 
of postoperative pain in laparoscopic hernioplas-
ty using adhesive is faster than in laparoscopic 
hernioplasty using penetrating fixation methods 
(16, 17). The analysis of the results in this article 
showed that patients with TAPP procedures with 
adhesive fixation have less postoperative pain. 
On average, on the VAS scale, a patient that un-
derwent adhesive fixation had the same pain on 
postoperative day 6 as a patient that underwent 
a fixation tacker on postoperative day 30. Such a 
patient recovers much faster because pain reduc-
tion is an important determinant of the duration 

of convalescence (16, 17). Recovery duration and 
chronic postoperative pain are an important soci-
oeconomic problem because inguinal hernioplas-
ty is the most commonly performed procedure in 
general surgery (17–19). Good results in the re-
duction of chronic postoperative pain and a lower 
percentage of recurrent operations are resulting 
in increasing use of NCBA adhesive for mesh fixa-
tion, with an increasing number of published pub-
lications on the topic (10). Ileus after TAPP repair 
due to poor closure of the peritoneum may occur 
in the early postoperative period (20). Peritoneal 
closure using NBCA is a safe and secure method 
that, at a clinical follow-up of 12 months, showed 
no serious complications associated with the ap-
plication technique. In 90% of cases, Dauser et al. 

Group, day Count Mean Homogenous groups

G2, day 30 10 0.4 X

G1, day 30 10 0.8 XX

G2, day 6 10 0.8 XX

G1, day 6 10 1.3 XX

G2, day 1 10 2.0 X

G1, day I 10 2.1 X

Contrast Sig. Difference +/− limits

G1, day 1 – G1, day 6 0.8 0.8506

G1, day 1 – G1, day 30 * 1.3 0.8506

G1, day 1 – G2, day 1 0.1 0.8506

G1, day 1 – G2, day 6 * 1.3 0.8506

G1, day 1 – G2, day 30 * 1.7 0.8506

G1, day 6 – G1, day 6 0.5 0.8506

G1, day 6 – G2, day 1 −0.7 0.8506

G1, day 6 – G2, day 6 0.5 0.8506

G1, day 6 – G2, day 30 * 0.9 0.8506

G1, day 30 – G2, day 1 * −1.2 0.8506

G1, day 30 – G2, day 6 0 0.8506

G1, day 30 – G2, day 30 0.4 0.8506

G2, day 1 – G2, day 6 * 1.2 0.8506

G2, day 1 – G2, day 30 * 1.6 0.8506

G2, day 6 – G2, day 30 0.4 0.8506

Table 4. Multiple range test for 
six samples at the same time. G1 = 

Group 1, G2 = Group 2.

Figure 1. Least significant 
difference multiple range test.
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achieved peritoneal adhesion by using LiquiB-
and® Fix8™ adhesive (12). In this article, in all 10 
cases we achieved closure of the peritoneum with 
adhesive. According to literature data, peritoneal 
adhesive closure is feasible in many cases, with 
restrictions related to anatomical conditions that 
prevent adhesion (e.g., adhesions of the sigmoid 
colon with strong traction to the distal peritoneal 
flap) (12). Of course, there are no recommenda-
tions for the exclusive use of NBCA for peritoneal 
closure (12, 21).

Conclusion
NBCA adhesive is a perfect method for fixing the 
mesh and peritoneum in TAPP repair. The method 
is simple, safe, and very feasible. Adhesive tech-
niques are a better option than penetrant fixation 
techniques for preventing and reducing postoper-
ative chronic pain after TAPP repair.
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Abstract
Introduction. Anatomical configurations of bariatric surgery 
procedures must be standardized for surgical practice, patient 
outcomes, and research. Standardization offers clinical safe-
ty and importantly reduces the overall complication rate; that 
is, surgical and metabolic complications that significantly in-
crease morbidity and mortality. The primary characteristics of 
the procedures, dimensions, and volumes of the final anatomy 
created influence the bariatric and metabolic outcomes.

Methods and results. Twenty-two types of bariatric surgery 
procedures and 50 surgical anatomical variations have been 
described. Different grades of non-alcoholic fatty liver disease 
(NAFLD) and non-alcoholic steatohepatitis (NASH) are pres-
ent in obese patients that are candidates for bariatric surgery. 
Standard and implemented patient preparation for surgery is 
the key point in avoiding common causes of mortality for liver 
disease after bariatric surgery, such as alcohol abuse, viral in-
fection, autoimmunity, and psychosocial behavior with devel-
oped anorexia leading to liver insufficiency due to a prolonged 
state of severe malnutrition. Routine nutritional screening and 
supplementation according to the surgical technique after bar-
iatric surgery is mandatory.

Conclusions. Algorithms in bariatric surgery are mandatory to 
prevent life-threatening postoperative complications. The in-
dividual bariatric procedure must include precise anatomical 
measurements; that is, a definitive anatomic reconfiguration 
standard. This also includes re-do procedures and a description 
of the naive abdominal anatomical situation and preexisting 
abdominal pathology. This can improve targeting treatment for 
particular complications and aspects of metabolic disease. Pro-
cedure variants should vary from a single definition standard 
among the range of surgical interventions recognized. Long-
term postoperative follow-up importantly reduces morbidity 
and is a primary requirement for early diagnosis of pathology. 
Diagnostic and therapeutic procedures must be performed at 
highly experienced tertiary centers with multidisciplinary and 
intensive-care treatment capacities.
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Introduction
Metabolic surgery was defined as the “operative 
manipulation of a normal organ or organ system 
to achieve a biological result for a potential health 
gain” by Buchwald and Varco in 1978 (1). Surgical 
interventions for morbid obesity address impair-
ments and mostly weight-independent regulatory 
mechanisms in the neurohormonal network and 
microbiome; treatment of obesity-related dis-
eases reconfigures essentially normal organs. To 
date, 50 different operations have been described 
and offered to manage the critical global threat 
of obesity and metabolic syndrome. Recent data 
presented by Bhandari et al. in the World Consen-
sus Meeting Statement show that 579,517 bariat-
ric metabolic operations and 14,725 endoluminal 
procedures are performed annually worldwide for 
reducing body weight and improving or resolv-
ing a wide range of comorbid diseases (2). Thus, 
in the long term, these surgical interventions are 
the only effective, safe, and durable therapeutic 
option for most patients with obesity.

The wide range of different procedures also re-
flects the understanding of surgeons and bari-
atric teams. Globally, the most frequent surgical 
interventions for morbid obesity are sleeve gas-
trectomy (SG, 45.9%), Roux-en-Y gastric bypass 
(RYGBP, 39.6%), laparoscopic adjustable gastric 
banding (LAGB, 7.4%), and biliopancreatic diver-
sion (duodenal switch, BPD/DS, 1.1%). Novel tech-
niques have been introduced in the last decade, 
both surgical and endoluminal, but are currently 
only associated with short-term evidence.

The procedure’s finished anatomic configuration 
(i.e., precise measurements and reconfiguration) 
will improve procedure safety and weight-loss 
effectiveness, and it will reduce short- and long-
term complications. Severe liver dysfunction may 
occur after bariatric procedures due to a com-
bination of restriction, malabsorption, and pri-
mary malabsorptive procedures. The length of 
the alimentary and biliary limb should be adapt-
ed to the length of the small intestine to prevent 
life-threatening malabsorptive conditions and 
organ failure.

Discussion
Bariatric surgeries trigger different adaptive 
mechanisms responsible for reestablishment of 
liver function as well as deterioration. The un-
derlying mechanisms inducing impairment are 
a) rapid and drastic weight loss, b) protein-cal-
orie malnutrition, and c) gut microbiota alter-
ation and bacterial overgrowth. Progression of 
preexisting liver inflammation is regulated by the 
gut–liver axis; modulation of the metabolic and 
immune system is triggered by intestinal flora, 
which importantly contribute to energy homeo-
stasis and metabolism and to the intestinal bar-
rier function. The state of dysbiosis in the liver 
represents the first filtrating system for the mes-
enteric system adapted after obesity surgery in-
terventions. Mechanisms involved in liver func-
tion deterioration include the systemic load of 
inflammatory cytokines involved in liver fibrosis, 
dietary choline metabolism change, impaired bile 
flow and acid metabolism, endogenous ethanol 
production, and increased intestinal permeability 
triggered by small intestinal bacterial overgrowth 
(SIBO).

SIBO and subsequent liver damage are encour-
aged by the long length of bypassed intestine in 
predominantly malabsorptive procedures, the 
dysmotility of the Roux limb after standard Roux-
en-Y bypass surgery (3) and impaired bile circu-
lation, distal bypass techniques with a long biliary 
limb and gastric acid reduction in small pouch 
size techniques typical for restrictive surgeries, 
and small anastomosis with bowel obstruction.

Severe calorie and protein deficiency due to mal-
absorption resulting from bariatric surgery tech-
nique also triggers reduced apolipoprotein liver 
synthesis and as a consequence weakens the liv-
er’s antioxidative capacity. This also accelerates 
liver fibrosis under the circumstances of exces-
sive weight loss (EWL%) and worsens steatosis 
(4, 5). Combining hybrid bariatric techniques also 
has an impact. Among many factors, the follow-
ing are significant for liver damage following bar-
iatric surgery: metabolic syndrome, diabetes, hy-
perlipidemia, and arterial hypertension. Among 
metabolic comorbidities, a major role is associat-
ed with non-alcoholic fatty liver disease (NAFLD), 
which is evaluated as a high risk for liver failure in 
combination with an extended-length limb.

Both non-alcoholic steatohepatitis (NASH) and 
NAFLD have been shown to be effective in weight 
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loss and improvement in liver pathology (5, 6). 
To obtain optimal clinical and long-term results, 
appropriate patient selection for bariatric surgery 
combined with a meticulous surgical technique 
may allow patients with liver failure to under-
go mainly sleeve gastrectomy with an acceptable 
low rate of complications and effective weight 
loss and related improvement of liver histology. It 
has been proven by Diwan et al. that a lower body 
mass index at the time of liver transplantation 
could decrease the risk of wound complications 
in the short term and recurrent NASH in the long 
term (7). In contrast, Keleidari et al. (5) showed 
that the incidence of liver failure after bariat-
ric surgery is higher after a history of revisional 
bariatric surgery, mainly in malabsorptive proce-
dures. Thus, for prior malabsorptive procedures 
and especially all revisional surgeries, evaluation 
of liver histology should be a standard procedure 
to avoid worsening of preexisting liver damage 
due to obesity-related metabolic liver disease. 
Moreover, all non-operative measures should be 
implemented—including nutritional treatment, 
and metabolic and non-surgical support—to pre-
vent exacerbation of liver disease.

To prevent life-threatening complications of obe-
sity surgery, some strong recommendations play 
a key role in current surgical practice: the length 
of the biliary limb, the length of the alimentary 
limb, a common channel, and the total length of 
the small bowel (2, 5, 8). Factors that can slight-
ly influence the proposed criteria are sex, age, 
height, stomach size, and type of anastomosis.

Malabsorption is the consequence of extended re-
striction and malabsorptive component (5). The 
result is hypoalbuminemia, which is the leading 
cause of NASH. NASH has also resulted in portal 
hypertension reducing intestinal absorption, rep-
resenting a vicious cycle. The only treatment mo-
dality in this clinical situation is revisional sur-
gery, i.o. re-establishment of the natural anatomy 
and supportive parenteral nutrition. The timing 
is crucial to prevent liver failure and irreversible 
clinical circumstances. Postoperative follow-up is 
important to prevent post-bariatric liver failure: 
physical examination, routine serologic screen-
ing, metabolic screening, and a liver biopsy. A hy-
drogen breath test is suggested for any suspicious 
SIBO, and radiologic and endoscopic evaluation is 
suggested in cases of gastrointestinal obstruction 
that can suddenly cause deterioration in the liv-
er’s metabolic condition (5, 9).

Small intestinal bacterial overgrowth is indicated 
by flatulence, bloating, nausea, abdominal dis-
comfort and cramps, weight loss, and steator-
rhea; the exact diagnostic pool is a 14C-D-Xylose 
test and a urinary or serum test; anemia may be 
macrocytic or microcytic, and associated with 
lymphopenia, low serum prealbumin and trans-
ferrin, depletion of fat-soluble vitamins, and 
elevated levels of folate and vitamin K. Prompt 
management of nutritional deficiencies induced 
by bariatric surgery suppresses the effect of SIBO. 
An immune enteral formula will restore the intes-
tinal barrier and decrease translocation and the 
related systemic effect of bacterial overgrowth. 
Attention should be directed toward a total par-
enteral nutrition (TPN) formula; enteral feeding 
is highly recommended to prevent TPN-related 
additional liver steatosis and catheter-related 
complications (3, 5, 8). Among restrictive rec-
ommendations are fructose enteral load; protein 
supplementation and pancreatic enzymes should 
be balanced, and thiamine deficiency diagnosed 
as the most frequent source of SIBO. The bene-
fit from early digestion in the upper bowel by 
introducing a nasogastric tube into the remnant 
stomach promotes the immune-enhancing ca-
pacity, biliopancreatic limb recovery, and SIBO 
reduction.

Importantly, screening for nutritional deficien-
cies after surgery prevents the hypoalbumine-
mia and subsequent liver insufficiency described 
after malabsorptive bariatric procedures and in 
other clinical circumstances described with poor 
patient follow-up and non-standard surgical 
procedures with unpredictable metabolic effects 
(10). Extensive hypoalbuminemia and bacterial 
overgrowth trigger the production of hepatotox-
ic macromolecules with additional liver damage. 
In a state of starvation and extensive malabsorp-
tion, liver insufficiency might be caused by acute 
cell necrosis due to autophagy, dehydration in 
extensive diarrhea with hypovolemia, and poor 
blood circulation through the liver.

