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Introduction

Nowadays, orthotopic liver transplantation (OLT) in rat
has been generally accepted as an excellent model for
research in the field of organ preservation, transplant
pathology, physiology, and immunology. It was first
described by Lee et al. in 1973, using hand-suture tech-
niques [1]; however, it was not widely used due to the pro-
longed anhepatic phase and technical demand. In 1979,
Kamada and Calne [2] reported “two-cuff technique” for
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Summary

To improve the technique of suprahepatic vena cava (SHVC) reconstruction in
rat OLT, novel magnetic rings were designed and manufactured to facilitate
reconstruction of SHVC and shorten the anhepatic time. One-hundred and
twenty adult male Wistar rats were randomly divided into two groups: rings
group (n = 30), using magnetic rings for SHVC reconstruction; suture group
(n = 30), 7/0 prolene suture was used for SHVC running anastomosis as control.
Cuff techniques were used for portal vein and infrahepatic vena cava reconstruc-
tion as Kamada and Calne described. The bile duct was reconnected with a stent.
The hepatic re-arterialization was omitted. In the rings group, the SHVC recon-
struction took 0.91 £ 0.24 (mean £ SD) min; the anhepatic phase and the reci-
pient operation time were 5.63 + 0.65 min and 36.02 £ 8.02 min, respectively.
In suture group, the anastomotic time of SHVC was 10.40 & 2.11 min; the anhe-
patic phase and the recipient operation time were 17.76 + 2.51 and
49.38 £ 12.06 min, respectively, and there was statistically significant difference
between the two groups. The ALT levels reached peak at 24 h post-OLT
(186.2 £ 32.5 TU/I) and restored to normal level at 96 h gradually. In the rings
group, 29 of 30 rats survived at day 7 and 28 of 30 rats survived at day 30. In con-
trast, only 25 of 30 recipients in suture group remained alive at day 7 and 22 of 30
remained alive at day 30 (P < 0.05). Better anastomotic healing was founded in
rings group by pathology and scanning electron microscope. The magnetic rings
technique provides a novel, simple method for SHVC reconstruction of OLT in
rat. It significantly shortens anhepatic phase, while the success rate of the opera-
tion is satisfactory.

the portal vein and infrahepatic vena cava, and their tech-
nique shortened anhepatic phase to 15-20 min and
increased 1-week survival rates to 70% successfully, which
became globally accepted [3]. However, the suprahepatic
vena cava (SHVC) anastomosis remains difficult to be per-
formed, and skillful microsurgical suturing techniques and
long learning curve are required. In 1980, Miyata intro-
duced the “three-cuff model” for the three venous anasto-
moses [4]. However, in this method, the diameter of
the intrathoracic segment of the vena cava was too thin to
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adequately handle the necessary flow; furthermore, there
was a risk of kinking and torsion. It has not gained wide
acceptance. Tsuchimoto et al. [5] and Harihara Y [6] also
described cuff method for SHVC anastomoses. However, it
is fairly difficult to insert the cuffed donors’ SHVC into the
recipients’ SHVC, and the ligation is difficult to be per-
formed due to the short anterior wall of the recipients’
SHVC. These shortcomings also exist in other studies using
cuff technique for SHVC anastomosis [7,8]. OLT in rat is
the most popular model for liver transplant research. Mini-
mizing the anhepatic time is the key of a successful OLT in
rat.

Magnetic compression techniques have been described
for various indications such as hepatobiliary, gastroenteral,
or vascular anastomoses. The technique has been described
in animals and a few clinical studies. Its concept still seems
to be an intriguing idea, but a worldwide breakthrough
does not happen so far. Based on our research of previous
magnetic compression techniques [9], we have developed
the novel magnetic rings for SHVC construction in rat
OLT model to avoid the disadvantages of suture techniques
or cuff method.

Materials and methods

Device design

Magnetic rings made from neodymium—iron—boron, which
has been widely used in compression anastomosis [10-12].
The rings are designed by ourselves as Fig. 1 shows, weigh-
ing 0.15 g, and manufactured in factory. The rings are
curved to the desired shape by wire-electrode cutting tech-
nique, specially coated by a titanium oxide airbrush and
sterilized by 10% povidone—iodine solution.

Animals and groups

One-hundred and twenty adult male Wistar rats, weighting
230-280 g, were selected as donors and recipients, which
were randomly divided into two groups: rings group
(n = 30), using magnetic rings for SHVC reconstruction;
suture group (n = 30), using hand-suture technique for
SHVC anastomosis as control.
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Surgical techniques

This study was carried out in strict accordance with the rec-
ommendations in the Guide for the Care and Use of Labo-
ratory Animals of the National Institutes of Health. The
protocol was approved by the Committee on the Ethics of
Animal Experiments of the Tianjin First Center Hospital
(Permit Number: A2012-362). All animals were anesthe-
tized with sevoflurane anesthesia, and all efforts were made
to minimize suffering.

