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SUMMAPY

A prolonged reduction of visceral organ blood flow has been clearly
demonstrated in our laboratory in primates after resuscitation from
hemorrhagic shock. This is consistent with observations on visceral
function and blood volume chanqes in humans after successful resuscitation
from shock. The mechanism is unclear but appears to be related to persistent
abnormalities in the body's vasoregulatory mechanisms both at the systemic
(catecholamines and renin/angiotensin II) and local (thrornb:,xane A/prostacyclin)
1evels.-,,The background for this hypothesis is discussed in detail.

The present proposal using both a primate shock mod,.el and a pig hind
limb perfusion system begins to evaluate these possible mechanisms and
investigates empirical treatment mechanisms as follows:

1) Studies are undertaken on the effects of controlled vasodilator
therapy on our primate shock model.

2) Determinations of hormone levels relative to production of catechol-
amines, renin and angiotensin II and Thromboxane tA2 and ::r-stacvclin are under-
taken over an 18-hour period in our primate shock model.

3) llemodynamic and metabolic effects of hind limb p,,rflision with
blood from an animal 8 hours after resuscitation from hyxovolemic shock.

Finall-Y, hypertonic qlucose is investigated as - storp-g-rar measure for
preservina life in primates in hemorrhagic shock. The rationale for this
concept is well supported from recent research on the btiefits of supplying
high dose glucose as an acute energy substrate in shock states in man.
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PART I: BLOOD FILTERING

During the past year we have expanded our study on blood filtering
efficiency in a clinical setting. The Intercept filter (Johnson & Johnson)
went off the market and was dropped from the study. A summary of the results
of all of the data collected from this study are contained in Appendix A.
A further study was carried out in a group of multiple trauma patients
receiving massive transfusion. This data is not yet complete but will be
completed by the end of the current contract period and further studies of
blood filtration will not constitute a part of the contract renewal proposal.

Several conclusions appear justified:

1) In terms of clinically significant pulmonary insufficiency the
problem was rare after surgery or trauma in the present series. No filter
made a significant difference in the small incidence of pulmonary insufficiency
in the present series.

2) Certain filters were a bit more difficult to set up and had a higher
incidence of problems with initiatina flow early in the study. However, with
experience all filters appeared about the same in terms of rapidity with
which effective flow could be established.

3) .Microfilters significantly slowed the rate of blood administration.
The magnitude of the slowing was not great, however. Pall and Travenol filters
appeared to have a slightly higher capacity than other filters studied but
these differences are not significant.

4) It is evident from the present data that, althouah filters didn't
seem to prevent any identifiable clinical problem with massive transfusion,
they do significantly interfere with the rate of blood infusion and conse-
quently inhibit the effectiveness of resuscitation of the injured patient.

The issue remains as to whether or not to use ultrafiltkrs. The facts
are:

i) Stored blood contains microaggregates of biological debris.

2) Although the debris has not been shown to prodice iny harm, this
may in part be due to the insensitivity of the biological models utilized.
Crtiinly, it arrears to &. good and for a ntunber of theoretical reasons

could be harmful.

3) Ultrafilter.s will r emove the debris and do not aprear to damage
the blood but do slightly interfere with the rate of resuscitation by slowing
the rate of blood infusion.

Consequently, based on the present data, ultrafilteo,- cannot be recom-
mended for use in blood transfusions.
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PART II: TISSUE PERFUSION AFTER RESU&CITATION FROM *..RPAGIC SHIOCK

We have studied three groups of primates with a standard hemorrhagic

shock model. The first was completed under the previous 7ear's crant and

the latter two during the past year. A summa:;y of the data in these three
groups is contained in Appendix B. In short, we have shown that 18 hours

after resuscitation from hemorrhagic shock blood volume, remains significantly'
below baseline levels (10-15%) in spite of otherwise baseline hemodynamic data.
Furthermore, regional visceral organ blood flow to the lungs (systemic), liver,

intestine, stomach, kidney and spleen are significantly below baseline values

at 18 hours, whereas heart and brain blood flow are normal. Hemodynamic para-

meters are normal.

We needed a reproducible, stable control model in .hich we could use a
single hemodynamic parameter as a therapeutic index of the dosage of nilpriie

administration as an intervention in the shocked animdl. le ,id a ;roup ,f

animals in which, after successful restoration of Y.AP and LAP, fluid replace-

ment was only given at maintenance levels for the next 16 hours. Durinc this
period there was a gradual decrease in all hemodynamic -parameters and blood
volume was even more reduced at 18 hours. (Appendix B.1).

Since we were still unable to establish a consistent drua administration
and volume replacement criteria for this model as we had anticipated usino
baseline LAP as the criteria for adequate volume replacement and then an arbi-

trarily chosen 25-30% reduction in systolic pressure as the therapeutic criteria

for nipride administration. It required huge volumes of fluid to maintain LAP
of which was promptly excreted by the kidneys with an end result that at !c

hours, although hemodynamic parameters remained normal, visceral organ flow.

and blood volume were still reduced at 18 hours. (Appendix BIII).

Since LAP could not be used as a resuscitative endpoint, we undertook
further studies during the past year to establish a reproducilble control mode .

'Iwo additional animals in this group were treated wit:h nitrcprusside for _bout
2 hours after the shock period. The criteria for drug dosage ,,as difficult

to manage but the preliminary data suggested that thie persistent abnormality
in visceral blood flow might be effected by controlled, earl-: vasodilatation.