All measurements should be oriented toward pa-
tient selection for type of surgery in both primary 
and re-do bariatric surgery for treatment failure. 
Very mild clinical and pathological liver disease 
can deteriorate into clinically critical liver dis-
ease even in standard procedures with mild ma-
labsorption procedures. Restoration of anatomy 
and nutritional support are the first treatment 
modalities.
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Figure 1. Liver before and after bariatric surgery (4). BMI = body mass index, CCL = chemokine ligand, 
CD = cluster of differentiation, CHO = carbohydrate, FGF = fibroblast growth factors, Gal = galactin,  
GLP = glucagon-like peptide, iFABP = intestinal-type fatty acid binding protein, IL = interleukin,  
LBP = lipopolysaccharide-binding protein, LPS = lipopolysaccharides, MIP = macrophage 
inflammatory protein, NAFLD = non-alcoholic fatty liver disease, NASH = non-alcoholic 
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steatohepatitis, P1MP = procollagen type I propeptide, PK = pyruvate kinase, PNPLA = patatin-like 
phospholipase domain-containing, RARRES = retinoic acid receptor responder protein,  
SGLT = sodium-glucose linked transporter, TLR = toll-like receptors, TNF = tumor necrosis factor, 
WAT = white adipose tissue.
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Conclusion
Reversal of bariatric procedures or lengthen-
ing the common channel is the first approach in 
patients with liver deterioration. Due to meta-
bolic disease, bariatric surgery reversal and liver 
transplantation are treatment options; hepatic 
pathology may return more intensely after any 
surgical intervention. To avoid the clinical sit-
uations described, it is mandatory to respect a 
set of anatomical measurements and standard-
ize the techniques targeting metabolic disease. 
Evidence-based standard procedures are neces-
sary to prevent life-threatening complications, 
including liver failure due to deterioration of 
pre-existing metabolic liver disease.
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Abstract
Spontaneous intracerebral hemorrhage is an acute life-threat-
ening form of stroke with a high mortality and disability rate. 
Small intracerebral hemorrhages, not causing mass effect and 
elevated intracranial pressure, can be treated conservative-
ly according to basic principles of acute hemorrhagic stroke 
management. Selected patients with a large intracerebral hem-
orrhage, a high probability of hematoma expansion, and sub-
sequent neurological deterioration or signs of elevated intrac-
ranial pressure benefit from surgical evacuation. This article 
presents the treatment results for supra- and infratentorial 
intracerebral hematomas at the Ljubljana University Medical 
Center from 2014 to 2018. The mortality rate in patients that 
were treated conservatively was 43%, versus 26% in those 
treated with surgical intracerebral hemorrhage evacuation. 
Intensive treatment aims to prevent secondary brain injury 
caused by hematoma mass effect, brain edema, and toxic blood 
lysis products.

Introduction
Patients with acute onset intracerebral hemorrhage (ICH) com-
prise 10 to 20% of all stroke patients worldwide, which makes 
ICH the second most common form of stroke (1). ICH is charac-
terized by a high rate of mortality during the initial hospitali-
zation period, as well as 3 months after hospital treatment, and 
significant long-term functional disability (2, 3).

Primary ICH refers to spontaneous nontraumatic bleeding 
from pathologically altered intraparenchymal vessels, with the 
bleeding possibly extending into the ventricles and subarach-
noid space. The incidence rate is highest in older adults with 
associated risk factors for cerebrovascular disease, the major 
ones being long-standing hypertension and cerebral amyloi-
dal angiopathy (1). The most common sites of bleeding in ICH 
are the basal ganglia, lobar regions, thalamus, cerebellum, and 
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brainstem (4). Many of these locations are related 
to the areas of vessels affected by hypertension, 
whereas recurrent lobar ICH, especially in older 
adults, might be indicative of amyloid angiopathy 
(5). It should be noted, however, that the etiology 
could only be definitely determined by tissue pa-
thology, which is, on the other hand, only rarely 
performed in clinical practice for ICH. Other risk 
factors for spontaneous ICH include vascular mal-
formations, neoplasms, and coagulopathies. The 
later comprise hereditary and acquired clotting 
factor deficiencies, thrombocytopenia, and iatro-
genic coagulopathy caused by anticoagulants or 
antiplatelet drugs. These events are referred to as 
secondary ICH and comprise approximately 10 to 
20% of all ICH events (6).

The characteristics of ICH differ between older 
patients and young adults. There has been con-
siderably less investigation done on the younger 
population 18 to 50 years old. Nevertheless, it is 
known that the risk factors for ICH may be com-
mon in older and young adults. The most frequent 
ones are tobacco use, hypercholesterolemia, hy-
pertension, and alcohol abuse. Some are consid-
ered cryptogenic, and a small percentage include 
cerebral venous thrombosis and sympathomi-
metic drug use (7, 8).

Clinically, the symptoms of acute ICH can present 
as focal neurological deficits, depending on the lo-
cation of the hemorrhage. In the case of extensive 
bleeding, the clinical signs and symptoms also de-
pend on an increase in intracranial pressure. The 
patients that are mostly at risk of a poor treatment 
outcome are those in whom ICH primarily pre-
sents as an acute disturbance of consciousness. In 
the process of acquiring a diagnosis, basic clinical 
assessment is followed by emergency radiological 
imaging, including computer tomography and in 
rarer cases magnetic resonance imaging and an-
giography, which help determine the location, ex-
tent, and dynamics of bleeding as well as acting as 
a tool for treatment (6, 8).

Conservative treatment requires hospitalization in 
an intensive care unit where precise optimization 
of blood pressure, possible coagulopathy manage-
ment, and reduction of brain edema are the main 
goals of treatment (9, 10). Due to the high inci-
dence of early hematoma enlargement following 
conservative treatment, it is essential to assess the 
risk factors and closely monitor the neurological 
status for any changes. Poor prognostic factors are 
a hematoma volume of more than 30 ml, an ini-

tial Glasgow Coma Scale (GCS) below 8, intraven-
tricular hemorrhage (IVH), age over 80 years, and 
infratentorial location of the hemorrhage. Early 
neurological deterioration occurs in the first 48 
hours in 40% of patients and is most commonly 
a consequence of early hematoma expansion and 
the onset of brain edema (11–13). Deteriorating 
patients need more advanced supervision, and 
their treatment becomes more complex. Regard-
ing intracranial pressure reduction, the introduc-
tion of external ventricular drainage, intracerebral 
pressure (ICP) monitoring, and mechanical venti-
lation are important. Studies have shown that the 
treatment outcomes of these critically ill patients 
are significantly better when they are treated in 
specialized neurointensive care units (10, 14).

Surgical treatment is considered in selected pa-
tients with extensive supratentorial infratentorial 
hemorrhage or IVH with a progressive neurologi-
cal deterioration and after consideration that the 
potential for improvement outweighs the poten-
tial risks of an invasive surgical procedure. Sur-
gical evacuation of an intracerebral hematoma is 
not indicated in patients for whom the location 
and extensiveness of the hematoma inevitably in-
dicates a poor functional outcome despite all ad-
ditional therapy (14).

The purpose of this article is therefore to present 
the surgical and conservative management of su-
pra- and infratentorial hemorrhage, to stress the 
importance of treatment trials, and to present our 
surgical results at the Ljubljana University Medi-
cal Center.

Surgical Evaluation of 
Spontaneous Intracerebral 
Hemorrhage
When considering the surgical approach to ICH 
treatment, the outcomes of several clinical tri-
als are available. Results considering the surgical 
evacuation of supratentorial hemorrhages in the 
available literature are lacking proof of benefit. 
There are no clearly defined clinical guidelines 
prescribing a universal treatment algorithm. The 
study results in the case of infratentorial hem-
orrhage evacuation, on the other hand, are more 
solid. In patients with infratentorial ICH, early 
surgical evacuation, in accordance with the rec-
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ommendations, is indicated and has proven ben-
eficial (15, 23).

Supratentorial Hemorrhages

In 2015, the first multicenter randomized prospec-
tive controlled trial to determine the benefit of 
early surgical intervention in ICH (Surgical Trial in 
Intracerebral Hemorrhage, STICH) was published 
(16). In this trial, the researchers recruited 1,033 
patients and divided them into two groups. One 
group was considered for early surgery (within 96 
hours after the initial onset of symptoms) and the 
other one was considered for initial conservative 
treatment. The findings showed that there was no 
statistically significant difference between the two 
groups in survival rate and functional outcome at 6 
months of follow-up. Additional analysis showed 
that patients that arrived in a comatose state (GCS 
≤ 8) had a poorer treatment outcome. A better out-
come was recorded in patients with superficial, 
lobar hemorrhages, who were treated surgically, 
compared to those that were treated conservative-
ly. The clinical findings in these subgroups led to 
the STICH II trial (17). It was designed to determine 
the effect of early surgery on the improvement of 
clinical outcome compared to the initial conserv-
ative treatment or delayed surgical treatment in 
these patients, who presented with a supratento-
rial superficial lobar hemorrhage with a volume 
of 10 ml to 100 ml, without IVH. It was concluded 
that the outcome in patients with a poorer prog-
nosis (considering the prognostic model that in-
cluded the GCS score, age, and volume of ICH) had 
a better outcome when treated with early surgery, 
although the mortality was statistically insignifi-
cantly lower. One criticism of this study included a 
large number of transitions from initial conserv-
ative treatment to delayed surgery after the pa-
tients decompensated, which could have lowered 
the mortality rate in the group of patients treated 
conservatively. Another criticism was that surgical 
treatment was used for patients that were not con-
sidered severely impaired (17).

The use of decompressive craniectomy (DC) in ICH 
can rapidly decrease the mass effect and lower the 
ICP (18–20). This method with a concurrent he-
matoma evacuation is probably safe and can im-
prove the outcome. The data on the use of DC with-
out hematoma evacuation are scant, and the trials 
performed so far were based on a small number of 
patients (18, 21). However, their results show that 

the treatment outcome was better compared to the 
outcome of conservatively treated patients with 
spontaneous ICH that were admitted for treatment 
in the same period. The mortality rate was 20% 
in a group of patients with DC compared to 60% 
in the control group. In addition, 40% of the pa-
tients treated with DC had a good outcome (Mod-
ified Rankin Score 0 to 3 points) compared to 20% 
of those in the control group. A retrospective study 
from 2013, published in the British Journal of Neu-
rosurgery, showed an increased survival rate in 253 
patients that underwent surgical evacuation of ex-
tensive deep ICH located in the basal ganglia (22). 
In that study, the decision for DC combined with 
hematoma evacuation was based on clinical in-
traoperative findings, such as brain pulsation, ri-
gidity, herniation, and high intraoperative ICP, or 
subsequently in cases of deterioration due to sec-
ondary hemorrhage, diffuse edema, or malignant 
cerebral infarction. Apart from that, there are no 
clear indications for DC in spontaneous ICH. It has 
been found that the group of patients treated with 
DC had a lower ICP and better survival rates after 
30 days despite the initial poor prognosis (GCS ≤ 
8, ICH score ≥ 3, volume of hematoma ≥ 50 ml). An 
American uncontrolled retrospective trial carried 
out in 74 patients treated with DC and/or hemat-
oma evacuation observed that patients with ex-
tensive ICH of the non-dominant hemisphere had 
a greater benefit from the surgical procedure (21).

The most recent guidelines for the management 
of spontaneous ICH were published in 2016 by the 
American Heart Association and American Stroke 
Association (AHA/ASA) (23). These guidelines sug-
gest that patients with ICH be admitted to an in-
tensive care unit or dedicated stroke unit (Class I, 
level of evidence B, based on a study of 86 hospi-
tals in Sweden). However, there are no clear guide-
lines for ICP monitoring in spontaneous ICH due to 
lack of data on the incidence of increased ICP and 
its effect on the outcome in spontaneous ICH. In 
the case of progressive hydrocephalus, an exter-
nal ventricular drainage (EVD) may be considered, 
especially in patients with a decline in conscious-
ness. With an EVD in place, continuous ICP moni-
toring can be performed without the need for ICP 
electrode insertion, which can pose an additional 
risk of hemorrhage or infection. In all other cases 
of ICH, the decision whether to monitor and treat 
elevated ICP is unclear. Hence, the management 
principles are usually generalized from those for 
traumatic brain injury, in which current guidelines 
recommend placement of an ICP monitor in pa-
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tients with a GCS score below 8 (presumed to be the 
result of hematoma mass effect) in those with clin-
ical evidence of transtentorial herniation or exten-
sive IVH or hydrocephalus, as mentioned earlier 
(24). The goal is to maintain the ICP values under 
20 mmHg and central perfusion pressure (CPP) in 
the range of 50 to 70 mmHg (depending on the sta-
tus of cerebral vessel autoregulation). In the case 
of ICP elevation, the treatment measures range 
from simple mechanical ones (head elevation and 
avoiding neck vein constriction) to early phar-
macological (sedation, mannitol, or hypertonic 
solutions, and mild hyperventilation) and surgical 
interventions (EVD placement and decompressive 
craniectomy with hematoma evacuation). In addi-
tion, barbiturate coma and mild hypothermia may 
be considered (23, 24). The use of corticosteroids 
in increased ICP due to ICH has not been indicated 
because of drug inefficiency and increased risk of 
complications (25).

Minimally invasive methods of ICH evacuation are 
less traumatic compared to the standard craniec-
tomy procedure. Studies have shown a better pa-
tient outcome in minimally invasive procedures. 
However, these surgeries may be technically more 
demanding and time consuming than standard 
craniotomy (26–28).

The MISTIE II study (Minimally Invasive Surgery 
Plus Recombinant Tissue Plasminogen Activator in 
Intracerebral Hemorrhage Evacuation) demonstrat-
ed that the insertion of a minimally invasive cath-
eter into the area of bleeding and additional blood 
clot thrombolysis resulted in more efficient he-
matoma evacuation compared to the use of stand-
ard surgical approaches. In addition, it showed a 
higher survival rate and better functional outcome 
after 6 months of follow-up (28).

The third phase of this study (MISTIE III) was con-
ducted on 506 patients and published in 2019 (29). 
It showed that in patients with moderate to large 
supratentorial hemorrhage there was no signifi-
cant difference in functional outcome between the 
groups. However, the study did not consider dif-
ferentiation based on locations of the ICH or be-
tween moderate and very large hemorrhages.

