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Augmented reality navigation facilitates laparoscopic removal
of foreign body in the pancreas that cause chronic complications
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Abstract

Background Foreign bodies that enter the pancreas and cause chronic complications cannot be removed by endoscopy.
Surgical removal is necessary but also challenging. The development of augmented reality navigation has made it possible
to accurate intraoperative navigation in laparoscopic surgery.

Methods A 37-year-old female had epigastric pain for 3 months and her abdominal CT showed a linear high-density shadow
in her pancreas along with chronic pancreatitis. Three-dimensional models of the liver, pancreas, stomach, blood vessels,
and foreign body were created based on CT images. Gastroptosis was found in the three-dimensional models, so surgical
approach was adapted to open the hepatogastric ligament to reach the pancreas. After 2—-3 s of video images were captured by
3D laparoscopy, a three-dimensional dense stereo-reconstruction method was used to obtain the surface model of pancreas,
stomach, and blood vessels. The Globally Optimal Iterative Closest Point method was used to obtain a spatial transformation
matrix between the preoperative CT image space and the intraoperative laparoscopic space. Under augmented reality naviga-
tion guidance, the position and location of the foreign body were displayed on the surface of the pancreas. Then intraoperative
ultrasound was used for further verification and to quickly and easily confirm the surgical entrance. After minimal dissection
and removal of the pancreatic parenchyma, the foreign body was removed completely.

Results The operation time was 60 min, the estimated blood loss was 10 ml. The foreign body was identified as a 3-cm-long
fishbone. The patient recovered without complications and was discharged on the third postoperative day.

Conclusion Because it enables direct visual navigation via simple operation, ARN facilitates the laparoscopic removal of
foreign bodies in the pancreas with accurate and rapid positioning and minimal damage.

Keywords Augmented reality - Foreign body - Laparoscopic surgery - Chronic pancreatitis - Portal vein cavernous
transformation

Although gastrointestinal endoscopy can remove most for-
eign bodies in the gastrointestinal tract, in approximately
1% of cases the foreign body cannot be found and removed
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ultrasound, it is difficult for surgeons to stereoscopically
determine the location of foreign bodies. Therefore, sur-
geons may need to perform a large-area dissection of the
pancreas and surrounding tissues to find the target. This pro-
cess may cause secondary injuries such as bleeding and pan-
creatic leakage, especially in patients with long-term foreign
body residues leading to vascular cavernous transformation
and local venous hypertension [5, 6].

Emerging technologies such as three-dimensional (3D)
visualization technology and augmented reality naviga-
tion (ARN) have been widely used in hepatobiliary surgery
[7-9]. Individualized surgical approaches can be repeatedly
practiced on the 3D models to select the most suitable sur-
gical approach. By combining preoperative 3D models and
intraoperative laparoscopic imaging, ARN can enable the
visualization of non-apparent structures [10, 11]. In addition,
dynamic fusion can provide continuous real-time guidance
in ARN and help surgeons accurately identify important
blood vessels and other anatomical structures during surgery
to facilitate the safe removal of foreign bodies [12].

To our knowledge, this is the first report that ARN has
been innovatively applied in laparoscopic removal of a for-
eign body in the pancreas and achieved good clinical results.

Fig.1 A CT showed a linear
high-density shadow in the
pancreas and chronic pancreati-
tis. B The 3D model showed the
positional relationship between
the foreign body and the sur-
rounding organs and blood ves-
sels. C The 3D model showed
portal vein cavernous transfor-
mation and vascular masses of
splenogastric varicosities. D
Application of intraoperative
ultrasound and augmented real-
ity navigation system during the
operation
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Patient and methods

This study was approved by the medical ethical committee
of Zhujiang Hospital and was conducted according to the
relevant guidelines regulations. The patient was informed
and agreed to the contents of this study.