Consequently, we repeated the above ex-eriment usnC :.nk7Q !_ ,- as the
criteria for adequate resuscitation. This group of inimals produced consistent,
reproducible hemodynamic data and confirmed the persistent reduction in viscerai

blood flow and blooj olume in spite of apparently perfectly idequate resus-

citation to baseline hemodynamic values. (Appendix BI.')

We now need to u idertake two tasks in th i!; I

1) Complete a group of nipride treated animals to assess our orliinai
hypothesis that prolonged selective vasomotor disequilivDiIm is responsible

for the maldistributed visceral blood flow.

2) To evaluate the mechanism for the pr(elonqed ml. iistrinution in blood
flow which has been consistently documented in all thr ., ov our study (iroups.
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PART III: REVIEW OF ISOLATED LIMB PERFUSION STUDY TO DATE

In this study we found that perfusion of an isolated pig hind limb with

autologous hemorrhagic shock blood resulted in a significant increase in

peripheral vascular resistance compared to perfusion with autologous normal
(non-shock) blood. This increased resistance could be eliminated with phen-

tolamine. However, oxygen consumption remained depressed during perfusion
with shock blood in spite of normal flows (p<0.05, one tailed t test for
paired data). (Appendix C). Because of the small sample size (8 pigs) and
the marginal statistical significance we continued the study to verify the
findings and also measured blood transit time through the limb to evaluate
the possible role of arteriovenous shunting during perfusion with shock blood.

Thirty- two limb perfusions have now been evaluated, including one dog
and one calf. In a total of 15 controls, including the dog and calf (Table I),
peripheral vascular resistance increased from 1.0 resistance units during
perfusion with normal blood to 2.1 resistance units during perfusion with
shock blood (p<0.001).

In a total of 17 phentolamine treated pig limbs peripheral vascular
resistance was the same for normal and shock blood (Table II). Oxygen con-
sumption dropped from 1.52 ml/min during perfusion with n--mal blood to

1.24 ml/min during perfusion with shock blood, but this difference in this
larger group is no longer statistically significant at the 0.05 level for
P (Table III).

In 9 of the 17 phentomaline treated pig limbs blood transit time through
the limb was evaluated by the dye dilution method using cardiogreen and a
densitometer (Table IV).

Transit time was evaluated by three methods: (1) time of first appearance

of the dye ir the venous effluent, (2) time of the maximum dye appearance in
the venous effluent, and (3) the mean transit time of the dye evaluated by

using the best loq fit for the downslope of the curve.

The time of first appearance was 23 seconds for normal blood compared
to 24 seconds for shock blood. The time of maximum dye appearance was 49.3
seco-nds for n rmal blood and 47.5 seconds for shock blood, and mean transit
time was R2.4 seconds and 79.4 seconds for normal and shock blood respectively.
The corresponding values for oxygen consumption were 1.5 mlimin for normal

blood and 1.4 ml/min for shock blood. None of these differences was statis-
tically siqnificant.

The above findinos show that phentolamine can eliminate the increased
peripheral vascular rosistance found in control limbs perfused with shock
blood. They also sugest that there is no significant arteriovenous shunting
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occurring during perfusion with shock blood treated with phentolamine. In
addition, the above results suaoest that, in contrast to our previous
findings, rhentolamine car apparently also return oxyqen consumption in
the isolated limb perfused with shock blood to within normal or nearly
normal values.

Nlthoucth elevated catecholamines were documented in the shock blood,
phentolamine is a direct vasodilator as well as alpha adregergic blocking
agent and this could be producing effects other than merely blocking
catecholamines.

This data also demonstrated that the hind limb preparation is a
sensitive model for assessing the immediate neurohumoral (i.e., catecholamine)
responses to shock.



Table I. Summary of PVR During Perfusion With
Normal and Shock Blood in 15 Controls

Normal Blood Shock Blood

ILP-20 (control) 1.1 1.9

21 (control) 1. 0 1.9

22 (control) .8 1.6

23 (dog) .5

24 (control) 1.1 2.4

25 (control) 5 1.2

26 (control) 3.4

27 (aspirin) 1.4 3.1

29 (a! irin) - 1.2

30 (cell separator) .9 2.4

32 (preheparinized) 1.6 2.9

33 (cell separator) 1.0 2.0

34 (ccll separator) .9 2.0"

35* ([1hen;to lamine) .9 1.

38 {c1 f) 1.0 2.5

Mean + 6.D. ].0 + 3 21 ± 7

t=7 .05

(p0. 001)
2-tailed

r Ir. I'jli' i n i, antr d phcontoaml ne becau!so Ohentolamine
waI hdei t" : I)1,! after .voeinq the usual ' PIA'. The PVR
StIow'I :ier O .5 Oc :o nid l ii ontolamniie.

La
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Table II. IL-

Summary of FVR and Vol During Perfusion With

Normal and Shock Blood in Nhentolamine Treated Limbs

(0=17)
PVR V0 2 (ml/min)

Normal Shock Normal Shock

Blood Blood Blood Blood

ILP-35 .9 .8 1.1 .8

36 1.3 1.3 1.5 .9

37 1.5 1.6 2.4 2.2

40 .0• .6 1.) .9

41 . .7 2.4 .9

45 .8 .8 . 1.'? 1.6

48 1.3 1.3

53 1.2 1.2 1. 1.C

56 1.3 1.4 1.0 1.0

S1. 1 .1 2.1 1.7

-] ; .6u1 .9-

.9 1.7 .9

1.1 1.3 1 1.8

71].2 1.5 1.6

S7.7 1.1

74 .< . 1. 1.2

' 8 .1). 1.' ± .3 1l + .3 ]. ± .5 1.3 ± .6

(t = 1.6)

01 -S.-
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Table 1I.

