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Fig.1. Histological findings in donor tracheal grafts before and after one month of cryopreservation. Graft in heart beating state was
-removed from the donor rabbit (A) and cryopreserved for one month (E). Graft removed from the donor rabbit which had been kept at
room temperature for one hour after cardiac arrest (B), for two hours (C), for four hours (D) and cryopreserved for one month (F,G,H) at

—80°C. The scale bar, 100 zm.
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Table 1. Macroscopic graft findings and percentage of patency

Group Rabbit Survival Cause of death Pa;g:ncy Macroscopic graft findings
Case No. (day) (%) Atrophy Malacia  Ulcer Granulation Edema Bleeding
HBD 1 450 Sacrificed 100 - — — — — —
2 7 Sacrificed 100 - - —+ — — 4
3 24 Malacia 10 — +4- + — _ _
4 28 Sacrificed 100 - - + — — —
5 15 Sacrificed 100 - — + — + —
6 25 ‘Wasting 100 - - + — — -
7 43 Sacrificed 100 - — - — — —
8 42 Sacrificed 100 - — — _ _ _
9 401 Sacrificed 100 + - — — _ _
10 14 Sacrificed 100 - — +H - -
11 14 Sacrificed 100 - —_ + — + _
12 28 Sacrificed 100 — —_ — — - _
13 27 Sacrificed 80 — — _ + _ _
14 8 Sacrificed 100 - — - — - A
15 7 Sacrificed 100 — - — — — 4
NHBD-1hr 1 28 Sacrificed 100 - - + — — —
2 15 Sacrificed 100 + — — — + _
3 3 Mediastinitis 100 — — — _ _ +
4 7 Sacrificed 100 — — + - + +
5 42 Sacrificed 100 - —_ —_ — — _
6 21 Malacia 10 - e + - -
7 400 Sacrificed 100 — - — — _ _
8 28 Sacrificed 100 —_ — — _ _ _
9 43 Sacrificed 100 - - — — — —
10 341 Wasting 30 - o - + -
11 8 Sacrificed 100 — - + — + +
12 21 Stenosis 10 — + A+ _ _ _
13 14 Sacrificed 100 — — — — + +
14 7 Sacrificed 100 - - + - - +
15 29 Sacrificed 100 - + - — —
16 15 Sacrificed 100 - - — - + _
NHBD-2hr 1 14 Sacrificed 100 - - + - - —
2 28 Sacrificed 100 + - + — - -
3 7 Sacrificed 100 — — ++ — _ 4
4 40 Sacrificed 100 + — - _ _ _
5 17 Malacia 50 + - -+ — — —
6 410 Sacrificed 90 + — — H+ — .
7 19 Malacia 80 -+ +H -+ - + —
8 7 Sacrificed 100 — - + _ + n
9 15 Sacrificed 100 - — ++ — - _
10 42 Sacrificed 100 — — _ _ _ _
11 27 Sacrificed 80 — — — + _ -
2 28 Sacrificed 100 — — — _ _ _
13 14 Sacrificed 100 — — + - _ _
14 9 Malacia 80 + +H + - ~ _
15 7 Sacrificed 100 — - + — _ ++
16 312 Wasting 100 - - - — — _
NHBD-4hr 1 4 Mediastinitis 100 - - - + +
2 41 Sacrificed 100 — — — - — —
3 25 Malacia 80 - +H + - _ -
4 15 Sacrificed 100 — — 4+ — + _
5 24 Malacia 20 + 4+ — — + _
6 7 Sacrificed 100 - — + _ + +
7 7 Sacrificed 100 —- - -+ — — .
8 14 Sacrificed 100 - - + - + +
9 15 Sacrificed 80 + - 4+ — + -
10 21 Malacia 50 — + + - _ _
11 28 Stenosis 10 4+ — + — R —
12 8 Sacrificed 100 — —_ + — _ 4+

Percentage of patency of the graft is expressed as a proportion of the cross-sectional area of the most stenotic site in the graft to the third tracheal
ring below the cricoid cartilage in the recipient trachea. Each graft was evaluated according to the degree of the damage. —, absent; +, mild;
-H, moderate; -+, severe. HBD, heart beating donor; NHBD, non-heart beating donor.
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Fig. 3. Ratio curve between blood flow of tracheal allografts
and that of recipient trachea after transplantation. Open
circles represent the blood flow ratio in group HBD; filled
circles represent the blood flow ratio in group NHBD-1hr;
triangles represent the blood flow ratio in group NHBD-2hr;
and squares represent the blood flow ratio in group NHBD-
4hr. Each point represents X = SD. NHBD-4hr group showed
significant decrease (*P < 0.05) of blood flow compared with
other groups.