A 37-year-old female had epigastric pain for 3 months
and had been treated as stomach illness. However, her
symptoms did not improve, so she came to our center for
treatment. The abdominal CT showed a linear high-density
shadow in her pancreas along with chronic pancreatitis. The
confluence of the superior mesenteric vein and splenic vein
was occluded, causing cavernous transformation of the por-
tal vein (Fig. 1A). Considering that she has a history of eat-
ing fish, we believed that this was a chronic disease caused
by fish bone penetrating the posterior wall of the antrum
and entering the pancreas. Because it had been in place a
long time and the fish bone were was not in the gastroin-
testinal tract, endoscopic removal was excluded. A secure
laparoscopic surgery was needed. However, the dilemma of
surgery was how to accurately locate the fish bone in the
pancreas instead of blindly probing to avoid unnecessary
destruction of the pancreatic parenchyma and varicose vas-
cular injury caused by large-scale dissection.

3D models of the liver, pancreas, stomach, blood ves-
sels, and fish bone were created using the Medical Image
3D Visualization System (MI-3DVS, software copyright No.
2008SR18798) based on preoperative CT images. The 3D
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models were amplified, rotated, and hyalinized to identify
the location of fish bone and the anatomic character of the
tissue structure [13]. As shown in the 3D model, the foreign
body was enclosed completely in the neck of pancreas above
the gastric antrum (Fig. 1B, C). Gastroptosis was found, so
the surgical approach was adapted to open the hepatogastric
ligament to reach the pancreas instead of cutting the gastro-
colonic ligament.

The patient was positioned in the supine position with
legs separated. The operating surgeon stood on the right side
of the patient, while the assistant stood on the left side and
another assistant holding the laparoscope stood at the foot
(Fig. 1D). After the creation of a pneumoperitoneum, rou-
tine abdominal cavity exploration was performed. Then, the
hepatogastric ligament was severed but the foreign body was
still invisible. Because the location of the foreign body was
obscure, it was challenging to completely locate its stereo-
scopic structure. We choose to use ARN assistance instead
of only intraoperative ultrasound (IOUS) to find the position
of the fishbone as quickly as possible.

After 2-3 s of video images were captured by 3D lapa-
roscopy, an intraoperative image was imported into the
ARN system and a 3D dense stereo-reconstruction method
was used to obtain the surface model of pancreas, stomach,
and blood vessels. In order to register the pancreas, stom-
ach and blood vessels and the preoperative 3D models, the
Globally Optimal Iterative Closest Point (Go-ICP) method
was used to obtain a spatial transformation matrix between
the preoperative CT image space and the intraoperative

Fig.2 A Application of ARN:
The organs, blood vessels, and
foreign body location were
visualized. B IOUS located

the superficial end of foreign
body. C The foreign body was
removed from the pancreas
laparoscopically. D The foreign
body was identified as a 3-cm-
long fishbone
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laparoscopic space (Fig. 2A) [9, 14, 15]. A manual reg-
istration method is available if the automatic registration
result is not satisfactory. The subsequent fusion dynami-
cally adjusted the preoperative and intraoperative spatial
transformation matrix according to the initial registration
results to track the laparoscopic posture modules. The
ORB-SLAM?2 method was used to estimate the position
of the laparoscopic camera as well [16]. Under ARN guid-
ance, the position and location of the foreign body were
displayed on the surface of the pancreas. Then IOUS was
used for further verification and to quickly and easily con-
firm the surgical entrance (Fig. 2B). After minimal dissec-
tion and removal of the pancreatic parenchyma, the super-
ficial end of the foreign body was exposed and clamped.
Finally, the foreign body was removed completely and the
vascular injury and pancreatic leakage caused by large-
scale dissociation were avoided (Fig. 2C).