1" 9 of the 15 controls V02 was calculated for normal and shock
blood and is shown below with flow and PVR.

VO-) (ml/min) Q (ml/min) PVR
N S N S N S

ILP-20 (control) .6 .1 50 16 1.1 1.9

21 (control) .8 .4 60 20 1.0 1.9

22 (control) 1.1 .8 65 37 1.6

24 (control) .9 .6 47 21 1. 2.4

25 (control) 1. .9 89 41 1.2

26 (control) 1.7 .7 70 16 .6 3.4

27 (aspirin) 1.1 .7 32 13 1.4 3.1

29 (aspirin) 1.1 .9 38 19 1.2 1.9

38 (calf) 4. 1.7 50 20 1.0 2.5

Mean± S.D. 1.5±1.2 .3± .4 56 17 23 + I0 1.0 + .3 2.2+ 7

t 2,U t 8.1 t = 5.4
(" .O05) (pC01) (p<0.001)

taled 2-tai Ied 2-tailed
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Table IV. ILP - Transit Time

(Calculated in ) of 17 Phentolamine limbs)

(n = )

First Appearance Time of '<iximum Mean Transit

of Dye Dye p arance Time
Normal Shock Normal Sc -k Normal Shock

Blood blood Blood Blood Blood Blood

[LP-56 34 28 66 57 100 85

57 ,2 20 42 .1 129 80

15 287 40 51

1. 16 23 30 54 47

23 44 4 66 60

4 84 72 106 1

7) 3 38 74 133 144

3 4. 55 58

37 "1 ;8 6 9

.,,_n + .. ". - 24 ± 7 4,) + 2 , 1 83± ± 35 "9 + 33

' = ".' T = .9 T = 3.4.

rorresi undin, shown 1n Table i: .
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APPENDIX A

blood Filter Data (Preliminary Data)

The collected data and late on the clinical assessment of blood filters
is included here. Table I compares the variables involved in the mechanics
of the filt.,r system which sienificantly (p<0.05) indepondently influenced
the flow rate as analyzed by multivariation analysis. The impact of the
*:ar'iable is listed in order of decreasing significance. Thus, the factors
.thich i.-.flience the rate of hirol infusion most signifi!cantly are smaller

needle size, older blood, tho use of gravity flow rather than pressure
infusion, the absence of a blood warmer, the previous use of the filter for
infusion of blood and the use of an ultrafilter.

PI. i shows that flow rates of blood through filters do not distinguish
si tnifican'i between filters. Fig. 2 depicts data rel~tinq to the time
necessary to set up blood filters. Although the data is preliminary the
Pall, Standard and Swank filters all are set up in about the same amount of

time.
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INFUSION RATES OF PRESSURE INFUSED WHOLE BLOOD

Sample number = 55

(8)20 -

(10) (16)

15

INFUSION TIME

(minutes)

51

0 ,-

Fenwal Swank Bentl-v Pall Standard

The above is the mean and standard deviation or the first unit of
whole blood infused throuqh each filter.
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APPENDIX B

Section I A summary of the general methodology for conducting
our shock experiments.

Section II A summary of the initial shock group animals
including 6 control animals and 2 treated.

Section III A summary of 8 animals in which LAP was used as
the index of resuscitation.

Section IV A summary of 6 animals in which MAP was used as
an index of resuscitation.



Appendix BI - A working summary outlining the general steps involved in
carrying through a shock experiment with our current primate
model
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APPENDIX BI

Protocol

The basic protocol for this set of experiments is outlined below. The
only variation between groups exists at step 13 involving resuscitation of
the animal and this variation will be discussed for each group.

i. Anesthesia*: Administer 5 ml of sernylan (3.3 mg/ml) or ketamine to baboon
IM. Use pentothal (IV) when required.

2. Shave animal and wash.
3. Obtain weight (kg).
4. Insert urine catheter.
5. Intubate
6. Attach EKG electrodes
7. Perform cutdowns (sterile), cannulating both femoral arteries and veins (CVP).
8. Initiate left thoracotomy.

a. Place stiff wall pressure line ir left atrium.
1) Adjust height of 2A transducer for zeroing.

b. Attach pulmonary artery flow probe.
9. Close all incisions.

10. Hook IV line to 500 ml bottle of 5% Dextrose in 0.45% saline plus 20 mEq KC1.
11. Baseline measurements.

a. Serum lactate: not less than 1 ml into grey top tubes (potassium oxalate,

sodium fluoride).
b. Arterial and venous blood gases.
c. Cardiac output, mean arterial pressure, left atrial pressure, central

venous pressure.
d. Hemoglobin.
e. Tissue blood flow: 800,000 or more microspheres (Ce, Cr, Sr, Sc).
f. Intravenous fluids.
g. Urine output.
h. Blood volume: Evans blue technique.

