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A Study on Capillary Permeability of Intestine during the Acute Hemorrhagic Shock
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Fig. 1. Method for preparation of intestinal loop
ac: arterial catheter
vc: venous catheter
a: site for ligature
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Fig. 2. Schematic diagram of experimental arrange-
ment for measurement of P,;,, P, P, @,
and @Q; When measuring P,; directly, reser-
voir level was adjusted to maintain the
original intestinal weight after arterial in-

flow and venous outflow were shut off
simultaneously.
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Fig. 8. Graphic representation of measurement of

isogravimetric capillary presure (P.;)
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Fig. 4. Hemodynamic diagram for perfusion ex-
periment of intestine; P, was calculated
using the equation derived from the model.
If no weight changes,

Q inflow=Q outflow (=Q,+ Q). then,
P,—P./R,=P./R,+P.—P,/R,. Substitute
kxR, for R, and rearrange for P,,
P Por(k/k+1)-R,/RAP,« < (k/R+1)

1+ (&/k+1)-R./R,
(R/R=Q1/Q.. R=Q.,/Qr+ R, R=kR,)
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Table 1. Data of experimental animals including vital signs and weights of intestinal loops.

Rabbit Body Wt S Vital Signs 1 :v " Ofl G
abbi . ——- —m p— — estina
No- k) Tk AN RS Loop(em)
20 2.20 M 145/110 295 42 37.8 8.9  Control
21 2.40 M 135/102 310 38 38.5 6.8 ’
22 2.15 F  160/120 286 35 39.2 10.0 p
23 2.15 M 152/125 326 36 38.2 5.7 "
24 2.40 M 110/76 310 40 38.4 6.8 '
25 2.15 M 105/75 286 32 39.4 3.7 '
27 2.00 M 145/105 320 42 38.1 6.4 P
29 2.00 M 124/100 284 4 37.9 6.2 ’
33 2.00 M 148/115 332 30 38.5 6.5 ’
37 2.50 M 135/95 268 45 37.6 7.8 P
44 2.80 F  112/86 316 32 38.4 4.7 ’
38 2.50 M 150/116 324 28 39.1 7.3 Shock
43 2.15 F 124/98 286 38 38.2 5.6 ’
46 2.35 M 155/125 300 36 39.1 7.2 Control
47 2.20 Fo 120/90 264 60 37.9 6.6 ’
48 2.50 M 100/75 270 45 37.2 4.3 ’
49 2.95 M 165/135 300 40 37.9 6.9 v
50 2.40 F  125/105 318 32 37.7 5.3 ’
51 2.45 M 145/120 330 35 37.0 5.3 Shock
52 2.35 F  120/105 276 36 38.2 3.6 ’
53 2.50 F 90/70 240 28 38.1 6.6 ’
56 2.35 F  160/120 264 40 3.9 5.8 ’
57 2.50 F  145/115 312 30 37.3 5.6 ’
N=23 Mean  2.31 133.5/104.5 206 37 38.1 6.2
Range (90-165/70-115)  (240-332)  (28-60) (36.9-39.4) (3.6-10.0)

(2.00-2.80)
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Fig. 5. Relationship between arterial perfusion
pressure (P,) and mean capillary pressure
(P.). P, was always higher in shock than in
the control group at various levels of P,.
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Table 3-1. Hemodynamic parameters, measured in the control group.

Table 2. lsogravimetric capillary pressure(P,,) of
the small intestine in control and ex-
perimental shock groups.

Groups P.;, mmHg
Control 19.5+3.8
N=13

Experimental 12.5+1.7
N=b (10.8—15.1)

ml/min-100gm 2 4 EZ4 038 ZTHYZ Ao
&zt vebkel. B4 2AYR F AY(R)E 2y
9 E-Fo 4 0.303 mmHg/ml/min-100 gm o] g 2 A ¥+
A4 0.441 mmHg/ml/min-100 gm 2 4 &Fo)4]
&L AsE HEFELE FU18 F oz A=
ol AYAAL AYTY Sl A B3y A% s
S Al ANE A 7 Ao RAYDA A
A A4 dord (RA/Rl vl g 571 o]z <l
Helror HF 2AYGE 1] F7HE 248 Ao
2 #H4% Q. mAddgoz e ARE A=l
A o] Foll ofg =E AF(Rt)E 2 Fq FFg
100 mmHg o] 3}l 4] o 2 Foll 4 3= 1. 225 mmHg/ml/min
100gm o7z A% el 4 0.828 mmHg/ml/min-100
gm 24 Sgeld Aalel Fazt eyl o]A-g v
7t 4 Eol A= FAARDG AR o] Foll iyt Ay
R gg Wz A el HA €oig 4+ e

Arterial Pressure

{P.) (mmHg) (P,) (mmHg)

Venous Pressure

Luminal Flow Rate
(Qc) (ml/min. 100gm)

Venous Flow Rate
(Q.) (ml/min, 100gm)

143 2.1 80.4 54.5
143 1.9 128.0 47.1
133 2.2 140.0 40.7
133 1.8 104.0 50.7
73 1.3 1.5 65.3
73 1.5 65-2 25.4
63 1.9 60.5 23.2
53 1.3 56.5 11.3
Mean 138 2.0 113.1 48.3
(Range) (133-143) (1.8-2.2) (80.4-140.0) (32.9-38.0)
Mean 66 1.5 57.5 17.6
(Range) (63-73) {1.1-1.9) (47.0-65.2) (11.3-25.4)

* Dotted lines indicate demarcation of arterial pressures above or below 100 mmHg,




