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SUMMARY

Absorption in Thiry-Vella loops of proximal small intestine
was investigated in female mongrel dogs following massive intestinal
resection or bypass. A control group underwent only laparotomy and
intestinal transection, Bidirectional fluxes of Na, K and H 0 were
determined preoperatively and for three months postoPerativily.
Massive intestinal resection or bypass had no effect upon the
bidirectional fluxes of these substances in the defunctioned fistulae.
The remaining intestine in continuity following resection or bypass
underwent villus hypertrophy but the defunctioned bowel did not
participate in this response. Therefore the hypothesis that hormonal
factors mediate the adaptive response is rejected because of the lack

of anatomical and functional compensation in the bypassed intestine.

The factors mediating such a response presumably are intralumenal,
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INTRODUCTION

Prior to 1940 quantitative measurements of small intestinal
absorption were limited to the measurement of the rate of change of
the concentration of the test solute within the intestinal lumen,
Visscher and his co=-workers with the aid of radioisotopes then demon=
strated the bidirectional movement of water and electrolytes across

91, 92, 93
intact intestinal mucosa in vivo. This work was further
expanded by Berger et al. ! in 1960.
SEMANTICS

Prior to Visscher's contribution, the movement of fluid and
electrolytes was considered to be either absorption (loss of test
substance) or secretion (gain in test substance). This concept
required revision and the following definitions were proposed by
Code in 1960, 2

a. inscrption: the movement of a substance out cf the

intestinal lumen,

b. exsorption: the movement of a substance into the

intestinal lumen.

c. absorption: positive value of insorption minus exsorption;

i;e. insorption::> exsorption,

d, secretion: negative value of insorption minus exsorption.

It is apparent that absorption and secretion, the previously
measured parameters, will give no estimate to the absolute amount of
substance movement across the intestinal mucosa.

TECHNIQUE
24

With the assumption that radiosodium  (Na) and D20 are handled

2
in a similar fashion to 3Na and HZO’ Visscher concluded:



24 24
a. Net absorption Na = insorption Na

and
b. Insorption Na = change in concentration Na

Arithmetic mean of the specific
activity of 24Na.

This consideration of the relationship of net absorption of

23Na to the determination of insorption 23

Na will not be further
considered here, for even though similar techniques have been used
in successive occasions, there are serious methodological errors in
their assumptions and approximations.

Indeed, the mechanics of this system have been fully described

6
by Berger et al. in a theoretical model and then in an experimental

situation. It can be demonstrated that:
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It can be seen that in our terminology, if compartment
I = intestinal lumen and compartment II = blood, then:
S = insorption
/ = exsorption of the test substance,
Similarly under these circumstances, BY» A, then:

(1) B <1 and <At =0
Bo Bo

(2) And when the test substance is placed intralumenally;

i.e. compartment I, the period of observation relatively short, then
e
9%

If a non=-absorbable volume marker is used (e.g., polyethylene

glycol = PEG)

then: : ~ _
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Visscher's formulae may now be seen to be a gross over-

simplification; however, in practice the results are nearly identical
7, 24
for changes in specific activity less than 40 per cent,



EXPERIMENTAL TECHNIQUE

- Bidirectional fluxes have been measured both in vivo and in
vitro and although most analyses have not been statistically compared,
it is generally accepted that the results are comparable for acute
experiments, and also between species in a similar segment of intestine. 0
On a coﬁtrary note is the brief communique of Love et al. ! that there
is a difference in transport of water, glucose and sodium in vivo and
in vitro of rabbit ileum. The significance of this report awaits
further experimentation. The correlation of the wvarious in vivo
techniques has not been subjected to scientific enquiry, and thus the
significance of the following experimental results is open to debate.

Visscher's original technique was based upon the fluxes of
sodium and water across isolated canine intestine. > The intestine
was isolated by the formation of a Thiry-Vella fistula, whereby both
cut ends of an intestinal loop of standard size are led out to the
surface of the abdominal wall, the intestinal continuity being
re-established by anastomosis of the proximal and distal cut ends.
Absorption tests then being carried out by the instillation of a
solution with suitable markers, withdrawn and analysed, the results
then substituted in the previously described formulae and flux rates
calculated. Although this technique yields results of hig? variability,

it remains the standard experimental technique.

ERRORS INHERENT IN TECHNIQUE

(A) METHOD:
Methodological errors have not been evaluated. Specifically,
it is unknown at present whether the formation of the fistula affects

the absolute flux rates, although the degree of variability between



tests in time intervals up to five years are no different than the
degree of variability between experiments hours or days apart. !
(B) ANALYTIC:

Analytical errors have significant effects on the accuracy
of the derived flux rate. This results because the estimate of rate
of flux may in some time intervals depend upon a small difference
between two large numbers (e.g., @A - @Ao) each of which is subject
to analytical errors.

Calculation of the specific activity of more than one
radioisotope by differential counting depends upon satisfactory
discrimination of the emissions of the isotopes. = For example,
the discrimination between ZANa and 421( depends upon the fact that
24Na emits gamma radiation of different energy than 42K. Under
experimental conditions, the error in 24Na activity was found to be

42 73
3 per cent and the error in K activity was 1 per cent.

Analytical errors also affect the estimation of sodium and
potassium by flame photometry (e.g., 1.3 and 2.5 per cent) and of
deuterium oxide by infra-red spectrophotometry. (0.86 per cent) 2

The volume marker utilized also is a source of error. The
qualities necessary for the volume marker are: v

(1) estimated simply and accurately.

(2) estimated in small concentration to have minimal osmotic

effect,

(3) neither absorbed nor adsorbed.

(4) mixes homogeneously.

Polyethylene glycol has been investigated and found to fulfill these



criteria, as well or better than any other substance, in experiments

utilizing Thiry-Vella fistulae, but not without significant errors in
41, 52, 102
perfusion experiments, The calculation of the concentration

of polyethylene glycol by Malawer's modification of Hyden's technique
54
has an error of 6 per cent.

The effect of an analytical error upon the calculation of flux

6
rates may be determined by the following formulae:
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The order of magnitude of the effects of analytical errors may be seen
from a hypothetical calculation; e.g., if;g = 35, o< = 60, Ao =/,Jiq 2800,
6o = 1.0 then a 2 per cent error of 9 would affect% by 15 per cent at
10 min, and 1.3 per cent at 60 min.
More rapid transfers, smaller pools and longer time intervals
tend to minimize errors.

VARIATIONS IN FLUX RATES - CAUSES

As has been demonstrated, the flux rates must remain constant



for the duration of each experiment. However it has been demonstrated
repeatedly that the flux rates will vary depending upon the nature of
the experimental conditions,

A, EFFECT OF THE INTRALUMINAL SOLUTION

In general absorption studies are carried out with isotonic
solutions, Under these circumstances the effects of osmosis are
minimized.

The effect of changes in osmolality have been investigated.
Absorption of water occurs from a hypertonic solution against a lumen
to blood gradient ofd 50m0sm, S This absorption occurs in a
linear relationship to the absorption of other solutes (mainly sodium)
and it is believed the movement of the water is passive secondary
to active solute transport.

Billich et al. 0 also studied the effects of varied electrolyte
compositions in absorption from the human colon. They demonstrated a
linear relationship between luminal sodium concentration and rate of
net water, Na and Cl absorption. There was no water absorption when
the sodium concentration was less than 20 mEq/l. In addition, water
and Na absorption were decreased when chloride was replaced by bicarbonate.

Sladen et al. “ demonstratedlthat glucose in the intestinal
fluid enhanced net sodium and water absorption in the human small
intestine, This effect is more marked and the rate of glucose absorption
increased when the concentration of luminal glucose has been chemically
increased prior to the acute experiment, likely as a result of substrate

induction. It would seem that the active transport of sodium and

glucose are related with interdependent mechanisms.



B. VARIATION BETWEEN INTESTINAL SEGMENTS

Some substances absorbed by active transport are selectively

absorbed (e.g., Vitamin B and bile salts in the terminal ileum)
12
only in specific locations in the intestinal tract. All portions of

the intestinal tract have the capacity for insorption and exsorption

of fluids and electrolytes but vary in degree. The more distal the

intestinal segment, the greater is the value for exsorption of potassium
7, 24, 73

and greater for the insorption of sodium and water.

C. EFFECT OF BLOOD FLOW

98
Williams in a short communique reported that ischemia of

intestinal loop by arterial occlusion for two hours was followed by
a "slight" decrease in insorption and exsorption for sodium.

Varro et al. % correlated blood flow, oxygen consumption and
activity of active transport processes. They demonstrated that a
50 per cent reduction in blood flow (afferent obstruction) had no
demonstrable effect. Greater reductions in blood flow caused a
proportionate reduction in oxygen consumption and glucose absorption
while sorbose absorption was unaffected., They did not measure sodium
or water fluﬁes but owing to the interrelationships of sodium and
glucose absorption (q.v.) a similar decrease in absorption of sodium
and thus water could be inferred,.

Williams = also investigated the effect of 30 min.of total
venous occlusion and demonstrated that insorption of sodium was

subsequently decreased while exsorption was unchanged.

D. AUTONOMIC INFLUENCES

The effect of the autonomic nervous system specifically upon



the absorption of fluid and electrolytes has not been investigated,
However, less precise techniques have demonstrated that the autonomic
nerves have some influence upon intestinal function,

Ballinger et al, ‘ demonstrated weight loss, increased fecal
fat and villus atrophy following post ganglionic sympathectomy in
canine intestinal loops.

Mori % investigated the effects of vagotomy in rats and
demonstrated that vagotomy caused increased glucose absorption,
increased 1311 triolein absorption and increased azo dye absorption.
The increased glucose absorption was reversed by splanchnicectomy but
not the absorption of triolein or azo dye absorption., It was
suggested that these results were due to an increase in intestinal
blood flow secondary to the vagotomy. However, Tiblin et al. .
demonstrated that vagotomy increases intestinal bloud flow for only
5 minutes following and does not alter the normal post prandial
hyperemia.

Thus the autonomic influences await clarification.

E., EFFECT OF MOTILITY

- 5
Barriero et al. investigated the effects of motility in

humans with relation to transit time, They noted that increased
motility per minute resulted in shorter transit time., The shortened
transit time in turn was associated with decreased absorption of
xylose.

107

Yagasaki et al. suggest that strong peristalsis causes

transient local decrease in absorption as a result of decreased blood

flow,



10
In general, the effect of motility upon absorption has been
ignored aside from intuitive statements relating to transit time.

F. HORMONAL INFLUENCES

In general, those hormones known to act upon the renal excretion
of salt and water have similar but not as pronounced effects in the
intestinal tract.

1. A.,D.H., (Pitressin)

78

Soergel et al. documented the effects of pitressin upon
bidirectional fluxes in the human small intestine. They noted that
ADH had no effect upon exsorption of sodium or water, but significantly
decreased the insorption of water. This is the only well controlled
study on the subject and seems to suggest that the action of ADH is
to relatively increase the intestinal loss of sodium and water,

In contradistinction are two reports which have opposite
conclusions but suffer in experimental design, Blickenstaff +
reported that net absorption in dogs from an Omi fistula perfused with
normal saline at 15 cm H 0 pressure was increased after .0l pitressin/Kg
but not with_.OOS Kg. Hiwever, no labelling techniques were used and
this may represent only incomplete emptying of the intestinal loop or
alternatively may reflect the constant perfusion pressure, Arlen and
Levowitz ’ measured portal venous 22Na as a measure of sodium insorption
following insertion of 22Na in the bowel and administering ADHj; they
concluded that insorption of sodium was increased.

Therefore, the action of ADH upon intestinal absorption of

fluids and electrolytes is uncertain and merits further investigation,



2, Adrenal Steroids

(a) That the adrenals influence absorption was demonstrated
in vitro by Levin et al. = by measuring absorption in everted rat
intestine following adrenalectomy. They demonstrated that adrenal-
ectomy resulted in decreased net absorption of glucose, glycine and
water and that this reduction was proportional to the loss of
intestinal weight., Furthermore oral feeding of 1 per cent Na Cl
restored both intestinal weight and absorption.

A further stimulus to the question in relation to total body
sodium depletion was supplied by Clarke and Shields, “ Using
isolated intestinal loops they demonstrated that under conditions
of sodium depletion that exsorption of sodium and water was decreased
and of potassium increased; insorption was unaffected. This effect

was noted in the colon only and was unaffected by spironolactone.

(b) Effect of Desoxycorticosterone Acetate (DOCA)

Berger et al investigated the effect of DOCA upon isolated
canine intestinal loops and found no effect on the transfer rates in
the small intestine, In the colon however, they demonstrated that
DOCA has no effect on Na exsorption, increases sodium insorption and
markedly increases both insorption and exsorption of K (exsorption
more than insorption so that net secretion occurs).,

Tilson et al % also noted increased net absorption of water

in DOCA treated rats and in addition noted villus hypertrophy and

increased cellular Na-K ATP'ase activity.

11
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(¢) Effect of aldosterone

Although aldosterone is more potent than DOCA and represents
the physiological mineralocorticoid several authors found no effect of
aldosterone in their absorption studies.

Levitan and Ingelfinger = perorally perfused human colons
with normal saline, Polyethylene glycol was used as the marker but
bidirectional fluxes were not calculated as tracers were not used.
Following 1 mg. aldosterone intraveneously, testing 24 hours later
was followed by increased net absorption of Na, Cl and H 0. They
did not observe increased secretion of K. Levitan and Giulston >0
performed similar experiments on patients with ileostomies and found
no appreciable change following administration of aldosterone., Both
of these experiments are incapable of detecting alterations in bidirectional
fluxes and in both cases the aldosterone was given as a single dose,

Spat et al. b in a short communique evaluated the effect of
aldosterone upon the ileum of adrenalectomized rats. Their paper
is difficult to evaluate as their semantics (absorption=-secretion)
seem variable, They conclude that aldosterone increases zaNa absorption,
decreases 421{ absorption, increases Na secretion and decreases K
secretion, They do not mention if their animals received supplemental
saline or the details of their calculations,

However, Shields et al. e have repeatedly reported that
the action of aldosterone is to increase the exsorption of K from the

ileum and colon, The effect is best demonstrated with an aldosterone

infusion and they noted that increasing the dose had no additive effect.



Low dosage aldosterone infusions were blocked by spironolactone while

higher doses of aldosterone were not, In addition, Shields et al. b

documented the results of perfusion studies in the colon of a patient

with a functioning adrenal adenoma, demonstrating that pre-operatively
K exsorption was increased while following resection of the adenoma

K exsorption was in the range of normal controls.

Further insight into the action of aldosterone was provided
by Castles and Williamson. 13 They demonstrated that in the rat kidney
the action of aldosterone is to increase RNA synthesis. This effect
was blocked by Actinomycin D. The work of Tilson et al. o previously
referred to, demonstrating that DOCA results in increased intestinal
mucosal Na-K ATP'ase, raises the possibility of similar effects in the
gut.

In summary the action of aldosterone is to increase intestinal
exsorption of K, and possibly insorption of Na. This effect may be
mediated via DNA directed synthesis of messinger RNA which in turn
stimulates enzyme synthesis.

3. Ovarian Steroids

Crocker 26 utilizing everted sacs of rat jejunum demonstrated
that net absorption of water and Na varies with the estrus cycle.

She noted a significant increase in absorption at pro-estrus and estrus
compared to diestrus and metestrus. Moreover the infusion of aldosterone
was followed by increased water and sodium absorption at diestrus only,
and then only at 28 hours post injection. The infusion of angiotensin was

followed by a similar increase in water and sodium absorption at diestrus

only.

13
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Following adrenalectomy and oophorectomy, administration of
estradiol was followed by increased water absorption 28 hours post
injection,

She concluded that the action of ovarian steroids was due to
increased activity of the adrenal cortex and the renin-angiotensin
system. There are no reports of similar experiments in other species,

G. Effect of Drugs

The effect of various drugs upon water and electrolyte
absorption has not been extensively studied. Those experiments that
have been performed rarely included calculation of bidirectional

fluxes.