12. Induce shock.
a. Rapidly drop pressure to 60 mmHg for 1 hour.
b. Exsanguinate until 40 mmHg. Maintain at 40 mmlg for 1 hour.

c. Obtain parameters lla-llg.
d. Retain blood in heparinized syringes.

13. Resuscitation.
a. Return blood, using last drawn blood first.
b. Infuse blood unL , FAP eugals baseline value (+15%).
C. Maintain LAP with remaining shed blood and Ringer's injection.

14. Two hours post-resuscitation.
a. Obtain measurement; lla-llg.

15. Eighteen hours post-resuscitation.
a. Obtain measurements lla-llh.

16. Sacrifice animal.
a. Obtain organ samples for scintillation counting.

1) Brain, heart, intestine, kidney, liver, lung and spleen

* During shock: use no drugs of any kind.

During post-resuscitation: use only valium (IV) or ketamine (SC).



Appendix BII

Eight animals were subjected to shock, resuscitated with shed blood
and then treated with a fixed fluid volume replacement with crystalloid
over the next 18 hours (59 ml/kg Ringer's lactate). Two animals, in
addition, received nitroprusside (1.6 ,,gm/kg/min) as required to keep
mean arterial pressure at a level of 70% of baseline.

Fig. 1 shows the MAP over the entire study period. Maintenance fluids
resulted in a gradual decline in MAP or the 18 hours post resuscitation.
This did not occur in the two treated animals. Fiq. 2 shows regional blood
flow values determined at 4 times during the experiment. Significant
decreases were noted in all organs except the brain during shock and in
the kidney, liver and spleen at 18 hours. Significant increases in blood
flow occurred at 2 hours in the brain, heart, intestine and lung. Cardiac
output (Pig. 3) was higher in the control group as compared to the two
nipride animals at 1 hour post resuscitation.

Fluid balance and blood volume changes showed a :ucxer urine output
in the nipride treated animals. Also, there was a greater discrepancy
(decrease) in blood volume after resuscitation in the control animals.
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APPENDIX Bill: Resuscitation From Shock

Group Ii: Eight baboons were bled into shock and maintained at 60 mmHg
and 40 mmHg for 2 hours respectively followed by resuscitation with shed blood
and Ringer's lactate. Restoration of baseline left atrial pressure (LAP) was
considered complete resuscitation and was maintained at baseline values with
infusion of Ringer's for 18 hours. Complete hemodynamic parameters were
recorded pre-shock, during shock and hourly post resuscitation for 18 hours.

Organ blood flow was measured from radioactive microsphere injection at base-
line, during shock and 2 and 18 hours post resuscitation. Blood volume was
determined (Evans blue) at baseline and 18 hours. Characteristic hemodynamic

changes were noted with shock which returned to normal for the 18 hours post
resuscitation (Figs. 1 and 2). Using LAP as the parameter for resuscitation,
increasing fluid requirement to maintain LAP, began at 3 to 4 hours and was
paralleled by a corresponding increase in urine output (Fig. 2). At 18 hours
intake was 450 cc/hour and output nearly 350 cc/hour (both = 4 times baseline).
-c-aan blood flow altered as expected, during shock. At 15 !,ours persistent,
significant (p<0.05) reduction in organ blood flow was no .i in the portal
circulation (cut and spleen) (Fig. 3). Blood volume was niqnificantly below
baseline (<9C0) at 1S hours (Fig. 4). The data suggests persistence of the
sympathetic response in spite of hemodynamic resuscitation. Furthermore, the
excessive fluid intake and outzut necessary to maintain hbaseline LAD suggest
resetting of normal mechanisms lor regulation of blood volume. Maintenance of
normal LAP may then not be a reliable parameter of resuscitation from hemorrhagic
shock. These observations describe a prolonged abnormality in blood volume and
flow distribution which may contribute to the syndrome of multiple organ failure
following resuscitation from shock.

Mlii I
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Fluid Dynamics
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Appendix BIV - The current control group consists of 6 animals, one sham
and 5 controls in which resuscitation has been to a mean
arterial pressure of ±i0% base MAP and maintained at that
level. Hemodynamic data appears more stable (Figs. 1-5)
and excessively high fluid intake and output are eliminated
(Figs. 1-5). This experimental group is not completed so
the hemodynamic data have not been evaluated statistically
and the blood flow and blood volume data are incomplete.
This appears to be a much more satisfactory model, however,
for assessing the effectiveness of different resuscitative
therapies. A sham animal was carried out to document the

effect of the non-shock aspects of the protocol (Fig. 6).
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APPENDIX C

Mechanisms of Shock Blood Induced Tissue Anoxia

Virginia M. Pressler, BA, Honolulu. Hawaii
Anthony Suehiro, BS, Honolulu, Hawaii
Judi Lum, Honolulu, Hawaii
Karen Mori, BS, Honolulu. Hawaii
J. Judson McNamara, MID, Honolulu, Hawaii

Disturbed cellular metabolism is a characteris;tic shoc-k bloodl pertllsate iiseil to primnea parallel pertiision

consequence of shock 11-41. It is usually ascribed to 'systemn.

the local effects of hypoperfusion and tissue anloxia. Perfusion svstem:Thle parallel pertun.ion -.s tern used

Our Stud%. was undertaken to determine whet her (Fgure I icons"isted i a \etiou, reservior climdei to the at
othe facorscarred i th blod stean ina I-t- rnosphere. a low flow% perfus.ion pumnp bati Jirisillei non-

cete ator carridinte o d taream meluar .c- pulsaltile floiw I .model 5NMh2.t2. *lrieniil Laloratoriesl. a

ctates avfnd conbt tod idaired cellr e embrane oxygenator (model 1).0(1-2A. Si-i Mled. a heat
tahoismdysfncton ad deth.exchanger inodel 5Mu::t7?. Travenoil I aliiratorie, and

Silastic5 t wibing. The heat exchainger was set at :17t 1and
Material and Methods ?h itri was wrape it a arimg an'aak Ct I iid el K -20.