Table 8-2. Hemodynamic pai‘ameters, calculated in the control group.
Mean Capillary  Precapillary Resistance Postcapillary Resistance Total Tissue
Pressure (R,} (mmHg/ml/min/ (R,) (mmHg/ml/ Resistance (Rt)/
(P,) {mmHg) 100gm) min/100gm) {(mmHg/ml/min100gm)
32.9 0.816 0.383 0.604
38.0 0.599 0.282 0. 807
37.1 0.530 0. 249 0.911
3.3 0.644 0. 302 0. 6586
21.0 0.902 0.423 1.982
19.6 0.589 0. 277 0.77¢
17.4 0.545 0. 255 0.748
15.9 0.547 0.257 1. 403
Mean 35.3 0. 647 0.304 0.744
(Range) (32.9-38.0) {0. 530-0. 816) (0. 249-0. 383) (0. 604-0. 911}
Mean 18.5 0.645 0.303 1.225
(Range) (15.9-21.0) (0. 545-0. 902) (0. 255-0. 423) (0. 748-1. 982)
Table 4-1. Hemodynamic parameters, measured in the experimental shock group.
Arterial Pressure Venous pressure Venous Flow Rate Luminal Fow Rate
{mmHg) (mmHg) (ml/min/100gm) (m1/min/ 100gm)
183 1.8 51.8 138.0
148 1.7 100. 0 104.0
143 2.1 88.0 98.3
133 1.5 36.0 76.0
128 1.4 167.0 167.0
98 2.1 103.5 66.1
73 1.8 62.1 32.8
68 1.9 81.0 4.5
63 1.8 59.0 44.6
Mean 147 1.7 88.6 116.7
(Range) (128-183) (1.4-2.1) (36. 0-167. 0) (76.0-167.0)
Mean 76 1.9 76. 4 44.5
(Range) (63-98) (1.8-2.1) (59. 0-103. 5) (32.8-66. 1)
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Table 4-2.

Hemodynamic parameters, calculated in the experimental shock group.

Total Tissue;

Mean Capillary Precapillary 'Postcapil]ary
Pressure Resistance Resistance Resistance
(mmHg) {mmHg/ml/min (mmHg/ml/min (mmHg/ml/min
/100gm) /100gm) /100gm}
49.2 0.705 0.914 0. 356
55.7 0. 468 0. 609 0.566
58. 6 0.438 0. 569 0. 563
40.2 0.828 1.074 0.528
51.3 0.229 0. 298 0.307
4.5 0.315 0. 409 0.673
34.5 0. 405 0.526 1.051
33.4 0. 299 0. 389 0.968
27.8 0.339 0. 440 0.623
Mean 51.0 0.533 0. 692 0. 464
(Range)  (40.2-58.6) (0. 229-0. 828) (0. 298-1. 074) (0. 307-0. 566)
Mean 35.1 0. 339 0. 441 0. 828
(Range) (27.8-44.5) (0. 299-0. 405) (0. 386-0. 526) (0.623-1.051)
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Fig. 6. Relationship between mean capillary press-
ure (P.) and luminal flow rate(Q.). Slope

of the curve indicates volume flow “coeffi-
cient” from capillary to lumen.
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ABSTRACT

A Study on Capillaty Permability of
Intestine during the Acute
Hemorrhagic Shock

Kwang Soon Kim and Dong Hoon Shin

Department of Physiology, College of Medicine
Seoul National University

Massive fluid loss into the intestinal lumen asso-
ciated with a hypovolemic shock has been regarded
which aggravate
However, the

as one of the important factors,
and progress into irreversible state.
mechanism of this progress has not been adequately
explained,

The experiment was designed to investigate the
mechanism of intestinal fluid loss, wusing in vitro
intestinal loop preparations of rabbits. During shock,
carotid arterial pressure was maintained at 40~50
mmHg by the reservoir technique of Wiggers and

the beginning of autoreinfusion of reservoir blood
was taken as the start of the irreversible shock. .
Intestinal loop was perfused with an artifical perfu-
Handok-Hoechst
Co.). Five hemodynamic parameters were measured

sate (Haemaccel plasma expander,
directly: isogravimetric capillary pressure, arterial
pressure, venous pressure, venous flow, and luminal
flow. Other useful data were obtained from the
above measured results: mean capillary pressure,
precapillary resistance, postcapillary resistance, total
tissue resistance and volume flow coefficient.

The following results were obtained.

1. Isogravimetric capillary pressure decreased from
19.5 mmHg of the control group te 12.5 mmHg dur-
ing shock. This suggested that the capillary perm-
eability increased at the shock state,

2. Mean capillary pressure was always higher in
shock than in the control group at various levels of
arterial pressures.

3. During shock, precapillary resistance decrea-
sed, but postcapillary resistance increased compared
with that of control group. Therefore pre-to-post-
capillary resistance ratio decreased at the shock state.
This might be the reason why mean capillary pres-
sure was elevated and capillary stagnation appeared
during the irreversible shock.

4. Total tissue resistance was lower in shock
than in control group. This indicated that the hy-
draulic conductance of tissue increased at the shock
state.

5. Volume flow coefficient was much larger in
shock than in the control group, Luminal flow sho-
wed a linearity with the change in the mean capill-
ary pressure at normal condition, but changed ex-
ponentially at the shock state.

From the above results, it was concluded that the
intestinal fluid loss at an irreversible shock state
resulted from simultaneous increases in tissue pres-
sure and hydraulic conductance of mucosa.
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