Results

The operation time was 60 min, the estimated blood loss
was 10 ml, and there was no need for blood transfusion.
The foreign body was identified as a 3-cm-long fishbone
(Fig. 2D). On the second day after the operation, liver
function and serum amylase level were normal. The patient
recovered without complications and was discharged on
the third postoperative day.
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Discussion

Fish bones are one of the most common foreign bodies that
enter the digestive tract and cause perforation or penetra-
tion [17-19]. Foreign bodies may pass through the stom-
ach or duodenum into the pancreas and cause complica-
tions [2, 3, 20]. Gastrointestinal endoscopy can diagnose
and treat foreign bodies in the digestive tract [1]. But if
the foreign body has penetrated the stomach wall and com-
pletely entered the pancreatic parenchyma, it is impossible
to diagnose and remove it using endoscopy. Therefore,
surgical removal is necessary. However, in this case, even
with preoperative CT and ultrasound two-dimensional
images, the position of the fish bone and the relationship
with the surrounding tissues was difficult to accurately
identify, even by experienced surgeons.

Through the segmentation and reconstruction of 3D
reconstruction technology, two-dimensional images of CT
are transferred into 3D visualization. The 3D reconstruc-
tion models, which provide more intuitive and omnidirec-
tional information on pancreas, stomach, blood vessels,
and foreign bodies, can overcome the limitations of CT
and ultrasound images. In 3D models, the anatomic char-
acter of tissue structure can be clarified with omnidirec-
tional, multiple-angle, and multilevel views [13]. In this
case, 3D reconstruction was used to determine that the
fish bone completely entered the parenchyma of pancreas
and caused the expansion of the distal pancreatic duct.
The occlusion of the confluence of the superior mesenteric
vein and splenic vein resulted in obstruction of two venous
returns, and varicose vessels were further confirmed. In
addition, gastroptosis was confirmed in the 3D reconstruc-
tion, and the part of the pancreas where the fishbone was
located was covered by the hepatogastric ligament. There-
fore, the approach was to open the hepatogastric ligament
rather than the gastrocolic ligament, in order to avoid dam-
age to the fragile varices.

However, even with 3D reconstruction models, the
internal status of the pancreas is still invisible during the
operation. IOUS can enable 2D image navigation, but the
acquisition of images is difficult and unstable. In addition,
it requires the surgeon to move the visual focus between
the laparoscopic surgery system, the 3D model display
system, and the intraoperative ultrasound system. ARN
can integrate more stable 3D images into the surgical pro-
cedure more effectively, because it allows for better coor-
dination between images and actions and can enable the
visualization of relevant structures without the need for
surgeons to shift their attention constantly. Surgeons and
assistants can observe overlapping images and surgical

sites on the display screen of the ARN system to elimi-
nate the hand—eye coordination problem due to the spatial
and temporal separation of 3D image-guided surgery to
a certain extent. In addition, this is also an effective way
to facilitate team collaboration and to prevent distraction.

Another advantage of ARN is the short time for regis-
tration and visualization. After acquiring the laparoscopic
video for 2-3 s, the 3D model image can be projected to
obtain the anatomical features of the intraoperative struc-
ture. Compared with traditional intraoperative ultrasound
navigation, ARN greatly reduces the time required to find
the target and the necessary skill requirements for the
operator. Moreover, subsequent fusion can be dynamically
adjusted according to the camera’s position in real time.
There is no need to hold the probe as long as intraoperative
ultrasound requires, so surgeons hands are free.

In this study, augmented reality intuitively provides
virtual transparency and allows the visualization of oth-
erwise non-apparent structures such as the fish bone and
pancreatic duct inside the pancreas, thus enabling highly
accurate navigation with an error threshold below 2 mm.
Dissection planes and resection margins of the pancreatic
parenchyma can be delineated using ARN to reduce the
risk of injury to invisible structures. Difficulties in deter-
mining accurate anatomy because of dense inflammatory
adhesions can also be solved. Under the guidance of ARN,
the surgeon can confirm the entry point to remove the for-
eign body quickly. In addition, ARN guidance can prevent
unnecessary dissection of excessive adhesion tissue and
separation of fragile varicose veins.

Because of the patient’s breathing movements, intra-
operative organ deformation and tissue displacement are
the main challenges in image-guided surgical navigation.
However, the situation is different in the laparoscopic
removal of foreign bodies in the pancreas. The positions
of the pancreas and the foreign body are relatively fixed
during surgery. Therefore, ARN can provide the stable
and effective image guidance for laparoscopic removal of
foreign bodies in the pancreas.