Infratentorial Hemorrhages

Posterior cranial fossa (PCF) hemorrhages are 
considered life-threatening when left to their 
natural course because they can lead to compli-

cations such as compression of the pons and me-
dulla, acute hydrocephalus due to obstruction of 
the fourth ventricle, and herniation of the PCF 
contents. This can result in impaired conscious-
ness, lower cranial nerve dysfunction, and, when 
severe, respiratory failure. Treatment includes 
suboccipital decompressive craniectomy, he-
matoma evacuation, EVD placement, and con-
servative treatment (30). A few non-randomized 
controlled trials have shown that surgical evacu-
ation of infratentorial hematomas greater than 3 
cm or with significant compression of the brain 
stem (obliteration of the fourth ventricle or pre-
pontine cistern, hydrocephalus) may improve 
survival (23, 34–36). However, to date no large 
randomized controlled trials have been carried 
out to define an evidence-based protocol for 
acute PCF hemorrhage treatment (30). Several 
treatment algorithms have been suggested, con-
sidering the GCS score, presence of hydrocepha-
lus, fourth ventricle compression, and hematoma 
size (30–33). Patients with a high GCS score (14 to 
15) and small hematomas may initially be treated 
conservatively (15, 30). In the case of clinical de-
terioration, invasive measures should be recon-
sidered in line with the causes of deterioration. 
In comatose patients with medullary reflexes 
present, an urgent decompressive craniectomy 
and hematoma evacuation within 2 hours must 
be considered. However, EVD placement in the 
expansive processes of the PCF remains contro-
versial due to potential ascending transtentorial 
herniation (30).

Intraventricular Hemorrhages

Intraventricular hemorrhages occur in up to 45% 
of all spontaneous ICH and are a poor prognostic 
sign, with a high expected morbidity and mortal-
ity (37). Primary IVH refers to bleeding from an 
intraventricular source and is uncommon, where-
as secondary IVH occurs more frequently and re-
fers to bleeding extending from the brain paren-
chyma or subarachnoid space into the ventricles 
(38). The presence of blood in the ventricles may 
result in obstructive hydrocephalus and increased 
ICP, which in the case of an associated decrease of 
consciousness (GCS ≤ 8) and signs of transtento-
rial herniation require EVD placement. In an early 
phase, ICP management is often complicated by 
clot formation and obstruction of the catheter, 
which by itself does not promote clot resolution. 
Intraventricular administration of fibrinolytic 
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agents may accelerate the clearing of a ventricu-
lar blood clot and may have a favorable outcome 
according to several smaller trials. However, a 
systematic review of the literature demonstrated 
that additional research is warranted to clarify its 
effects on ventriculitis, long-term functional out-
comes, and re-hemorrhage (39–41). The results of 
CLEAR-IVH (Clot Lysis Evaluation of Accelerated 
Resolution of Intraventricular Hemorrhage), pub-
lished in 2012, revealed that the clearance of IVH 
depended on the dose of the thrombolytic agent 
and was more efficient in the central parts of the 
ventricles (42). The patients treated had lower ICP 
and less flow obstructions of the EVD catheter. The 
third phase (CLEAR-IVH III) of the trial showed 
that intraventricular thrombolysis in comparison 
to placebo increased the number of patients with a 
higher degree of disability (modified Rankin Scale 
(mRS) was 5 points) and made no contribution to a 
favorable functional outcome (mRS 0 to 3 points). 
However, the mortality rate was 10% lower (43). 
Although intraventricular administration of re-
combinant tissue plasminogen activator (rtPA) in 
IVH appears to have a sufficiently low complica-
tion rate, the efficacy and safety of this treatment 
are still uncertain (Class IIb; Level of Evidence B), 
and no clear recommendations exist so far (23).

There have been some encouraging results from 
trials with endoscopic surgery for IVH and ven-
triculostomy performed because fewer patients 
were in need of ventriculoperitoneal shunt inser-
tion and one of the trials showed a better outcome 
after 2 months of follow-up (44). However, there 
are no clear recommendations in favor of this pro-
cedure so far (23).

Patients and Methods
We conducted a retrospective study and reviewed 
medical records of patients with nontraumatic 
spontaneous ICH treated at the Ljubljana Univer-
sity Medical Center from 2014 to 2018. The study 
included 251 patients, of whom 142 were male 
(57%) and 109 were female (43%). The overall 
mean age of the patients was 65 years after the ex-
clusion of patients with traumatic brain injury or 
vascular malformations (consequently excluding 
most young adults).

As indications for surgical intervention, many 
factors were taken into account. We considered 

the preoperative clinical condition of the patient 
and clinical deterioration, size of the ICH, ICH 
expansion, presence of IVH, location of hemor-
rhage, premorbid functional status, and reha-
bilitation potential of patients. In patients with 
extensive ICH, for whom the best treatment out-
come was a vegetative state, surgical intervention 
was not indicated.

Results
The majority of patients (65%) suffered hemi-
spheric ICH. Coinciding IVH occurred in one-third 
of the cases, 10% had a cerebellar hemorrhage, 
and 5% isolated IVH. A neurosurgical intervention 
was carried out in 104 patients, 95 interventions 
being a surgical hematoma evacuation via clas-
sical craniotomy and 14 interventions concomi-
tant decompressive craniectomies. Hemispheric 
hematomas were thus treated surgically in 41% 
of patients. The majority of patients were treat-
ed within the first 24 hours after admission. The 
average age of surgically treated patients did not 
significantly differ from those that were treated 
conservatively. Furthermore, there were no sig-
nificant differences in the male-to-female ratio. 
Cerebellar hematomas were treated surgically in 
70%. The remaining patients were treated con-
servatively.

Within our group of patients, we observed that 
surgical evacuation of the ICH contributed to im-
proved survival. The mortality rate in patients 
that were treated conservatively was 43%, versus 
26% in those treated with surgical ICH evacua-
tion. However, it must be taken into account that 
in the group of conservatively treated patients 
there were those with an anticipated poor surgical 
treatment outcome, and thus surgical interven-
tion was not indicated. We also concluded that the 
average time of mechanical ventilation in surgi-
cally treated patients was significantly shorter 
(207 hours) in comparison to the conservatively 
treated patients on mechanical ventilation (266 
hours), which indicated a faster recovery in pa-
tients treated with surgical intervention. The av-
erage length of hospital stay in the selected pa-
tients was 14.3 days.
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Discussion
Surgical evacuation of ICH is indicated in pa-
tients with an acute onset of large lobar and cer-
ebellar hemorrhage and associated progressive 
decrease in consciousness (15–17). The only ef-
ficient course of management of these patients 
is intensive care treatment in a specialized neu-
rological intensive care unit and early hematoma 
evacuation with the goal of reducing the mass 
effect on the surrounding brain (14). After re-
viewing our data, we concluded that the follow-
ing approach significantly increases survival of 
patients, facilitates recovery, and improves the 
probability of favorable functional outcome. One 
must be aware, on the other hand, that the treat-
ment of extensive ICH with surgical evacuation is 
particularly complex and requires a well-coor-
dinated collaboration between different medical 
specialties (i.e., neurologists, neurointensivists, 
neurosurgeons, and experts in neurorehabilita-
tion). Finally, it offers favorable results only in 
selected patients, in whom the potential for im-
provement outweighs the potential risks of an 
invasive surgical procedure. This kind of treat-
ment can only be carried out at specialized ter-
tiary health centers that have adequate capacity 
and expertise for a complex multidisciplinary 
approach (i.e., hospitals that meet the require-
ments of the European Stroke Organisation 
(ESO) for an ESO Stroke Centre) (45).

Preferably, all patients with acute ICH that are 
potentially eligible for immediate and specif-
ic treatment should be transferred to a corre-
sponding institution. To assistance the decision 
about patient transfer, we have a consultation 
system available called Telestroke (Telekap) that 
offers rapid transfer of data from remote hospi-
tals to centers specializing in strokes, ICH, and 
optimal treatment. Telestroke has been designed 
to provide patients with symptoms and signs 
of acute neurosurgical pathology a quick expert 
clinical evaluation, a review of diagnostic fin-
ings, a diagnosis, decision-making, emergency 
treatment recommendations, and postoperative 
advice.

In conclusion, ICH is still a disease with a poor 
outcome (46). However, in patients with exten-
sive hemispheric or infratentorial hemorrhage, 
urgent surgical intervention is justified. In our 
series of patients treated with craniotomy, the 
outcome has been statistically significantly bet-

ter than the outcome in patients that were treated 
only with an EVD and/or ICP placement. Regard-
less of the statistics, we approach all patients in-
dividually, and decisions about their treatment 
are made in a multidisciplinary manner, in con-
sideration of their associated diseases, possible 
coagulation disorders, neurological condition, 
and possible clinical outcome.
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Abstract
Total scalp avulsion is a rare but serious, even life-threatening, 
injury often resulting in defects of the hair-bearing skin. Micro-
surgical replantation is considered the first choice of treatment 
in scalp avulsions. Avulsion usually incorporates the entire scalp 
and forehead. Before microsurgical replantation, cranial and spi-
nal injuries must always be excluded. Ischemia time of the avulsed 
scalp is important for replantation to be successful and should 
be as short as possible. When performing scalp replantation, one 
arterial anastomosis is sufficient for replant survival. Avoiding 
venous congestion is crucial, and there should be as many venous 
anastomoses as possible. Nevertheless, just one venous anasto-
mosis may also be enough, and pending venous congestion can 
be treated with in situ heparin injections. If the vessels are too 
damaged, vein grafts may be used. There are new methods devel-
oping that will better predict replant survival, especially in scalp 
avulsions with prolonged ischemic time. Our case report shows 
the first successful scalp replantation in our country.

Introduction
Total scalp avulsion is quite rare (only 2% of all amputations), 
but it is a serious injury (1–5). The most common mechanism 
is entanglement of factory workers’ long hair in a high-speed 
rotary machine (1, 3, 5, 6). Due to shearing forces, avulsion 
usually happens at the loose areolar tissue layer between the 
galea aponeurotica and the periosteum (7, 8). The situation can 
be life-threatening due to possible intracranial injuries, cer-
vical spine injuries, and hemorrhagic shock (1, 4). Since 1976, 
when Miller et al. successfully carried out the first scalp re-
plantation (1–6, 8, 9, 11, 12), microsurgical replantation has 
been considered the first choice of treatment in scalp avulsion 
(1, 11). Prior to 1976, these kinds of injuries were treated with 
secondary reconstruction, which had poor aesthetic results (8). 
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The only contraindication for replantation of an 
avulsed scalp in its anatomical site is associated 
life-threatening injury. In such cases, temporary 
ectopic implantation is necessary (3).

This article presents the first case of total scalp 
avulsion injury at our hospital, the Maribor Uni-
versity Medical Center, and also the first reported 
such case in Slovenia.

Case Report
A 28-year-old woman was brought to the emer-
gency department via ambulance after a robotic 
arm in a factory caught her hair, resulting in avul-
sion of the entire hairy scalp, forehead, part of 
the right ear, right eyelid, and bilateral eyebrows 
(Figure 1a). There was no loss of consciousness. 
The avulsed scalp was stored properly in cold con-
ditions and brought with her. On the site she was 
given opioids and antiemetics. The examination 
ruled out associated life-threatening cervical and 
intracranial injuries. It showed only a small wound 
on her left shoulder, without bleeding. Before she 
was brought to the operating room through the 
department of plastic surgery for replantation un-
der general anesthesia, a computed tomography 
angiography of the head was taken.

First, we prepared the avulsed scalp. It was placed 
on the underside, carefully shaved, thoroughly ir-
rigated, and debrided (Figure 1b). Superficial tem-
poral arteries on both sides were identified and 
prepared. No veins were seen because of ischemia. 
During revision we found laceration of her right 
ear with damage to the cartilage (Figure 1d), and 
compression damage of the avulsed scalp in the 
left occipital part and of the right supraorbital part 
in the right eyebrow region of the avulsed scalp 
that was partially torn away.

Then we prepared the recipient site of the pa-
tient’s head (Figure 1c). We made a debridement 
and revision. We identified the superficial tem-
poral artery (STA) on the right side and we made 
two microsurgical anastomoses with two branch-
es of the STA. The scalp appeared well perfused. 
Intraoperatively we observed thrombosis of one 
arterial anastomosis and dehiscence of the other. 
We made a reanastomosis at the dehiscence site 
on the right side. On the left side we identified 
the superficial temporal vein (STV) and made an 
anastomosis. Perfusion was established and the 

total cold ischemia time was only 8 hours. The 
patient received five units of blood transfusion 
during surgery and was postoperatively trans-
mitted to the intensive care unit intubated and 
under sedation.

The dressing was changed daily. To avoid throm-
bosis of the venous anastomosis, subcutaneous 
heparin injections around the anastomosis were 
performed. Necrosis of the right supraorbital 
part and left temporooccipital part of the re-
planted skin developed (Figure 2a) due to com-
pression injury, and possibly also due to venous 
congestion from the compression or venous sta-
sis. On the 16th postoperative day we had to do a 
debridement of devitalized tissue (Figure 2b). 
The supraorbital defect on the right side was cov-
ered with a full-thickness skin graft, which we 
took from a medial side of the right upper arm; 
the donor site was closed directly as in brachio-
plasty. The temporooccipital defect was covered 
with a split-thickness skin graft (Figure 2c). All of 
the defects healed after skin transplantation and 
there were no further problems with the replant-
ed scalp. Thirty-five days after the accident, the 
entire remaining scalp was viable, and hair grad-
ually developed. The patient was satisfied with 
the eventual outcome and was discharge from the 
hospital.

During outpatient visits we additionally made an 
excision and Z-plastic of the scar in the medial part 
of the right upper eyelid. Otherwise the patient did 
not seem to have any problems. One year after the 
accident anterior, lateral and posterior views re-
vealed that the scalp had survived well (Figures 
3a–c). The patient was offered transplantation of 
hair follicles in the left occipital part and trans-
plantation of part of the left eyebrow to the right 
side, but she declined this. At the last outpatient 
visit, 5 years after the accident, we could still see 
mild ptosis on her right side and an abundance of 
hair on the replanted scalp (Figure 3d).