1. Atropine
12

Blickenstaff and Lewis  investigated the effects of atropine
upon net absorption in dogs with an Omi fistula. Tracers or volume
markers were not used., The experiments were performed under conditions
of constant pressure (thus intraluminal volume varied) or constant
volume. They noted that atropine resulted in increased net absorption
of water and chloride that was most marked under conditions of constant
pressure,

These experiments have not been repeated with more precise
absorption studies, but in general are compatable with the effects

56
of vagotomy reported by Mori.

2, Carbonic Anhydrase Inhibitor
Acetohexamide (Diamox) a known carbonic anhydrase inhibitor
has been shown to have definite effects on chloride absorption.

43
Kinney and Code demonstrated that Diamox specifically inhibits the
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insorption of chloride by preventing its substitution by bicarbonate.
These results were confirmed by Madson, e

3. Diuretics

Little investigation has been devoted to the effects of
diuretics. Rummel and Stupp * noted that in isolated rat jejunum
of nephrectomized rats, mercurial diuretics (Mersalyl) decrease the
net absorption of sodium, potassium, water and glucose, but increase
net absorption of calcium. Thiazide diuretics (hydrochlorothiazide)
cause decreased absorption of all these substances including calcium.

These effects await confirmation utilizing kinetic studies,

4, Barbiturates

Many absorption studies have been carried out under pentobarbital
anesthesia while others are performed on conscious animals or in wvitro.
Little investigation has been undertaken to determine the effect of
barbiturates or other anesthetic agents.

Code et al. 24 investigated the effects of anesthesia upon
isolated ileal or duodenal loops in the dog. They demonstrated that
pentobarbital anesthesia (25 mg./Kg.) had no effect on ileal absorption.
In the duodenum the exsorption of sodium and water was decreased while
insorption was not affected,

Cramer et al. 2 demonstrated that pentobarbital anesthesia
increased the net absorption of calcium from intestinal loops in dogs.
However this result may reflect only incomplete recovery of the test
solution as no volume markers or tracers were used.

Thus the effect, and possible mechanisms, of anesthesia upon

intestinal absorption are unclear,
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H, Effect of Surgery

The effect of surgery is obviously multifactorial, ranging from
the effect of the stress response (adrenal), dehydration, drugs (anesthetic,
analgesic, etc,) to the effect of surgical trauma to the bowel itself.
Thus the interpretation of wvariations in absorption is fraught with
difficulty; moreover the absence of variation in absorption may only
represent the result of antagonistic influences. Coupled with this
are the variations and difficulties inherent in various techniques,

particularly those relying on net absorption.

1, Operations Without Intestinal Manipulation
72

Shields noted that laparotomy under anesthesia followed
24 hours later by studying absorption under anesthesia was associated
with decreased insorption (and absorption) of sodium and water and
with increased exsorption (and secretion) of potassium in isolated
canine intestine.,

76

Shoemaker and Wright with a catheter perfusion technique
measured the change in net absorption pre and post-operatively in 5
patients. Their first measurement at 6 hours post-operatively disclosed
decreased absorption of sodium and water. Water absorption was consistently
decreased up to 48 hours post-operatively but was rising to pre-operative
levels, Bunch and Shields o assessed 9 patients utilizing perfusion
techniques with radioactive tracers. They noted no change in insorption
or exsorption if their patients received '"prolonged" intravenous fluids.
Six patients who received only 500 ml. of fluid intravenously had

abnormal absorption studies. These latter patients demonstrated decreased

net sodium absoxption as a result of marked decrease in Na exsorption
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with a less marked decrease in insorption. The net secretion of potassium
decreased as a result of decreased exsorption greater than decreased
insorption. Water absorption at 6 hours was normal but by 30 hours
post=-operatively exsorption had increased to such an extent that net
secretion occured.

2, Intestinal Anastamosis Without Resection

Glucksman et al. 7 investigated the effect of intestinal
anastomosis with dogs, measuring net absorption of glucose and insorption
of 22Na in the duodenum. At 2 hours post-operatively all dogs had
significantly decreased absorption of glucose and insorption of 22Na.
After 2 hours only those dogs which regurgitated had decreased values,
those not regurgitating had normal or slightly increased values, No
mention is made of intravenous supplements.

Grace and Shields however, demonstrated the maximum deviation
in absorption values to occur at 24 hours post~operatively. They
demonstrated a net decrease in absorption of sodium and water at 24
hours which at 48 hours and 72 hours had returned to normal. The net
secretion of potassium was increased at 24 hours and likewise then fell
to normal values,

None of these experiments have been followed for periods greater
than 72 hours., There is some evidence to suggest that a further change
in absorption will occur. Nygaard > demonstrated that, in rats,
laparotomy and intestinal transection with anastomosis resulted,
within 2-4 weeks, in shortening of the intestine and a significant

loss of total absorptive surface, The intestinal anastomosis resulted

in a zone of villus hypertrophy 5 cm, proximal and distal to the
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anastomosis. The mediating factors for these changes and the result

on fluid and electrolyte absorption is unknown.

3. Effect of Bowel Obstruction

Shields " produced experimental obstruction in dogs by
transecting the ileum 30 cm., from the ileocecal walve, suturing the
ends closed, and studying absorption characteristics under the same
or subsequent anesthetic,

The proximal segment immediately above the obstruction absorbed
water for 12 hours and then secreted water. This was due to a progressive
fall in insorption. Exsorption of water was unchanged until 48 hours
and then exsorption markedly increased. The insorption of sodium
progressively fell with time until by 12 hours net secretion occured.
Potassium exsorption markedly increased with time to such an extent
that by 60 hours potassium exsorption was 6 times normal.

One hundred cm, above the obstruction the absorption of sodium
and water was decreased but there was no increase in potassium exsorption,

The distal segment showed a slight decrease in water and sodium
absorption due to increased exsorption and increased potassium excretion
due to increased exsorption.

106

Wright et al. created a closed segment obstruction in patients
with ileoostomies by means of suitable balloon catheters placed through
the stoma. They related changes in absorption to intraluminal pressure.

At pressures of 10-20 cm., of H 0 absorption of water was increased due
to an increase in insorption with a smaller increase in exsorption.
At pressures greater than 20 cm. H 0 insorption markedly fell but

2
exsorption continued to rise resulting in net secretion and a further
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rise in intraluminal volume and pressure. They postulated these
effects were due to venous occlusion but Williams B found venous
occlusion did not effect exsorption.

4, Effect of Bowel Resection

Experiments to assess the effects of bowel resection on fluid
and electrolyte absorption have not been performed. All experiments
have measured other chronic effects of resection, days to months post-
operatively.

(a) Pathophysiology of Bowel Resection

It has been established that once a critical amount of intestine
has been resected a characteristic syndrome of undernutrition, steatorrhea
and acidic diarrhea may follow. o These effects result from loss of
specific and general absorptive sites but other factors are known to
contribute to the decrease in absorption.

The effect of the type of anastomosis and the presence of
bacterial proliferation has been investigated by Nygaard. o8 &

Resection with an end to end anastomosis resulted in a moderate increase
in lactobaccilli at all levels; however, fecal fat excretion was normal
even with 75% resections. Resection with an end to side anastomosis
caused similar effects. Side to side anastomosis resulted in a moderate
increase in coliforms proximal to the anastomosis but a marked increase
in the distal coliform count. The fecal fat excretion was increased,
but this latter effect was normalized by administering chloramphenicol.

By-passed intestinal loops had a more pronounced effect. A
side to side bypass resulted in steatorrhea, reversable by chloramphenicol,

but prevented if the anastomosis was less than 7 mm. in diameter,
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Long self~emptying blind pouches also caused steatorrhea, not reversable;
the effect being more pronounced when the pouch was in the proximal
intestine rather than the distal intestine.
Resection has also been showm to influence transit time,
Small bowel resections decrease transit time the effect being more
marked with distal resections than proximal resections., Ileocecal

82, 99
bypass also results in decreased transit time.,

(b) Secondary Effects of Resection: Gastric Hypersecretion

Gastric Hypersecretion following small bowel resection has
been well documented in man and experimental animals, > The effect
of the hypersecretion is to further reduce absorption as a result of:

1) Direct injury of the proximal intestinal mucosa by the acid

2) lowering of the intraluminal pH below the optimum pH of

lipase and trypsin and

3) delivery of a high solute load to the remaining intestine.

The degree of hypersecretion is proportional to the extent
and location of resection, » since resection of the proximal small
intestine is associated with a greater increase in secretion than a
distal resection. "

The etiology of the hypersecretion has been extensively
investigated yet is still unclear.

The role of the vagus nerve in the syndrome has not been
investigated,

45
The role of the antrum is controversial. Landor demonstrated

a marked rise in 24 hour secretion following enterectomy in dogs having

a previous antrectomy, suggesting the antrum has no effect. However,
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Stafford and Schnaufer and Kexrr et al. demonstrated that antrectomy
has a protective influence.

Evidence for a gastric secretogogue was first advanced by
Westerheide et al. i3 who demonstrated that exclusion of the proximal
small bowel caused greater acid secretion than excision of the small
bowel. Such a conclusion was supported by Kerr et al, % who demonstrated
that in antrectomized dogs, the hypersecretion produced by a Thiry
fistula is normalized by excision of the fistula. Orloff et al. 2
demonstrated a potent secretogogue liberated from the jejunum responsible
for the gastric hypersecretion following portacaval shunting, On the
other hand Konturek et al, “ demonstrated that the increased gastric
secretion produced by duodenal exclusion is further increased by
duodenal excision,

The loss of an inhibitor of gastric secretion produced in the
small intestine is the most likely explanation for the hypersecretion
following resection. Both fat # and acid “ when placed in the small
intestine inhibit gastric secretion, Paradoxically, fat has been
shown to be necessary in the diet for the increase in gastric secretion
following resection. =

Whether such substances affect fluid and electrolyte absorption
in the remainder of the intestine has not been evaluated.

(c) Secondary Effects of Bypass

As mentioned bypass results in gastric hypersecretion by direct
stimulation and/or loss of inhibitor,

In addition bypass in some manner as yet unknown often results
in fatty infiltration of the liver occasionally leading to cirrhosis

15, 31, 62
and/or death. Jejunocolic bypass is more lethal then
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jejunoileal bypass,
The influence of various lengths of intestine bypassed upon

liver morphology and function is unknown,
(d) Adaptation Following Resection

1) Functional Compensation

Dowling and Booth demonstrated by a perfusion technique
in humans that net absorption of glucose was increased following small
29
bowel resection. Weinstein et al, similarly demonstrated that the

net absorption of sodium and water was increased following bowel

resection, wE Nygaard demonstrated that adaptation occurs more rapidly
following proximal resections than distal ones, o
2) Compensatory Hypertrophy
Porus o demonstrated in humans that resections greater

than 507% of the small intestine were followed by epithelial hyperplasia
of the remaining intestine, Booth et al. H and Nylander and Olerud -
noted post anastomotic dilation following resections in rats, Dowling
and Booth 0 noted mucosal hypertrophy following resection in rats,
This change was more marked in the ileal segment following proximal
resection than vice versa. Nygaard Bhy 05 described hypertrophy of the
whole remaining intestinal tract following resections or bypass,
regeneration being more rapid following proximal resection than distal

resection,

3) Cellular Adaptation
96

Weser and Hernandez could detect no increase in
active transport of glucose and leucine one month following 507 resection

in rats, and concluded that the increased uptake following resection is
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due primarily to hypertrophy. However Tilson and Wright demonstrated
increased mucosal Na-K ATP'ase following the adaptation hypertrophy of
transposed ileum.
The contribution of the individual cell to the adaptive process

40

is still uncertain,

(e) Mechanisms of Adaptation

Although the factors which mediate the adaptive response have
not been rigourously examined current evidence would indicate there
may be two mechanisms.

1) Intraluminal factors:
Altman and Leblond ' presented detailed evidence

concerning factors controling normal villus height in rats., Villi
in the jejunum were found to be of greater height than those in the
ileum, This difference was shown, by a series of transposition
experiments, to result from a villus enlarging factor present in the
pyloro-duodenal region and a villus reducing factor present in the
ileal chyme. Removed from these influences the villi tended to become
intermediate in height.

This latter effect was also noted by Menge et al, - who,
after partially excluding the small intestine in rats demonstrated
a decrease in villus height with a corresponding decrease in glucose
absoxption,

Similar experiments have not been performed following intestinal
resection, However the presence of a villus enlarging intraluminal

factor would explain the pronounced hypertrophy of the ileum following

jejunectomy, as in these circumstances the ileum would receive such



24
factors more quickly. The presence of additional synergistic factors
remains a possibility,

2) Systemic Factors:

a) Nutrition
100
Wilmore and Dudrick noted that the maintenance
of nutrition following 95% resection resulted in a greater degree
of hypertrophy than in controls. This extra nutrition was accomplished
by intravenous alimentation although the animals also received oral
intake. They conclude that the extent of hypertrophy is not
dependant upon the amount of oral intake but upon the nutritional
status of the animal.
b) Hormonal or Neural
If following a massive resection the terminal
ileum is left in situ but bypassed by a jejunocolostomy, it is found
that the ileum participates in the adaptive response. 85 The
explanation proposed has been the presence of neural or humoral
factors mediating this response. Such a hypothesis has also been

88 to explain the lack of benefit from

invoked by Touloukian et al
an elemental diet during the first 6 weeks following massive resection,.
Similarly following total colectomy the terminal
ileum has also been demonstrated to adapt and consequently absorb more
water, G Such an observation is difficult to explain on other than
a neural or hormonal mechanism.
These conclusions however are not warranted at this stage,

because the intestinal tract is still exposed to those intraluminal

factors which were previously discussed.



I. Effect of Bowel Pathology

34, 67
In addition to infectious diseases which are knowm to

affect intestinal absorption several other pathological states affect
absorption,

Active ulcerative colitis has been shown to decrease absorption
of water, sodium and chloride in the jejunum H and decrease insorption
of sodium and water in the colon, > Regional enteritis had no effect
on net absorption of sodium and water in the colon, bidirectional
fluxes not being measured,

The effect of various adenomata has been investigated. Villous
papillomata result in marked increase in exsorption of sodium ( 5 times
normal ), potassium ( 7 times normal ) and water ( 2 times normal ):
insorption being unaffected. o 6 With multiple polyposis although
net absorption was unchanged, the bidirection fluxes were 4 times

74
normal. Localized polyps resulted in increased exsorption of

potassium (4 times normal) that was not corrected by polypectomy,
74
other wvalues being normal,

25
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RESTATEMENT OF THE PROBLEM

Massive intestinal resection or bypass is followed by villus
hypertrophy and increased absorption per unit length in the remaining
small intestine. Potential factors which mediate this response are
unknowm but current evidence supports two hypotheses. viz,

1) intralum;nal factors and/or food are essential,
or 2) neural or humoral factors are the essential contributing

elements to adaptation,

The latter hypothesis was investigated by determining if a
change in mucosal transport could be demonstrated in a chronically
defunctioned portion of the intestine following massive intestinal

resection or bypass.
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MATERTALS AND METHODS

Sixteen healthy female mongrel dogs immunized against distemper,
dewormed with two 2.5 ml. doses of tetrachlorethylene given one week
apart, were trained to lie still for periods up to one hour.
THIRY=-VELLA FISTULA

All animals, under pentobarbital anesthesia and via a midline
incision, underwent isolation of a 40 cm. segment of jejunum with
minimal disturbance of blood supply. The proximal point of isolation
was 30 cm. from the ligament of Treitz: all measurements were performed
on the antimesenteric aspect of the intestine.

Both ends of the isolated loop were brought through the left
lateral abdominal well and fixed in place as matured jejunostomies.
Such an isolated loop is known as a Thiry-Vella fistula,

Intestinal continuity was reestablished by anastomosing the
remaining proximal and distal cut ends in an end to end fashion.

