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INTESTINAL MUCOSAL DAMAGE SUBSEQUENT TO TEMPORARY,
MASSIVE INTESTINAL ISCHEMIA AND ITS HEALING PROCESS,
WITH SPECIAL REFERENCE TO THE EFFECT

OF SUPPORTIVE THERAPY

Michihiko OGTWARA
Department of Surgery, Shinshu University School of Medicine
(Director : Prof, Shiro HAYASHI) '

OGIWARA, M. Intestinal mucosal damage subsequent to temporary, massive intestinal ischemia
and its healing process, with special reference to the effect of supportive therapy. Shinshu, Med,
J., 29 :687-706, 1981

Many problems about the mechanisms and treatment of the grave situation in acute
occlusion of the superior mesenteric artery (SMA) still remain unsolved, The pathophysiology
of mesenteric infarction was studied in canine experiments in its morphological and hemody-
namic aspects,

The proximal portion of the SMA was temporarily clamped to induce massive intestinal
infarction, and some relationships among the duration of occlusion of the SMA, subsequent
intestinal mucosal damage, tissue hemodynamic reactions and survival rates were analysed,

The duration of occlusion of the SMA was significantly reflected in the extent of the inte-
stinal mucosal damage, the recovery pattern in tissue blood flow in the intestinal wall, and
post-ischemic survival rates, Significant correlation was observed among the duration of occlusion
of the SMA, the response in the proliferation of goblet cells, and the tissue concentration of
hexosamine in the intestinal mucosa, Supportive therapy with either phenoxybenzamine, 3% -low
molecular weight dextran solution, or aprotinin improved the recovery pattern in tissue blood
flow, the healing process of damaged mucosa and also the survival rates after temporary massive
intestinal ischemia, ‘

It is concluded that supportive therapy should be performed intensively in the early stage
after temporary massive intestinal ischemia,
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BOBE: LTERIRTE Y, 1694 B
BlomRBotehcdich, EHDAFA-5%—-0
—D L LTHEETH D EERFLTW A, EHE/R
B L 7B TR s & S R S T e 2 3R
B H A BEIM T hexosamine DRGEIARKPIRE
LE S, XL RMIEEOBERE L, B0 s
BERBRBI T TV 5 R Cri T ER% 4 R B
B TR B DM hexosamine JEREAHEINT S
& & BT D PR L B e o 5 SR AT s
AYMLTE D, X HIHABEEO R X ffTo
EEMEE SN, SERNEEBEETH, MR
< TP hexosamine EEEA EA L, Mg
OHERLMWINT D, hbDOREYRETHE, Vo
o A BB I - T BB RSB % v 2HAHRA hexo-
samine EOMBIIHBHMOLEEOMREL Lbic
B RV 5 MlROFE, FHROENE b K
Lich D LR RETH A D, Inks, Hils EH Mk
@ turnover rate {Z-2\vC Friedman 49 |3iE I

702

Fe A Rk ol EiIC kT crypt cells kb
W, MAEIh, FHEMRIRELmCE 5T
BETA L ERMRTEEL LT, Ty FOBERCX
fd Rst L CIamic s 5 M ga v o T A L
B E, FOBROEEE TS Lo EE T
Win+5 = &R LIz, %7 Leblond H4M48) 117
Vb= FR@E, Ty b ONBICIST B RE EE A
© turnover DOIEEH4 7 AHLAATETHAE T &
FR LS, BEREC KT A NRERATT R, B b
DHIfaD turnover rate NEFEnC £33 bR
%, Rijke H4D 35 v + 0 EEMEBRO LT 1
MR Aot DTS &, fEERE, MREEO REAIED
FAENREI R D Z L ERT & L b, WEOEL
FrlfaokEE, B & BRERC T2 Mg s O
1wd B feed-back HREMEN TV 5 L& IEH
LTEh, Zhboiifaogidgsr i
THZLIIFYTHH5, chbORBERETEE,
s A % QYRS AEE RO MBI CleT
BB 3~ 4 B B bhic S E oL TE
Bt S hiciilfat Zaz encE oL, HE
JBo hexosamine DPRE & iz, HFHiENBED
BEERETEERBREY LT3 285 hdtbh
Bo FElry A DB L THIBEED X 5 it DB
By 52 5 L FEREOMTEETL, AEhE
o BV X B T OO BRI ORI {RER,
HEIE - iAo turnover rate b FEEAY 5% T
WhHZENHABMNCERTE VLD,