Discussion
Total scalp avulsion is an infrequent but disfig-
uring injury, mostly the result of high-speed ro-
tating machinery coming in contact with the pa-
tient’s hair (1–3, 5, 6, 10, 12). Avulsion usually 
takes place between the galea aponeurotica and 
the periosteum (7, 8) and incorporates the entire 
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Figure 1. (a) The scalp that was brought to the emergency department. The total scalp was avulsed, 
including the right part of the ear, right eyelid, and both eyebrows. (b) Shaving of the long hair and 
irrigating the scalp. (c) Preparing the recipient site. (d) Laceration of the patient’s right ear with 
damage to the cartilage.

(c) (d)

scalp and forehead (1–3, 6, 7, 9, 10). In most cas-
es it also includes one or both eyelids, one or both 
eyebrows, and part of the left or right ear (1, 3, 6, 
7, 9), as was also seen in our case. Before definite 
treatment, intracranial and cervical spine inju-
ries must be excluded and development of hem-
orrhagic shock prevented (1, 3). Xu et al. carried 

out temporary ectopic implantation of an avulsed 
scalp due to a patient’s spinal injury because it is 
a contraindication for replantation of the scalp 
at its anatomical site (3). Replantation is the best 
possible form of treatment following total scalp 
avulsions (13) and should still proceed even if the 
avulsed scalp is crushed (9). Despite 60 to 70 suc-

(a) (b)
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cessful scalp replantation cases published in the 
world (9), this case was our first at our department 
and also first in our country.

When encountering scalp avulsion injuries, one 
must always take into consideration ischemia time 
of the avulsed or amputated part (7). According to 
some literature, ischemia time of 5 to 6 hours is 

the maximum sustainable time before the chanc-
es of success are drastically reduced (7); however, 
others have demonstrated that a scalp can with-
stand 17 hours of warm ischemia and 22 hours of 
cold ischemia (6). Huang et al. showed that scalp 
replantation can also be successful after 35 hours 
of warm ischemia time, which is the longest ever 
reported in the literature (10). There are no studies 

Figure 2. (a) Replanted scalp with venous 
congestion. (b) Debridement of the right 
supraorbital part because of necrosis. (c) Split-
thickness skin graft in the temporoocipital region 
because of necrosis.

(a) (b)

(c)
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in the literature describing the precise length of 
ischemia in which replantation would be success-
ful (6). In our case, 8 hours of cold ischemia passed 
from the accident until the scalp was successfully 
replanted without major problems.

Once the avulsed scalp is shaved, thoroughly 
washed, and cleaned (1, 6, 13), preparation and 

identification of the vessels for the anastomosis 
begins (6, 13). The major blood supply of the scalp 
comes from a superficial temporal artery (4) and 
posterior auricular arteries (12, 14). There is still 
no agreement on the optimal number of arteries 
or veins that should be anastomosed for replan-
tation to be successful (2, 11). Most authors say 
that the best surgical results are achieved with a 

Figure 3. (a) One year after microsurgery, good form and function of almost all hair-bearing scalp, 
right ear, right eyelid, and forehead. Only mild ptosis on her right side is seen due to eyelid laceration. 
(b) Almost 1 year after placing a split-thickness skin graft in the temporoocipital defect, we can see 
a good aesthetic result. (c) Reconstructed right ear 1 year after the accident. (d) Five years after the 
accident. Remaining mild ptosis on her right side and abundance of hair on the replanted scalp.

(a) (b)

(c) (d)
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greater number of sutured arteries and veins (9, 
12), especially if scalps are multifragmented or 
severely torn (4, 13). However, Sabapathy et al. 
advised that two arterial and two venous anas-
tomoses are sufficient (2, 13). On the other hand, 
Nahai in 1978 and Demir in 2019 successfully re-
planted a total avulsed scalp with only one artery 
and one vein (4, 9).

In our case, we used one artery and one vein; spe-
cifically, the STA and STV. We had a problem with 
venous congestion, which is one of the most com-
mon causes of replantation failure (2, 6). Jiang 
et al. suggested that at least two veins had to be 
anastomosed in order to prevent congestion (2). 
Herrera et al. reported that the greatest effect on 
scalp survival is the venous outflow and that the 
use of single or multiple arterial anastomoses, be-
cause of their good network of collaterals between 
major vessels (9), has little effect (8). Kaplan et 
al. stated that at least four to nine veins should 
be anastomosed for better venous drainage (4, 9). 
However, Demir et al. showed that if a vein with 
a large diameter is used—in their case, the ret-
romandibular vein—that one vein is enough for 
successful replantation (2). Most commonly con-
gestion and later necrosis appears in the occipital 
area (6), as also occurred in our case. Some say the 
problem is in the small diameter of the occipital 
vessels, and consequently difficulty in finding and 
using them in the anastomosis (6). Others claim 
that the occipital area is most likely to be devoid 
of usable vessels because of the crush injuries that 
are usually located there (6).

The anastomosis can also be performed using 
a vein graft (2, 4). Many authors agree that vein 
grafts are necessary for better mobilization of ve-
nous anastomosis within the zone of injury or if 
there is multifragmented scalp avulsion with torn 
vessels (6, 8, 11). Others insist on using them to 
allow strict debridement (4). Sabapathy et al. stat-
ed that adequate mobilization is urgent to provide 
tension-free anastomosis, in which using a vein 
grafts should be a rule in scalp avulsion (13). If no 
viable vessels are available, arterial-venous anas-
tomosis can also be performed (6).

As stated previously, venous congestion is the 
primary reason for scalp replantation failure (2, 
6). In our case, because we only made one arterial 
and venous anastomosis, we tried to prevent this 
with subcutaneous injections of heparin at the site 
of venous anastomosis. Yin et al. suggest using 
medical or chemical leeches to reduce congestion 

(12, 15). In their study of digit amputations, Han 
et al. discovered that use of topical heparin with 
a combination of systemic anticoagulation pre-
vented venous congestion of the replanted digits 
without any major bleeding problems (15). Hud-
son et al. used an in situ venous catheter in an at-
tempt to deliver high doses of heparin to prevent 
thrombosis and venous congestion while main-
taining low systemic levels of heparin. It showed 
zero re-explorations or flap failures in compari-
son to 12% re-explorations without heparin us-
age (16).

Despite not finding any information in the litera-
ture about the use of in situ heparin injections for 
preventing venous congestion in scalp replanta-
tions, our case report shows it can be beneficial.

To predict replant survival, Huang et al. intrave-
nously injected indocyanine green (ICG) during 
the procedure and used ICG angiography to vis-
ualize soft-tissue vascularity and perfusion (10). 
Their study showed that ICG angiography mapping 
is more sensitive for detecting tissue perfusion 
and provides more accurate prediction of replant 
survival in comparison to conventional clinical 
assessment (10). This method is very simple and 
reproducible, but it remains rather seldomly used.

In our case, no nerve anastomosis was performed. 
Kim et al. recommend against nerve repair with 
nerve anastomosis in some cases in order to re-
duce the operation time (7). There is reasonable 
sensory and motor recovery of the scalp and fron-
talis muscle even without nerve repair reported (7, 
11). At every follow-up we observed better sensory 
and motor function in our patient. Only mild pto-
sis on her right side due to eyelid laceration was 
seen, with which the patient had no problems.
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Conclusion
This is the first case report of scalp replantation in 
our country. Microsurgical replantation is the first 
choice of treatment in scalp avulsions, even if the 
time of warm ischemia exceeds 5 to 6 hours. One 
artery is adequate for perfusion of the entire scalp, 
and one venous anastomosis may be enough, but 
it is better to have as many as possible to reduce 
venous congestion, which leads to scalp necrosis. 
If venous congestion becomes a problem, in situ 
heparin injections or medical leeches may be used. 
Reasonable sensory and motor recovery can be 
obtained without nerve repair. The development 
of new diagnostic techniques, such as ICG angi-
ography, could help in predicting replant survival. 
A literature review shows that there is no stand-
ard protocol for scalp replantation. From our case 
report and other literature, we can conclude that 
the best success is achieved by following micro-
surgery protocols.
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Abstract
Intraductal papillary neoplasm of the bile duct (IPNB) is a rare 
type of bile duct tumor that arises both intra- and extrahepat-
ically. It is considered a biliary equivalent of the intraductal 
papillary mucinous neoplasm of the pancreas. IPNB as a dis-
tinct pathological entity was first described in 2001; since 2010, 
it has been included in the WHO classification of gastrointes-
tinal tumors. At its introduction, IPNB was considered to be a 
precancerous dysplasia that only spreads superficially through 
the biliary epithelium. However, it was established that malig-
nant transformation into in situ or invasive carcinoma is com-
mon. The exact etiology of the disease still remains to be deter-
mined. Infection with Chinese liver fluke (Clonorchis sinensis) 
and hepatitis have been mentioned as possible risk factors that 
contribute to development of the tumor, or hepatolithiasis. 
The most common symptoms are transient abdominal pain, 
obstructive jaundice, and cholangitis; around 30% of the cas-
es are detected incidentally because patients exhibit no symp-
toms. Computed tomography, magnetic resonance imaging, 
and liver ultrasound are the most frequently used imaging mo-
dalities that secure the diagnosis. The most frequent finding is 
an intraductal mass combined with cystic bile duct dilatation. 
All patients are considered eligible for surgical treatment, with 
hepatectomy followed by bile duct resection being the opera-
tions most commonly performed. The authors describe a case 
report of a patient treated for a potentially malignant biliary 
duct cyst at the Department of Abdominal Surgery, Ljubljana 
University Medical Center, who underwent a laparoscopic sin-
gle-port left sectionectomy. The pathological findings showed 
an IPNB with high-grade dysplasia and several focal points of 
invasive adenocarcinoma; R0 resection was achieved. Analysis 
of the currently available literature showed that laparoscopic 
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resection of IPNB tumors is extremely rare, and 
that single-port laparoscopic resection has so far 
never been reported.

Introduction
Intraductal papillary neoplasm of the bile duct 
(IPNB) is a rare form of epithelial bile duct tumor 
whose main characteristic is a distinct papillary 
or villous growth into the intra- or extrahepatical 
lumen of bile ducts (1). One-third of patients are 
also affected by mucin hypersecretion or a cyst-
ic dilation of the affected bile ducts. The concept 
of IPNB as a common name for a broad spectrum 
of epithelial bile duct tumors was first suggested 
by Taiwanese pathologists in 2001, and it was in-
cluded in the WHO classification of gastrointes-
tinal tumors in 2010 (2). The new classification 
combined biliary papillomatosis (also called pap-
illoma), some forms of intraductal cholangiocar-
cinoma, papillary carcinoma of the extrahepatic 
bile duct, and some forms of biliary cistadenoma 
or cystadenocarcinoma under the joint IPNB en-
tity (1).

Because of the way it grows and its histopatho-
logical characteristics, IPNB is considered equiv-
alent to an intraductal papillary mucin-produc-
ing neoplasm of the pancreas (IPMN).[2] Further 
research showed that IPNB is more commonly 
associated with invasive carcinoma than IPMN of 
the pancreas and that the tumors differ somewhat 
with regard to oncogenesis (3).

Even though IPNB was initially mostly considered 
to be precancerous dysplasia whose spread across 
the biliary system was supposedly superficial and 
did not exhibit invasiveness (2), subsequent me-
ta-analyses showed that in 43% of cases the tu-
mor was histopathologically proven to be an in-
vasive carcinoma, in 20% an in situ carcinoma, 
and in 28% a benign disease. Despite this, most 
(63%) tumors studied were limited to bile duct 
walls; transmural invasion was described in 28% 
of cases, and lymphatic invasion in 9% (3). Me-
tastasized IPNB is extremely rare and has been 
described in only a small number of case reports.

According to the WHO classification of gastroin-
testinal tumors, IPNBs are divided into three cat-
egories according to the varying degrees of biliary 
epithelial cell dysplasia: IPNB associated with 
low- or intermediate-grade intraepithelial dys-

plasia, IPNB associated with high-grade intraep-
ithelial dysplasia, and IPNB associated with an 
invasive carcinoma (5). The most frequent of the 
three are those associated with high-grade in-
traepithelial dysplasia and those associated with 
an invasive carcinoma. With regard to the domi-
nant type of the epithelium of the intraductal part 
of the tumor, IPNBs can be divided into four sub-
types: pancreatobiliary, intestinal, gastric, and 
oncocytic. The most common is the pancreatobil-
iary type, which is also most frequently associat-
ed with high-grade intraepithelial dysplasia or an 
invasive carcinoma. Microscopically, the invasive 
form is usually either a tubular adenocarcinoma 
or a mucinous carcinoma (1).

The tumor is most common between the ages of 
50 and 70, is slightly more likely to appear in men, 
and has the highest incidence rate in the countries 
of the Far East, which is often ascribed to endemic 
hepatolithiasis and Chinese liver fluke infection 
(1). Some research has suggested hepatolithia-
sis, reportedly present in as many as 64 to 100% 
of patients with histologically proven IPNB, as an 
important factor in IPNB development.[6] Some 
studies have also indicated the presence of viral 
hepatitis at the time of IPNB diagnosis in 2.8 to 
24% of patients (3).

Intraductal papillary neoplasm of the bile duct 
represents approximately 10% of the carcinomas 
affecting the hilar part of the bile duct and 15% 
of intrahepatic cholangiocarcinomas (7). Me-
ta-analysis has shown that the tumors are equal-
ly likely to appear in intra- or extrahepatic bile 
ducts. In as many as 74.4% of cases, the intrahe-
patic tumors affected the left lobe of the liver. The 
tumor often (in 41% of patients) appears as mul-
ticentric (3).