Biopsies were taken of liver and small intestine,
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PREPARATION OF TEST SOLUTION

a) Standard Solution

Code's modification of Tyrode's solution was used throughout
the experiments. - It was prepared as follows:

To make 4.0 litres.

Solution A:

To a 2.0 L., flask the following were added:

Glass distilled H20 500 ml.
NaCl 32 G.
KC1 (10% w/v) 10ml.
Ca012 (10% w/v) 6 ml,
MgCl, (10% w/v) 4 ml.
Dextrose 3.6 G
NaZHP04 0.2 G

o
| =

Glass distilled H20 to 2

Solution B:
To a 2.0 L. flask the following were added:
Na HCO 4 G.

3
Glass distilled H20 o 2.0'%.

Solutions A and B were then mixed. The pH of the resultant
solution was adjusted to 7.4 by the addition of 0.2 HCI.

b) Test Solution

On the day of an absorption test the following materials were
added to the standard solution:

Polyethylene Glycol (PEG) to a concentration of approximately
800 ml. %.

Radioactive sodium 24(Na) to a concentration of approximately

480 uc/1. 42 -
g Radioactive potassium (K) to a concentration of approximately

240 uc/1.
Deuterium oxide (D20) to a concentration of approximately 4.8 Gmi.
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Since Na and K have short half-lives, fresh supplies were obtained
weekly. The amount of each isotope to be added on a given test day
was computed from the known amount supplied by introducing correction
for radioactive decay.
REAGENTS
The radioactive isotopes were supplied as the chloride salts
of 24Na and 42K. dissolved in water at pH 6-8. Both isotopes had greater
than 99% radiochemical purification and were supplied by New England
Nuclear of Canada.
The deuterium oxide was obtzined from Merck Sharp and Dohme
Canada Ltd., Isotope Division, and supplied in lots having 99.7%
isotopic puxity,
Polyethylene Glycol 4000 (PEG) was obtained from BDH Canada
Ltd,

CARE OF THIRY-VELLA FISTULA

At weekly intervals following creation of the Thiry-Vella
Fistula, the fistulae were rinsed with 200 ml. of the standard Tyrode's
solution,

ABSORPTION TESTS

The dog was placed on its side on the restraint table and a
multiperforate catheter modified by having a balloon 16 cm, from the
tip ( Fig. 1) was placed into the afferent stoma, A second Foley
catheter was placed into the efferent stoma. Both balloons were
inflated with 2 = 5 ml, of liquid and retracted against the abdominal

wall to minimize leakage. (Fig. 2)
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Fig, 1

FIG, 1 A, MODIFIED MULTIPERFORATE CATHETER ( PLACED IN THE AFFERENT STOMA)

B. FOLEY CATHETER ( PLACED IN THE EFFERENT STOMA)
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Fig,., 2

FIG, 2 CATHETERS INFLATED IN AFFERENT AND EFFERENT STOMA
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A sample of the test solution was reserved for measurement of
PEG concentration., Exactly 10 ml, of the test solution was then
introduced via the afferent catheter and gently mixed with the intra-
luminal contents for one minute. A sample (1.5 - 2.0 ml.) was then
taken, This was the t = 0 sample and at this time a stop=-watch was
started. Similar samples were taken at approximately t = 10, 15, 20,
25, and 30 minutes, but the exact time of sampling was noted.

Adequate mixing was ensured by aspirating a greater amotnt
than was needed, re~-introducing the aspirate and then taking the
sample,

For each sample was recorded a) the time the sample was
obtained and b) the volume of the sample, For each sample 1,0 ml,
was transferred to a separate sealed vial for radioactive counting.
The remaining sample was also placed in a separate sealed vial,

Sampling continued until a large enough sample (= 1.0 ml)
could not be aspirated. At that time 100 - 200 ml., of standard Tyrodes
solution (rinse) was circulated through the fistula and the fluid
stored in a sealed vial.

The time at which the t = 0 sample was taken was recorded
for calculation of radioactive decay. During the test the animal's
body temperature was maintained at 37 © C by use of a heating pad
placed beneath the animal., All solutions were also maintained at

37 % c.
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DIRECTLY MEASURED DATA

The following were measured on each sample:
1) time of sample
2) volume
3) PEG concentration
4) Na concentration
5) K concentration
6) D 0 concentration
2
7) Two channel synchronous counting of radioisotopes

As well, for the sample of the test solution and the rinse
the PEG concentration was measured; also the volume of the rinse.

a) Radioisotope Counting

All counting was performed in the well of a thallium activated
sodium iodide crystal connected to a photomultiplier and a Picker
Nuclear Twinscalar II model 600 = 125, The following instrument settings
were used:

preset count 200 K
preset time 1,00 minute
Channel A

lower level range - 2
lower level control = 550
window = In

window width 200

Channel B

lower level range 4

lower level control 575

window In
window width 125
24

Preliminary isotope energy curves were plotted for Na and

42
K and the channel widths were chosen to include the main energy
20
peaks of each isotope, (Appendix) Each day samples were counted
24 42

separate 5 pC samples of Na and K were also counted. Background

counts were also obtained.
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For each sample synchronous counts were obtained on two
channels Ny = Channel A and N, = Channel B,
The time from t = 0 to the time of counting was determined
in hours for each absorption test.
Following the radioisotope counting the samples were sealed
and placed in a separate room for 2 weeks, Absence of radicactivity
was confirmed with a Geiger-Mueller tube and the samples released for
further analysis.
Each sample was then centrifuged at 3000 r.p.m., for 10 minutes
and the supernatent analysed for Na, K and PEG. concentrations,
b) Sodium Analysis
Sodium analysis was performed with a Unicam SP90 Atomic Absorption
Spectrophotometer with the following instrument conditions:
wavelength: 581 mu
slit width: 0.07 mm,
burner: acetylene emission head
burner height: 1.0 cm,
fuel: acetylene = pressure 10 1lb/in
flow 1 L./min,

pressure 30 1lb/in
flow 5 L/min

2

2

air

All operations were performed after an initial warm up time
of 30 minutes, The instrument was calibrated with freshly prepared
standards such that 100 m Eq/1, and 175 m Eq/1 resulted in spectral
absorbance of 117 and 977% respectively.
Following centrifugation 0.1 ml, of the supernatant was diluted
to 10 ml, with distilled water and mixed. The spectral absorbance
of this mixture was determined and by comparison with the absorbance
of the standard solution the concentration in m Eq/l, determined.
Laboratory control sera were also analysed.

(For calibration eurve see appendix)
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c) Potassium Analysis

The same instrument was used as in sodium analysis with the
following changes in instrument conditions:

wavelength: 766.5 mu
slit width: 0,09 mm,

Operation of the instrument was also similar except that
0.2 ml, of the supernatent was used and the instrument was calibrated
such that control standards of OmEq/l and 8 m Eq/l corresponded to
absorbance of 0% and 607% respectively., (For calibration curve see
appendix)

54
d) PEG Analysis
Into a 50 ml., Erlenmeyer flask containing 0.5 ml. of supernatant
the following were added:

5.0 ml, of distilled water
0.5 ml. of 10% w/v Ba Cl

2
1.0 ml. of 0.3 N Ba (0H)

2

1.0ml, of 5 w/v Zn SO .7 HO
4 g

Between each addition the contents were mixed by swirling the
flask. After addition of the Zn SO the flasks were capped with
parafilm and shaken vigorously thenalet stand for 10 minutes, The
solution was then filtered through double-thickness Whatman #42 filter
paper. From the filtrate, 1.0 ml, was transferred to 16 x 150 mm
test-tubes and the remainder sealed and reserved for D 0 analysis.

To the test tubes were added 3.0 ml. of gum arzbic solution
and the mixture gently agitated. Trichloracetic acid (4.0 ml of

30% w/v) containing 5% barium chloride was then added, the tubes

capped and mixed by inversion five times.
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The tubes were allowed to stand 60 = 90 minutes and the optical
density then measured using a Unicam SP 500 series 2 spectrophotometer
at a wave length of 650 mu and with a 12.5 mm. light path.

The optical density was compared to a previously constructed
standard curve and the PEG concentration determined.

95 83
d) D 0 Analysis
2
89

The filtrate from the PEG analysis was microdistilled and
the distillate placed in sealed ampoules.

The D 0 analysis was performed on a Perkin-Elmer Model 21,

2

double beam infra=-red spectrophotometer, Standard instrument settings
were:

pen speed - 5

path width - .2mm.

Gain = 4.8

slit width 250 microns

resolution 106.5

response 1

auto suppress 1 -1

scan 2650 cm "1 to 2450 cm

Matched CaF cells with spacers of 0.025 mm., were used.

2

Distilled water was used in the reference beam and the same cell was
used throughout for this beam., The cells, samples and machine were
maintained at 32 % and an on machine equilibration of 5 - 15 minutes
was allowed before a scan was performed.

Calibration curves were constructed from standards supplied by
Atomic Energy of Canada Ltd., Whiteshell Research Establishment. The
minimum percent transmittance in the scanning range was wused throughout.

Comparison of the sample per cent transmittance to the calibration

curve allowed determination of the sample wt % D20 (Appendix)
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DERIVED DATA

a) Correction for Sampling

Calculations were performed on an Olivetti Programma 101.
The total amount of PEG instilled was calculated from the concentration
of PEG of the test solution times the volume instilled (10 ml.). The
intraluminal volume of the test solution was computed by dividing the
PEG instilled by the PEG concentration of the t = 0 sample. The sample
size of the t = 0 sample times the PEG concentration was subtracted from
the PEG instilled to give PEG residual. Successive samples were handled
in a similar fashion allowing computation of the intraluminal volume
at the time of each sample. The final residual PEG was compared to the
PEG recovered in the rinse and the per cent recovery of PEG determined.
Multiplication of the Na and K concentration by the intraluminal
volume equalled the amount of Na and K in the intestine at the time
of sampling. To each value was added the amount of Na or K removed
in sampling allowing a measure of what these amounts would be had no
sampling occurred. Similarly the volumes were corrected by adding the
sample sizes to successive intra-luminal volume calculations.

b) Radioisotope Separation

Each time the samples were counted separate samples of 24Na
42
and K were also counted.
If N1 = counts from low energy channels (minus background) and
N2 = counts from high energy channels (minus background) then r (channel

24
ratio) is defined as N2/N1. For Na alone r has a distinctive value

m whereas the ratio for 42K 18 i



During sample analysis, N1 and N2 receive contributions from

2
both 241\1:-1 and % K, The physical ratio,

where I, = number of counts due to 24Na in N1,
and 12 = number of counts due to 42& in Nl allows separation of the
counts of each isotope,

A suitable program was written for the Olivetti Programma
101 to perform the calculations and arrive at separate c.p.m. for
24Na and 4ZK.

Each value obtained was then corrected for radioactive decay

using the relationship Ro = R

e —/nt
where R = cpm after decay
Ro = cpm at t = 0
/\ = disintigration constant ie
24
Na,h = ,046209
42
K A= .055898
t = time of decay in hours
c) Calculation of Flux Rates
Another program for the Olivetti Programma 101l was written to

compute insorption and exsorption for Na, K and H20 by the following

formulae:

40
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insorption === A - Ao _1n 9 A/ 0 Ao -1

S{/{PEG/
-1n[So{/ }E’EG]
o]

exsorption =£ = A - Ao in 6 A/ 0 Ao
/ t S PEG
'}:?cﬂ/jPEGa

where Ao = amount of substance at t = 0
PEGo = concentration of PEG at £ = 0
0Ao = specific activity at £t = 0

i.e. cpm./uEq/ of Na or K

wt % D20 for H,0

So = concentration of test substance at t = 0
t = time sample was taken
A = amount of substance corrected for sampling at t = t
PEG = concentration of PEG at t = ¢
OA = specific activity at t = t
S = concentration of test substance

T

EXPERIMENTATL DESIGN
At least 4 weeks following creation of the Thiry-Vella fistula
all animals underwent 3 absorption tests at the same time of day for
each animal and 1 week apart.
At the fourth week an absorption test was not performed but
the animals were randomly assigned to one of 3 groups,
Group A underwent laparotomy under pentobarbital anesthesia.
The intestine in continuity was divided 5 em. distal to the ligament
of Treitz and reanastomosed. This was the control group.
Group B also underwent laparotomy with division of the intestine
5 cm distal to the ligament of Treitz. The distal bowel was closed
and the bowel further divided 5 cm proximal to the ileocecal valve.
The distal end of this area was anastomosed to the proximal end at
the point of proximal division thus reestablishing intestinal continuity

and bypassing most of the small intestine. The bypassed small intestine
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was decompressed by leading the distal bypassed intestine through a
separate incision in the right flank as a matured ileostomy.

Group C underwent an identical operation to Group B except
the small intestine thus isolated was excised,

In all groups the Thiry-Vella fistula was not disturbed.

In the week following the operations all animals underwent
absorption tests in a fashion identical to preoperatively. The
absorption tests were repeated at weekly intervals for 19 weeks or until
the animal's death.

OTHER TESTS COMMON TO ALL ANTMALS

The animals were weighed at weekly intervals and a blood
specimen obtained for determination of total serum proteins,

The serum proteins were determined by adding 9.5 ml. of 287 w/v
of sodium sulfite solution to 0,5 ml, of serum. Two (2.0) ml. of the
mixture were transferred to a separate tube, 5 ml. biuret reagent added;
and the mixture allowed to stand for 30 minutes. The optical demsity
at 550 mu was determined on a Unicam SP 500 series 2 Spectrophotometer,
Comparison of this optical density to a similarly prepared standard
allowed determination of the protein concentration of the sample.

At the time of death or upon sacrifice all animals were
autopsied, Histological specimens were prepared from liver, Thiry=-Vella
fistula, and intestine 10 cm. proximal to the anastomosis.

For each animal the intestinal biopsies from a) time Thiry-Vella
fistula constructed b) proximal intestine at autopsy and c¢) Thiry=-Vella
fistula at autopsy were photographed at 10 x magnification. The villus

height was measured on the film in mm.
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STATISTICAL METHODS
For each dog the flux rates were analysed over the duration
79
of the study by an analysis of wvariance, The Duncan multiple range

79
test was used to detect any pattern of variability with time.

To assess the effect of bypass or resection upon the flux
rates a factorial analysis of variance was performed for a repeated
measures design, - The independant factor was treatment ie., sham,
bypass or resection. The correlated factor was date of measurement
ie. at weekly intervals pre or post-operatively. Dates having missing
values were analysed in two ways, ie. estimation of the value and
by excluding all other values on the date of the missing value.

To assess the effect on villus height an analysis of variance
was used to compare biopsy heights between dogs and groups, rather

than a paired t=test since the biopsies originated from different

sites within a dog but at approximately the same site between dogs,.
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RESULTS

A) CHARACTERISTICS OF TREATMENT GROUPS

1) Size of Group

Random allocation of 16 dogs to three groups resulted in five
dogs undergoing sham operation, five dogs undergoing resection and
six dogs undergoing bypass operations,

2) Time From Fistula to Treatment

There was no significant difference in the time interval
from creation of the Thiry-Vella fistula to either sham, resection
or bypass operations (unpaired t-test). The interval (mean * S,E.M,)
for the sham group was 37 i 3.7 weeks, while for the resection and
bypass groups the intervals were 37 L 3.6 weeks and 40 g 4,3 weeks
respectively,

3) Morbidity and Mortality

The sham animals remained healthy and there were no deaths
during the duration of the study., The mean weight for the group was
24,8 pa 1.63 Kg. énd did not change significantly with time, Total
serum proteins also did not change with time the overall mean being
6.4 - .21 Gm7.