D REicBMEmATREE L, AT BRI 1T

5 MR OBEEIZO\WT

RS R I OB A, MmTECEE S BE RSN
WMOEE D BN D OIBERIE OB B BRI
EREEE R JIETERDY, KERE LR
FLoRBIC L b, 2belbhricdhic, HERS
Bl LTh, e REdnfTBEF e i
BRI REEE Lo T LT W EREMRTX&H
BB LR TR BT, “OEEBD—2L LT, W
o K A SIS T e L B - e e o AT BB i 7 K
Lo Tk LTEET 2 0B e HET 5 & LA RE
IR LTERTRVERD T bR %, Thkbb
Liavdg 9 %, EIBHIETIIREIZERE226120412550T
L, MfTHEFEMD 5 LBk & 0B clERY
CEOE MR LT A EARS - L2 BERL
Ty 1% 24~48 O FERIE, “second look” Fff§
DO LD TE DD WINEEIESLER = L2l

fEMERE Vol, 29



IR — B IR E M & BIEER

~, Mattox » Guin12) ¥y, KRR 5 BT
728186 DIEFIMNIEL L, ZhBOFETHD
B E O WA T IT o e b hdvb b,
T UG R R S hickibfind 3 o & &3E
LTWb, 205D G, BFESEIBED viability
B B HEER R LSS & E LI, i - i5ED
HUEEORARD BN TV B, T 73> b Boley
B, LIGHEBIREEGCEMPTRAE FE < & AT
s g A I L, 7B D Z olk
BHEES © & RRL, MEIERL &2 ST iliBii e
ONBRERIRLCT WS, = OMITHERBOMBIEE &
L CHERApgEE O RED, HHDL, BwsER K X
0, BEmEREO ALY BT Y, ¥/ Mavor
4849 131 = - ETINR © M7 % 60~70 SRR
I L34 T b IBEPIIRERIEBA~ O RO T,
ENVERIIRDZEERL, RELCKHT 2#0)7:
IR O LI L, colfic B L T,

Robertson &%) 1%, o = _:JGMHIEEIIRMDITENC X
S THBET AEELRNHET v F—v 22 ERL, B
MWezo7y F—r AORMERTIDERDHD L%
WY, Kangwalklai 53D 4, §isRiickitsEmny
FrROFEE LTHERIMEE OO & is b,
endotoxine, [F{EEi: polypeptides oIz
ZTC7 Y P=YADFELFRATERZ LR L
f=o ¥7c Brooks & Carey 3® 4, - =0 LJGHIE
WIRMATRME T 5 & &2 X b, BEECHREED
base deficit P T LERLTE b, Zh
B OREIXV T L IER MK R & Bl Licidn
THARLEE LR ThBE e MR L TY
%o BEOHMMIAY & D EEEEL b HEL
TR ERL DO REIRTARETHLE VL L 5,

ST MATE B E s i X h e R R R o [EI17R
AR R, & DICETFROWE I £ 5 b

EBOMPEREL T o MEwH LT SHEST
dextran (LMWD) % 30ml/kg % 1 HfCE5-2 5
¥, phenoxybenzamine lmg/kg, & LICIMITEET
RIS T b OV 24 o 2 BlIFHE X /i apro-
tinin 10,000KIU/kg @ 33 0BARDIn b4 %
OFRTIIEY LW LM LI, Zhb 3fED
WHID 5B, BT dextran FIHMERRE N
THERE LTHDR S LA bRED b Tk
h5051), %7~ phenoxybenzamine 2o\ Tk a
y 2ICT AREFE LTCdh, %/ Nahor B2z k
b BRI M TS AR - C B 2 AR LT