The clinical picture is most often exhibited in the 
form of prior abdominal pain (42% of patients) 
and obstructive jaundice (33%) (3). Some pa-
tients may develop acute cholangitis. In 5 to 30% 
of patients, the disease has no clinical signs or 
symptoms (1, 3). Liver function was mostly re-
tained, although there are some studies that con-
tradict this; in those, alkaline phosphatase was 
most often elevated. Studies have also dealt with 
the importance of elevated carcinoembrionic an-
tigen (CEA) and carbohydrate antigen 19-9 (CA 
19-9) tumor markers as potential tests to assist 
diagnosis, but their values varied strongly. It was 
concluded that the markers are not specific and 
sensitive enough to be appropriate for use during 
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IPNB diagnostics. There are also no studies ana-
lyzing the usefulness of these markers for evalu-
ating the malignant potential of the tumor or the 
disease prognosis as of yet (3).

The most common radiological findings are bile 
duct dilatation (which may present as diffuse, lo-
calized, or cystic) and intraductal mass discovery 
(1). It is possible to see the dilatation or intraductal 
masses using computed tomography or magnetic 
resonance imaging and ultrasound examinations 
of the liver. Endoscopic retrograde cholangiog-
raphy can prove the presence of mucobilia, pres-
ent in up to a third of IPNB patients, but the very 
presence of mucobilia makes the test less appro-
priate for visualizing the tumor itself (3). Percu-
taneous transhepatic cholangioscopy or peroral 
cholangioscopy can also help with the diagnosis 
because they allow for extracting a biopsy sample 
and evaluating the superficial spread of the tumor 
in the biliary system.

All IPNB patients are eligible for operative treat-
ment because even the benign forms of tumor 
may lead to recurrent cholangitis (in 14% of pa-
tients) and obstructive jaundice (in 33%) (3). Due 
to the poor sensitivity of an endoscopic biopsy 
that might preoperatively determine the histopa-
thology and invasiveness of the tumor, early sur-
gical resection is indicated in all patients with a 
clinical picture, and especially in those with diag-
nostic imaging that shows signs of IPNB, because 
what has been observed about the biology of IPNB 
tumors so far leads us to expect that most tumors 
discovered will eventually progress from earlier 
benign forms to being invasive. Early and radi-
cal surgical resection is thus the key to success-
fully treating IPNB-suspicious lesions without 
proven distant metastases (3). Due to the relative 
rarity of the tumor and its very recent recogni-
tion as an independent histopathological form, 
no major studies have been performed to clearly 
define treatment guidelines. Doctors usually de-
cide on a treatment plan on the basis of individual 
case reports, smaller studies, or their experience 
with other forms of intra- or extrahepatic chol-
angiocarcinoma. Extensive hepatectomy (with or 
without extrahepatic bile duct resection) or pan-
creaticoduodenectomy are usually considered as 
options. If the preoperative diagnostics are fa-
vorable, a less extensive liver resection may be 
performed (1).

Studies have shown strong variations in patients’ 
prognoses that are dependent on many different 

factors, with MUC1 antigen expression, a positive 
surgical resection margin, lymphovascular inva-
sion, and multifocal tumors all being considered 
negative prognostic factors (3, 4). A meta-anal-
ysis performed in 2016 estimated the absolute 
1-year survival rate of all IPNB patients after re-
section at 96% (95% CI: 93–99%), the 3-year 
survival rate at 79% (95% CI: 69–88%), and the 
5-year survival rate at 65% (95% CI: 46–76%). 
The authors, however, did draw attention to the 
poorer value of the 1-, 3- and 5-year survival 
rate findings because their analyses were based 
on different ways of defining life expectancy and 
there were large differences in the values defined 
(3). In 2019, German authors performed their own 
meta-analysis, which was predominantly based 
on more recent retrospective studies that explic-
itly dealt with patient survival after the surgical 
resection of IPNB. The data acquired estimate the 
3-year survival rate at 64 to 90% and the 5-year 
survival rate at 38 to 84%. The median life expec-
tancy is 55 to 102 months for benign IPNB and 33 
to 52 months for malignant IPNB (4).

Case Report
We present the case of a 71-year-old patient 
with arterial hypertension that was admitted to 
the Department of Abdominal Surgery, Ljublja-
na University Medical Center, in April 2019 for 
scheduled surgical removal of a cystic liver le-
sion. The patient had surgery in 2016 for a stage 
T3N0M0 rectosigmoid adenocarcinoma. A lapa-
roscopically assisted rectosigmoid resection was 
performed. She received adjuvant chemotherapy 
after the surgery. A control computed tomogra-
phy scan as a part of regular follow-ups revealed 
a hypodense cystic lesion measuring 3.9 × 3.2 
cm with wall thickening at the border between 
the second and third liver segments. The change 
was also visible on a previous control ultrasound 
result. The computed tomography scan indi-
cated a regular biliary cyst. Due to the patient’s 
history of cyst growth, radiologists suggested 
a contrast-enhanced ultrasound of the liver to 
determine the nature of the lesion. Based on the 
diagnostic imaging performed, which indicated a 
macroscopic solid inclusion in the cystic lesion of 
the liver and exhibited at least partial vasculari-
zation, it was suspected that this was a liver le-
sion of malignant etiology. Hospital records were 
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presented at a hepatobiliary medical council in 
March 2019, where surgical removal of the lesion 
was indicated.

As a part of the preoperative examinations, the 
patient underwent antigen testing for an echino-
coccus infection, which refuted the suspicion of 
echinococcosis.

A single-port laparoscopic left lateral sectionec-
tomy was performed in April 2019. An ultrasound 
of the cystic lesion was also performed intraoper-
atively and confirmed the suspicion of a cystade-
noma. The sample was then sent for histopatho-
logical examination.

After the surgery, the patient initially recovered 
at the intensive care unit and was later moved 
to a regular ward, where her recovery proceeded 
according to expectations and with no complica-
tions. She was discharged on the 3rd postopera-
tive day.

The histopathological results of the sample 
showed that the patient suffered from high-
grade intraductal papillary neoplasm of the bile 
duct with individual focal points of early invasive 
adenocarcinoma. The liver parenchyma sample 
showed a round, sharp-edged, and encapsulated 
cystic lesion that was partially hemorrhagic. At 
its largest, the tumor measured 38 × 27 × 30 mm. 
The lesion was situated at least 4 mm from the 
resection margin. There was no invasion into the 
surrounding liver parenchyma and no lympho-
vascular invasion. The tumor stage was defined 
as pT1N0M0 with a negative resection margin 
(R0). Periductal fibrosis in the surrounding liver 
parenchyma indicated that the patient had had 
cholangitis in the past.

A multidisciplinary hepatobiliary medical coun-
cil advised follow-up appointments with the 
surgeon.

Discussion
IPNB is a very rare tumor of the bile duct epithe-
lium that studies have focused on only in the last 
20 years. Because of the rarity of the tumor, there 
has not yet been enough research performed on 
a sufficient number of patients to definitive-
ly clarify the carcinogenesis risk factors for the 
development of the tumor, a typical clinical pic-
ture, and an optimal treatment plan. Any knowl-

edge about the tumor is predominantly based 
on rare reports and smaller, often retrospective 
studies (8).

Unlike most published cases, in which most pa-
tients displayed abdominal pain or jaundice, 
we discovered the tumor using diagnostic im-
aging that was part of a regular follow-up after 
rectosigmoid adenocarcinoma resection. The 
solid-inclusion cystic lesion that was discov-
ered in the patient using computed tomography 
and a contrast-enhanced ultrasound appears in 
the literature as the most common radiological 
finding in patients with IPNB (present in 40 to 
100% of patients) (3, 8). Contrast-enhanced ul-
trasound confirming the existence of solid in-
clusions with at least partial vascularization and 
thus also definitively confirming the suspicion of 
a malignant cystic liver lesion is a less often used 
method of diagnostic imaging outside Slovenia 
(used in only 10% of cases) (3). There, a comput-
ed tomography scan (performed in 63% of cases 
that were part of the meta-analysis) is most of-
ten used to diagnose the tumor. It is very often 
combined with an endoscopic retrograde chol-
angiopancreatography (in 62% of cases), despite 
being a less suitable diagnostic test because the 
presence of mucobilia in about a third of patients 
prevents the test from being carried out proper-
ly (1). A magnetic resonance imaging scan is ap-
parently more suitable for determining the inva-
siveness of a tumor than a computed tomography 
scan. About 40% of patients underwent one as a 
part of the diagnostic imaging of the lesion. What 
is interesting is the relatively rare use of ultra-
sound in diagnosing suspicious changes, despite 
it having been shown to be equivalent to a mag-
netic resonance imaging or a computed tomog-
raphy scan in identifying pathological lesions of 
the liver (3, 8).

Several studies have suggested hepatolithiasis 
and the associated inflammation to be an impor-
tant risk factor for developing IPNB (1, 3, 6). Ev-
idence of hepatolithiasis-related inflammatory 
events was present in the patient described here 
because the pathohistological tests showed that 
she had most likely had cholangitis in the past.

The basic guideline for choosing the most appro-
priate type of surgery is the location of the tumor. 
It is equally likely to appear intra- and extrahe-
patically. The purpose of the surgery is to achieve 
complete surgical resection (R0). A negative sur-
gical resection margin and a histopathologically 



October 2020

43

benign tumor are the most relevant independent 
factors that positively influence patient survival 
(4, 9). The 5-year survival rate of patients with a 
positive resection margin is 25%, in contrast to 
the 75% of those patients in whose cases an R0 
resection was achieved (9). This type of resection 
is successfully performed in 90% of patients (3). 
The histological subtype and the location of the 
tumor, as well as the age and sex of the patient, 
have proven not to be factors determining life 
expectancy. An invasive type of IPNB, a lympho-
vascular invasion of the tumor, a positive sur-
gical margin (R1), and a MUC1 expression have 
been shown to negatively influence patient sur-
vival (4).

Hepatectomy is a surgery of choice; it was per-
formed in 69% of patients covered in the 2016 
meta-analysis and is usually combined with bile 
duct resection (hepatectomy with bile duct resec-
tion in 6.5% of cases). In 23% of cases, only a bile 
duct resection was performed. Out of 394 patients 
included in the study, only one had an endoscop-
ic tumor resection; there were no records of sec-
tionectomy (3). In subsequent single-center re-
search at the Seoul National University College of 
Medicine and the Beijing Union Medical College 
Hospital, where 112 and 28 patients were includ-
ed, respectively, there were no records of laparo-
scopically assisted liver resection or sectionec-
tomy. At both centers, doctors had to decide 
between left (33% in Seoul, 55% in Beijing) or 
right (24% in Seoul, 0% in Beijing) hepatectomy, 
hilar resection (12.5% vs. 0%) and pancreatoduo-
denectomy using the Whipple procedure (23% vs. 
22%) (8, 9).

A literature review showed that the single-port 
laparascopically assisted left lateral sectionec-
tomy of an IPNB tumor performed at the De-
partment of Abdominal Surgery was, on a global 
scale, an exception. A minor procedure, in terms 
of a smaller surgical incision of the skin as well 
as a less extensive liver resection, it allowed the 
patient a quicker and easier recovery. No com-
plications associated with the surgery were ob-
served, neither postoperatively nor in the fol-
low-up period. Available literature lists bile duct 
inflammation, fever, vomiting, and developing 
seroperitoneum as possible complications (8). 
An R0 resection was achieved in this case with 
the smallest possible level of surgical invasive-
ness. Combined with the absence of lymphovas-
cular invasion and an invasion into the liver pa-
renchyma, it indicates a prognostically favorable 

factor for the patient. Tumor recurrence was re-
ported in 30% of the patients with a malignant 
form, as well as in 20% of those with a benign 
form (4).

Conclusion
Intraductal papillary neoplasm of the bile duct is 
a very rare tumor of the bile duct epithelium that 
has been the subject of studies for only the last 20 
years. Our knowledge about the pathohistological 
and clinical characteristics of the tumor is thus 
predominantly based on rare reports and small-
er, often retrospective studies of individual med-
ical centers. Due to a larger incidence in the area, 
researchers from East Asia are leading the way 
in studying IPNB. No generally accepted guide-
lines for tumor treatment exist as of yet. Centers 
all over the world base their operative treatment 
choices mostly on their experience with treating 
other forms of bile duct carcinomas. A literature 
review has shown that they usually opt for more 
extensive, open resections of the liver or bile 
duct. Laparoscopic resections of the liver due to 
IPNB are extremely rare. A review of the currently 
available literature has also shown that the case 
described in this paper is the first reported case 
of single-port laparoscopic resection of an IPNB 
tumor.
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Abstract
Gestational alloimmune liver disease (GALD), a severe fetal or 
neonatal disease with liver failure, is rare but is still the most 
common reason for liver failure in the neonatal period. We 
present a term newborn with multiorgan failure: the neonate 
suffered perinatal hypoxia with meconium aspiration syn-
drome, which led to acute respiratory distress syndrome, treat-
ed with extracorporeal membrane oxygenation. In the first days 
of life the newborn developed signs of acute kidney injury and 
GALD, which progressed to liver failure with hypoglycemia, co-
agulopathy, elevated serum transaminases, hypoalbuminemia, 
extreme direct hyperbilirubinemia, and ascites. He was treated 
with plasmapheresis and intravenous immunoglobulins. Lab-
oratory tests showed an increased concentration of serum iron 
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and hyperferritinemia. Gestational alloimmune 
liver disease was later confirmed by abdominal 
magnetic resonance imaging and liver biopsy. At 
the age of 3 months the infant was transferred to 
the transplant center in Bergamo, Italy, where he 
underwent liver transplantation. After the trans-
plantation, bowel perforation occurred, and per-
sistent infection developed. In the end, the liver 
graft failed, and the infant died of overwhelming 
sepsis. The magnetic resonance imaging, histo-
logical and clinical features, and course of the dis-
ease are presented.