In contrast the bypass and resected groups significantly lost
weight with time, falling from mean pre-operative weights of 21,1
t .29 Kg. and 19.1 : .32 Kg. to 11.4 p: «29 Kg, and 11.7 t .32 Kg. respect-
ively at 10 weeks postoperatively. The overall group mean of weights
of the bypass group was 15.2 X 1.63 Kg and of the resected group was

14.0 o 1.83 Kg. Both of these values were significantly different

from the value of the sham group. ( Table 1)



Total serum proteins in the bypass and resected groups also
fell with time, Initially the values in the bypass group were 7.1
b .27 Gm% falling to 4,5 % .27 Gm7 by the tenth post=-operative week.
Similar values in the resected group were 6,65 < .31 Gm% and 4,83
= .31 Gm%. The overall group means in the bypass and resected groups
were 5,27 t Gm% and 5.57 2 «24 Gm%. Again these group means were
significantly different from the sham group. (Table 2)

The fall in weight and serum proteins in the bypass and resected
groups was reflected in the clinical condition of the snimals,

Three dogs in the bypass group died of obvious malnutrition at 7, 12

and 16 weeks postoperatively., The three remaining animals were excluded
from the experiment and sacrificed at 12 weeks postoperatively on humane
grounds as they were weak and had developed ulcers.

Three animals in the resected group also died in the postoperative
period, One animal died during the first postoperative week of unknown
cause, The other two died of malnutrition at 16 and 22 weeks. The
remaining two animals were healthy for the duration of the experiment.

4) Pathology

All animals were autopsied. There was no gross abnormality of
any of the sham operated dogs. The intestine in continuity of the
bypass and resected group was dilated with grossly obvious mucosal
thickening, No ulcers were present in the gastroduodenal region,

The Thiry-Vella fistulae of all animals and the bypassed intestine of
the bypassed group was contracted and distinctly different from the

intestine in continuity.



47

Villus height as measured from biopsies obtained at the time
of Thiry-Vella fistula construction demonstrated insignificant
differences between groups. The over all mean height was .89 - .009 mm,
Following resection or bypass there was a significant increase in villus
height of intestine in continuity compared to the sham group. In the
bypass group the height was 1.63 t .063 mm, and the height in the
resected group was 1.55 23 2023 mm, The sham group had a height of
1.16 t o072 mm, Villus height in the Thiry-Vella fistula was unchanged
post resection or bypass, the mean height being .864 % .027 mm.
(Tables 9, 10, 11) (Figures 3, &, and 5)

Histological examination of the liver was normal in all animals
before and after sham, bypass and resection operations,

B) ABSORPTION TESTS - VARIABILITY OF MEASUREMENT

1) Analytical Technique

During sodium analysis by atomic absorption spectrophotometry
three control sera were analysed. The sample with a known value of
121 mEq/l. was calculated to have a concentration of 127 3 1.0 mEq/1.
The second sample with a predicted wvalue of 142 mEq/l was calculated
as a concentration of 145 £ 1,2 mEq/l. The third sample, a specimen
of human serum, had a calculated concentration of 144 b4 1.9 mEq/1,
Similarly control samples for potassium with predicted
concentrations of 6,0 and 4.5 mEq/l resulted in calculated concentrations
of 6.1 X .08 and 4.95 i .09 mEq/1, The control human serum had a

+
calculated concentration of 4.55 = .12 mEq/1.

2) Radioisotope Discrimination
24 +
The overall value of the channel ratio for Na was 0,598 - .0100
42
while the ratio for K was 0.006 L .0010.



Fig. 3 48

Villus Height = Before Treatment

SHAM RESECTION BYPASS

FIG, 3. ANALYSIS OF VARIANCE OF VILLUS HEIGHTS DEMONSTRATING NO SIGNIFICANT DIFFERENCE BETWEEN TREATMENT GROUPS,
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Fig. 4

Villus Height = Intestine in Continuity

SHAM BYPASS

FIG, &4 ANALYSIS OF VARIANCE DEMONSTRATES A SIGNIFICANT TREATMENT EFFECT ON VILLUS HEIGHT OF THE INTESTINE
IN CONTINUITY
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Fig. 5
Villus Height = Thiry-Vella Fistula

RESECTION B S

FIG. 5 ANALYSIS OF VARIANCE DEMONSTRATING NO SIGNIFICANT DIFFERENCE OF VILLUS HEIGHTS BETWEEN THE TREATMENT GROUPS,
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3) PEG Recovery
The recovery of PEG was numerically incomplete but not
significantly different between groups. For the sham group the mean
recovery was 83 53 1.47% while the recovery for the resection and bypass
group was 83 = 1.7% respectively.
| However at no time was leakage from the stomae of the fistula

observed to be greater than a few drops.

C) ABSORPTION TESTS - VARIABILITY WITH TIME

1) Sodium Fluxes

+
The overall group mean for insorption was 37.9 = 2.38 uEq/min./unit

length and the value for exsorption was 47.8 - 2,52 uEq/min,/unit length,
All dogs in each group demonstrated a significant difference with time,
The Duncan multiple range test also disclosed this variability but
failed to distinguish any pattern over the course of the experiments,

In other words the variability was random.,

2) Potassium Fluxes

+
Insorption of potassium occurred at a rate of 1.39 - .085 uEq/min/

unit length while for exsorption the value was 2.05 & .095 uEq/min./unit
length, Statistical analysis disclosed a random variation of both these
values with time,

3) Water Fluxes

Insorption of water was found to be 0.85 t 0.036 ml/min./unit
length and the value for exsorption was 0,90 ¥ 0.036 ml/min/unit length.

Both of these values also displayed a significant random variation with

time.
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D) ABSORPTION TESTS = VARIABILITY BETWEEN GROUPS

1) Sodium Fluxes

Insorption of sodium in the sham, resected and bypassed groups
was 43,3 L 3,98, 32.2 i 4,45 and 38,1 I 3,98 uEq/min/unit length
respectively., These differences are not statistically significant
(Table 3)

Exsorption of sodium in the sham, resected and bypassed groups
was 50,6 5 4,29, 45.6 5 4,78 and 47 .6 t 4,29 uEq/min/unit length
respectively., These differences are also not statistically different,
(Table 4)

2) Potassium Fluxes

Insorption of potassium in the sham, resected and bypassed
groups was 1.48 b 0.143, 1.44 : 0.160 and 1.24 s 0.143 uEq/min/unit
length respectively. These differences are not statistically significant.
(Table 5) Exsorption of potassium in the sham, resected and bypassed
groups was 2,2 £ .16, 2.03 ¥ .18 and 1.93 T .16 uEq/min/unit length
respectively. These differences are not statistically significant
(Table 6).

3) Water Fluxes

Insorption of water in the sham, resected and bypassed groups
was 0,80 z .061, 0,88 s .068 and 0.87 3 .061 ml/min/unit length
respectively. These differences are not statistically significant.
(Table 7)

Exsorption of water in the sham, resected and bypassed groups

was 0.86 T .060, 0.95 T .067 and 0.91 £ .060 ml/min/unit length respectively.

These differences are not statistically significant. (Table 8)
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DISCUSSION
A) ANALYTICAL TECHNIQUES

When dealing with derived functions every effort must be made
to reduce the error of measurement as even small errors in measurement
will introduce marked variability in the derived answer. °

In this study the greatest sources of variability in measurement
were in the discrimination of the radioisotopes of sodium and potassium
and the determination of PEG concentrations.

Since the contribution of 421{ to Channel B was small the channel
ratio n exhibited high wvariability. The ultimate effect of this
variability may be ascertained with a multiple sampling technique using
the statistical tools of analysis of wvariance.

. However since the measurement of potassium fluxes added little
information the present study would have been improved if potassium
fluxes were not measured,

A more serious source of error was in the PEG measurement. The
volume marker is the cornerstone for all further measurements and errors
in PEG measurement would affect all the calculated flux rates. Incomplete
recovery of PEG may be caused by adsorbtion of PEG in the loop, unobserved
leakage of test solution or imprecise analytical techniques. Leakage
around the catheters was never observed in quantities greater than a
few drops but as this leakage wee¢ not quantitated it remains a possibility.
Adsorbtion of PEG has been investigated by others and not thought to

52
oceur.,
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The most likely cause for the low recovery of PEG in these
experiments was in the analytical technique. Turbidimetric measurements
are always imprecise even though Malawer's method of stabilizing the
emulsion reduces analytical error. a In addition the graph of PEG
concentration vs, optical density is non=-linear at low concentrations.
(Appendix) Since the final measurement of PEG in the rinse used to
detect the remaining PEG not removed by sampling, was always of low
concentration, the nonlinearity of the curve introduced significant
error. This error could not be corrected by altering the dilution of
the test sample during PEG analysis.

However if the low recovery of PEG in this study only reflects
the difficulty of measuring PEG in the rinse, then this error would not
affect the eventual calculation of fluxes, Recently radioactively
labelled H C=-PEG has been introduced and found to eliminate these
errors in the turbidimetric measurement, 28 This substance is the
obvious choice for future experiments and will serve to clarify these
difficulties.

B) VARIATIONS IN FLUX RATES WITH TIME

Berger has previously noted that the flux rates in Thiry-Vella
fistulae of dogs vary significantly with time., He found a coefficient
of variation of 25%. !

In the present study the result of variation with time and
variation between animals was a coefficient of variation of approximately

60%. The result of such a great variation is to make it difficult to

detect any other source of variability during chronic experiments.
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Any experiment which did not have a large number of observations with
time, and an estimate of the magnitude of such variation, would be
liable to interpretation of such variation as being due to treatment
effects.

The present experiment quantitated this source of variability
in an effort to eliminate such errors,

C) EFFECT OF MASSIVE SMALL BOWEL RESECTION OR BYPASS

Massive loss of intestinal absorptive surface area results
in systemic and intestinal changes.

As in the present study the animals lose weight and as‘a
measure of caloric insufficiency become hypoproteinemic, These results
are progressive until a plateau is reached when net absorption improves.

Clinically dogs undergoing bypass operations fared less well
than the resected group. They were so cachectic and weak it would
have been inhumane to persist in including them in the experiment.

The resected group were always more active even though by objective
parameters of weight and serum proteins the magnitude of the absorptive
deficit was identical in the two groups.

Nevertheless in all dogs in both the resected and bypassed
groups there was gross anatomic and histologic evidence of adaptation
of the bowel in continuity.

In no animal, however, was there evidence of such hypertrophy
in bowel that was not in continuity.

Many investigators have previously demonstrated that accompanying
the villus hypertrophy of the adaptivelgesponse there is a functional

compensation of increased absorption. It is reasonable to suppose

that the intestine in continuity of the bypassed and resected dogs
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would have demonstrated this increased absorption,

The defunctioned bowel (Thiry-Vella fistula) was not demonstrated
to undergo any functional adaptation., Recognizing that lack of statistical
change does not mean that no change occurred, only that observed
differences could be accounted for by the variability with time, the
lack of anatomic adaptation lends support to the conclusion that
functional adaptation did not occur,

Since the Thiry-Vella fistula retained its mormal blood supply
a hormonal factor mediating the adaptive response is unlikely. There
is no direct evidence that this portion of the intestine retained normal
innervation so any neural involvement in the adaptive response is still
possible, but since the nerves in this area follow the blood vessels, >
a neural component is also unlikely.

Tilson and Wright » believed that the adaptation of bypassed
terminal ileum which they observed following small bowel resection
resulted from hormonal factors., However the bypassed ileum was still
connected distally to the colon and thus was not completely defunctioned.
In addition the ileum is known to respond to E.C.F. volume depletion
by villus hypertrophy, % presumably as a result of aldosterone. 73
Since such a reaction does not occur in the jejunum, r a jejunal
loop would not be sensitive to such a stimmlus. The operative procedures
and their sequelae of the present study presumably represented a stimulus
to aldosterone secretion and the lack of change in histology or flux
rates is compatible with the conclusion that the changes observed by

Tilson and Wright were due to aldosterone.

The inescapable conclusion of this study is that the factor
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or factors responsible for the adaptive response are in, or act via,
the intestinal lumen. Glucose and water are not likely agents since
the Thiry-Vella fistulae received regular, although intermittent,
supplies of glucose in the test and rinse solutions.

Furthermore, Wilmore and Dudrick, H0 noted hypertrophy when
their resected animals received nutrition intravenously, However it
is possible that some specific substrate, not supplied in the present
study, and supplied unknowingly by Wilmore and Dudrick is essential
to trigger the adaptive response,

In the light of the present study, Altman and Leblond's
observations and their postulation of the presence of a villus enlarging
factor in the pyloro-duodenal region gain added importance. Such a
substance originating proximal to jejunum, would explain all the
observations of the present experiment. This substance would not be
present in the lumen of a Thiry=Vella fistula; nor in the bypassed gut,
hence villus hypertrophy would not occur, in these segments, Indeed
neithzr hypertrophy nor absorptive compensation did oecur,

Of course such a substance may not act in isolation. Following
massive resection or bypass, villus height is increased far beyond
normal limits,

Nevertheless the indisputable fact remains that whatever is
occurring in the lumen of the intestine is the 'sine qua non'" of the

adaptive response and should be the area of future research.
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Table I:

Table I

60

Factorial Analysis of Variance - Dog Weights

Source of Variation a.£f. SS.
Treatment 2 3904.7
Exrror I 11 1758.1
Dates 11 600.4
Trt. x Dates 22 336.4
Error 2 121 49.2

Error due to approximation 116.6

Total 167

*k = p<'01

6765.3

M.S. F

sk
1952.3 12.22

159.8

e
54.6 134.2

ek

15.3 37.6

.407

ANOVA for dog weights from week 1 to 13, excluding week 3 (missing

There is a significant difference between treatment groups and between

A significant interaction between treatment and dates is also present.
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Table 2

Factorial Analysis of Variance - Serum Proteins

Source of Variation [ 7% i3 Bl M.S. B

Treatment 2 37.4 18.7 r.e ™
Error I 11 26.98 2.45

Dates 10 58.91 5.89 15.88

Treatment x Date 20 9.36 .468 1.26

Error 2 110 40.8 +371
Error due to approximation 3.59
Total 153 177.02

ok = p{ 0L

Table ANOVA of serum proteins to week 13 excluding weeks 1 and 3 (missing
values). There is a significant difference between the treatment groups

and with time.



Table 3 (a)

Factorial Analysis of Variance - Insorption of Sodium

Source of Variation d.f. 5.8,
Treatment 2 2266
Error I 11 6955
Dates 7 3579
Treatment x Dates 14 1926
Error 2 77 17260

Error due to approximation 94.89
Total 5 19 X 32085

*=pg .05

.96

.89

.49

.99

.88

.05

M.S.
1133.48

632.35
511.34
137 .64

224 .17

62

1=

1.792

2.28

.614

Table 3 (a) ANOVA for insorption of sodium to week 12 excluding weeks

2,6,11 and 12. There is no treatment effect but there is significant

variation with time.
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Table 3 (b)

Factorial Analysis of Variance - Insorption of

Sodium with Estimation of Missing Values

Source of Variation d.
Treatment 2
Exror I I |
Dates 11
Treatment x Dates 22
Error 2 117

to approximation 360.34

Total 163

* = p <.05

a8,
1347 .47
8890.73
4877 .29
4759.46

23200.92

43436.21

M.S.
673.7

808.25
443,39
216.34

198.29

€3

1=

0.834

%

2.24

1.13

Table 3 (b) ANOVA for insorption of sodium with estimation of missing

values. There is no change in patterns of significance compared to

table 3 (a).



Table 4

Factorial Analysis of Variance - Exsorption of

Source of Variation

Treatment

Error 1

Dates

Treatment x Dates

Error 2

Error due to approximation -

Total

* = p <:.05

Sodium
2 510.99
11 9058.74

8 6041.44
16 3700.46
88 21017.52

56.70
125 50272.45

Table 4: ANOVA for exsorption of sodium.

M.S.
255 .49
823.52
755.18
231.28

352.47

F.