No, 6, 1981

ez fe B35 = L REh, &bz Athanaso-
ulis 553 % Britt & Cheek ) = & b 3EPA%EM: 5
Il s b, RBMIEEIIRIEREAT X
DIERLEERTH ooz EBREIITRY, 07k
WL & BHR S L, RRESIEI AT, IR
7B R de st 2 fiEsEFo—o e LT, 20
a- SHRAENROEDERRERIh TV A E V25,
¥ aprotinin OWBFEIRICDOWT L, Glenn H
it 10,000 KIU/kg o aprotinin §iasHiimpks a
w 7 O¥RBEE LCELC ERFL, HFHH0L4E
IR REA BAFOH Y 2 v 7EAE LTOHA
MAPELTWD, Yavs KELTHERDBRSD
protease JEHETTHE, & B\ IEEPEABIGE M
RN o A~ DB T SRR AR S R R S
EHEFE LTHEECDH Y, TOMRBRLR:
TENBAE R TV BN, Yay sHRHET S
protease {HikoITHEANBE RSB -2 b L Ik
BTy, Bounous B 2 Messmer K59 0
Wi X g, va v 7ot A R CIHEBMFTREO
G TR E E 0, IBENO tripsin R0
BERNEEEC T VR MAOERC 8 h 5 5,
aprotinin Mz a2 2 LRI TVS, &
x5, ¥avRETT aprotinin i X 5 iR
HERAFEREE R T2, EIBHIETIIREAZE5E Tl
LE LI~ = » 2 RBZ AL T D180 D Tl {,
va v 7R E UCEERBERE Y S0 BE ML
HEEAREL TV A LRBEEERDRETHY,
BMEREEOLIE AR Ui s hboiER% 0 L
TIEREDN BRI CH S 5 2 Lt BRI h D,

vV # A

S B I A A ZEE OB O MR & ERE R R
THidI, 1 Rul- T LIBREDIREG O mT
WSR2 1T 5 7o 4 = EIBHIEBIIREMSIR cmT 2
304y~ 4 Wefiiciote b WEWTT % A SRR oM ME L D
b5 & &b, 1REMMERTHToWOE
WHRRRE I BA T DR A e B BE L
Too B MATFERIEHTOWTC, MITHEWT RSB OBEN
R, By ) 75 v AMOHED bIB R
MROEE A2~ ViR, FIHETEOMA PH
EOMRLTEL, LOROBEOMME, AfFRy
E, BEERINLT AL L b, KM
Lo viability g LoMEER & T, B
TogEzHbLMT L,

703



R

1 _EBMIEEIRA AR O TN L b O
s = &R AN I, IBRIEBIRE R o
TNz X % 10cm Bicdsfe BB im (i
TR L ) &0y 0, U 1R TEEm;
FETh, MmATUETARERE OIS EEERRILIE © B 2% 8
Vg

2 ERIEME LN G EEE SR TR 1 ~ 2
(HIBRRE D (A7 IS © b FHIELIE o TR S B BE G,
RN 4 B LA OFEC RG0S D 7ei bFHBT 5,

3 ATEORMEIMEAER I N BE © via-
bility %WET 558, WEBESBCE L8 BIEE
BACHBLARC B4 5 SR O R R 2 S L
TFMT5 0L BRATES,

4 MR ORI e IR WS B AT TR BE: A
kit 5 IGE R M OEE O BEIL, FOHBOK;
RO BEREL AKX {EETARFTHD, Zom
WEE -2 2 — v ogy viability ¥ 58 © b
o t¥s, ZOYEDIDITIRMITERIED T < Th
1Rt b MMM OB - 2 — vafiss+a 2
LBBRTH D,

pa

woE

5 —BiEOREMICHE - B ERIEE O BEER &,
MRFEEEIR I V) 25 BRI D B A B T BIGR % R
To Thobb, RIS X HFENBET, oK, i
FETAEHEA TR T DR TR -5 &
EHI, KA OMMA hexosamine PED Z D
RBIELE AT LM BETRLTE D, Shb LR
BEEOBHORTEMDIENE LTERATREEST
H%,