Introduction
Originally, neonatal hemochromatosis (NH) was 
described as one of the most common causes of 
acute liver failure in the neonatal period (1). The 
frequency for developed countries was estimated 
to range from 14 to 60%, or even as high as 90% 
(2, 3). Nowadays, NH is regarded as a clinical con-
dition that encompasses severe liver disease ac-
companied by extrahepatic siderosis. Researchers 
have shown that most cases of NH are caused by 
complement-mediated hepatocyte injury caused 
by maternal IgG, and so a new term was coined: 
gestational alloimmune liver disease (GALD) 
(4–7). Gestational alloimmune liver disease has 
been associated with acute, subacute, and chronic 
fetal and neonatal liver injury. Acute liver failure 
frequently occurs without extrahepatic siderosis 
or iron overload. The subacute and chronic liver 
injuries result in congenital cirrhosis present in 
nearly all cases of NH. The conditions of GALD 
and NH often co-occur and have thus become 
almost synonymous, but lately GALD has been 
considered the disease and NH its phenotypical 
expression. In the case of subacute and chronic 
liver disease, it would seem appropriate to call the 
disease GALD-NH (3). GALD can present from the 
18th week of gestation up to 3 months after birth 
(5); in the case of the former, the fetus dies during 
pregnancy. If GALD occurs at the time of birth, a 
neonatal near-miss case can present. This is the 
first case described in the literature of a severely 
affected neonate with GALD and multiorgan fail-
ure treated with extracorporeal membrane oxy-
genation (ECMO) and plasmapheresis that sur-
vived past liver transplant.

Case Report
A term newborn boy was transferred to our Multi-
disciplinary Neonatal and Pediatric Intensive Care 
Unit (ICU) due to severe birth hypoxia with meco-
nium aspiration syndrome and respiratory failure. 
It was the mother’s first pregnancy and it was un-
eventful up until birth. Labor started spontane-
ously after 40 weeks of pregnancy but was com-
pleted with a caesarean section because of silent 
cardiotocography recordings. At birth, the infant 
was cyanotic, without visible breathing effort, and 
had no detectable heart rate. Apgar scores after 
1, 5, and 10 minutes were 1, 3, and 6, respective-
ly, and birth weight was 3,560 g (50th percentile). 
Following cardiopulmonary resuscitation, the re-
turn of spontaneous circulation appeared after 7 
minutes and the first gasps after 15 minutes.

Chest X-ray showed complete white opacities of 
the lung (Figure 1). High-frequency oscillatory 
ventilation with inhaled nitrous oxide of 20 parts 
per million and surfactant application was started 
immediately because of severe hypoxic respira-
tory failure (oxygenation index 54.3). There was 
no improvement during the intensive respiratory 
treatment, and so treatment with veno-venous 
ECMO was started. The right jugular vein and left 
femoral vein were cannulated, 8 Fr and 10 Fr can-
nulas were used, and the pump was set at 2,676 
rounds per minute to achieve a flow of 0.60 l/min. 
The flow was later adjusted based on blood gas 
analysis. Echocardiography revealed pulmonary 
arterial hypertension of 70 mmHg, persistent fo-
ramen ovale, and patent ductus arteriosus with 
dominant right-to-left shunt, a narrow muscu-
lar ventricular septal defect, and hypertrophy of 
the interventricular septum. Brain ultrasound on 
admission revealed mild brain edema, low sys-
tolic blood flow of 11 cm/s, and a resistive index 
consistent with ECMO. Due to perinatal hypoxia, 
an active induced hypothermia between 33.0 to 
34.0 °C core temperature was started after admis-
sion to the ICU. Ultrasound of the visceral organs 
showed signs of free fluid in the abdominal cavity 
and almost no peristalsis, but otherwise no major 
signs of damage to the liver or abnormality of the 
visceral organs.

Vasoactive support with noradrenalin and dopa-
mine was needed, and later milrinone was add-
ed. An ongoing fluid loss to third space was first 
treated with continuous infusion of furosemide. 
A thoracic drain had to be inserted into the right 
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pleural cavity. Despite the ECMO and vasoactive 
support, after 7 days of treatment right-sided 
heart failure began to develop. A control echocar-
diography showed worsening of pulmonary arte-
rial hypertension and progression of heart muscle 
hypertrophy. Additional surfactant application 
was attempted, but no major improvement in the 
lungs was found. Acute renal failure progressive-
ly developed (urea 15 mmol/l and creatinine 140 
µmol/l).

However, the most striking laboratory values were 
severely elevated liver enzymes at admission; AST 
23.4 µkat/l (normal value up to 0.58 µkat/l) and 
ALT 10.0 µkat/l (normal value up to 0.74 µkat/l), 
but they decreased to slightly above normal values 
within a week (AST 2–3.5 µkat/l, ALT 1–2 µkat/l). 
However, the total bilirubin values were increas-
ing constantly. On the 11th day after admission, to-
tal bilirubin was 758 µmol/l (normal value up to 
17 µmol/l) and direct bilirubin 576 µmol/l (normal 
value up to 5 µmol/l). At the age of 11 days a series 
of 14 membrane plasma-exchange (plasmapher-
esis, PF) procedures were performed within the 
scope of 16 days: the first eight procedures were 
performed daily and the last six procedures after 
2 days of free interval. Two volumes of plasma 
were exchanged (300 ml) and fresh frozen plas-
ma was the replacement solution. Heparin was the 
anticoagulant used (100 IU at the start and 100 IU 
hourly). The extracorporeal PF circuit was primed 
with a mixture of packed red cells and saline solu-

tion to achieve hematocrit of 0.30 to 0.35 and con-
nected to an ECMO device. After each procedure, 
the blood within the plasma-exchange circuit was 
discarded. All procedures were performed without 
any medical or technical adverse effects.

Despite continuous 40% glucose infusion (9.3 mg/
kg/min), severe hypoglycemia with high values 
of lactate (up to 15 mmol/l) persisted for the first  
few days.

Following admission to the ICU, several meetings 
of various specialists were held to identify the ori-
gin of this severe clinical condition. Pediatric gas-
troenterologists, hematologist-oncologists, and 
neonatology specialists as well as dialysis spe-
cialist and occasionally other specialists were in-
cluded in the diagnostic and therapeutic process. 
Differential diagnosis of acute liver failure in a ne-
onate was discussed, and one of the most probable 
was GALD. During the treatment, other possible 
causes were excluded step by step: perinatal and 
neonatal infections, galactosemia and other met-
abolic disorders (lactate and pyruvate were within 
the normal range, analysis of amino acids in plas-
ma and organic acids in urine, acylcarnitines, and 
succinylacetones were consistent with non-spe-
cific liver damage with no evidence of specif-
ic metabolic deficit), and hemolysis (Coombs 
test was negative). Iron overload due to frequent 
transfusions of erythrocytes was searched for be-
cause 36 transfusions of red blood cells were giv-

Figure 1. Chest X-ray shows 
complete white opacities of 

the lung, with extracorporeal 
membrane oxygenation cannula, 
endotracheal tube, and umbilical 

vein catheter.
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en to the patient during ECMO (an additional 14 
transfusions were also given to the child later on). 
Magnetic resonance imaging showed no signs of 
iron depositions in the spleen. Tests of iron me-
tabolism showed iron overload and normal con-
centration and saturation of available transfer-
rin: Fe(III) 41.8 µmol/l (normal range 12.9–36.6 
µmol/l), total iron-binding capacity (TIBC) 47.3 
µmol/l (normal range 27.7–59.1 µmol/l), unsatu-
rated iron-binding capacity (UIBC) 5.5 µmol/l, 
transferrin 1.6 g/l (normal range 0.70–2.39 g/l), 
and haptoglobin < 0.07 g/l (normal values 0.41–
1.65 g/l). The ferritin concentration was elevated: 
7,263 µg/l (normal range 40–775 µg/l); alpha fe-
toprotein (5,651 kU/l) and C5b-9 lytic complex in 
plasma (247 ng/ml; normal value 127–303 ng/ml) 

were within normal limits for the patient’s age. To 
determine whether iron overload was due to fre-
quent blood transfusions or any other cause (i.e., 
GALD), a different set of investigations was per-
formed when possible due to long-lasting ECMO 
treatment.

Only after 28 days could the infant finally be 
weaned from ECMO. Vasoactive support with no-
radrenalin in a low dose was continued, and in-
haled nitric oxide and milrinone were gradually 
stopped and replaced by sildenafil. Weaning from 
respiratory support progressed slowly.

After weaning from ECMO, the first investigation 
performed to prove GALD was a magnetic reso-
nance imaging of the abdomen (Figure 3). The in-

Figure 2. Values of AST, ALT, and total and direct bilirubin for the first 55 days of hospitalization.  
The duration of extracorporeal membrane oxygenation and plasmapheresis, as well as the date of 
magnetic resonance imaging, intravenous immunoglobulin applications, and first ultrasound with 
liver enlargement are also shown in the graph. ECMO = extracorporeal membrane oxygenation,  
MRI = magnetic resonance imaging, IVIG = intravenous immunoglobulins, US = ultrasound.
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creased signal intensity of the liver on T2-weighted 
magnetic resonance images was fairly sugges-
tive of iron depositions in the liver parenchyma, 
whereas the signal of the spleen and pancreas was 
less intense. A decision to start treatment with in-
travenous immunoglobulins (IVIG) was made; the 
infant received three applications of 1g/kg of body 
mass. At the time, liver biopsy was still considered 
too risky because of severe bleeding disorder.

After plasmapheresis was stopped, bilirubin was 
still elevated (total bilirubin 200–350 µmol/l, di-
rect bilirubin 150–300 µmol/l). Other signs of liver 
failure were present as well: low albumin (~ 25 g/l) 
and prolonged prothrombin time (0.3–0.5).

After 5 weeks of hospitalization, the infant’s con-
dition started to deteriorate again. He stopped tol-
erating feedings via a nasogastric tube, laboratory 
signs of liver failure were more pronounced, and 
portal hypertension and ascites started to devel-
op. Within a week, the abdominal pressure meas-
ured through a urinary bladder–inserted catheter 
(AbViser™ AutoValve™ IAP Monitoring Device) 
increased to 25 mmHg despite intensive diuretic 
therapy, and renal failure progressed. After appli-
cations of coagulation factor VIIa, human fibrino-
gen, and human prothrombin complex, a pig-tail 
catheter was inserted into the peritoneal cavity 
for ascites drainage and peritoneal dialysis. Due 
to bleeding disorder, the infant regularly received 
plasma transfusions and vitamin K.

After 10 weeks of hospitalization, the decision was 
made to perform an ultrasound-guided needle 
liver biopsy; during the same procedure, the peri-
toneal catheter was also changed because of mal-
function. Despite preoperative preparation with 
vitamin K, coagulation factor VIIa, tranexamic 
acid, fresh frozen plasma, and platelet transfu-
sion, life-threatening hemorrhage occurred. The 
infant received additional doses of coagulation 
factor VIIa, human fibrinogen, and human pro-
thrombin complex and several blood transfusions, 
but he nonetheless had to be taken to the operat-
ing theatre for surgical intervention. Ligation of 
an injured branch of the mesenteric artery, which 
was damaged during replacement of the perito-
neal catheter, was performed.

The microscopic histology examination of the 
liver specimen showed poorly preserved ortho-
topic structure of the liver. Advanced fibrosis, 
ductular reaction, giant cells, and pseudoacinar 
hepatocyte changes were appreciated. Hepato-
cytes were pleomorphic with abundant vacuolat-
ed cytoplasm and course granular hemosiderin 
pigment deposits. Inflammation was minimal, 
but immunohistochemical staining for C5b9 
showed a positive reaction in hepatocytes, sug-
gesting complement-mediated hepatocyte injury 
(Figure 4).

After contacting a specialized center for liver 
transplantation in Bergamo, Italy, their first ad-

Figure 3. Magnetic resonance 
imaging showed reduced signal 

intensity in the liver on T2-
weighted images and T2*-

weighted images, indicating 
liver iron overload. Quantitative 

assessment using the method 
described by Gandon et al. (8) was 

also employed and confirmed liver 
iron overload. Magnetic resonance 

imaging did not show signs of 
iron accumulation in the spleen, 

pancreas, or myocardium.
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vice was to wait because even a severely damaged 
liver can show some signs of repair. Moreover, 
mortality after liver transplantation in infants 
with GALD is still high. The infant remained in our 
ICU and, 3 months after admission, was success-
fully extubated on the second attempt. Afterward 
he still needed noninvasive respiratory support 
with nasal bilevel positive-pressure ventilation 
and FiO2 of 0.25 to 0.30. After this the infant’s 
condition again slowly deteriorated: bilirubin 
was rising, prothrombin time was prolonged de-
spite regular plasma transfusions, and he still 
did not tolerate feeding by nasogastric tube. We 

started to make arrangements for transport to 
the transplant center in Bergamo, Italy. Sever-
al neurological assessments were made during 
ICU treatment, which showed a slightly abnor-
mal neurological condition. After cardiopulmo-
nary resuscitation and treatment on ECMO, the 
infant suffered a minor cerebrovascular insult in 
the right anterior region of basal ganglia, as well 
as several small punctiform hemorrhages and 
ischemic strokes in the cerebellum. Electroen-
cephalography showed no epileptic activity, and 
no signs of major neurological dysfunction were 
seen on clinical examination.