.310

2.143 *

.656

There is no difference

64

between treatment groups but there is significant variation with time.
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Table 5

Factorial Analysis of Variance - Insorption

of Potassium

Source of Variation diE. 5.5, M.S. F

Treatment 2 1.29 .643 .786
Error I 11 8.99 .818

Dates 7 13.45 1.92 4,66 **

Treatment x Dates 14 7.9 .567 1,38
Error 2 77 31.76 412

Error due to approximation
Total 111 .805

*% = P <_01

Table 5: ANOVA for insorption of potassium. There is no difference
between treatment groups but there is significant variation with

time.



Table 6

Factorial Analysis of Variance - Exsorption of

Potassium
Source of Variation d.E. S.5. M.S. F
Treatment 2 2435 .676 .663
Error I 11 11.21 1.02
Dates 7 12.95 1.85 3.39 %%
Treatment x Dates 14 6.16 439 .807
Error 2 ¥ i 41.97 .545

Error due to approximation .685
Total 111 74.33

%k = p< .01

Table 6: ANOVA for exsorption of potassium. There is no
significant difference between treatment groups but there is

significant variation with time.

66



Table 7

Factorial Analysis of Variance - Insorption

of Water
Source of Variation d.f. 5.5, M.S. P.
Treatment P 2 . 189 .095 .509
Error I 11 2.05 .186
Dates 9 1:33 .148 2.26 *
Treatment x Dates 18 .576 .032 498
Error 2 97 6.35 .066

Error due to approximation .05

Total 137  10.55

Table 7: ANOVA for the insorption of water. There is no
significant difference between treatment groups but there is

significant variation with time.
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Table 8

Factorial Analysis of Variance - Exsorption of

Water
Source of Variation d.f. 5.5. M.S. F
Treatments 2 .183 .092 .506
Error I 11 1.99 .181
Dates 9 1.399 .156 2.17 *
Treatment x Dates 18 .654 .036 .516
Error 2 97 6.96 .0718

Error due to approximation .027

Total 137 11.22

*=pg{ .05

Table 8: ANOVA for the exsorption of water. There is no significant
difference between treatment groups but there is significant variation

with time.
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Table 9

Analysis of Variance - Villus Height of
Pretreatment Intestinal Biopsy

Source of Variation d.£; 5.8 M.S. F
Treatments 2 1.39 .697 469 (n.s.)
Dogs 11 16.34 1.49

Total 13 17.73

Table 9: Analysis of variance of villus heights demonstrating

no significant difference between treatment groups.
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Table 10

Analysis of Variance of Villus Height

of Intestine in Continuity

Source of Variation d £ S.S. M.S. F
Treatment 2 58.24 29.12 31.49 #*
Dogs 11 10.17 +925

Total 13
*#* = p .01

Table 10: Analysis

of variance demonstrates a significant

treatment effect on villus height of the intestine in continuity
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Table 11

Analysis of Variance - Villus Height of

Thiry-Vella Fistula

Source of Variation d.f. 5.8, M.S. E.
Treatment 2 .055 .027 011
Dogs 11 28.14 2.56

Total 13 28.19

Table 11 Analysis of Variance demonstrating no significant

difference of villus heights between the treatment groups.
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OPTICAL DENSITY
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Dog
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DERTVED DATA - UNANALYSED

VILLUS HEIGHT mm x 10
DOG PRETREATMENT  INTESTINE IN THIRY-VELLA
BIOPSY CONTINUITY FISTULA

9 9.8 10.5 8.5

11 9.5 13 V=]
SHAM

15 9.0 125 9

17 11.1 12 10

21 7 10.2 7.8

5 8.1 15 6

6 8 15.2 9
BYPASS 10 8 16 9.5

12 10 16,5 12

19 10 15 7

22 - - 745

8 7ab 15.5 8.5

13 8.2 175 9.2
RESECTION 14 - excluded - early death

18 8.5 16 9.5

20 9.8 16 715
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DOG

#

10

12

22

19

21.4

21.9

22

22,3

17.8

19.5

21.7

21.4

22

24.5

17.8

20.5

21,3

21.6

24,5

17 .4

19.4

16

17.8

17.8

19.6

13.4

15.8

14.9

17.5

16.7

19.5

12,6

14,5

14

16.7

16

18.8

11.8

13.3

13.1

16.2

15.4

17.8

11,4

13.3

12.7

15.1

13.9

17.2

10,9

12,1

12,2

14.7

13.8

16.5

10.1

10.4

11.6

14.5

13.4

15.8

9.9

died

11.1

13.8

12,7

15.2

9.1

10.5

12.1

11.8

15.1

9.0

BYPASS

10

9.9

12,0

11.6

14,4

9.0
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DOG
i

10

12

22

19

11

9.6

11.7

L2

4.4

D
12

D
13

- reconnected

10.8

= reconnected

13.9

died

resected

14

11,0

15

11.0

WEIGHT

D
16

10.7

17

10.6

18

9.2

19

9.5

20

died

BYPA

D

SS CONT'D

21
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DOG

13

18

20

14

19.1

19.8

16.7

20,6

22,6

19.3

19.8

16.4

20.6

22,6

19.3

20.1

20.6

22

16.4

16.2

11.6

17.6

died

15.5

15,7

10.9

17.1

14.8

14,2

10.6

16.4

WEIGHT

D
4

14

13.7

10.7

15,9

13.2

12,9

9.3

15.5

13.2

13,1

11.2

14,8

13.1

12,1

8.8

14 .4

13

11,9

8.4

13.4

RESECTION
D D

9 10
13.4 11.8
11.7 11.6

7.9 8.4
13.8 13.8



‘13

18

20

14

11

12.6

11

8.4

1321

12

12.4

11,6

805

12.6

13

11.6

11.1

died

13.5

14

11.2

11

12

15

12.1

10.6

11.5

16

11

i1

10.6

17

10.2

10.8

9.6

WEIGHT
D D
18 19
9.9 a1 959
10.7 9.4
died

11.3

21

10.8

10.9

22

10.7

10.4

RESECTION CONT'D

D D
23 24
9.2 9.5
9.8
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DOG

i#

11

15

17

21

23.2

32,2

19.4

23.3

23.8

24,6

32.6

19.4

26.8

24.3

24,6

32.6

18.9

23.5

22.7

33

19,1

24

22.8

22,2

32.8

19.2

25.3

23.2

20.1

32

19.2

25.3

23.8

21.6

34.2

19.3

25.6

24,2

WEIGHT

21.8

33.3

20,2

25.6

23.1

22

34,2

20.1

26

24,6

22,1

34

20.4

25.6

23.8

22.3

34 .4

20.2

25.8

23.2

22.2

34,3

19,6

25.4

10

22,52

34.4

18.8

25.3

23.6

SHAM

11

22

35

19

25

23,7
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DOG
i

g §

15

17

21

12

22.5

34.8

18.9

26

23.7

13

22.1

34.2

19.3

26

23.6

14

21,9

35

18.8

25.2

23.8

15

21.4

34.3

17.9

26.3

23.9

16

21,3

34

17.1

25,1

23.2

17

21.2

33.8

18.4

25,2

23.2

18

20.9

33.2

18.3

23.7

23.7

WEIGHT

19

19.7

33.1

17.3

26.6

24.6

20

20,7

33.6

20.6

26.7

25,1

21

21.1

33.8

20.1

25,7

23.6

D D
22 23
20.9 20.9
34 34,2
19.4 19.2
24.8
23.7

24

21.2

33.5

SHAM CONT'D
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DOG
#

13

18

20

14

6.3

7.4

6.4

6.5

7.4

6.2

6.6

7.2

7.0

died

6.2

6.2

55k

6.0

6.1

600

3.9

5.3

PROTEINS

D
4

5.8

4.8

4.5

5.5

4.9

51

bb

99

5.3

5.8

6.1

6.1

5.3

5.7

4.1

5.9

5.7

500

4.1

6.6

RESECTION
D D

9 10
Bl 5.2
4.8 4.6
4,6 3.9
6.1 5.6
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DOG

13

18

20

14

i

11

53

4.8

4.6

5.7

5.7

12

5.0

4.4

died

6.0

6‘0

13

5.8

4,7

5.0

14

5.4

4.6

5.4

15

4.4

4.6

5.7

16

e

4.1

5'5

PROTEINS

D
17

5.2

4.2

5.6

18

4.8

5.5

died

19

4.6

4.8

20

540

4.9

RESECTION CONT'D

D D D
21 22 23

5.5 5.4 5.9

4.6 6.0 6.0

24

549
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DOG
#

10

12

22

19

7.8

6.3

7.5

7.0

6.8

7.8

6.6

5.7

7.4

6.2

7.8

5.3

5.6

5.5

5.?

5.6

6.8

6.4

5.1

4.9

5.0

4.9

4.8

5.0

4.6

4.7

4,2

4.7

PROTEINS

3.9

A

4.8

4.6

4.9

4.4

5'0

5.2

4.4

4.1

5.4

4.7

5.3

5.0

4.8

5.6

died

4.8

5.5

5.2

4.7

4.1

4.0

5.2

5-4

4-3

3.9

BYPASS

10

A

5.1

5.0

4.1

3.9

£l

4.2

5.4

5.4

4.5

12

4.6



9%

DOG
i#

10

12

22

19

13

4.9

14

5.4

15

4.8

16

5.1

17

4.6

PROTEINS

D
18

5.7

D
19

5.3

BYPASS CONT'D
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DOG
#

11

15

17

21

6.9

9.4

6.5

6.4

7.6

7.0

8.6

7.2

6.3

6.7

6.4

7.4

7.2

5.6

6.3

6.8

7'5

7.0

5.2

5.8

5.9

8.1

J:3

6.1

6.6

PROTEINS

4.7

6.0

6.0

6.1

7'1

5.8

6.3

6.4

6.3

7.4

6.2

6.2

6.6

5.4

6.1

6.4

1.5

6.1

5.3

6.1

545

7.l

6.1

5.7

6.0

10

5.9

6.4

5.4

5.8

6.3

SHAM

11

5.7

6-5

6.1

5.1

6.3

12

6.0

7.0

5.2

5.9

5.2
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DOG
#

11

15

17

21

5.7

5-5

6.1

14

5.9

7.2

5.1

5.8

6.3

15

5.2

6.4

5.3

6.2

6.0

16

5.8

7.2

5.5

5.6

17

5.3

6.7

4.9

5.5

5.6

18

5,2

5.9

5.4

4.6

5.5

PROTEINS

19

5.5

4.7

L |

6.0

6.4

20

5.l

5.4

6.7

6.6

6.3

21

6.7

7.3

6.2

6.2

7.9

22

6.1

8.6

6.2

6.3

6.4

23

6.2

6.8

6.5

SHAM CONT'D

24

5.7

5.9



DOG a SHAM
# i Ll I D D D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 3 9 10 11
25.28 57.89 42,17 111.52 22.32 - 42,42 37.95 26.73 3.56  35.81 = 5.17 12,28
11 32.54 47.40 87.00 - 36.86 - 51.86  39.75 30.48 26.50 25.93 = 17.26  18.92
35.68 72.29 = - 30.48 - .52 - 42,15 28.39 36.34 - 26.32 43,80
- 21.84 = - 24,62 - - - 29,70 17.98 35.60 = 24,06 75.15
21 53.15 31.86 48,52 36.14 76.55 39.74 56.44 19,14 16,76 31.77 28.50 37.12 20,21 =
89.08 44.66 54,58 22,09 69.89 59.47 - 45,55 41,20 28.48 25,04 23,46 18,52 =
66.04 48,60 50,74 28.32 = 52.70 - 46.48 48,41 34,67 40.47 21,14  29.35 -
- 63.16 56.70 = - 36.06 - - 36,21 30.50 38.62 22,12  37.95 =
- - - - - - - - - - - 18,31 - -
17 6.12 40,73 33.51 66.24 52,58 17.59 62.59  36.59 34.73 29.47 - 19.17 6.98 7.39
17.86 52,31 49,21 66.46 33.34 18.60 62.06  46.58 29.87 36.87 - 27.41  21.86 -
6.35 36.39 = - - 36.52 58.84 50,27 28,68 55.75 - 17.23  36.83 -
- 30,07 - - - - - 35,61 - 44,93 - - 16,35 -
51.74 28,72 77.89 55.92 42.07 42,59 33.61 13,28 13.03 45.33 35.20 21.66 - 15.13
_ 35.21 32.57 78.56 72,13 40,30 41.20 - - 7.79 57.85 27.83 46.72 9,56 43,72
37.57 - - 98.85 32.66 29,04 - - 21,68 165.99 27.21 112.85 8,43 41,75
- - - - 29,74 - - - - - - - 7.03  30.05
29,58  7.80 20.33 24,38 24,08 21,90 35,17 23,83 21,48 18.62 - 29.96  15.81 5.27
i 37.55 29.86 22.92 32,87 17.65 = 36.87 16,45 46.03 62.91  6.47 25.88 24,80 20,97
40,15 39,99 32,98 14,12 23,97 - 42,02 30.95 37.45 27.76 32,87 49,13  16.58

38.78
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DOG N
i D D D D D D D
12 13 14 15 16 17 18 19 20

SHAM CONT'D

T

13.13 23,96 19.55 16,68 17.30 9.76 44,98 23,34 32,18
il 1 17529 11,31 13,30 19.85 13.83 25.60 11.58 29.34 23.86
29,64 68,72 3.23 33,08 13.86 25.28 20.70 41,76 81.39
25.91 14,77 - 22,51 24.85 24,48 24,76 36.95 33.40

23,22 20,10 19,55 = =

18.16 53,56 10.48 11,17 32,70 12,07
21 42,06 50.38 12,36 22,81 34,11 21,38

54.05 82,73 11,00 35.54 33.74  28.47

94,68 = 23.07 33.88 40,10
- - - 33,70 26,19
10.60  46.99 24.55 37.20 - 24.53
17
27,19  53.32 39,08 34,75 - 24,58
27.44 - - 44,55 - 24,43
30,91 - - 42,18 - 15,22
13,37  46.88 - 28,88 27.71 - 23,96

15 10,81 23.78  3.44 25.29 - - -

35.37 29.47 10,93 39.51 - - -

26.49 20,01 = 32,84 = 55,15 =
2,03 27.59 19,41 40,00 = 4,87 17.80 8,00
2 1,05 33,81 17.19 = 11.73 11.26 17.74 8.76
9,23 24,19 33,98 = 22.84 11.45 22,65 24.36
a an 277 07 - o 29 817 .7 72 18 .47 20n.592
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DOG Na e RESECTION
F £ Y D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9 10
12,49 55.46 17,56 44,91 37,06 44,78 28,08 38.57 44,04 19.64 60,65 81,82 =
8 25 31.46 29,31 41.64 22,39 40,57 27.05 22 27.44 27,78 98.5 44,87 =
- 34,02 = - - - 27 .68 19,11 36,05 41,87 - 19,29 =
g - - - bt - - - ZSDgi - - - "
80,89 18.85 50,53 54,18 36.92 26,49 40.22 18,77 38.28 27.70 46.69 20,61 14.19
43.43 26,64 60,76 = 30.43 35.99 48.49 18,38 28,43 22,99 36.77 28.25 12,27
59 32,26 58,75 - 56,71 27.85 35.07 32,55 27.217 23,27 36,48 27.11 11.48
13
- 27.32 = - - 26.75 = - 23.8 23.72 - 31.72 -
55.02 31.68 31.11 24,50 42,52 ~ 19.27 27.8% 26,06 10.75 41,64 26.85 44.36 31.71
45 .48 33,68 31.19 33.23 31,54 18.54 20.78 25,21 13,73 33.47 33.49 28.28 31.03
41,02 25,6 33.47 42,75 29.62 28,35 28.4 24,18 18,26 32.51 44,81 33,05 2057
18
38,59 31,7968 26,77 - = 33.44 19,3 21,52 19,88 = 24,86 19,6 -
19.89 29.8L 50,01 20.92 22,21 16.52 52,32 10,49 18.82 32.19 9,22 17.03 25.72
30,24 22,78 28.83 19.89 = 25,833 = 16,93 24,37 31.99 9,44 27,06 17.78
20 18477 20.48 24,19 - = 28,71 = 29,61 30.22 33,34 31.36 30.50 26.77
30,05 19,11 = - - - - - 5.84 33.97 19.16 =~ =
251 . = - - - - - 13,74 = - = -
20,71 14,86 41,02 = - - - = - - - - -
30.6 13,69 33.4 =
21.44 = 32,23 died -
29.42 = 28,41 -