6 IMTEMRESCERS W MEiRE, &’
phenoxybenzamine, 3% {& 4> F dextran ¥,
aprotinin 7 X O FIXROBSOEEY i X @
be

PTG D— IR ISR BIEDI TR R A OB X -
TE S, KHXOBEE HHET78, 80/H A Asplees
W& (1978%E 4 F, 198044 AD, #5719, 2008 H ANk
Ertariis (19784E108, 19794E107), #1611 A4
AR % &8 & (19755E 4 B) 7o & OV $510[]
International Congress of Angiology (19764E 9
B) @k\WTRELENL,

o

W THER : “BITAOSBHRE 73-74", F)l|¥s—, FUHEEHE, B UL, E&WE—, HIE=IR, pp.slo-
352, FRME, R, 1974

2) Ak PURS, FRFANE - BB LEEIZENE. 2L YRR, 68 : 1505-1511, 1980

3) Hibbard, J.S., Swenson, P.C. and Levin, A,G, : Roentgenology of experimental mesenteric
vascular occlusion. Arch Surg, 26 :20-26, 1933

4) Wilson, G,S,M. and Block, J. : Mesenteric vascular occlusion. Arch Surg, 73 : 330-345, 1956

5) Tood, I.A.D, and Pearson, F,G, : Mesenteric vascular occlusion : Analysis of a series of
cases and report of a successful embolectomy, Can J Surg, 6 : 33-35, 1963

6) Bk PUER : A LBEOFM. SRR, 8: 177-183, 1966

) KENET, SHES, BWARS, Wwx ®, WilEE, HXEA, A%HE, HELA, 8K 5% k5
PORER - A BInR, MBI X 0 ey LB RIBRIBEEINRMEEED 1 61, Bm&BEkEE, 36 ¢ 552-555, 1066

8) Ottinger, L. W, and Austen, W.G. : A study of 136 patients with mesenteric infarction,
Surg Gynecol Obstet, 124 : 251-261, 1967

9) Liavédg, L : Acute mesenteric vascular insufficiency : a five year material including a case
of successful superior mesenteric arterial embolectomy, Acta Chir Scand, 133 : 631-639, 1967

10) Bergan, J.J., Haid, S,P. and Conn, J, : Systemic effect of intestinal revascularisation, Am
J Surg, 177 : 235-241, 1969

11) Bergan, J.J., Dean, R.H., Conn, J. and Yao, J.S.T. : Revascularization in treatment of
mesenteric infarction, Ann Surg, 182 : 430-438, 1975

12) Mattox, K. L. and Guin, G.A. : Mesenteric infarction : Diagnostic and therapeutic enigmas,
Am J Surg, 126:332-335, 1973

13) Gusberg, R, and Gump. F.E. : Combined surgical and nutritional management of patients
with mesenteric vascular occlusion, Ann Surg, 179: 358-362, 1974

14) Boley, S.J., Sprayregan, S., and Veith, F.]. : Initial

Sigelman, S.8S. results from an

ot ENETE Vol, 29



TR 7o — B NGB R A & TR AR

aggressive roentgenological and surgical approach to acute mesenteric ischemia. Surgery,
82 : 848-855, 1977

18) pk PUBR : T2 a v 7| ZORkHELRK, ZHIERM, pp. 360-382, HEAE, WX, 1969

16) Pierce, G.E. and Brockenbrough, E.D. : The spectrum of mesenteric infarction, Am J
Surg, 119:233-239, 1970

W)M MUER, $RBRAbE, EE  f L 1BE @ﬁ ﬁi—%@%%&@@ﬁ@(m%m FEHTIIE).