Fourteen domestic pigs 130t to 45 kg) were starved over- GI R Medical l'roduictsi. also set al :17"Ut S tatham AA
night. They were sedated with ketarnine hydrochloride pressure transducer, 1 miodi1 1)2:i I were co nnect ed h\ sie
I Ketalart. ir mg/kg. and anesthesia was induced hv Pen- port-. to thle limh arterialanaol siwno- tatheters and pertu.-

tot hal* sodium intrav-enously. ''rac-heotn~m\ was perfoirmed 51011 pressure was reciord&l on I old ti ir-charinel brush
and the animals were connected ito a Harvard large animial recorder I viodlel 441). Ga ;J iii t hr ough the mremibrane w\as
respirator. Anesthesia was maintained with 5 il percent imaintained with1 iixseii And lm.rlo~ iaks.

nhtnoasoxide fin oxvygen and intermittent iaepa) )iW ra- Ifllod gai'i'. phlini ooi 1li i.e. lia~te and vlec-
venhlust v (R c he La bo ratoi r ies) Th le carotid art erv was I roki t eN were in nitoe irciIt ini art eria i and vi- null silin ples
cat heterized and used b ur moi toriin g arterial pressi ire i d t iii t he piressur or t isan 1( wre ci -rect e %%w hen niieeded

*the jugular vein was used for infusion of Hinger's soliitioii. to mai~intaini values within niml psiioi ai

The right femoral artery and vein Aere caliefterifeil as firaice and GmI toitiik.im-,u t ra. apillars fluid

sources for withdrawal and reinfuisiiun of blood during~ Istaiams Ii is, laid doc! liiiil ptrtulsiin. nwe(1 thatl :
*shock. Then -)ilt cc of venouis blood was wit hdravwn liowlIv pertusion presslire it -,I) to -1 in H,- s.as optirmil Ii pe

intio heparinied svringes I if; unit,; ift heparin per cuit, ventinig tliuii hitt, Ili the suLiti- e1 irlii- hind lini A

centimeter iif blo~od). Volume wats replaced with Ringir', ,eriveo prelimioais vexperinuIIt(.l In whic 1 he ie lim sii'ts
solution at a rate sufficiettoI prevent a dlerease in miean were noimitrid ii iiiiric tha itinin ligu ot perti-liin

*arterial pressure. T1he veniiiis luiolwas uised to prinip a pre-sure prisiel ,o iit siv:td il tte pertuiiin i*

Jiert~usion apparatus toi he les criliei later Wal Ii l iiitarit licrt.i,- -u.ri ,I 1Il non Ilh. lIIul
The let! temoral vessels, were islaited, ut teieid "a,~i/lt si iiniaifici it '1 coosIaItkI )((I il iil 5iz

immedliately connected itothbe ;irtsi pprait.Isla iii-iiiptii k.i. iniximal. Hcliretiirv. steails i.ov per-

tion was eltecteil liv raplid piihittii..n
1

1 erituimo 1 li ic iusw .i ,I tn hinh %\sa' ;-tih-i t s\ bates r %.I s,

left hind limflt was biegun iiniiiuliaicly Owriug pirtiisin m nvtc,irs to tmnit.iia iioi~i ti t isliiwi tire-ssli. )t

the animal was biled Into heniorrhavic hi k for I hotir. 1111 iii-
Nican arteriail l)TC5SiTc aisdiecrvasiii tiioll mint hI.l liur ii A..-iii h 1141ihu 1t' .itiiitztil u11t111)h \'.tiil

riintes and then Itt tin Ig Ior SI0 mtvitites. liiti-dt otti Iflooi .1i' pl mnl --lilt I,,e lcvel- %%irv iruilaicdi'.Ili
was then exsangtiinated and the sheil bloiod i'iustiiiited at Aiistinieiit I _,As Iluw% mnd uliititiiof itoiini liiiarkiinate

From the Department of Surgery. John A Burns School of Medicine. un- ii upretdx o-etl th i ls eis i i edd
versify of Hawaii. Queen s Medical Center. Honolulu. Hawaii L imtb resist aliCe iii rtii decre.i.i-i Imk -ks ser the t irs!