Figure 4. (A) Masson’s trichrome 
special stain showing moderate 

panlobular fibrosis (original 
magnification 10×), (B) 

Pleomorphic hepatocytes exhibiting 
giant-cell and pseudoacinar 

transformation as well as 
intracytoplasmatic accumulation 

of course granular brown pigment 
(routine HE staining; original 
magnification 20×), (C) Perls 

Prussian blue special stain showing 
the presence of iron in hepatocytes 

(original magnification 40×), (D) 
Immunohistochemical staining 

for C5b9 demonstrated a positive 
reaction in hepatocytes (original 

magnification 40×). (A)

(B)



October 2020

51

After 112 days of treatment in the ICU, the in-
fant was transferred to Bergamo, Italy, for the 
planned liver transplantation. On arrival at the 
hospital in Bergamo, Italy, he was first stationed 
in the pediatric ICU and then, after a week and a 
half, moved to the gastroenterology department 
after moderate clinical improvement. While on a 
priority waiting list for transplantation, his clin-
ical condition deteriorated due to sepsis (Kleb-
siella oxytoca and Staphylococcus epidermidis 
were isolated from blood cultures) and worsen-
ing of liver function. He was treated with mer-
openem, vancomycin, and gentamycin and was 

transferred back to the pediatric ICU. Nonin-
vasive respiratory support and total parenteral 
nutrition had to be reintroduced. After 9 days he 
was transferred back to the gastroenterology de-
partment until liver transplantation (a split seg-
ment II/III transplantation from an O+ donor was 
performed; there was profound bleeding during 
the operation). Antibiotic coverage with pipera-
cillin/tazobactam and fluconazole was continued 
after transplantation. The infant was extubated 
on the 4th day after surgery and needed respira-
tory support afterwards. An abdominal drain was 
inserted due to ascites on the 7th day after trans-

(C)

(D)
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plantation. The next day a biopsy of the liver was 
performed due to an increase in bilirubin level: 
infective-type granulocyte cholangitis was seen, 
and antibiotic therapy with vancomycin and mer-
openem was started. After 5 days of treatment, 
moderate improvement was seen, and antibiotics 
were stopped after another 6 days. After 2 days, 
perforation of the bowel occurred and a direct 
suture of the punctiform defect on the terminal 
ileal loop was performed, and vasoactive support 
with adrenalin and noradrenalin also had to be 
introduced. After 10 days (during this time, sev-
eral diagnostic tests were performed to elucidate 
this clinical condition) septic shock and multio-
rgan failure developed. Exploratory laparotomy, 
debridement, and sutures of the dehiscence on 
the previous bowel sutures were performed, and 
treatment with a Bogota bag and vacuum-assist-
ed closure (VAC) was also started. A liver biopsy, 
taken at that time, showed signs of ischemic liver 
damage (nonmechanical cholestasis, decreased 
bile ductuli count with thrombi inside, with no 
signs of infection). After 4 days, additional signs 
of shock presented, and an increase in vasopres-
sor infusion was needed, as well as transfusion 
of blood products. In addition, ST elevation and 
a raise in troponin also occurred. An addition-
al computed tomography scan was performed, 
which showed increased permeability of the liv-
er vessels, a 5 mm arteriovenous fistula, several 
ischemic areas in the liver, and a 2 × 10 cm he-
matoma. On the same day surgical revision was 
performed, the Bogota bag was removed and the 
abdominal cavity closed. The poor clinical state 
persisted; the infant was anuric, anasarca de-
veloped, and intrabdominal pressure rose to 20 
mmHg. Continuous veno-venous hemodialysis 
was started. Despite everything, multiorgan fail-
ure progressed, and the infant did not respond to 
large transfusions of blood products or increase 
of vasopressors. Another laparotomy and explo-
ration of the abdomen was performed, but no 
additional perforation was found; perfusion of 
the bowel was poor, but the bowel was still vital. 
Later, shock progressed and the liver completely 
failed, and severe lactacidosis, hyperammone-
mia, coagulopathy, and hypoglycemia (when 
glucose infusion was even briefly stopped) devel-
oped. The infant died in progressive shock at the 
age of 7 months and 14 days.

Discussion
The near-miss case of a term newborn with 
multiorgan failure described here—severe mac-
rophage activation syndrome, acute kidney inju-
ry, acute GALD treated with ECMO, PF, and liver 
transplantation—is one of the rare cases of GALD 
that presented associated with severe acute res-
piratory distress syndrome. Because no signs of 
congenital cirrhosis and no abdominal extrahe-
patic siderosis was found, we believe our patient 
suffered a case of acute GALD that had evolved 
at the end of the second or in the third trimes-
ter of gestation. We searched the literature for 
similar cases but found that cases died in early 
or late pregnancy or shortly after birth, whereas 
less severe cases were born uneventfully, and NH 
developed only later after birth. Clinical cases of 
GALD may present from almost no visible signs 
of the disease (7) to multiorgan failure together 
with fulminant liver failure. What is peculiar in 
our neonatal near-miss case is that his condition 
suddenly deteriorated during delivery, which 
presented with fetal distress, passing the meco-
nium and its aspiration to the lungs, which led 
to cardiac arrest, acute respiratory distress syn-
drome, and perinatal hypoxia with highly elevat-
ed liver enzymes, which we could only later link 
to acute GALD. No other perinatal cause could 
explain the sudden life-threatening condition at 
delivery, which necessitated an urgent caesarean 
section. Ischemia can cause liver failure (9, 10), 
and our erroneous first belief was that the highly 
elevated liver enzymes were related to liver hy-
poxia, but the clinical condition and clinical dete-
rioration suggested that something else was the 
reason for acute liver failure. The liver is normal-
ly very resistant to hypoxia, and it is unlikely that 
the neonate’s brain would escape injury while the 
liver would sustain such severe damage (11). With 
hypoxia so severe to cause such liver damage, we 
would also expect profound hypoxic-ischemic 
injury to the brain, but there was none to be seen 
on subsequent brain magnetic resonance imag-
ing. We assume that the neonate was so severely 
affected by acute GALD and he passed meconium 
because of intrauterine distress. Moreover, the 
severely affected lungs were not typical even for 
a severe case of meconium aspiration, and our 
suspicion is that the lungs were also affected by 
iron deposits. We could find only one case report 
that found iron deposits in the lung parenchyma 
(12), and a lung biopsy, if it had been performed 
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in our infant, would have confirmed or excluded 
iron deposits.

Birth asphyxia was the main cause for the ICU 
admission, and evident signs of liver failure 
only developed after a few days. After the ini-
tial decrease in liver enzymes, a secondary in-
crease with high elevations of bilirubin followed 
without an increase of aminotransferase levels, 
implying previously damaged liver parenchy-
ma with reduced hepatocyte mass. As a possible 
cause of neonatal liver failure, metabolic dis-
orders were excluded by laboratory testing. To 
confirm the diagnosis of GALD, a number of dif-
ferent diagnostic tests can be performed (alpha 
fetoprotein level, tests of iron metabolism, oral 
mucosa biopsy, magnetic resonance imaging 
of the liver and other parenchymal organs, and 
liver biopsy) (5, 7, 13, 14). The alpha fetoprotein 
levels were normal in our case. The tests for iron 
metabolism showed iron overload and hyper-
ferritinemia, which are characteristic but non-
specific for GALD, but normal concentration and 
saturation of available transferrin. At the time of 
presentation, more invasive investigations were 
not easily obtainable due to prolonged ECMO 
treatment and bleeding disorder. Later on, mag-
netic resonance imaging was performed, and it 
showed iron accumulation in the liver, but not in 
the spleen, pancreas, or myocardium. Magnetic 
resonance imaging findings of iron accumula-
tion in the liver with sparing of iron accumula-
tion in other organs of the reticuloendothelial 
system are a hallmark of hemochromatosis and 
exclude multiple blood transfusions as the cause 
for the iron overload (15).

The alloimmune process in GALD injures the 
hepatocytes so that they produce less angio-
tensinogen, which is necessary for proper re-
nal development, which leads to dysgenesis of 
proximal tubules and acute kidney injury (16). 
Neonates with GALD often present with renal hy-
poplasia and paucity of peripheral glomeruli. The 
kidney injury was present in our case because the 
neonate had elevated urea and creatinine levels 
from birth and later needed peritoneal dialysis. 
According to the histopathology findings, the ar-
rest in renal development dates back to around 
the 24th week of gestation, and therefore the liver 
failure occurred in the late second or early third 
trimester, leading to acute GALD at the time of 
birth, elevated liver enzymes, and no signs of cir-
rhosis or extrahepatic siderosis due to the rela-
tively short duration of the disease.

With high suspicion of GALD and to avoid bili-
rubin toxicity and further injury to the liver, PF 
was performed and IVIG infusion was given to 
the infant (6, 17). Exchange transfusion for treat-
ment of GALD (5, 17) and high-volume hemofil-
tration for liver failure (18) has been reported in 
the literature, but not PF as we performed it. Due 
to cardiocirculatory instability and prolonged 
ECMO treatment, exchange transfusion was not 
possible, and so we decided on PF, which has not 
yet been described in the literature for the treat-
ment of acute GALD. When ECMO was stopped, 
IVIG therapy was started and PF was no longer 
performed. At this point, abdominal magnetic 
resonance imaging was also performed, which 
was strongly suggestive of acute GALD with iron 
overload in the liver parenchyma without extra-
hepatic siderosis, but the final diagnosis was lat-
er confirmed by liver biopsy (13). The magnetic 
resonance imaging of the abdomen was sugges-
tive of iron deposits in the liver (7, 13). Because 
we have not proven any extrahepatic siderosis, 
which is the hallmark of subacute or chronic 
GALD with NH, we refer to our case as an acute 
form of GALD (3).

When GALD is considered in the differential di-
agnosis, the recommendation is to start IVIG im-
mediately (5) and wait for the effects. Despite the 
IVIG application, the infant’s condition did not 
improve and so, despite our initial reluctance, 
knowing that overall survival of infants under-
going liver transplantation for the indication of 
GALD is ~35% (16, 17), plans for transplantation 
were made.

Conclusion
Gestational alloimmune liver disease is a severe 
and often fatal liver disease that can present in 
utero or several weeks after birth. Because it is 
rather rare, it is often misdiagnosed. It should al-
ways be considered with stillborns and neonates 
with acute, subacute, or chronic liver failure with 
hypoglycemia, coagulopathy, elevated serum 
transaminases, hypoalbuminemia, extreme direct 
hyperbilirubinemia, and ascites. In a near-miss 
case of a term newborn with highly elevated liver 
enzymes and bilirubin levels, diagnosis of GALD 
should be highly suspicious. The usual treatment 
of GALD with exchange transfusion and applica-
tion of IVIG is safe and should be started after the 
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first suspicion of the disease. We have shown that 
treatment with PF in cases when ECMO treatment 
is in effect can also be performed safely and effec-
tively. Care should be taken to properly follow up 
and potentially treat future pregnancies of previ-
ously affected mothers (19).
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Abstract
Ingested foreign bodies (FBs) are commonly seen occurrenc-
es in emergencies. They are associated with various degrees of 
trauma and may lead to serious complications such as perfo-
ration or penetration of the gastrointestinal tract. The risk of 
complications depends on the size, shape, sharpness, and ma-
terial of the FB, and may be greater in patients with preexist-
ing conditions such as Crohn’s disease, intestinal stenosis, ul-
cerative colitis, or adhesions due to prior abdominal surgeries. 
The management of FB ingestions depends on their location 
in the digestive tract and the clinical condition of the patient. 
Eighty percent of ingested FBs that reach the stomach will 
pass uneventfully through the gastrointestinal tract, and only 
one percent of them will eventually need surgery. In the past, 
exploratory laparotomy has been the procedure of choice for 
management of complicated FB impactions, but with the devel-
opment and advancement of new surgical techniques surgeons 
are increasingly tempted to use them in emergency settings. 
This case report presents a successful laparoscopically assisted 
extraction of an ingested toothpick that penetrated the cecum. 
We demonstrate the feasibility and advantages of laparoscopi-
cally assisted FB extraction from the large intestine in selected 
cases, offering the patient faster recovery, less morbidity, less 
pain, and smaller scars.

Introduction
Foreign bodies (FB) in the gastrointestinal (GI) tract are com-
monly seen occurrences in the emergency room. They may 
occur deliberately or accidentally. The FBs may be food-re-
lated such as fish bones, food boluses, or crab shells, or may 
include a great variety of other objects, including toothpicks, 
dentures, needles, stones, fishhooks, broken plastic items, 
batteries, and so on (1–3). The majority of non-food FB inges-
tions occur in the pediatric population, with a peak incidence 
between ages 6 months and 6 years. Food-related FB inges-
tions are more common in adults, and in adults non-food FB 
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ingestions are mostly associated with psychiatric 
disorders, impairment caused by other substanc-
es (alcohol or other drugs), mental retardation, 
or those seeking some secondary gain (e.g., pris-
oners) (4).

The risk for a patient that has ingested a FB de-
pends upon the type and nature of the object, 
its location, and the patient population. Objects 
with pointed tips and sharp edges have the high-
est risk of complications, which may be as high 
as 35%. Toothpicks and chicken bones cause the 
most intestinal perforations (5–7). Foreign bod-
ies most commonly lodge in areas of the GI tract 
where the lumen is physiologically or patholog-
ically narrowed. The two main locations are the 
esophagus and the rectum, but they can be found 
throughout the entire GI tract. Fortunately, 80 to 
93% of all swallowed FBs that reach the stomach 
will uneventfully pass through the GI tract; only 
10 to 20% require endoscopic removal, and 1% 
surgery (1, 7).

The clinical manifestation of ingested FBs has a 
very wide array of signs and symptoms. Depend-
ing on the location, patient population, and form 
of the object, it can be asymptomatic or present 
with dysphagia, odynophagia, chest discomfort, 
hypersalivation, respiratory symptoms, abdomi-
nal pain, localized or generalized peritonitis, ab-
dominal wall abscess, bleeding, pruritus, or in-
testinal obstruction (1, 2, 4).

A minority of patients will develop complica-
tions, which include impaction, obstruction, 
laceration, perforation with abscess formation, 
hemorrhage, fistula formation, and mucosal ul-
ceration (3, 6, 7).