PrgE, 3:7-16, 1978

18) Szurszewskl J. and Steggerda, F.R. : The effect of hypoxia on the electncal slow wave of
the canine small intestine, Am J Dig Dis, 13:168-177, 1968

19) Bussemaker, J.B. and Lindeman, J. : Comparison of methods to determine viability of small
intestine, Ann Surg, 176 : 97-101, 1972

20) Katz, S,, Murray, W, and Williams, L,F, : New parameters of viability in ischmic bowel
disease, Am J Surg, 127 :136-141, 1974

21) Chiu, C.J., Mc Ardle, A,M,, Brown, R,, Scott, H.]J, and Gurd, F.N. : Intestinal muco-
sal lesion in low flow states : I. A morphological, hemodynamic and metabolic reappraisal,
Arch Surg, 101 : 478-484, 1970

22) Brown, R.A,, Chiu, C.J., Scott, H,]J. and Gured, F,N, : Ultrastructural changes in the
canine ileal mucosal cell after mesenteric arterial occlusion. Arch Surg, 101 : 290-297, 1970

23) (EIEELY, FEIRES, YIPIESHS, MBKE : BRI X B IR & TR, IR, 181 127-133,
1973 .

24) PN B ARSEDTIENS, p. 483, FEUEE, FEL, 1974

25) Elson, L, A, and Morgan, W.T.J. : A colorimetric method for the determination of gluco-
samine and chondrosamine, Biochem J, 27 :1824-1828, 1933

26) Boas, N.F, : Method for the determination of hexosamines in tlssues J. Biochem (Tokyo),
204 : 553-563, 1953

27) TR« Mt~ v v § v, BEEL, 20 0 111-118, 1972

28) Masamune, H, and Yoshizawa, Z. : Biochemical studies on carbohydrate, Tohoku J Exp Med,
65 : 169-192, 1957

29) Cuevas, P, and Fine, J. : Demonstration of a lethal endotoxemia in experimental occlusion
of the superior mesenteric artery, Surg Gynecol Obstet, 133 :81-83, 1971

30) vE E, JINLIRME, RRLSESD, (U6HER, BHE OB LIBMEDIREERY 2 v 2T OUE—L IR A
7 rA Vi XOBERNEDER S ORRIE. HE, 26 : 149-154, 1977

31) Woodruff, P, W, H, : Role of the intestinal flora in major trauma, J Infect Dis, 128:290-
294, 1973

32) Janoff, A., Nagler, A.L., Baez, S. and Zweifach, B, W, : Pathogenesis of experimental
shock : A lethal factor in the blood of rabbits following occlusion of the superior mesenteric
artery, J Exp Med, 114 :205-216, 1961

33) Alfthan, O,, Lempinen, M,, Mustala, O, and Pettila, A, : Changes in blood and intestinal
5.hydroxy tryptamine content during experimental obstruction of the mesenteric artery,
Ann Med Exp Biol Fenn, 46:511-515, 1968

34 HHE F5: HE O LTS L WEEIYECNE. FINERE, 18:590-608, 1969

35) Fk mw-ﬂﬁoﬁmﬁ%ﬁ.mﬁ% 18 : 105-110, 1978

36) Robertson, G.S., Lyall, A,D, and Macrae, J.G.C, : Acid-base disturbances in mesenteric
occlusion, Surg Gynecol Obstet, 128 : 15-20, 1969

37) Kangwalklai, K,, Saadat, S,, Bella, E, and Enquist, I.F, : Space studies during occlusion
of the superior mesenteric artery and upon its release, Surg Gynecol Obstet, 137 :263-266,
1973 ’

38) Brooks, D,H, and Carey, L.C. : Base deficit in superior mesenteric artery occlusion. Ann
Surg, 177 : 352-356, 1973

No. 6, 1981 705



39) Creamer, B, and Hellier, M, D, : “The Small Intestine,” pp. 25-26, 221-224, William Hei-
nemann Medical Books, London, 1973