With the guidance of ARN, IOUS was used to further
confirm the approach more accurately and quickly. Mean-
while, the accuracy of ARN has also been further verified
in this study, and it provided the same information about
the fish bone as that provided by IOUS. The combination
of ARN and IOUS shortens operative time and reduces
operative damage, such as intraoperative bleeding and
pancreatic leakage.

Even though this technology has been currently used
only for laparoscopic removal of a fish bone in the pan-
creas, it might be applied to removal of other foreign bod-
ies and even tumors in the future.
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Conclusion

Because it enables direct visual navigation via simple opera-
tion, ARN facilitates the laparoscopic removal of foreign
bodies in the pancreas with accurate and rapid positioning
and minimal damage.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-022-09195-w.

Funding This project was supported by the National Natural Sci-
ence Foundation of China (Grant Nos. 81601576 and 81627805),
Guangdong Basic and Applied Basic Research Foundation (Grant
No. 2021A1515011869), the Opening Research Fund of Guang-
dong Province Key Laboratory of Biomedical Imaging (Grant No.
GPKLBI201911), the Science and Technology Plan Project of Guang-
dong Province (Grant Nos. 2016A020220013 and 2021A1414020003),
the Science and Technology Plan Project of Guangzhou (Grant No.
201704020141).

Declarations

Disclosures Jinyu Lin, Haisu Tao, Zhuangxiong Wang, Rui Chen, Yun-
long Chen, Wenjun Lin, Baihong Li, Chihua Fang, and Jian Yang have
no conflicts of interest or financial ties to disclose.

References

1. Birk M, Bauerfeind P, Deprez P, Hiafner M, Hartmann D, Hassan
C, Hucl T, Lesur G, Aabakken L, Meining A (2016) Removal
of foreign bodies in the upper gastrointestinal tract in adults:
European Society of Gastrointestinal Endoscopy (ESGE) clinical
guideline. Endoscopy 48:489-496

2. Gharib S, Berger D, Choy G, Huck A (2015) Case records of
the Massachusetts general hospital. Case 21-2015. A 37-year-old
American man living in Vietnam, with fever and bacteremia. N
Engl J Med 373:174-183

3. Huang Y, Siao F, Yen H (2013) Pre-operative diagnosis of pan-
creatic abscess from a penetrating fish bone. QJIM 106:955-956

4. Mima K, Sugihara H, Kato R, Matsumoto C, Nomoto D, Shigaki
H, Kurashige J, Inoue M, Iwagami S, Mizumoto T, Kubota T,
Miyanari N (2018) Laparoscopic removal of an ingested fish bone
that penetrated the stomach and was embedded in the pancreas: a
case report. Surg Case Rep 4:149

5. Bockhorn M, Gebauer F, Bogoevski D, Molmenti E, Cataldegir-
men G, Vashist Y, Yekebas E, Izbicki J, Mann O (2011) Chronic
pancreatitis complicated by cavernous transformation of the portal
vein: contraindication to surgery? Surgery 149:321-328

6. Latorre Fragua R, Manuel Vazquez A, Lépez Marcano A, Gijon
De La Santa L, de la Plaza LR, Ramia Angel J (2020) Pancreatic
surgery in chronic pancreatitis complicated by extrahepatic portal
hypertension or cavernous transformation of the portal vein: a
systematic review. Scand J Surg 109:177-186

7. Fang C, AnJ, Bruno A, Cai X, Fan J, Fujimoto J, Golfieri R, Hao
X, Jiang H, Jiao LR, Kulkarni AV, Lang H, Lesmana CRA, Li Q,