Reprint requests should be addressed to J Judlson McNamara. MD. 2O nitnutesomt pertut-i ii until.a stvmtl \t;iiil' i siilsvl
Queen s Medical Center. P 0 Box 86 1. Honolulu, Hawaii 96808 V thretacrahd.itcms-taehttii

Presented at the 5 lst Annual Meeting of the Pacific coast Surgical AS. WhnIi risacrvhea cid iithtIl\-

sociation. Kauai. Hawaii. February 17 -20. 1980 valu e was ci tvsidered the noi rmal h aselie.Th 1 hi ck lili i
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illW Ii I,"e -it il i- er lit ri tn Il i-. lirt. a hI, 'i i

TABLE I Blood Flow. Peripheral Vacua Reisane Oxyge Cnupion.patle Cdonet In ltlet AggregationI

Ai I, VIl-i- I~~(i i - % nI .- Ii'( i

iflr at iv i ofdat ,iiiiiiO ]--It 'A'l- iil, 1 1

-ii~~~It 27i 00 7 it-
Icr II3 .14( IIl irl)i (I x I 1 1 Ii 1

Vein ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~H- .kiiis deotie standard Oiitlnfr;-~ it' t;A3 -io 'ui ilis'leN o ii t' -I" .

iiio(il ;iormal4.( flowII Siipem shock biond schenn lI

%\I il1.0 iI t it :ir tri c Arncnrl Jvi o i -i ,
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00
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PER~SIO TIF (,iOERFUSION TIME

Figue 2 Pllelf cuntove lie drin pefuson ith Figure 3. Peripheral vascula7r resislance in control limbs and
normal blood comp.ared with shock blood (mean ± stan- petoaieleldlmsdrn efso ihnra
dard error o1 the mean), and shock blood (mean -t standard error of the mean). NN

=normal blood/ normal flow: SI shock blood! ischemic
flow; SN =shock blood/ normal flow.

I In\.pi iin hI,-red \ttwanN I 1Nie LI \\2r perthintr~~t~ kisi in %%,I I henrl~

,hockhii- nt ichvni( (I.-, fl,'im l mn- II, m v I' 1 t experI m n
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1. li ill ItfI II 1 ) C I O li 1 i s l 1 It ll' 1 1 1i i i 17 vOIi III ,I ~ 11,1 'il t, i I I II-h ,

perph ra %;s kfa 521ita w kk r o t 18 l Iv It '1 d IM 1 ;11 1 242 in II. pil 15r l

Ien va1tues ctltniliarI tRa ilrSlot pml eth phelllornlnpleldlmsN Mo k ng rgvnl h)00 Iil cv, i 1'N l III,-- lo ht -1111

dtt r m td i it l,,n i -(tj r w i, n Ilh l\wdi .1 m 11 11 I

V o mlu e 140. - i JuIm , 19t60) h . i d r e - -" ~ l ( k % ll - % I



Pressler et al

pentlImine 0-0 u~lb \~niptlik ()r lit ili/;il ii

T Rtole of catechollflines,: IIii led lil.iifm. (it

v( -I iN d I n iiieefit ekl II ( r".' it , -r I i ;~ hen-I it, k at' %%( r(, ,t it
S NNN In l' d ,v' e y 01.t %e r * e.-r 6 II 0 11)W4 he i n oitledl il ilnce I li-I 'itt n l i4 iat

PERFU ION of.q k. tttl iIiI I- ;i I e Ii ti; I -ith Ie Ii lt ;It rv l I i

Figre4. xyenconunptin n ontollims ndphe- ~i :11 chrinl~i sl .inithi (ol tihe ra t mid
totamine-Ireatediknvm aimb duin prfsin it nrml n

shock ~ ERUSO blood (ma( tnad ro tmean.N) n(iBrd h\ liie liwili %%r mii ue III li kt;- i trpirl

normal blood/ normal flow: SI = shock blood/ischemic flow, \ i -tn lr re es (it if it,- ti w j i it~ %% it Ifif .. itk

SN =shock bloodt normal flow. ltlttt. %.k iil cani lt tilt if-(.!\ 1)ltitkedt %% iti h plielltt-

crredTlhe incereaise in periphleral vascuilar resiltne l~l tttt t..111Itt tls t n tl'itl

litlihs ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~l tilt litnoljmn Iia ade I( h iitm inpiii h r-neI it it mI tt i,% i)

tir Ie~r l t-id'.nl th -fls. o th h)

Iodadi hs ae oiira, np'rpea nrfcos
t~ve v d rim slick ood perh sio dc ptte t i'll k-I~ lg s il ; t t.i v mr 1''1.t ;11( t \Aer



Shock Blood induced Tissue Anoxia

diiut in tliirittg shock is not known. Arteriove- 11 Haglund U. Lundgren 0 intestinal ischemia and shock factors
nfis anatstoii it C )1(( flo hav s been responusible fo r 12 Fed Proc 1978.37 2729

12Trunkey DD. Illner H. Arango A. Holiday P. Shires CiT Changesa simflilar phenoi ern in observed lin the septi)c hinid in cell membrane function following Shock and cross-per-
litli) kit, dugs lil h1ut has not iwetl investigated it) fusion Surg Forum 1974.25 1

hetnirragi' sock.Artrioenuns ~untng hen 13 Appelgren L Perfusion and diffusion in shock Adla Physiol
I Scand(Suppil 1972.378 1

atnother reasonable explatnat ion fir thle iobserved 14 Cronenwelt JL. Lindenauer SM Direct measurement of arte-
reduction ill iiXVgiell Confsumtli otn. riovenous anastomofic blood flow or the sepic canine hin-

Our sttudv lliivs that iuxvvenifnl lli dlimb Surgery 1 979i85.275

shoci~k is signi ticat ,v reduced eveni in thle presence Dsuso
it' arparett Iv nlrtl)ial looiid t low. TIhe miechanismis D uso
itlvilv (I inl the iobserved retlcfioin kitiixvgenl coni- -Jiohn Ikfld 1 1i Ci~rt- A I: I fr. MciNaimarau and hi'-
suili jotl are pturely speculat ive and subject to i) r- ;isiiiimiu hiav imiili iideiiir tile pri'-Irevs I il sliii
thter ;tnlv o8 itil iuili'l %%illi elijiih 1tld lt,i(k, 11 hasp -h,,%n