14
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DOG Na RESECTION CONT'D
# D D D D - D D D D D
11 12 13 14 15 16 17 18 19
28.12 5.38 1128 26.95 44,06 - 31.01 26.78 25.99
39.4 10.79 10.2 - 28.36 - - 60.33 50.4
8
34.68 18.3 - - 17.56 - - 15.99 33.17 died
- 15.01 - - - - - - -
13 18.41 10,93  5.84 36.17 4,12 26.05 30.34 24,24
15,23 34,81 17.01 10.18 13,18 26.85 21,2 25.6
19.47 35.5 5.28 27.12 11,62 6.79 26.13 30.15
18.58 19.36 4,96 22.56 15.88 10,08
17.4 - - 15.4 13,74 - - -
15.26 3.50 - - - - - -
18
20.49 7.20 - - - - - -
20.01 13,22 died
11.42 11.26
10.64  4.14
14,1 8.52 12,38
26.01 - 22,8
20
21.93 - -

24,94
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DOG A BYPASS
# 1 1 I D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
- 31,48 13,29 41,37 45,26 20.87 9732 32.14 18,37 22,26 20.39 11.38
- 30.36 22,34 54,42 34,88 69.34 36.03 47 .65 24,53 19,93 16,21 25.49
5
38.24 31,12 26.86 36.64 - 27.83 - 34,4 26.34 30.6 17.32 -
- 21.84 27.08 - - 32,17 - 63.3 - 26 - 25,31
- - 30,95 - - - - - - - - -
27 .94 10,79 18.2 54,62 18,95 31,68 19,87 30.45 27.05 31 19.02 31,21
23.71 38,16 22,57 - 26,93 29.4 28 .48 36,94 28.23 23.4 22,6 20,07
6
16.57 18,42 19.88 - 30.51 79.86 47.18 24,69 - 37.56 21,39 28.76
- b - - b i - 39954 29.15 - = 23-96 29064
25,07
32.35 51,37 46,99 42,93 15.26 36,37 42,68 37.02 29,96 18.07 11,92 36,03
10
34,21 27,95 50.54 46,67 23,47 17.32 68,93 - 38.22 12,24 27,01 39,47
28,99 26,31 32.91 38.50 35.03 23,2 86,93 - 39,61 20,14 71,55 29.91
- - 45,09 - 30,69 - 45,92 - - 16.32 - -
- 71.54 67.51 65.14 55,02 67.39 44,33 75.52 48 .4 32,3 15,42 48,99
59.44 27.55 = 70.07 61.49 - 54,01 53.91 94,02 47 .54 - 59.36
12
- - - 44,69 - - - 48,51 51.3 - - 57.08
65.13
29,22 - 38,48 31,98 39.44 13,65 33,04 - 14.5 31,04 7 .45 28.84
30,32 - 25,53 34,7 34,41 57.11 26 .44 - 11.05 - 10,79 10.8
22 35,93 - - - 28,07 - - 36.42 13.99 - 21.53 10.69
44,86 18,65 5.8
16,6
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DOG Na X
i D D D D D D D
10 11 12 13 14 15 16
19.99 8.7 T'e82
15.55 24,31 10,21
5
21,312 18.15 14,21 sacrificed
38,04 24,27 17 .66
5.68 16-3 40082 - 19.05 27o99 25081
1772 195 36.13 - 21.:87 33.14
- 27 41 .41 - 20,65 - -
6
. 23 25,87 - - - -
15.85 31,83 29,35
14,35
10 2191
14.2 sacrificed
- 29 23,18
13.58 _14.18
12 20.41 19.54 resected
27 .45
10.5 17.8
16,9 21,59
22 26,68 14.6 died
15,05

10,15

died

BYPASS CONT'D
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DOG Na - B BYPASS
i T I I D D D D ' D D D
1 2 3 1 2 3 4 6 7 8
85.93 33.65 21.41 51.77 49,65 45 53.26 56.05 39.61 31.9 23,79
30.72 38.75 58,8 32.64 79.58 60,24 8525 39.94 36.45 25.85
5
37.91 37.712 45 .4 47 .97 44,55 38.61 39.72 23.31
31.8 36.64 45,79 69,32 34,66
39,46
42,36 24,5 25.83 88.3 43,02 50,19 36.18 28,7 31,83 29,64 24,15
48,13 63.41 35.9 - 48.58 40,3 48.94 34,86 34,18 31,94 48.16
6
37.28 58.46 29,59 - 48,66 85.21 57.82 21.33 - 41,03 44,79
49,29 25 .58 41,19
39,28
28,1 55.29 57.78 37.97 24,68 36.65 65,98 50.95 43,07 24,48
10
38.15 25,49 55,54 42.0 39.9 29,73 77.92 - 53,22 25,64 15,65
23.38 23.56 39.86 32.45 44,77 35.51 92.93 - 46,89 32.95 34,82
94,25 54,68 39.4 53,18 26,95 74.19
55.49 64,26 58.35 62.75 37.23 D209 SLl. 14 75.76 34,8 56.79 26.3
32.24 - 64,75 46,77 - 8L.17 57.03 90.73 62 .64 B
12
37.92 51,38 44 77
30.0 - 40,97 45,21 30.88 35.16 37.27 38.92 33.24 64,53 9.4
25.07 - 24,18 47,35 27 .29 62,95 31.43 46.12_ 28,88 - 28.83
22 32.34 - - - 16.12 - - 15.42 28,78 - 38,35
42,43
64 .4 45,9 31,92 35.73 39.51 43,85 - 47 .79 38.19



DOG Na - B
i D D D D D D D
2 12 13 14 15 16 17 18 19
L 35.23 25.82 329 23.44
59.66 207 % I | 33.8 26,92
5
55.29 32,03 27 .14 275
46.9 32,45 28,96
35.54 13.41 29.73 59,13 32.35 48 .95 45,5
56.49 27 .11 34.83 531,01 49,92 48,1
6 63,59 32.91 38.58 53.9 43,88
60 .4
59.46 - 37 .27 40,02
35.715 8.98 49,54 26.02
47 .56 18.22
10 35.35 - - 21.09
- - - 27.0
118,19 - 26.46 43,86
113,89 - 20,72 3737
12 94,49 - 23.34 33.91
96,17 - - 40,02
22,28 15,32 32,04
16.71 19,95 32.54
22 14,79 28.9 32,44
13.79 - 32.07

129.473

BYPASS CONT'D
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DOG Na B SHAM
# I I I D D D D D D D D D
1 - 3 1 2 3 4 5 6 7 8 9
54,25 36.77 23.13 22.88 14.01 36.16 44,89 12.44 34,01 1937 22,2 25,01
9 53,83 48,22 31,06 27.79 21,37 - 48,83 29.36 58.37 61.47 36.88 46,78
50.09 55.19 38.61 15.44 28,78 - 51.62 38.67 50.95 34.68 - 58.32
21,22 48,38 32.3 63.86
44,96 58.03 50,8 117.82 34,25 - 66 .65 51,91 8.21 46,39 - 28.39
49.08 53-85 90024 - 4‘? .84 - 65.9 48013 35 .62 42-08 - 49
11 48,86 79.42 - - 41,65 - 58.4 59,95 35.17 46,72 - 44,56
27.0 36,05 60,32 53.83 30.26 45,46 47,21
62,93
44,06 30.6 66.75 76.26 47 .89 52,62 43,85 L1132 6.52 62.33 30.03 16.2
37.79 19.49 64,83 83.81 49.08 36,57 - - 1379 72.4 32.18 43,55
i5
42,83 - - 105.19 41,49 31.19 - - 23,46 171.63 33.37 ) 10 1 988
37 .85
45 .27 59.62 53,11, 84,23 52,37 28 .48 61,92 58.09 64,37 40,46 - 19.68
50.315 60.89 61.26 79.03 39.32 48,63 59.32 63.48 51,87 52.39 - 29.75
17
37.83 50,87 - - - 60.54 56.71 64,06 48.16 68,46 - 13,66
45,28 = - - - - 54,63 - 6101
98.43 109.62 77 .99 37 .46 88.7 52,98 66,72 36.7 33.51 43,19 49,16 32.7
110,69 93.74 71.24 35.28 105.89 68.74 - 60,87 61,99 45,66 46 .54 34,03
21
99.71 82.53 74,75 39,76 - 63.52 - 69,97 58.58 48,81 54,4 37.04
86,35 76.35 49,22 46,08 47 .98 50,52 36.48

20 21



11

15

17

21

SHAM CONT'D

Na P
D D D D D D D D D
10 3L 12 13 14 15 16 17 18 19
28.01 5.07 34,82 19.12 21.52 31.27 13.43 28.48 31.65
34.84 13.18 41,16 23.22 36.61 36.99 34,74 33.77
29.65 19,29 3543 37.29 34.24 38.87 37 .47 49,62
31.01 20.43 34.4 38.27 35.62 48,12
42,74 35,67

26,51 2173 29.63 20.41 20,03 20,89 44,79 41,7 45,91
34,82 16,91 36,15 28,02 26.67 36.5 28.56 50.59 42 .8
44,18 70.08 14,86 38,76 25,04 33.78 36.75 54,83 89,14
40,64 18.58 28.3 32.62 33,33 38.84 49,49 40,38
37.96 27.58 35.16
44,27 21.82 50.53 28.38 41.24 44,77 89.6 43,93
54,19 38.97 27.74 24,27 49.54
52,27 53.46 32.65 58.18
40.73 53.14 22,94 48.9
2763 2242 67 .03 322 35.47 - 54,97

37,78 63.14 45,36 49,1 - 69.07

36.1 57.86 - 57437

37:9 55,5 - 61.49
- 32.95 139.31 28,48 24,74 50,64 18,39
- 53.06 160,48 37.92 44,36 52,66 34,21
- 61.4 273.93 45,68 52 56.28 41,42

99,67 53.79 51.54 62.81

49.5 559514



107

DOG Na - B RESECTION
# I T I D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
13.82 47 .41 27 .06 44,13 30,03 39.99 26,99 41,75 39.62 38.18 48.74 81,98
34.34 38.46 45,52 27.55 42,92 32.31 20.55 34.35 39.6 95.32 51.24
8
19,42 34,08 - - - - 35.78 19.3 38.89 48,44 - 17.99
29.8
83.58 22.29 63.04 56,36 43,78 37.37 68.22 26,99 39,78 41.62 64.5 31.88
54,72 52.05 70.47 - 38,76 48,3 60,05 32,14 38.05 37,9 60,51 41,59
13
65.717 49,75 67.52 = 61,1 42,89 56.74 40,88 37,81 46,24 55,81 40,32
4-5 .9_3 Load e o 39.&5 iy boxd 32-47 46-9]_-_ » 4302
84.1 55.8 49,1 41,88 52.49 39.28 49,14 30.04 33.49 41,24 43,94 79.41
74,79 74.16 48,11 53.12 56,14 42,34 48 .84 32,24 31,03 34,66 54 .54 60,58
70.12 102.84 43,5 55,22 55.74 41,35 49,07 34,2 32,28 35.67 55.89 65,09
18
67 .87 111,72 37,29 = - 45.73 __ 40.98 29,11 32.25 - 37.89 54,24
26,73 38.26 42,83 28,32 44,2 24,04 127,51 28.1 26,03 65.7 28.3 18.4
44,43 63.15 36.24 2.1 - 40,08 - 30,42 42,69 62.33 30,07 37 .49
20 41-43 54.32 22.46 = Lot 38.94 - 4‘0.4 45 .05 68.41 43-83 37 .65
48.79 52.79 - - - - - - 31.38 63,65 31
52,5 41
18,27 10,18 52,52
42,63 34,4 52.32
14
40,58 47.25
44,03 43,37 died
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DOG Na - B RESECTION CONT'D
# D D D D D D D D D D
10 11 12 13 14 15 16 17 18 19
- 32 29.44 33.89 24,06 54,08 - 62.88  35.28 41,11
- 572 31.52 23.3 - 32.78 - - 62.31 61.3
8
- 51.02 28,59 - - 30.04 - - 13.91 40,99
29.89  27.56 22,84 11.41 47 .68 25.7 16.61 33.47  35.9
23.86  36.4 39.92 10.08 32.76 38.51 21.09 26.51  36.8
13 21,72 36.85 38.94 9.72 39.83 43.54 11.35 19.86  35.66
- 35.51 25.73 35.8 48,91 14.34
- 32.18 28.52 52,26
37.05  39.62 8.06
35,99 41,92 17.48
18
26,66  37.81 22,71
35.63 22,25
37.99 14,37
56.47 52,22 20.35 43.1
60.41 74,29 55.27
20
60.79  71.29
68.17
55.24

14
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DOG K =< BYPASS
i T T I D D D D D D L D D
1 2 3 4 2 3 4 5 6 7 8 9
- 1.18 .87 136 - .9 .82 .18 55 .78 1,99 1.1
5 - 2425 Lol 1.27 - 2.15 y I «95 o7 87 .64 .92
- 2.39 1.39 1.46 - 155 1.88 g % T4 .84 .29 .64
1.42
- 1,92 1,39 3,19 = 123 - 2,24 71 .16
1.59 o 24 015 1,19 .68 1,02 La05 1.0 Ly 153 42 1,15
1,05 .97 .69 1,88 .95 1,06 1,93 1.1 1,05 1.21 .83 .97
6
1,14 .63 064 - - - 1,85 - 1.16 1,31 1.41 1,03
1,58 .86 1.2
W o 19
1.73 237 2,02 1,30 32 +26 2.69 1.87 1.0 .16 .81 -
% 1,94 1.43 1.59 151 1 .95 1,54 1,41 1,08 .52 1.09 -
10
4,21 - 1.25 1.42 <929 My 3.02 o .59 Ny 1.30 -
5.7 i f > s = 071 s 1-28 059 o - - -
.69 .59 1,95 2.2 1,71 2,18 1,98 1..25 2,09 1,25 W42 1,97
1.45 2.46 - 3.01 1.64 1..55 2.35 1.43 I | 1.3 | 1,71
12
215 2.08 - - - 1,66 - 1,96 2.13 1.75 .02 1,62
1,09 125 1,96
1.29 - 1.29 1.09 1,07 1.01 ad .38 35 58 7 1,06
L.79 - 1,85 1.52 1.14 1,23 - 97 .63 1.34 o 14 +65
22
1,73 = - - 3.82 1 - .84 - 1.09 112 .36
.55 1.1 .19
1.41 1,34 .09 1.00 092 1.1 - 1.33 .68



110

DOG K =«
i D D D D D D D
10 11 12 13 14 15 16
.66 33
5
038 - .02
o716 - 036
%13 - 049
.02 o 3k & i slg o 17 x| .97
6 .16 il 9 1.33 A4l 55 1.5 o 65
072 0?5 106? .6 .l6 = 1.01
- .79 1:56 34 sk - .92
7o) 37
of2 .81 . 94
10 1.02 .64
+ 58 46
282 .68
- 1.14 1,15
= 43 o 27
12
- 143 06
e .69 .81
3.22 .36
2,38 ]
22
2,09 «32
1.2L o34

BYPASS CONT'D



111

DOG S RESECTION

i 1 I I D D D D D D D D D
1 2 3 1 2 3 4 ) 6 7 8 S
0.66 3437 - 1.25 Lk 1.95 .82 0,90 1.315 .82 2.34 1.52
8 1.89 2.29 - 1.90 1,17 197 g 2,19 .99 .87 1.1 1.54
2.20 - 9089 u86 .88 1.09 1.60
.80
2,58 105 1,69 2.14 1,18 1.43 .92 1,91 1.39 1.04 1.25 1D
1,80 1,09 2.35 - .87 1.97 1,07 1,20 1.02 o 1.7 1,00
13
2.16 1.24 2.34 - 1,17 1.23 - .59 .95 .93 1,01 1,06
.98 - - - .96 - - .67 .88
2.4 97 1.35 .07 1.89 2,13 1.29 1.79 .3 1.36 i .19
1,65 .78 1,01 1.41 k.51 .91 1.29 1,02 .37 .83 .81 .67
18
1,74 .84 1.31 1.63 <55 1.01 1.04 B £ .34 1,01 .9 45
1,48 i o) .93 - 1,07 1,8 .16 .68 91
.64 91 1.82 012 o 94 2,08 1,88 oD .67 1.00 vl -84
20 133 1,29 9.81 .86 1.73 3.29 - 42 i $58 ) «99 b 1.00
1006 1.1? .8? - 2014 2049 - o[“ 1104 1.32 029 1.04
%13 .8 . w2l T 19 2,78
94 .53 .53
.81 53 1,28
14 1,02 D3 1,45
1,01 1.24

1.38 97



112

DOG
# B D D D D D D D D D
10 11 12 13 14 15 16 17 18 19
- 53 .22 .66 .59 1,03 .26 1.17 .79 .56
8 =~ 1.28 .27 - .81 .57 .30 .61 77 1.12
- 1.30 n56 "~ .86 |50 032 1.23 3.12 058
262 62 1.13
52 or T2 .23 1,08 .39 .85 .69 TLY
.23 P 1.02 .65 RaA .29 .65 51 .84
13 048 -37 - 021 .65 .15 .‘q' = 072
.43 — .3 .6 .58 = 067
.6 K 42
1.05 1,04 J2
1,15 .64 .06
18
.52 .34 J11
'4 .08
.69 32 22
47 .68 1.06 .67
20 51 .5 .85 .33
1.11 .35
1.12 NA

RESECTION CONT'D



5 ”.

