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OBJECTIVES

To determine whether other endocrine glands are involved by
depreseion or activation of function in man's metabolic response to trauma;
to evaluate the activity of other endocrine glands In relation to the adrenal
cortex as to how the metabolic respenss of the latter may be mpdified.
Ta determine alterations in normal convalescence snd in the pariod after
trauma that ars not characterized as part of the sndoerine response to trauma.
‘To seek out and to apply improved methods of managing derangements in msa
during and after trauma.

SUMMARY OF PROGRESS

Thyreid sctivity was studied by determination of the 113! conversion
ratio
net counts pari 2 rnl. erum
C-Ry” Bek sounds (3 Ml 4 B0 S o

Each subject received srelly a tracer amount of t“‘ 48 hours
before operation. No significant urinary excretion of 3! was olserved after
48 hours had clapsed. Blood samples were drawn at significant events during
the operative trauma: prior to premedication, prior to induction of anesthesia,
prior to operation, 40 to 60 min. intervals during operation, end of operation,
3 to 4 hours after operation and 24 hours sfter operation. Results were
controlled by conversion ratios established for a comparable group of non-
operated patients.

Adrenocortical activity was determined by plasma hydrocortisone
levels as measured by the method of $ilber and Porter.

All patients displayed evidence o operative adrenocortical stimulation
as reflected dy increased plaama hydrocortisone levels; all but two patients
had preoperative levels within the range of normal; these were ahove the normal
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range. 'nu dum Y] mkt ax mwm ttm?i’iit?u{eurom piuqn*.sz ol
to patient; but, in general, a rather gradual rise during the operation was

noted with the peak usually occurrving at the and of operation or three to four

hours after the completion of it.

Four persons of the 14 studied showed a significant increase in the
conversion ratio during the operation (''thyroid reactors"). Generally, the
members of this group were in good preoperative condition (three of four)
while the "nonreactors’" were classed as poor preoperative condition
(seven of ten). In most of the patients s reciprocal relationship was evideng
between the conversion ratio and the steroid level.

{2) A study of slterations in gastrointastinal absorptive mo%\_gcm
after operation and trauma. Surg. Gyn. and Cbst., 1959, 109: 762.

Thirty-aine patients undergoing major, extra peritoneal operation
were studied. The patients wars divided into two groups: 20 patients
‘zeceived I3l labeled triolein and 19 patients, labeled oleic acid. All degrees
of trauma werse included ranging {rom hemorrhoidectomy to pneumonectomy.
Patients ranged in age from 16 to 89 years and precperatively wore in varying
clinical states of well-Deing. No patient had known gastroimtestinal or
endocrine discase. Each patient acted as his own coatrol since he was studied
before and after operation in precisely the same mannar.

Twelve hours prior to starting the study each patient received 4 ml. 5
of Lugol's solution orally to flood the body with {odine to prevent thryoid D
trapping of the I3l ¢o be administered later. Twenty-four hours after
operation each patient received a capsule containing a known amount of L
trioleain or oleie acid. Thse dose varied from 630 miorocuries. Hepirinised
dlood samples were drawn at 2, 4 and ¢ hours after administration of the
capsule and radioactivity of whole blood {1.0 mi.) determined.

The analysis involved

n = number of blood samples
X = differences (preoperative-postoperative)
l uptake of blood samples
M = mean of differences {X)
V1 = variance of individual values
V2 = variance of mean of differences (M)
SE = standard error of mean
t = significant deviation from true mean of difference
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A statistically significant depression was found in the uptaks of
.$riolein in the postoperative period while oleic acid hptake was unchanged.

2he, % by, 6 hr, .
Triolein ‘o “ ’ 3. n
Oleic acid 1.30 .1 1.47

Stgnificance established 5% lovel at 2.09 and 1% level at 2. 86 {triolein).
Significance eatablished 5% level at 2.10 and 1% level at 2. 88 (oleic acid).

{3) A continuation of v metabolic dats ;equirod as indicated in 2rwiom
SR mm gy e I

To date umlm mtﬁoﬂc ohﬂ” tm‘hﬁli sodiwiey. polassium,
water, ¢calcium, phosphorus, suiphur and calorie Balances have been done on

six patients in the metabolic ward. These patients have varied as to the age
and physical condition whea they underwent the traumatic experienace. They
have varied also as to the type of nutrition they received prior to and
immediatsly after the operative procedure. - Both minor and major trauma
has been preceded and {foilowed by periods of starvation, periods in which
only suitable water and electrolytes were given by either mouth or parenteral
routes, or complete parenteral alimentation preceded and followed the
operative procedure. In addition to the studies outlined on these patients,
respiratory quotient and nonprotein respiratory quotients were dstermined at
suitable intervals. Fractionation of the urinsry l7-ketosteroids was done at
suitable periods as well as following the plasma levels of the 17~hydroxycorticoster.
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- 'rhough thh ctudy h noi comy!ou it ht- Bow ‘beon ln propcu ;ot
tregr {our years and the &xtent of (he gnalyses makes & & necossnry
requirsment that the labaratory procesd atowly in a¢complishing and
collecting the dalas

Impressions as to the results so far indicate that in a person
receiving no supplementary nutrition after opevation or defore and after
opsration, calorie omwturu sre exactly what they would be expected in o
staryed person. The agtivation of the adrenal cortex influences very little if
at 41f the > mistabolie sheniges that would be expected from large dose schedules

of exogenous adrenocortical steroids. If parenters] alimentation {socaloric
{n valup and composad of the szme dletribution ss the general diet taken
orally 1s provided defors and aftsr operation, lLittle or no negative nitrogen
balance s encountsred and caloric expenditures as evidensed by the
reapiratory quotient show that the energy is coming from the generally
distributed diet. If on the contrary the patient {s starved the energey expenditure

‘tomes principally after the first 24 hours from aitrogen stores and fat stores

within the individual's body.