2.7Oil ~dil(riti- ili ,iiiifhr r~i~ltni e andl irigihl

Summary ilut'h~n ir Tlit, hal' reuttii' inl ,ix\!eti uptake Inl1
ummar ire-itret'i'clitii u ii inl pti,- %%hen lithe

.\t isited limb pet'tllsiut -svslefl inl pii-'s %%as itsedf pvi ilui bkiii rntin .itutnI. iit '-huiuk. ihe haus

u'init)ttltjit' ill shoick. IY'tisiur ~ifh tshocuik thuod ti'liutrIji/i-i \\1 tin il 1uh.1 .ili-ur ii'likiii- men[l. lIit

resuilts inl a sjgtljti';lt Iv incr'teasedt pertipheratl Sliscittlar ht 1 i-tiiti iiltrus'-etett-iiici't-

resistance. which cat) he bloickedt h' phliltliine. diklenu' IhtI is oeir'
Hiiwsever,. aI si-iticali is' reduce toeni e t'iftsfmjt Alt hiulcl) kini,) fthi'ir kiv% ru'tu'rittci -iLiti-i tri' i hu

- ivge Itill I ( ilif lirv cl~inical -tir-ins hiv e huelzun ti' I hink
ttit'i seet) (itiriig Iperttjsiiit with It ;hoi(k bthiiiil is ilif itit 31lict ;ibtil hkk lin tetaih)icIerms-.nl\ relatively re-

ixviot'I) consumpI)~t ion is noht kniwn. huft t(le results miewl. I'hiesc' lt'ripii'' ridllii 'oir riiztt that the

tI siggest t hat otiher facotor!s iflart friitf de'''i~Lcrse impifrtlmt i'lt'ift'ii it , -hm' k ir' it, Ol'tti'ilt~ 11 '(il

bloit) dot aec(ltili ev ( ;itii.'k imini' mt'-Is-i~i'smid a- nitiutir Ih't ,siljt t he umhil fl

References tt'-'l -- f, itit ii it iikrail ,i, tn-r Ini lite it limiic 'thi-

ILerneioi MD Smith RIN. Couch NP Surface vH and redox p0- ,tmihi1t.HmIl(hknvin-iti-d1,% r

!ential of skeletal muscle in graded hemorrttaqe Surgery Iiniiii i'iivt'tOlI liri~il'Ii 'liii ith

2 Vofap jItrclua O in halansketlmuscle l i' r; irI, inii-ii I i,, - ti u1 !,rI 1- : ir-irt~s

Surgery 1968 64 55
4Haqberg S, Halfamae H Rocket H Shock reactions it) skeletal litt, flu' f- i i 'ill% di'-uri'' i 'iut ri,- I-' ' r vi-itivu. I hit

muscle If Intracellular potassiuim of skeletal muscle before f t-'it :l-nifrlic hil- kili %N-r ' iilii'i inl .1(. 2iIfiI
and after induced hemorrhagic shock Adta Chir Scand itnd fit- il aft llr mtiu ii'rlui-il) %%0 it t irttl illd
1967 133 265 '-1i't1i4i .usS it in' I niil- ,I iv'rii-iintil 1tf -, k

5 Brace RA CuIVton A Eff~ct of hundtumh is;ofatuc.. ,-
sogravirnetr ic Capitfalt pr essure nit Iravinscapillary fluid l ii I 55 'iii r it soe kit' 'si Ih l- i if 1 it i~ iim itlh
dy namics it) ditis Crc fle's 1976,38 192,h, loli Ii ul lir'i'ii lhic h ltt Mn'-r -itiipl\ t.itid, , oi

6 Beiffloid EA Thie epunephufc ruff Pit Of tho bloodt in cuitiuf innst I t1 Ii I I I, I'' %% Ii.1 if 1. .: o-i- %,,ii l it ii.11iI l i'ii iii,- -r 1i1f'
of low blood piessure arnd shock 'ltt J Pfwsuof 19 17 '43 ili li'miti c-ill I,-ti'u inil ,'u i n fis l' . 1 p-in I i
(.25

7 hrssanthou C rhe posyir impIltion0f 0A huiMMra SMOOtft piI~tl'i~'si iu i-li fh i fru';iiril f I

miiscte-actinq factor (SMAFi 0n ,hock Mt Sinai j Men tiii
1974 41 2610

8 Fredlund PE. Ockprmatt PA Vanq 10 Plasmaiactivitips of acidl Dounald 1). 'I'runke ' Sai in it f-. CI ' f lii tite (r
flsdrolases in e-peimental olidenuuc shock in the pig Am Jiref I i, ,I \ oir thit.i I, Ilthit t his is .i tihl\ical rat her thiln
.Surg 1972 1^4 300 -i th- pii hetlomnne i. p.irli'ik-llirl It) recard to dit -