The establishment of the diagnosis depends on 
the condition of the patient upon admission. It is 
necessary to obtain the complete medical histo-
ry, perform a physical examination, and receive a 
radiographic evaluation (6). The goal is to deter-
mine the location and type of the object, presence 
of complications, and any underlying conditions 
or comorbidities (1). The patient may be fully 
conscious and communicative, and may be able 
to fully identify the material swallowed and point 
to the area of discomfort. Demented, mentally 
impaired, psychiatrically deranged, young chil-
dren, and other uncooperative patients may not 
provide a historical basis for suspected FBs. Often 
they are presented to the emergency department 
only when symptoms or signs of complications 
occur (4, 5). A physical examination is impor-

tant in determining the patient’s general health 
status and signs of FB complications. In terms of 
GI-tract FBs, the abdomen should be examined 
for evidence of bowel obstruction or peritoni-
tis. Findings can be often normal, but they may 
rapidly evolve into serious complications (1, 4, 
6). Radiological imaging is very helpful and thus 
strongly recommended to determine the location 
of the FB. Depending on their radiolucency, FBs 
can be identified on a plain X-ray image, com-
puted tomography (CT) scan, ultrasound, mag-
netic resonance imaging, or flexible endoscopy, 
which can also provide immediate therapy (1, 3, 
8, 9).

The management of ingested FBs requires care-
ful planning for an optimal outcome. Most FBs 
pass through the GI tract uneventfully. Howev-
er, when complication occur, they pose a diffi-
cult management dilemma for a physician (1, 4, 
6). The therapy must be individualized and based 
on the patient’s health status, the type of FB, its 
location, and the perceived risk of complications. 
We need to ensure that all necessary therapy, 
equipment, and accessories are ready and avail-
able. If feasible, endoscopic procedures are the 
first-choice therapy, and surgical management 
is indicated when endoscopic retrieval has failed, 
or when a complication has occurred (2).

Several possible surgical techniques can be per-
formed. These include open procedures or min-
imally invasive surgery. Although laparotomy 
still remains the gold standard for surgical man-
agement in complicated cases, there are increas-
ingly more cases of successful management of 
complicated FB ingestions with minimally in-
vasive laparoscopic procedures. Several studies 
have reported the benefits of a laparoscopic ap-
proach. They include reduced pain and postoper-
ative ileus, better cosmetic results with smaller 
incisions, earlier mobilization, a shorter hospital 
stay, and decreased incidence of postoperative 
hernias (4, 10, 11).

To our knowledge, this is one of the first reported 
cases of laparoscopically assisted removal of an 
ingested sharp object that became stuck and pen-
etrated the colon. This case report shows that the 
laparoscopic approach is feasible and safe, and 
that it should be considered in selected cases of 
FB ingestions with complications.
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Case Report
A 79-year-old woman with hypertension, hyper-
cholesterolemia, and hypothyroidism presented 
to the emergency department because of abdom-
inal pain and fever that had begun on the same 
day. She denied any FB ingestion in her medical 
history or any other symptoms. She had no prior 
abdominal surgeries.

On examination, the patient’s temperature was 
37.0 °C, heart rate 98 beats per minute, blood 
pressure 145/78 mmHg, and oxygen satura-
tion 95% while breathing ambient air. Mild ab-
dominal tenderness in the right lower abdomi-
nal quadrant was present. The remainder of the 
physical examination was normal. The laboratory 
data on admission were as follows: white blood 
count: 15.2 × 109/l and C-reactive protein level 16 
mg/l; other blood parameters and urine values 
were in normal range. An abdominal ultrasound 
was obtained, which showed gallstones without 
any other pathological presence. However, be-
cause of the pain and slightly elevated inflamma-
tory markers, the patient was admitted to the De-
partment of Abdominal Surgery. Analgesics and 
empiric antimicrobial therapy were added to her 
therapy.

The following day the patient’s clinical condition 
worsened. The inflammatory markers were fur-
ther elevated and the pain was still persisting. A 
CT scan of the abdomen showed an impacted thin 

linear hyperdense 5 cm long FB in the cecum with 
signs of local irritation. There was no evidence 
of free air or abscess formation, but perfora-
tion could not be excluded (Figure 1). The patient 
again did not recall any history of ingesting a FB.

Based on the CT findings and her health condi-
tion, urgent surgery was initiated. A laparoscop-
ic approach was chosen. The patient was placed 
in a supine position. The surgeon and the as-
sistant stood on the left side of the patient. The 
abdomen was insufflated and three trocars were 
placed: one supraumbilically (11 mm), one in the 
left lower abdominal quadrant (5 mm), and one 
suprapubically (12 mm). An exploration showed a 
FB penetrating the cecum (Figure 2).

The FB was identified as a toothpick. It was safely 
extracted with a grasper (Figures 3, 4). The hole 
in the penetrated cecum was excised with an en-
doscopic linear cutter stapler. In addition, an 
appendectomy and cholecystectomy were per-
formed. Two drains were placed. The entire pro-
cedure was well tolerated by the patient with no 
intraoperative complications.

Clear fluid was drained, and the drains were re-
moved on the 2nd postoperative day. Antibiotics 
were continued until the normalization of in-
flammatory markers. No major analgesic in-
take was necessary. The patient recovered with-
out complications and was discharged on the 5th 

postoperative day. No further complications were 
noticed.

Figure 1. Abdominal computer tomography scan showing an ingested foreign body: axial and coronal 
plain.
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Figure 2. Toothpick penetrating 
the cecum.

Figure 3. Extraction of the 
toothpick.

Figure 4. Extracted toothpick.
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Conclusion
Foreign body ingestion is a commonly seen oc-
currence in emergencies. In most cases, the FB 
passes the GI tract uneventfully, but sometimes it 
can cause serious complications. Management can 
pose dilemmas for surgeons when deciding what 
method is appropriate for treatment. Depending 
on the location, material, size, shape, and com-
plication, several operative methods can be per-
formed.

We searched PubMed for English literature re-
porting toothpicks penetrating the colon using 
the terms colon and toothpick. The vast majority of 
the cases were managed with a laparotomy. This 
case shows that in selected cases the laparoscopic 
approach is a feasible, safe, and good method for 
extracting a penetrating FB from the cecum. The 
recovery is quick and the cosmetic result is better. 
However, more studies are needed to verify the 
advantage of this technique.
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Abstract
Radical surgery is the mainstay for treating colon cancer. A 
minimally invasive approach is the gold standard for many sur-
gical procedures. Robotic colectomy addresses the limitations 
of straight laparoscopic colon resections. However, there are 
some key differences in setup and positioning that may affect 
anesthetic protocols. Hence, anesthesiologists should be in-
volved in the planning process. This article reports a technique 
for single-docking totally robotic right colectomy for cecal ad-
enocarcinoma using the da Vinci Xiâ Surgical System (Intuitive 
Surgical, USA). To date, the technique reported here has proven 
to be very successful.

Introduction
The robotic platform offers many advantages over standard 
laparoscopy, including better visualization (a stable 3D view 
and magnification), precise dissection and tissue manipulation, 
and improved ergonomics, potentially reducing fatigue of the 
operating surgeon (1).

The da Vinci Xi robotic platform allows a surgeon to perform 
single-docking multi-quadrant surgery and, through the inte-
grated Firefly system, makes possible near-infrared indocya-
nine green (ICG) fluorescence, which can be a very valuable tool 
for intraoperative decision-making in minimally invasive sur-
gery (2). Intraoperative fluorescence angiography delivers very 
important visual cues regarding bowel perfusion, thus helping 
the surgeon determine where to transect the bowel wall (3–5). 
The author’s team routinely uses this technology to assess 
bowel perfusion in all robotic colorectal resections.

mailto:jan.grosek%40kclj.si%20?subject=
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Preoperative Preparation
Patients undergo standard preoperative workup 
and preparation, which is the same as for con-
ventional laparoscopic or even open colectomy, in 
line with institutional practice at the department. 
This includes full colonoscopy (partial in the case 
of obstructive carcinoma) and contrast-enhanced 
computed tomography (CT) of the chest and ab-
domen. Every patient is discussed at the multi-
disciplinary tumor team board. The bowel is pre-
pared with a single enema, and tumor marking is 
performed with India ink under colonoscopic vi-
sion > 48 hours before surgery.

Positioning of Patients  
and Ports
Efficiency of all robotic resections relies on cor-
rect patient setup and positioning, coupled with 
proper port setup. The patient is secured on spe-
cial non-slip foam, with arms tucked at the side, 
legs extended, and secured by wrapping circum-
ferentially with a roller bandage. It is of outmost 
importance to prevent any unwanted patient 
movement.

A nasogastric tube is placed for gastric decom-
pression and a Foley catheter for urinary bladder 
decompression. The robotic cart is docked at the 
right side of the patient, who is positioned in a left 
side tilt and slight Trendelenburg position. Four 8 

Figure 1. Docking and port 
configuration, and type of 
robotic instruments used for the 
procedure.
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mm robotic ports (DV 8 mm) are placed diagonal-
ly, preferably all of them lying along an imaginary 
linear line. We employ configuration of two-left 
handed instruments and one right-handed in-
strument; the endoscope (30-degree optics) is 
placed in robotic port number two. An AirsealR 
(Applied Medical, USA) 12 mm port is inserted in 
the left upper quadrant; its valveless trocar design 
provides for high-flow insufflation and facilitates 
smoke evacuation. Moreover, it allows the assis-
tant unimpeded introduction of laparoscopic in-
struments for grasping, suction, and introduction 
and removal of clips, needles, sutures, or endo-
scopic staplers (Figure 1).

Operative Steps
Preoperative antibiotics are given to cover the 
intestinal flora and the abdomen is prepped in a 
standard sterile fashion. A Verres needle is typ-
ically used for the insufflation. Laparoscopy is 
performed first, sweeping the small intestine 
away from the target anatomy and placing the 
omentum above the transverse colon. This is fa-
cilitated by tilting the operating table. The tumor 
is localized under standard white light. Once the 
duodenum and ileocolic pedicle are properly ex-
posed (Figure 2), the robot is docked, and all the 
instruments are inserted.

A medial to lateral approach is utilized, and the 
embryological fusion plane between the right 
colonic mesentery and retroperitoneum is en-

tered. The dissection is blunt, done with verti-
cal (up–down) sweeping movements, facilitat-
ed by pneumoperitoneum. The duodenum must 
be recognized at all times and swept posteriorly. 
Thereafter the ileocolic pedicle is transected be-
tween clips (Figure 3). The medial to lateral dis-
section is continued toward the hepatic flexure 
between Toldt’s fascia and Gerota’s fascia. The 
right branch of the middle colic artery is transect-
ed just above the pancreatic head (Figures 4a, 4b). 
The omentum is grasped and divided, and dissec-
tion is preferably initiated at the location at which 
the falciform ligament crosses the transverse co-
lon. The gastrocolic ligament is divided as well as 
the ileal mesentery (Figure 5) and mesocolon of 
the transverse colon (Figure 6) using Vessel Seal-
er. Prior to bowel transection, 5 ml of ICG (25 mg 
/ 10 ml) is administered intravenously, and using 
the integrated Firefly system bowel perfusion is 
assessed by near-infrared fluorescence (Figures 
7, 8). Thereafter, the ileum and transverse colon 
are transected by a 60 mm blue cartridge linear 
stapler and the resection part of the operation is 
continued by dissection toward the hepatic flex-
ure, dividing the remaining hepato-colic attach-
ments (Figure 9) and completely mobilizing the 
right colon and coecum laterally. The specimen is 
temporarily displaced cranially on top of the liver. 
A side-to-side isoperistaltic ileocolic anastomosis 
is performed intracorporeally by a 60 mm linear 
stapler blue cartridge (Figure 10) and the enter-
otomy is closed with a double-layer 4.0 mono-
filament absorbable suture, the first layer being 
running and the second interrupted (Figure 11). 
A second injection of ICG (5 ml, 25 mg / 10 ml) is 

Figure 2. Exposition of the ileocolic 
pedicle.
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Figure 3. High vascular ligation.

Figure 4a, 4b. Dissection of the 
right branch of the middle colic 
artery.
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Figure 5. Transecting the ileal 
mesentery.

Figure 6. Transecting the 
transverse mesocolon.

Figure 7. Indocyanine green 
angiography of the ileum.
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Figure 8. Indocyanine green 
angiography of the transverse 
colon.

Figure 9. Hepatic flexure take-
down.

Figure 10. Side-to-side 
anastomosis.
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Figure 11. Suturing the enterotomy 
in two layers.

Figure 13. The specimen extracted.

Figure 12. Insertion of wound-
protector.
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administered intravenously to confirm the anas-
tomotic perfusion. The gap in the mesentery is 
closed with a running absorbable 3.0 barbed su-
ture. A small Pfannenstiel incision is made, in-
corporating incision of robotic port (DV) number 
one, and a wound-protector is inserted (Figure 
12). This allows for safe extraction of the colonic 
specimen (Figure 13). Subsequently, laparoscopy 
is performed, confirming hemostasis and proper 
positioning of the drainage tube.

Postoperative Care
Early and frequent mobility is encouraged, and 
venous thromboembolism prophylaxis is started 
approximately 12 hours after the operation. The 
nasogastric tube is removed prior to the end of the 
operation, and the drainage tube and Foley cath-
eter are removed on postoperative day 1. Patients 
are offered clear liquids in the evening on the day 
of the operation. In the absence of nausea, vom-
iting, or abdominal discomfort, they are quickly 
advanced from a liquid diet to a regular diet. In 
general, patients are discharged on postoperative 
day 5 or 6.

Conclusions
Our team started using the da Vinci Xi robotic plat-
form in January 2020. Since then, we have per-
formed 40 colorectal resections, 22 of which were 
right colectomies. To date, the technique reported 
here has proved to be very successful. There have 
been no major complications or arm collisions 
related to this technique and also no non-recov-
erable faults with this technique of docking, port 
positioning, or instrument placement. Moreover, 
there has been no postoperative morbidity requir-
ing reoperations (anastomotic leakage, hemor-
rhage, etc.). All resections have been curative (R0), 
with an average length of stay of 5 to 6 days. So far 
there have been no conversions to open procedure. 
Adherence to key technical principles (medial to 
lateral mobilization, respecting the embryological 
planes, and high vascular ligation) are critical for a 
successful operation. Robotic technology is com-
plex, and all the operating room personnel should 
be well trained. Anesthesia personnel should be 
involved in the planning process, and considera-

tion should be given to preparing for the possibil-
ity of conversion to an open approach from a ro-
botic approach.
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