Fig. 2. Macroscopic findings on tracheal allografts at one weeks after operation (8), at four weeks after operation (B), and at six weeks

after operation (C) in group NHBD-2hr. The scale bar, lcm.
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Fig. 4. Graft scores after transplantation. Open circles represent the score in group HBD; filled circles represent the score in group
NHBD-1hr; triangles represent the score in group NHBD-2hr; and squares represent the score in group NHBD-4hr. (A) Damage to
tracheal epithelium (B) Damage to tracheal cartilage (C) Damage to tracheal glands (D) Infiltration by inflammatory cells (E) Infiltration
by mononuclear cells.
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Fig. 5. Histological findings in allograft epithelium at six weeks after operation (A), cartilage at four weeks after operation (B), and loose
connective tissue at six weeks after operation (C) in group NHBD-2hr. An arrow shows the anastomotic site. Graft was restored with
ciliated epithelium and cartilage but no tracheal glands at six weeks after operation. The scale bar, 100 zm.

Table 2. Comparison of histological score at 6 weeks and |
year after tracheal allotransplantation

Histological findings 6 weeks 1 year
Damage to epithelium 0.14%0.14 040
Damage to cartilage 0.57%£0.30 0.75£0.25
Damage to tracheal gland 2.9040.14 0.25+0.25*
Infiltration by inflammatory cells  0.14%0.14 00
Infiltration by mononuclear cells ~ 2.90%0.14 2.0%0.41

Each value represents X = SD.
#P<0.05, compared to histological score at 6 weeks after
tracheal allotransplantation by Student-t test.
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Abstract

Cryopreservation of an organ has been reported to reduce rejection after transplantation. In this study, we investigated the
healing process of allografts cryopreserved for one month and the safe limit for use after cardiac arrest in the donor rabbits.
Four groups of rabbits were used. In group HBD (heart beating donor, n=15), a ten-ring length of trachea was removed from
live donor rabbits, immersed in a preservative solution, and cryopreserved for one month. In the NHBD groups (non-heart
beating donor), a ten-ring length of trachea was removed from donor rabbits which had been kept at room temperature for one
hour after cardiac arrest (NHBD-1hr, n=16), for 2 hours (NHBD-2hr, n=16), and for 4 hours (NHBD-4hr, n=12). The grafts
were thawed and a five-ring length of trachea was allotransplanted into the recipient rabbits and covered with an omentum.
All groups were given FK506 daily as an immunosuppressant. This was administered intramuscularly for six weeks after
operation or until the rabbit was dead or sacrificed. We examined revascularization, macroscopic findings and histological
findings of the allografts. Grafts of all groups showed no histological change for epithelium, cartilage and tracheal gland after
cryopreservation for one month, but had more free space in loose connective tissue the longer they were left at room
temperature after cardiac arrest. In groups HBD, NHBD-1hr, and NHBD-2hr blood flow on the allografts had returned to the
preoperative level at four weeks after operation and the grafts were macroscopically viable at six weeks after operation.
Histologically, tracheal epithelium and tracheal cartilage were reconstructed, but the tracheal gland was not seen. In group
NHBD-4hr, recovery of the blood flow was slower than in other groups at two weeks after operation, and all group NHBD-4hr
rabbits except one died within four weeks of transplantation because of stenosis or malacia of the graft. In all groups,
infiltration by inflammatory cells decreased gradually, but infiltration by mononuclear cells increased until six weeks after
operation. Two rabbits in group HBD, one rabbit in group NHBD-1hr and one rabbit in group NHBD-2hr survived over one
year. Allografts on these were macroscopically viable and had no stenosis. We could see histologically regeneration of
tracheal glands, but infiltration by mononuclear cells was still very evident at that time. We conclude that tracheal allografts
cryopreserved for one month and removed within two hours of cardiac arrest can be viable. Regeneration of tracheal
allografts is thought to require six weeks. However, as infiltration by mononuclear cells was still severe at one year after
allotransplantation, further research is required to determine the appropriate quantity of immunosuppressants, best methods of
use and the length of time they should be used.