9 Poofel S HtIewtZ H Carfibac Impairment and shock factors FPO tii its\n iniik'i-i ilt Id rt if ii 1.'11 isvuu i'afipu itl
P, oc 1978 3-1 7 218

t0 Goldfarh PD SW-her P FEstes 3 Gf.ratioi:ttio of circulatinq li fi'it I iiit- (lit Iii~oi'u ii4.iii. )iii% si ttimku lits' -.Jt-

shock-induced carduodepressant substances, 1-.d Proc ti f1lit'iu-tioru'fiilf" ill I lulil ui''iu I )id % x, i-i uh Ilit, linit
1978 37 2724 uttifi iri;ir.lfn iiiiilri' umid iffi its s'iuttin iani 'icwk

votume 140 July t980 5t



IZ=-: .
Pressler et at

.\4?,4?ivir I tit trp4rv'?4444 lo ? lit Yotr (Im a I, that 414.4 4.444 444 w\ k.4,44. it 44 pe4rl it.4'41 %k it It "Ii' k lilt'444d This' vi'luent444 I11:4

444.444.' mid( 4.4.11ei44r ur 41l( the(re' is. i clmme. lit i t(,14 ATPI' 4444444.4.:11.41 44' we441 l4'.44.4,Ia444. , e .'('I 14ick :44441
AIW -0 2ra I it i. D)id (i I ne44 i41su re ot a I :4si. 114 it kiril" ,I I I I I I ', I44 I Ij I 4444II I k I I tit II\ rt-s t ,re' n4I4-

I44444? h~d 1 , k. I4 , I4. ill 4r444:4j ~~~Nicholas A, 1l1alasz(1;ai1 Oieg.('Al: Onve' inye \1 qk'. w Il .1-We .nv '.;4.4'Iir (44 ~i4~.4m4s. Or IB4'44i4'I4
44445is re'lated' Iiwliat lr. 'lrun4kvv ri'14'rrvd4 il4. intvrsii.,4 4 .11 4 .iin .111 44 m141:il4 it i ''.i lii t144m]44411'. t

preskure, Ili adi( tion4 Ili niv:i.h iri14. wt.4.- ,'4 it 4's [lit\. I'llrI\ .144 .1 4 c u ii"lti.il 41, tem "4,41. I,444' Iwr'tiswn'.4444 '.. 4'44

('45.'4..4114..'('S 4144?44l1414 414 lit, ifl c 1 I~i.4i c 4'4,114. dii'. p.4iriltilor 4'\444'iiinviii4. :i 4~r ,\v.4 ha.4.4 4'"4.u1l4"144' .

4114'measure' interstitiol ;1r4's'.4re. I kw.~4i(i he4 4444'. inte4rested' '.44'd I4. ovondt filed 11 w i m l 414 4444:4 44."144' 4r I liwr.,'.4.'
ill tile' reskiltst~ uch n'ju i die ul s i144.44 ,r tIlte hitu4r(. 4144444 Iia.4 l i ~ 1111t jr, M4il 1.41 141.444 .1144111Il 1"41'.1 %!ll444'

( '\1l;4?14414411 4? st ha 14''4 iir ,li.' %%ilt 44X\'24'4 po144,4kv ,44 r''tiie 'k I 4i.i ll\ 4' ov 4244444'l'1' i44?4

1444 1 4. 444444444t-d . '4 1 614 41111 111, "11 ' vill-lim' .44111 :44

44 11 4' 44.eil4 th ttt 1 x~t en %%enii l~l i . ide li'444 144444\' 4.v 4.444' "14444T4 11,44.4 "44414'4 4Iw Pr'44444 444.1

4114'O m 1941ii sil. atli tn i"' 11;1 44? '-1 41. Ill 114,'r-- 4.'11k. mill 4 44r~ ill 44 ,i4 .e 4' "1 44444444442kih . e re 4- il P444 4. t .4 l wl
I4.4.4' ,in 'M4j44( s\ ir4'?44r4'prhivi arc vvti '144 ill'.4( I4444 41414 4Idc .44444.-444 I'.1,444 i dt \- ;t\ F nd%. 11 ..' 4 ~~I.~ l4 4 i ll
114 civ r ivil4 

o 4144li . es s 44.4"4 tnm h4\icki 4nld m 111,11 44444414444 14'4il.41" 4 ,r4:44444
4 \'~'~' 14,44.4 is444.4:14 v''4' .' ena :444,i1r ire441s hi t . idelll 44.444' ill'" 144 144.4". 4444 O l4.i44"1 ,iI -1 - t'. k khi
Iv j oki m li4v44 1444.4.' 411n4 dom.~i -I444? im mur?.i .4114 4414't. Ili~i O14w4. 11.44il4il4rl i

me( ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 .4is s All4 oftee4-4.tm4ir14v (\ eiid i4v tc ivw tmtr 4c liIi r~ln rci

lir.4??4'hiaI 41,4.4.' t he4144 .-littudr 14i I ri 1 442.' " 444" 4' th r iit lick mile \c1444 4, lm 1 im ied Ii hn- 444;4444444. 444r Ir.
4 ~~ip lit thati~i 4 4444 shoul 1.414444 d 4.11444''ll. live il444?i ,iI 444 1444 44444 444, c ho-n4 Oil44 I4,41 donw44.4 m rapi 414'1444r

Il m ~ la vtl le in'l 0a di p o vlti-~l\ , )A~l ., ~ nO c op tl'~l 1a
the nital nsul, I ck.Ili lw e I 'll iliuh1 Im cl n Jou, i -.4 t f S...qe -