Donor operation

The donor operation, including the recovery and prepara-
tion of the donor liver, was performed according to
Kamada and Calne [2]. The abdomen was opened via
midline incision, and Teflon catheter was inserted into bile
duct as stent and fixed with 5-0 silk suture. The liver was
flushed with 4 °C Ringer’s solution, and the donors’ SHVC
including diaphragm ring was dissected.

Back-table graft preparation

After donor liver recovery, the magnetic rings in rings
group was prepared as follows: the ends of the SHVC were
everted over the rings and secured in proper position of the
rings by diaphragm loop, as shown in Fig. 2a—c. The lumen
was flushed with saline. Cuffs were prepared for portal vein
and infrahepatic vena cava as Kamada and Calne described
[2]. The hepatic artery was ligated.

Recipient operation

The recipient’s abdomen was opened via a midline inci-
sion. The liver was mobilized from the ligaments around
it. The right suprarenal vein and lumbar vein were ligated
and divided. The hepatic artery was doubly ligated and
divided. The bile duct was dissected free from the portal
vein. After the portal vein and infrahepatic vena cava
were cross-clamped, the SHVC was cross-clamped with a
Satinsky clamp, exceeding the diaphragm ring. The reci-
pient’s SHVC was cut under the confluence level of the
hepatic veins. After the recipient’s liver was removed, the
donor liver was placed in situ and covered with cold wet
swab.

8 mm

Figure 1 Coupled magnetic rings for suprahepatic vena cava reconstruction.
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Figure 2 Liver transplantation procedures using magnetic rings. (a) Preparation of donor’s SHVC. (b) (c) End of the donor’s SHVC were everted over
the ring’s and secured in the proper position of the rings by diaphragm loop. (d) End of recipient’s SHVC was everted through the magnetic ring and
secured in the proper position, and the ring was fixed on Satinsky clamp by magnetic attraction. (e) Anastomosis site of SHVC after reperfusion in

group a. (f) Liver and kidney after reperfusion in group A.

In rings group, end of recipient’s SHVC was everted
through the magnetic ring and secured in proper position,
and the ring was fixed on Satinsky clamp by magnetic
attraction, as shown in Fig. 2d. The lumen of the donor’s
SHVC was cleared off the blood and filled with Ringer’s
solution to remove air bubbles and prevent air embolism.
Then, the SHVC reconstruction was completed after the
coupled rings embedded into the ends of the donor’s and
recipient’s SHVC through being attracted together auto-
matically by magnetic power. In suture group, the donor’s
SHVC was anastomosized end-to-end to the recipient’s
SHVC by continuous 7-0 prolene suture. Cuff techniques
were used for portal vein reconstruction in rings group and
suture group as Kamada and Calne described [2]. After
washing out with saline solution, the cuff of donor’s portal
vein was inserted into the lumen of recipient’s portal vein.
The anastomosis was completed with a circumferential 6-0
silk suture.

As the clamps on portal vein and SHVC were released,
the graft liver regained blood supply, and the anheptic
phase was over, as shown in Fig. 2e. Then, the same opera-
tion procedures were performed for infrahepatic vena cava
reconstruction, as shown in Fig. 2f. The bile duct was con-
nected end-to-end via Teflon catheter and fixed with 5-0

Table 1.

Group A (n=30) GroupB (n=30)

Magnetic rings Suture Pvalue
SHVC anastomosis 091 +£0.24 10.40 +£ 2.11 0.000
(min)
Anheptic time (min) 5.63 £+ 0.65 17.76 + 2.51 0.002
Recipient operation  36.02 + 8.02 49.38 + 12.06 0.032

(min)
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silk suture, and the anastomotic site was wrapped with
omentum tissue to prevent bile leak. No attempt was made
to reestablish the blood flow of the hepatic arterial. Finally,
the abdominal incision was closed with a continuous 3-0
suture.

Postoperatively, the animals got rewarming with incan-
descent lamp in their cages for 1 h, and 100 mg penicillin
per kg was injected i.m. No immunosuppressive agent was
given.

Statistical analysis

All data are expressed as mean + standard deviation (SD).
Animal survival was evaluated by Kaplan—-Meier method
and log-rank test. Data were analyzed with Student’s t-test
for unpaired data. The P value of <0.05 was considered
statistically significant.