@ Springer

Liu L, Liu Y, Lau W, Lu Q, Man K, Maruyama H, Mosconi C,
Ormeci N, Pavlides M, Rezende G, Sohn JH, Treeprasertsuk S,
Vilgrain V, Wen H, Wen S, Quan X, Ximenes R, Yang Y, Zhang
B, Zhang W, Zhang P, Zhang S, Qi X (2020) Consensus recom-
mendations of three-dimensional visualization for diagnosis and
management of liver diseases. Hep Intl 14:437-453
8. Lin J, Luo W, Fang C, Yang J (2021) Laparoscopic anatomic
combined subsegmentectomy of segment 8 via the tailored strat-
egy using digital intelligent technology. Surg Oncol 38:101622.
https://doi.org/10.1016/j.suronc.2021.101622
9. Tao H, Lin J, Luo W, Chen R, Zhu W, Fang C, Yang J (2021)

Application of real-time augmented reality laparoscopic navi-
gation in splenectomy for massive splenomegaly. World J Surg
45:2108-2115

10. Conrad C, Fusaglia M, Peterhans M, Lu H, Weber S, Gayet B
(2016) Augmented reality navigation surgery facilitates laparo-
scopic rescue of failed portal vein embolization. ] Am Coll Surg
223:e31-34

11. Fang C, Zhang P, Qi X (2019) Digital and intelligent liver sur-
gery in the new era: prospects and dilemmas. EBioMedicine
41:693-701

12. Zhang P, Luo H, Zhu W, Yang J, Zeng N, Fan Y, Wen S, Xiang
N, Jia F, Fang C (2020) Real-time navigation for laparoscopic
hepatectomy using image fusion of preoperative 3D surgical plan
and intraoperative indocyanine green fluorescence imaging. Surg
Endosc 34:3449-3459

13. Fang C-h, Liu J, Fan Y-f, Yang J, Xiang N, Zeng N (2013) Out-
comes of hepatectomy for hepatolithiasis based on 3-dimensional
reconstruction technique. J Am Coll Surg 217:280-288

14. YangJ, Li H, Campbell D, Jia Y (2016) Go-ICP: a globally opti-
mal solution to 3D ICP point-set registration. IEEE Trans Pattern
Anal Mach Intell 38:2241-2254

15. Zhang W, Zhu W, Yang J, Xiang N, Zeng N, Hu H, Jia F, Fang
C (2021) Augmented reality navigation for stereoscopic laparo-
scopic anatomical hepatectomy of primary liver cancer: prelimi-
nary experience. Front Oncol 11:663236. https://doi.org/10.3389/
fonc.2021.663236

16. Mahmoud N, Collins T, Hostettler A, Soler L, Doignon C, Mon-
tiel J (2019) Live tracking and dense reconstruction for handheld
monocular endoscopy. IEEE Trans Med Imaging 38:79-89

17. Huang W, Zhang GQ, Wu JJ, Li B, Han SG, Chao M, Jin K (2020)
Catastrophic vertebral artery and subclavian artery pseudoaneu-
rysms caused by a fishbone: a case report. World J Clin Cases
8:4981-4985

18. Lim D, Ho C (2020) Appendicitis-mimicking presentation in fish-
bone induced microperforation of the distal duodenum: a case
report. World J Gastrointest Surg 12:77-84

19. YiL, Cheng Z, Zhou Y, Wang Q, Liu Y, Liu K, Wang T, Zhong
X (2020) Fishbone foreign body ingestion in duodenal papilla: a
cause of abdominal pain resembling gastric ulcer. BMC Gastro-
enterol 20:323

20. Symeonidis D, Koukoulis G, Baloyiannis I, Rizos A, Mamaloudis
I, Tepetes K (2012) Ingested fish bone: an unusual mechanism of
duodenal perforation and pancreatic trauma. Case Rep Gastroin-
test Med 2012:308510

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1007/s00464-022-09195-w
https://doi.org/10.1016/j.suronc.2021.101622
https://doi.org/10.3389/fonc.2021.663236
https://doi.org/10.3389/fonc.2021.663236

	Augmented reality navigation facilitates laparoscopic removal of foreign body in the pancreas that cause chronic complications
	Abstract
	Background 
	Methods 
	Results 
	Conclusion 

	Patient and methods
	Results
	Discussion
	Conclusion
	References