40) Hamilton, J.D., Dawson, A, M, and Webb, J. : Limitation of the use of inert gases in the
measurement of small gut mucosal blood flow, Gut, 8:509-521, 1967

41) Love, A.H.G., Matthews, J.G. W, and Vella, N. : Intestinal blood flow and sodlum trans-
port. Gut, 13:853-854, 1972

42) Rijke, R.P,C., Hanson, W.R., Plaisier, H M, and Osborne, J.W. : The effect of ischemic
villus cell damage on crypt cell proliferation in the small intestine, evidence for a feed
back control mechanism. Gastroenterology, 71 : 786-792, 1976

43) WBEsE, FHEEMEE, M PURR : BERC U B AIEHRIRE & 4 2 48 L oBEkEOWT. BSOEER,
9: 85-91, 1976 ‘

44) Friedman, N.B, : Cellular dynamics in the intestinal mucosa : The effect of irradiation on
epithelial maturation and migration, J Exp Med, 81 :553-561, 1945

45) Leblond, 'C.P. and Stevens, C.E. : The constant renewal of the intestinal epithelium in the
albino rat, Anat Rec, 100 : 357-377, 1948

46) Leblond, C.P. and Walker, B,E, : Renewal of cell population. Physiol Rev,36 : 255-275,
1956

A7) BRET © Bk EIERIREIIREAZREE 3 5 MEMRRRLE OZ)E (SEERIITE). EMESE, 18 : 1088-1118,
1969

48) Mavor, G.E., Lyall, A.D., Chrystal, K,M.R. and Tsapgas, M. : Mesenteric infarction
as a vascular emergency, the clinical problems. Br J Surg, 50 : 219-225, 1962

49) Mavor, G.E., Lyall, A.D., Chrystal, K.M,R, and Proctor, D,M, : Observation on ex-
perimental occlusion of the superior mesenteric artery. Br J Surg, 50:536-541, 1963

50) MEFIR : I, SHIEWR, [ a v 7 ) ZOXPBLEER, pp. 445-447, HFZS), BT, 1969

51) MICARES, ZEMERE, AMbFHR, BE & K U : M X 0BREMENERBCN T ESTF+A 1+ 5
VIR OB RO\ T—i TG & RHMEC 30 B ROTh—. B RMTIEAEE, 10 : 52-56, 1976

52) Nahor, A., Milliken, J. and Fine, J: Effect of celiac blockade and dibenzylin on following
release of occlused superior mesenteric artery. Ann Surg 163 : 29-34, 1966

53) Athanasoulis, C.A., Wittenberg, J., Bernstein, R. and Williams, L.F. : Vasodilatory drugs
in the management of nonocclusive bowel ischemia. Gastroenterology, 68 : 146-150, 1975

§4) Britt, L.G. and Cheek, R.C, : Nonocclusive mesenteric vascular disease : Clinical and . ex-
perimental observation, Ann Surg, 169 : 704-711, 1969

55) Glenn, T.M., Herlihy, B.L, and Lefer, A.M. : Protective action of protease inhibitor in
hemorrhagic shock. Arch Int Pharmacodyn Ther, 203 : 292-304, 1973

56) Hr B, THIEW, MESE, URFER EERE (EE LTy ey ZEER w5 Trasylol D

PREOWET. 27 & ¥R, 65 : 1337-1347, 1977
57) Bounous, G., Hampson, L.G. and Gurd, F.N, : Cellular nucleotides in hemorrhagic shock :

Relationship of intestinal metabolic changes to hemorrhagic enteritis and the barrier func-
tion of intestinal mucosa, Ann Surg, 160 : 650-668, 1964

58) Messmer, K,, Klovekorn, W.P., Sunder-Plassmann, L. and Brendel, W, :In “New Aspect
of Trasylol Therapy-57, Brendel, W. and Haberland, G. L. (eds). pp. 25-32, F. K. Schat-
tauer Verlag, New York, 1972 (56.8.10 =7

706 BMERE Vol, 29

PR e e