DOG e SHAM
i 1 &L I D D D D D D D D D
i 2 3 1 2 3 & 5 6 7 8 . 9
.68 .38 .6 1,31 o1h .6 1.09 1.58 1,87 1.01 45 B
1.85 L.d5 .96 1,77 .67 1.1l 1.16 4l 1.85 .89 .95 .87
9
1.35 1.29 1.14 1.42 Le2 1,61 1,78 a23 1.12 : R .86 1.11
1.04 1.11 1.,25 1.14 1,34 29
+ 35 1.98 +92 = 64 46 1.43 41 24 1,07 .81 12
1.94 2.65 1.35 - 1.37 1.04 1.74 31 1.06 1.53 2,39 .34
11
La21 179 = - .83 1.07 1.34 - .96 1,63 1.62 79
- - = - 64 - 1.34 .78 1,11 A
1.48
1.89 2,48 2.9 2.74 1.66 1,82 1.87 099 .82 L.59 .1 .64
1.7 % 3.15 3.32 1.6 2.57 » 1.22 .38 2,34 = 1.69
15 L..75 e = v 1,12 1,52 - 1.08 b2 4.84 = 3L
1.13
AL 2515 1,69 1,83 - «55 2,17 1.87 1.03 = 45 1.09
.85 25,2 1.3 = - 3.88 2.92 2,22 1.54 2.17 .76 1,04
17 .83 1,65 = = = - 3.13 1.82 1.1 1.14 «85 1.53
5 1.39 = = = o - 1.37 v 1,22
4,28 1,76 2,07 1,12 2.89 3.22 2,62 72 45 1,01 295 1,38
2,63 1.76 2,67 .86 3.25 1.14 2,47 1,68 1.41 1,39 92 Tk
21
3.66 2.84 2,21 B = 4,55 1.50 = 1.42 1,27 1.28 1.2
2,35 5.73 1.03 1.28 1.08 1.02

QA



114

DOG K =S SHAM CONT'D
b D D D D D D D D D D
10 11 12 13 14 15 16 17 18 19
2987 403 o I | 1.19 P +15 .07 .09 oy o
1583 .86 .07 1.19 +15 Al .08 .56 b o) 55
9
1.35 .67 .8 .93 MoTk .67 i .8 1,02
1.73 53 1.93 s 25 .61 .87
.26 .62
.28 all 1211 o3 32 .08 2l 1,38 .87 1.41
'3
.58 .62 .82 .82 .68 D5 1,16 42 1,05 +91
11
1.4 .98 o716 .8 o9 .34 1,26 .63 1.41 2,28
) I e .92 .99 .67 Iy i 35 1.05 .61 1.19 .91
.64 .49 oD
.69 A48 .89 1.47 48 «33 .67 1,78 1.07
.61 .87 37 .16 53 .53 . 1.64
15 o5 .86 2.01 -91 -4 .98 094 - 1.25
.73 i3 1,02 $9 o7 D7
o 4 .65 43 i ! Mk 1.23 .93 .85
1,13 5 A4 .91 .95 Lh 1.57 .18
17
.99 1.03 o3 1,28 1.48 .84
P i .92 .06 1.1 1,46
035 - 054 o9 .29 .29 .76 53
Il"? = 1.22 1.25 .93 -72 1.23 luO
21
.62 - 1,08 2.6 .61 .96 1.39
.68 - 94 .91 1.03 1,31



115

DOG
i

10

12

22

19

K- B BYPASS
| I I D D D D D D D b3 i D
1 2 3 1 2 3 4 5 6 7 8 9
- 3.39 3.26 1.81 - 1.5 2.43 1.27 1.24 1.24  2.07  1.79
- 4.86 3.39 1.82 - 3.0 3.16 1.67 1.12 1.46 .9 1.93
- 3.56 2,99 2,06 - 2,49 2.89 2.49 1,24 1.30 .45 1.73
- 3.11 2.63 3.54 - 2.01 2,75 1,16 1.23
2,42
2.21 .27 1,44 2,87 1.62 1.75 1.81 1.09 .75 2.06 1.4 2.21
2.03 2,13 1.73 3.7 2,14 1.46 2,75 1.18 1,54 1.78  1.43 2,92
2,67 2.96 1.57 2,57 1.43 1,78 2.02 3.2
2.16 2.43 3,09
1,6 2.67
3.61 2.7 2,44 1.69 .92 .81 3.49 2.74 1,38 74 1.57
3.33 1.54 2.08 1.8 1.38 1.54 1.86 2.3 1.26 1.0 1.82
4.82 2.0 1.71 1.5 1.42 3.34 1.49 .81 .84 1.93
6,18 1,18 1,57 L.Ag
.75 .48 2.55 2.43 1,91 2,48 3.76 2.51 2,44 2,26 1.13  5.06
2,02 2,92 3.23 1.93 2.31 4,21 2,32 1,99 2,25 .97 4.05
2,49 3.27 2,14 2,95 2,51 2,35 .65 3.47
1,5 .86 3.30
2,64 1.70 1.48 1.52 1,73 1,36 67 1.5 .73 2.29 .9
2.56 - 2,47 2,05 1.42 1.63 1.02 1,42 1.38 2,17 .98
2.4 3.96 1.59 1.27 1.67  2.32 .63
.81 2,42 .62
4,43 2,03 1,59 2,32 2,24 1,81 - 3,29 1,85
2,09 1.3 2,55 1.68 2.1 - 2,24 1,54



116

DOG
#

10

12

22

K=-B
D D D D D D D
10 11 12 13 14 15 16
1,3 . 94
1.16 - 56
1,34 - + 91
1,66 - .98
1.0 .81 .03 .78 .31 2.73 2.15
T l3 1,48 2.65 .66 152 2,36 2.2
1.43 2071, 81 a2l 2.51
1,53 1.66 2.42 «35 97 2.39
.93 1.79
+85 1.77 1,51
1.69 1.19
1.2 O
1,35 1,38
- 1.42 1.85
- 1.1 1.28
" .91 1.35
= 1-06 1045
3,73 W14
2,82 1.04
2.38 1.07
5 1.07

BYPASS CONT'D



117

DOG
#

13

18

20

14

K RESECTION
L L I D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8
105 4,33 - 1.76 1.59 1,92 1,26 .61 1.39 1.76 2,47
1495 3.11 - 2443 2,13 233 1.47 1.83 1.50 1,34 1.41
2.?5 - o ai = o 9079 1.27 1934 1.49
1,23
3.22 1.03 3,52 3.14 1.85 1.81 1.44 2,24 1,54 250 3 B 1,99
2,7 1,97 3.48 1.41 2,1F 1503 1,66 1.41 1,51 2,51
2.84 2,18 3.46 1.73 1:53 . 96 1,39 1.66 1579
1.89 1,32 1,03 1.85
4,35 2,73 2.66 223 2.76 3.52 2,06 2.42 1.41 2,64 2,35
2,91 3.32 1.84 2.6 2.9 2,15 2,19 162 1.31 1.48 2431
3.06 447 1.81 2.9% 2,24 1.99 1.87 1.42 1.18 1.85 2,04
2.85 4.39 1.6 2,57 2.69 1.65 1,28 1,96
. 94 1.68 1,29 1,61 1.66 2,71 5.00 -] 1,15 2,50 1.28
2,04 3.11 9.73 1.78 2.48 3.83 = 1.02 2.04 2,07 1.37
2.33 2,68 .98 2.78 3.00 - 23 1,82 2,45 1.08
2,62 2,37 1,47 1.92 1.34
2,68 1,72 1.08
1.36 297 3,1
1.63 L. 71 2.53
2.4 2425
2,54 149



118

13

18

20

14

DOG

RESECTION CONT'D

# D D D D D D D D D D D
9 10 11 12 13 14 15 16 17 18 19
2,68 - 1.34 .98 1.15 .81 1.73 .28 2.81 1,04  1.09
8 2,54 - 2,60 1.17 1.24 1.24 2.62 2.58 1.23 1.9
1.53
2,31 - 2.49 1.21 1,23 .98 1.63 2.30 3,26 1,54
1,31 1,62 2,16
1.48 .91 1.32 .17 .48 2,03 1.19 .99 B 1.35
1.83 .67 .76 .73 .85 1.41 1.33 1,00 .91 1.40
1.86 .9 .96 48 1.36 1.25 .98 1.36
.88 .65 1,18 .18 100
1.02 .53 1,00
1,48 1.44 2.3 .65
2,05 L.51 1,64 .62
2.00 1.31 1.21 64
1,62 .56
1.34 2.03 2,24 2 24
1.53 1.79 2,62 2.23 5
1.45 1,37 2.43 1,95 .56
3,01 2,42 75
2,07 .73




119

11

15

17

21

DOG 5 = P SHAM
# I I I D D D D D D D D D

1 2 3 1 2 3 4 5 6 1 8 9
1,31 1,26 L i 1.66 .69 1.15 1.48 L:32 2.55 1.47 «93 <94
2.16 2,07 1.45 2,11 1,13 173 1,81 .96 2,56 1..37 1.50 1.65
1,68 2.40 1.75 1.95 1.5 2,23 237 o2 1.94 1492 1.36 1.94
1,53 1,98 1,87 1.9 2.3 1.99

1.48 2,83 245 - 1,26 L.72 2.3 2,08 1.4 2.34 153 .85
2,67 3.86 2,61 - 1.8 1,83 2451 L.75 2.14 243 3.96 155
2,18 2,65 - - 1.47 2,39 2.56 1.92 2.25 2.77 179
1.41 2;:56 1,92 1,74 1.84

2,53

2.3 4,36 2.72 4,11 277 3.23 2,03 1,04 + 31 2,36 97 49
2,62 - 3.03 4,03 2483 3.3 - 1.77 .68 297 = 1.61
20? = b - 2003 2;44 1.54 075 5.09 -33

1493
2,65 3.33 1.84 2,82 - Y77 2,74 2,91 2,61 1,98 1.62 1.66
2,76 2,87 R - - 5.92 3.44 3.09 275 1,42 3 7 1.5
2,69 2,37 - - G - 3.4 2,63 2.07 1,83 1.94 1,81
2,15 2,22

7.53 4,59 4,19 1.79 4,51 4.09 4,13 1.64 1;33 2,61 1.88 2.05
4,92 391 3.87 1.93 351 2,09 3.92 2.98 2,18 2,75 2.02 1,92
6.43 4,35 4,03 2,16 - 5.37 2.54 - 1,97 2.66 2,08 2.29
3.87 6.54 1.67 2.67 1.89 1.95



120

DOG
#

11

15

§ 7

21

K-8 SHAM CONT'D
D D D D D D D D D D
10 11 12 13 14 15 16 17 18 19
1.41 1.02 .80 1,16 <24 S + 83, 79 + 92 .92
2.0 1.38 .17 1.0 027 1,21 .62 1,59 137 1,64
1098 1.2 1012 .63 = 1.16 1.?4 1.48 2917
2,17 1.16 2,16 293 1,16 1.23 2.2
1,5 1,6
1,34 I 1.4 .66 | «33 1.42 2,18 2,42 2,61
1.47 1.12 1.36 .83 L.al2 Led2 2,01 1.68 2,24 2411
1.92 1,73 1.22 1.56 1.3 .76 1,95 1.54 2,537 2,98
1.46 1.53 <93

1.65 1,46 1,52 1,29, 1.22 .88 1.76 1,55 2.3 1,59
1,13 1,25 2,03 1.77 B ) 1.05 1.23 3.46 1.81

.96 1.36 2,52 1.2 1.25 1,55 1.3 2,02

o4 1.34 3.16 1.17 1,18 1,67 1,54 1.9

291 1,19 2,36 .16 1,34 1.14

1.0 ol 47 .86 1.1 1,71 2,64 2,92

1.65 2.07 « 94 1,15 1.56 2.35 297 3.02

1.41 1.61 9 2.19 2,53 2,74

1.76 1,48 1.0 1.94 2.44

o 14 1.45 2,56 L:17 iy | 1,58 JRAS

1.03 - 2,06 5.74 2,17 1,66 2.58 2,02

1.22 o 1.?3 9-08 1-96 1071 2.38

1,16 ] 1.5 2.13 1.72 2,75



121

DOG
i

10

12

22

19

Hy0 = =< BYPASS
I I 1 D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
1.34 A5 31 .68 .83 .83 «37 .82 .61 .6 37 32
.63 NN 1.49 1.09 1.15 .97 .91 .82 3.0 075 o153
.66 «31 1.04 o 14 .98 .96 1,55 .85 «53
.59 e35 .98 1.29 1,18
.6
0.52 .12 .28 .98 W47 .51 2 .61 .98 .65 «36 .36
0.52 .32 s .61 .94 .72 .89 .68 .86 .61
0,51 +39 47 .79 .96 .76 1.12 i W71 .82
.88 .66 .85
.91
.87 .85 .82 .56 .33 1,13 013 .63 032 JA2 .83
«9 oI5 .95 .78 52 1.33 .87 o7 51 72 1.00
1.04 1.0 .8 .61 1.29 1.09 .75 «35 .89
296 1,23 391 61
+12 1.89 1.16 - 1.37 1,39 .92 o717 .94 .22 .05 .95
0712 .89 1.52 1.49 1.49 1,15 .99 1.17 .50 A 131
.96 1,05 1.41 1,21 1:12 1.25 .84 .21 1.45
.84 23 1.57
225
- 1,03 D .81 .84 .68 .78 .56 .89 .65 46
= 1.24 999 074 1000 p79 n95 152 199 l92 -56
1.02 .88 1,01 1,04 54 1,09 1.16 A2
1,19 .68
.69 115 48 1,01 o1 51 - 1.23 23
1.21 .68 1.03 1.00 o - .81 «35
«99 1,21 .99