Results

In rings group, the SHVC reconstruction using magnetic rings
took 0.91 £ 0.24 min, while the anhepatic phase and recipient
operation time were 5.63 + 0.65 min and 36.02 £+ 8.02 min,
respectively. In suture group, the SHVC anastomosis time was
10.40 £ 2.11 min, while the anhepatic phase and recipient
operation time were 17.76 £ 2.51 and 49.38 £+ 12.06 min,
respectively. Significant difference had been showed between
these two groups as showed in (Table 1).

We had observed no thrombosis or bleeding at the
SHVC anastomotic site in rings group. Color Doppler
ultrasound had showed the blood flow of the hepatic vein
was normal (as shown in Fig. 3), and the inferior vena cav-
ography was also normal (as shown in Fig. 4). The ALT
levels reached peak at 24 h post-OLT (186.2 + 32.5 TU/I)
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Figure 3 B-ultrasound observation of hepatic veins in the rings group,
2W postoperation.

Figure 4 Inferior vena cavography in the rings group, 2W
postoperation.

and restored to normal level at 96 h gradually. Better anas-
tomotic healing was founded in rings group by pathology
and scanning electron microscope (as shown in Fig. 5).

In the rings group, 29 of 30 rats survived at day 7, and 28
of 30 rats survived at day 30. In contrast, only 25 of 30
recipients in suture group remained alive at day 7, and 22
of 30 remained alive at day 30 (P < 0.05) (as shown in
Fig. 6).
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Figure 6 Novel magnetic rings for SHVC construction prolong rat
orthotopic liver transplant (OLT) survival (P = 0.034).

Discussion

The needle and thread are still used for vascular anastomo-
sis, more or less as described 100 years ago. Suturing, how-
ever, has several detrimental aspects. The penetrating needle
induces vascular wall damage, which influences the healing
response. Nonabsorbable suture material is left as an intra-
luminal foreign body and may cause inflammatory reaction,
thrombocyte aggregation, impaired endothelial function,
intimal hyperplasia, and hence stenosis [13]. Moreover, per-
forming sutured vascular anastomoses demands extensive
training if high patency rates are to be achieved [14], espe-
cially to OLT in rat, regarding as a relatively difficult model.

Though two-cuff techniques for portal vein and infrahe-
patic IVC described by Kamada and Calne [2] had
improved long-term survival rates of higher than 90%.
SHVC anastomosis for OLT was still difficult, and the obvi-
ous difference of anhepatic phase would impact on our
results. Consequently, search for new methods resulting in
faster and easier vascular anastomoses was intriguing to
transplant researchers.

Figure 5 Anastomotic site of SHVC in magnetic rings group. (a) Naked eye 2W postoperation, (b) HE stained image 2W postoperation, and (c) Scan-

ning electron microscope 2W postoperation.
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Magnetic compression techniques have shown promise
in biliary and vascular anastomoses (although the latter
involves permanent implantation) [15,16]. The technique
has been described in animals and a few small clinical stud-
ies. Its concept still seems to be an intriguing idea, but a
worldwide breakthrough does not happen so far. Based on
our previous research of magnetic compression techniques
[9], we developed novel magnetic rings for SHVC construc-
tion in rats to avoid the disadvantages of suture techniques
or cuff method.

Using our technique, SHVC construction in rats OLT
model became simple and fast, SHVC reconstruction time
decreased from 10.40 £ 2.11 min to 0.91 £ 0.24 min,
anhepatic phase decreased from 17.76 + 2.51 min to
5.63 £ 0.65 min. We observed no thrombosis or bleeding
at the anastomotic site in rings group, and good healing
had been proved by scanning electron microscope.
Moreover, we achieved prolonged survival rate than suture
technique.

In the cuff method for SHVC anastomoses [4-8], the
SHVC cuff was round shape, the inner diameter was too thin
(1.8-3.5 mm) to supply adequate blood flow, the height was
too long to avoid the risks of kinking and torsion, it is fairly
difficult to insert the cuffed donors’ SHVC into the recipi-
ents’ SHVC, and the ligation is difficult to be performed due
to the short anterior wall of the recipients’ SHVC. In our
technique, the magnetic rings for SHVC reconstruction was
like oval shape, long inner diameters was 6 mm and short
diameters was 3.5 mm, could supply adequate blood flow,
fitting the anatomy characteristic of SHVC. The height was
only 2 mm, could reduce the risks of kinking and torsion
obviously. SHVC reconstruction was performed by powerful
magnetic attraction of rings, avoiding the difficulties of
insertion and ligation, avoiding the risk of separation.

This technique could not be used when the SHVC is
nearly inexistent, such as Fischer F344 or Buffalo. However,
it has been used for Lewis (donor) to brown Norway (reci-
pient) rats successful. Pitfalls of this technique include the
following: need patient to secure the ring to the graft’s
SHVC carefully, avoid twisting when everting the recipi-
ent’s SHVC, remove the bubble of SHVC thoroughly, etc.

In conclusion, the magnetic rings technique provides a
novel, simple method for SHVC reconstruction of OLT in
rat. It significantly shortens anhepatic phase, while the
success rate of the operation is satisfactory.

Authorship

YS, WZ, YD, YZ, QZ, WZ, HZ, CP, ZS: participated in
research design. YS, WZ: participated in the writing of the
paper. YS, WZ, YD, ZS: participated in the performance of
the research. YS, WZ: contributed new reagents or analytic
tools. YS, WZ: participated in data analysis.

© 2014 Steunstichting ESOT 28 (2015) 89-94

Magnetic ring for suprahepatic vena cava reconstruction in rat

Funding

The research was supported by the National High Technol-
ogy Research and Development Program of China (863
Program, No: 2012AA021001).

Acknowledgements

The manuscript was not prepared in any part by a commer-
cial organization or funded in any part by a commercial
organization, including educational grants. None of the
material in the paper has been published or is under con-
sideration for publication elsewhere. All authors have made
a significant contribution to the findings and methods in
the paper. All authors have read and approved the final
draft.

The authors have declared that no competing interests
exist.

Supporting information

Additional Supporting Information may be found in the
online version of this article:
Movie S1 Back-table graft preparation in rings group.
Movie S2 Recipient operation in rings group.

References

1. Lee S, Charters A, Chandler J, Orloff M. A technique for
orthotopic liver transplantation in the rat. Transplantation
1973; 16: 664.

2. Kamada N, Calne R. Orthotopic liver transplantation in the
rat. Technique using cuff for portal vein anastomosis and
biliary drainage. Transplantation 1979; 28: 47.

3. Hori T, Nguyen J, Zhao X, et al. Comprehensive and inno-
vative techniques for liver transplantation in rats: a surgical
guide. World ] Gastroenterol 2010; 16: 3120.

4. Miyata M, Fischer J, Fuhs M, Isselhard W, Kasai Y. A simple
method for orthotopic liver trasplantation in the rat. Cuff
technique for three vascular anastomoses. Transplantation
19805 30: 335.

5. Tsuchimoto S, Kusumoto K, Nakajima Y, et al. Orthotopic
liver transplantation in the rat. A simplified technique using
the cuff method for suprahepic vena cava anastomosis.
Transplantation 1988; 45: 1153.

6. Harihara Y, Sanjo K, Idezuki Y. A modified cuff technique
for suprahepatic vena cava anastomosis in rat liver trans-
plantation. Transplantation 1992; 53: 707.

7. Tan F, Chen Z, Zhao Y, et al. Novel technique for suprahe-
patic vena cava reconstruction in rat orthotopic liver trans-
plantation. Microsurgery 2005; 25: 556.

8. Oldani G, Maestri M, Gaspari A, et al. A novel technique
for rat liver transplantation using Quick Linker system: a
preliminary result. J Surg Res 2008; 149: 303.

93



Magnetic ring for suprahepatic vena cava reconstruction in rat

9. ShiY, LvY, Wang B, et al. Novel magnetic rings for rapid
vascular reconstruction in Canine liver transplantation
model. Transpl Proc. 2006; 38: 3070.

10. Pichakron KO, Jelin EB, Hirose S, et al. Magnamosis II:
Magnetic compression anastomosis for minimally invasive
gastrojejunostomy and jejunojejunostomy. ] Am Coll Surg
20115 212: 42.

11. Muraoka N, Uematsu H, Yamanouchi E, et al. Yamanouchi
magnetic compression anastomosis for bilioenteric anasto-
motic stricture after living-donor liver transplantation. |
Vasc Interv Radiol 2005; 16: 1263.

12. Mimuro A, Tsuchida A, Yamanouchi F, et al. A novel tech-
nique of magnetic compression anastomosis for severe bili-
ary stenosis. Gastrointest Endosc 2003; 58: 283.

94

13.

14.

15.

16.

Shiet al.

Zeebregts CJ, Heijmen RH, van den Dungen JJ, et al. Non-
suture methods of vascular anastomosis. Br J Surg 2003; 90:
261.

Werker PM, Kon M. Review of facilitated approaches to
vascular anastomosis surgery. Ann Thorac Surg 1997; 63
(Suppl. 6): S122.

Heitmann C, Khan FN, Erdmann D, et al. Vein graft anasto-
moses with magnets. ] Plastic Reconst Aesthetic Surg 2007;
60: 1296.

Erdmann D, Sweis R, Heitmann C, et al. Side-to-side
sutureless vascular anastomosis with magnets. J Vasc Surg
2004; 40: 505.

© 2014 Steunstichting ESOT 28 (2015) 89-94