1.00



DOG
#

10

12

22

HO = &
D D D D D D D
10 i 12 13 14 15 16
7 .62 .60
.89 By it ! .18
1.08 .88 .89
.38 59 22 32 o34 49 Ny
.65 .69 .65 o 40 .65 .61 .65
.63 T2 .91 .39 .70 .09
iy .83 97 .38 .62 .70
.60 .64
.05 o712 35
o 45
.80 54
2 72
- 037 .28
- Ny o4l
- 46 54
- 459 .69
25 50
39 w57
48 R
:33 .66

2

BYPASS CONT'D



123

DOG
i

13

18

20

14

HZO RESECTION

I I I D D D D D D D D D

1 2 3 1 2 3 4 5 6 7 8 9
.01 1.23 .43 1.01 .98 I 77 .76 1.14 .56 .60 .70
0.66 1.19 .61 1423 1.27 1.00 .82 1.05 .79 .90 .87
0.79 0.98 .69 1,08 1,07 1.02 .82 .89 1,11

.97
- 42 1.09 1.2 A o7 1.05 .98 .65 48 .85 .70
- .82 1.55 - .88 1.04 1.14 9% .87 .96 .95
- 91 1.74 - 1.07 1.12 117 1.08 1.04 1.01 1.09
- .97 1.1, .82 1.28 1,15
.95 .64 .61 .92 i3 .51 .90 .57 .57 1.09 .7 .35
.98 .78 .69 1.28 .87 .67 91 .66 .56 1.09 .98 46
.92 .83 .59 1.56 .96 .67 .91 .75 .67 1.21 .95 .56
.92 .68 1.1 1,02 .93 .77 23 .76 .62
.22 .40 .76 .80 .52 A .95 37 .38 .76 40 .33
47 .89 .93 .76 .67 .55 .61 .85 .50 49
.64 .95 .97 .81 .69 .78 1.15 .56 I2
.76 42 .86 .67 1.00
.82 .83

- .27 .48
- .51 .55
- .48 .57

59



124

DOG
i

13

18

20

H20 - o RESECTION CONT'D
3] D D D D D D D D D D D
10 11 12 13 14 15 16 17 18 19 20 21
- o3 «25 .67 .03 .70 .45 79 .50 .82 49 +33
- 1.00 40 .89 .02 W72 .53 84 .68 .98 .63 b
- .86 «53 1.04 .02 .85 +56 .88 o719 .69 33
= .61 226 «99 .70
233
07 15 «36 +30 Wb 21 79 .66 .96 46 .76
48 .76 70 37 .87 «51 .16 .68 89 49 o79
.56 .81 JTh .60 a9 +59 .82 72 1,16 54 .78
.61 .84 «83 73 094 .70 94 .93
o, .78 oI5
A2 35 .03
.61 .45 «23
.89 49 «36
.61 .76
48
o7 49 60 .60 o 24 47
.67 +59 84 W77 29 .61
79 .63 .98 296 .69
.83 .88 .68
.86 .81




125

H O =l SHAM
T I I D D D 2 D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
34 .29 .28 01 47 31 .57 .32 .50 A .30 31
i .64 .58 .75 .80 .83 .56 .82 .56 48 .62
.75 .78 64 .84 1.02 .87 .72 .95 .86 .68 .83
.66 .96 .93 .75 .96 1.06
.55 1.04 1.09 1.18 39 1.20 .96 .58 .59 62 34 .26
40 1.11 .67 1.04 1.19 .51 .87 .73 .90 45
.87 1.08 T4 1.32 .84 .88 .56
.94 77 1.26 1.08 1.01 .77
1,32
67 1.24 1.07 80 98 .31 22 20 87 ) 5k
.97 1.36 1.34 72 1.24 .65 A .30 1.00 .58 74
1.20 J1 1.20 .87 .36 31 1.06 .73 .78
64 .75
61 o1 77 1.14 .38 X) 1.12 i) 55 750 23 750
74 .78 .93 1.19 .66 .60 1.03 .82 .60 J4 .37 A
72 .75 64 .66 1.12 .87 %9 .86 45 .6k
.67 .93 .89 .57
i
1.06 1.28 .64 1.2 74 1,06 .55 .55 62 .50 .60
1.38 1.33 .83 1,67 1.23 1.45 1,07 46 .90 .78 .78
1:25 1.61 - .85 1.29 1.32 1.44 .85 .98 .93 .79
1.62 - 1.48 .86 1.06 .86

1.30



126

DOG
¥

11

15

17

2

HO - SHAM CONT'D
D D D D D D D D D D D
19 11 12 13 14 15 16 17 18 19 20 21
34 .18 .51 = 22 .06 ,18 .26 ) .16 .20
.68 R .96 - .58 .35 3 bk .52 .33 S
.67 45 .89 - .61 A7 .52 .54 .66 A7 Al
.62 .58 .89 - .61 .50 .57 40
54 42
.99 46 - ,00 .25 47 42 72 .78 .02 .53
.91 .54 - .56 46 .61 .51 .90 .96 .15 .63
1.03 .79 - .69 .55 .70 .62 1,07 .84 I8 .65
1.05 .82 - .80 .61 .73 51 1.06 .84 .16 1.30
.83 .70 .89
.10 51 - 14 .58 -7 A NA .52 .32
.13 .63 B 54 .76 .57 .37 77 .67 A
.10 7 - WA .97 .67 .55 .85 A .67
.78 - .80 .69 .79 111
.16 .35 .56 .30 .61 .50 <32 .36 .30
46 .62 .84 .59 .65 .76 .51 .57 .57
.46 .84 .79 .87 40 .55 u
64 79 .89 .89 .61 54 1,02
L . 1.02 .22 .30 1.03 .23 42 .53
1.68 .53 .65 1.20 .55 .67 .81
.65 .68 .89 1,34 .68 .88 .99
.55 .78 1.09 1.38
.83 1.30



127

DOG
#

10

12

22

19

HO - P BYPASS
I I I D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
.51 Al .68 084 .84 54 «9 | .67 .56 .62
1.67 ol Sh 1.49 1.07 1.17 1.11 1.09 .88 3.17 77 .89
ol .6 1.1 .84 1.03 1,03 1.63 .87 1.09
266 .62 1.04 1.31 1,23
¢33 o2 3L 113 .56 «53 .89 .65 .97 .69 Al 41
.0 W45 48 .63 .99 W73 91 o 14 .99 .81
33 .65 52 77 1.01 .77 1.12 .8 .81 1.00
.86 T4 1.03
1,08
g .82 .86 old .64 32 1.24 o7 .69 .34 A5 .83
- .85 .76 .92 .89 259 1.39 .92 .72 .57 .75 1.03
" 99 o 97 -85 .67 1.34 1,13 .78 .0 .89 1.06
- s - 1001 - 1.28 096 e -6?
.16 1.83 1.06 1,28 1.31 .98 .85 .86 .34 .04 1.38
+13 .86 1.51 - 1.39 1.46 1.26 1.03 1,12 +59 .30 1.57
+I5 1,11 1,38 - 1.19 Lkl 1.20 .89 ) 1.68
.84 $33 1,76
- - 1.01 .8 73 092 .69 a1 7 .65 .98 s 7L .39
1,22 1.04 .66 299 .82 .96 .6 1,04 1.01 oSb
1.01 +29 299 1.04 .6 1.15 1,24 .43
1.24 72
.86 1.16 59 1.1 .0 .63 - 1,26 42
1.23 .16 Ll 1.05 o717 .83 48
1,03 1,36 1,04



128

DOG
i

10

12

22

HO -8
2
D D D D D D D
10 11 12 13 14 15 16 17
57 256 «35
o9 .69 .70
.96 o718 .87
1.18 0 94 . 96
45 .62 <20 .60 37 055 #93
T4 V) .70 o146 o4 .67 s
s oTh +95 Al .81 .81
o79 .88 1,02 43 .71 .83
.69 .79

.01 «75 48

.78 bl

.83 057

oTh S L2
- <36 oI
% n5l 052
™ .48 -62
** n60 077
s35 «33
bl .61
«51 .81
+35 oIl

BYPASS CONT'D
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DOG HO - B RESECTION
# 2
1 I I D D D D D D D D D
1 2 3 1 2 3 4 5 6 i 8 9
.05 1.19 A7 1,02 «93 .62 .78 15 1.07 .68 o937 Ml £
.65 1.16 .63 133 La22 102 o179 1.04 .85 .90 .90
8 .76 .97 .68 112 1,06 1.00 .87 .90 152
.98
- Wb L7 1.19 .81 .9 I B 1.00 .59 9 .96 .79
- .97 1,59 - .88 1.09 1.18 L:12 .97 .96 1.06 1.04
13
- .99 Ds79 1,07 1.14 1.29 112 i B B T2 1.18
- 1.06 1.39 .86 1,42 1,22
112 .84 =7 1.04 .16 .63 1,04 .63 «d5 1,13 .81 .56
11 1.08 ad ¥ 1.42 .99 .8 1.06 wd2 .69 1,06 1,08 .64
18 1,08 1.33 .65 1.68 1.13 .76 1,03 .81 .76 1,24 1,03 4D
1.08 o 14 o 2d 1.08 1.05 .82 .93 .83 .84
.26 45 T4 .89 .61 .63 T+33 .49 46 .93 .50 35
D3 1.08 1.02 .80 o T .67 Py s = 1.01 .61 «93
20
.16 136 99 .86 .79 .89 1::33 .66 .16
.88 .64 102 .13 1.02
1,02 .99
- w2d ol
14 =. 06 .75
- .59 974
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DOG HZO - B RESECTION CONT'D
#

D D D D D D D D D D D D
10 11 12 i3 14 15 16 17 18 19 20 21
- «79 «33 .71 01 o 14 .69 .90 52 .85 D1 42
8 - 1010 050 e96 -00 982 .98 .99 n?o 1.02 .70 055
» 95 .61 1.06 .01 <94 .93 095 .76 75 .63
.81
.68 .18 1,06 a2
46 .82 o4l .36 72 W45 .81 .66 097 72
+35 .86 71 .62 .98 .68 T4 .70 91 .63 .80
13
.63 .90 77 .68 .98 .82 .88 Th 1.14 .63 .78
.67 .93 .86 .81 1.00 «23 1,00 .66 .96
.85 .85 297 .69
43 A48 .05
18 .61 .58 29
<93 .60 43
75 .83
235
.63 55 « 84 .88 .29 .60
.69 o170 1.14 1.04 .67 o117
20
.81 .76 1,30 1,24 .86
«95 L35 .82

1.12 +93
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DOG
#

11

15

17

21

HO -B SHAM
2 i
I i I D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9
39 46 .33 02 A Sk .55 .28 55 34 730 26
.70 74 68 .76 .87 .89 Bk .87 .58 .52 71
.79 .87 .70 .85 1.06 .94 77 1.01 .88 .72 .97
7 1.02 .99 .80 1,02 1.24
61 1.10 1.12 1.97 46 1.28 1.03 .73 .63 67 i .37
47 1.15 .70 1.09 1.25 .62 .91 .81 1,01 .60
.90
.96 1.11 .80 146 1.17 .93 .66
.98 .84 1.38 1.05 .90
1.45
= 71 1.15 1.17 83 1.08 .40 25 12 97 %0 4l
- .97 1.26 1.36 .76 1.25 74 .35 .29 1.07 .60 71
1.21 76 1.23 .90 .39 .29 1.08 .76 .76
.68 .78
85 97 88 1.18 .40 61 1.13 22 T4 57 43 .50
.92 .83 .96 1.23 .70 .83 1.03 .92 .72 .83 .56 T4
.94 .83 .64 .85 1.12 .95 .68 .93 .60 .62
.76 1.04 .97 71
.92
1.30 i 7 - .63 1.25 .80 1,06 07 .03 68 .57 A
1.47  1.63 - .91 1.32 1.30 1.45 1.14 .59 .97 .87 .82
1.46  1.85 = .91 1.34 1.31 1,60 .9 1 -86
1.76 1.54 .9% L 1??2 .93
1.37
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DOG HO-p SHAM CONT'D
# B

D D D D D D D D D D D D
10 11 12 13 14 15 16 17 18 19 20 21
.37 .27 L14 .50 - .33 .18 .23 230 A 24 .15
.75 .52 .29 .96 - .67 42 .28 .50 .66 Ll .33
9 .71 .53 .38 94 .70 .51 JB .62 .80 .57 45
.64 .66 49 .91 .82 .66 .68 46
.68 .50
1.14 .54 .53 - .05 .35 .60 47 87 .84 .09 .56
1.05 .63 .66 - .62 .58 .70 .66 1.00 1.07 .29 .81
1,11 .87 .82 - b .66 .79 .73 1.14 .89 .29 .81
11 1,10 .9 .84 - .84 .69 .81 .81 1.13 .88 .25 1.92
.90 - .79 1.01
11 .67 43 = .20 .68 42 .75 .89 .58 37
15 .15 513 .53 - 46 .89 .63 .80 .82 .78 .54
12 .84 .70 - .65 1.06 3 .97 .89 .84 12
.86 - .89 .75 1,01 1,23
.18 .52 .33 .63 .35 .64 .65 .51 .50 .35
.51 .67 .56 .91 .61 .76 .86 .75 .70 .64
17 .48 .89 .57 .89 .96 .60 .68 13
J2 .84 .63 1,00 .97 .89 .63 1.04
.63 | .62 1.73 .35 .46 1.12 .27 .61 71
T4 .96 2. 70 .72 .78 1.32 .62 .83 .93
.63 - 1,30 .89 1.00 1.46 .78 1.02 1.08
21,88 - 1.25 .99 1.21 1.52

1.48
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DOG PEG - % RECOVERY BYPASS
i

i I I D D D D D D D D D

1 2 3 1 2 3 4 5 6 7 8 9
5 = 80 131 100 65 91 72 81 83 95 96 58
6 - 81 105 57 77 87 87 88 76 70 108 84
10 112 89 89 87 96 68 85 96 82 88 71 86
12 - 61 109 93 65 85 49 55 72 85 95 57
22 95 - 69 76 84 72 68 71 85 85 72 117
19 78 76 79 66 68 76 - 85 72
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DOG
i

10

12

22

19

PEG - 7% RECOVERY

D D D D D D D
10 11 12 13 14 15 16
84 89 96
82 85 90 99 96 55 81
40 95 87
e 87 88
96 94 -

BYPASS CONT'D
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DOG

i

13

18

20

14

PEG = 7% RECOVERY RESECTION

I I I D D D D D D D D D

1 2 3 1 2 3 4 5 6 7 8 9

= 73 132 74 66 53 68 67 84 91 66 66
76 98 70 53 91 82 83 81 107 76 62 103
88 70 90 75 67 80 75 91 100 63 86 71
107 8l 69 65 71 78 39 89 96 72 113 86

97 83 96
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DOG
#

13

18

20

14

PEG - 7 RECOVERY

D D D D D D D D D D
10 11 12 13 14 15 16 L7 18 19
91 77 - 76 87 87 88 93 88 90

99 94 78 102 98 90 83 84 96

83 90 92

63 89 78 94

RESECTION
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DOG PEG - 7% RECOVERY SHAM
* I I I D D D D D D D D D
1 2 3 1 2 3 4 5 6 7 8 9

- 83 145 93 81 93 78 82 77 76 89 66
9

n S0 105 90 97 80 86 5 81 90 69 70
11

79 67 77 87 929 75 91 83 84 85 69 96
15

85 75 68 63 74 56 80 90 79 69 90 79
17

60 67 77 75 Ly 88 101 76 85 75 96 93

21
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DOG
#

11

15

17

21

PEG - 7 RECOVERY SHAM CONT'D

D D D D D D D D D D

10 11 12 13 14 15 16 17 18 19
86 87 93 88 96 62 95 84 97 92
81 94 95 94 96 96 89 91 29 98
100 92 72 94 64 85 88 78 93
87 81 90 45 58 84 91 64

95 103 40 76 92 87 92 94
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