Fractionation of the 1T-ketosteroids shows that t!wn ie mpptndcn
of the androgenic steroid pattern aftéer operative proeadnﬂ and {s principally
the end metabolic product of the glucacorticold Syr cortical steroid
in the urine. This lit: ia very well with our kaow! odge of the starvation

procedure.

This activity has been slowed up in its complotion bYecause of &
The five year grm; trqm t)u Jo ok

“& 1 TR
atly i

supplernentary Busistan fté&i m ol%ﬂb’”ﬂ‘hn beon very vﬂua%li ai&

(4) Water and electrolyte exchanges during operation and convalescencs .
Surgery 1959, Rdzg.

Calenlations. Clearance techniques were used to study the various
parameters in this study:

14/
Comn * gop X ¥
CHyo * V- Cosm

UNa
CN = cm— x v
: SNa
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mtoud sodium appearing in the urine was obninod by CNi .

Knowing "puid" water requirements {rom previcus publiestion
(Surgery 1957, 41: 353), then to previde water as lactate Ringer's solution
multiply water required per 24 hours by 1. 4.

a) Plasma hydrocortisone levels were determined during operation
by the method of Silber and Busch.

b) Plasma pressor amines were dstermined by the method of
Weil~Malherbe and Bone as modified by Aronow and Howard.

¢) Preoperative and postoperative control periods as well as studies
on the operative day were characterized by the following
observations: urime flow (mi/min), serum and urine osmolarities
uuuhu paint depreseion), ssrum Ny, urine M., urine X
{flame photomstry)i serum and urine creatinine. Body weight
was measured by & scale accurate to 2 10 gms,

d) Results. B appears from this study that the endogensus production
of aldostarons by patisnts subjected th Opdzative trauma as -
measured by bicassay or the K/N, ratio {s at least in part
induced by the medicsl amu;m of the patient. For example,
it is quite apparens that the principal increass in aldosterens as »
response to operaiive procedurs appears to be sssociated with
the restriction of sodium intake, U patients recelve hctrolyto
solution SRl VBo SRV SS oF § opevative proselife wad g

ﬂgo topeyative peried in adequate volumas, the release
of sldosterana bom the adrenal cortex will be mintmat.

The observation that the plasma cpd F levels are consisteatly
elevated in patients operated upon strongly suggests that

aldosterone release is not under pitultary ACTH control in responses
to operative trauma. The absence of significant increase in the
tubular reahsorption of sodlum in patients receiving lactate

Ringer's solution in the presence of elevated levels of plasma cpd

F indicated that this hormone is not active in producing sodium
retention. There was evidence that it actually may promote an
increase in urinary exeretion of this fon.

Since cpd F does not effect sodium retention and the release of
aldosterone is induced by restriction of sodium intake, it seems that,



if elestralyte contalning solutlons ars Rupplicd at & proper

rate and aradumt to & patient during the stiree of Speration

add convalescence and excessive primaty water retentios

does not occur, thers is no hormonal increase in renal

retention of sodiumn as shown by the percentage of glamerular filtered
sodium that appears i» the urine. Since sodium retention has been
demonstrated {n the presence of low sldosterone output, it (s
reasonable to assume that the sodium retention is a reflection of
altered vascular permeability in darnaged tissues at the operative
site. This is comparable withthe mechanisms that have besn
knows t0 be acting in bura trauma.

An additional advantage in providing electrolyte solution to the
traumatized patient would seem to de indicated by the better
maintainsd GFR {a the convalsscent period. R is true that
hyponatremia is nssociated with decreased renel blood flow,
glomerulsy Sltration, sad tubular function. For these reasous,
though the serum sodum levels did not change significantly -

in the patients studied, at least the inéressed sodium loed maintained
glomerular filtration,

{5) Urinary 17-ketosteroids in surgical stress. J.C.E.M. 1959, 19: 849,

Four surgica! patients atudied showed a dscrease in tha exeretion
ot c-n O; steroids associated with a variable increase in the sxcroetion of

tm gg » g r pbnrvnuon}) not
mgﬂﬂfig‘.“‘ €4 g‘i‘ % %&wu 9 20P1%e; A8 teast 1 pash, Irom
G- compounds. The !nuwn toﬂoviﬂl mm is tharsfore tompaesble to
the findings of other Investigators concerning the Fesponse of corticolds to
trauma. The diminished axcretion of androsterons and etiocholanolone
following operation i3 of great intarest, particularly when one compares these
data with those obtained following administration of ACTH, when a two-to
threefold increase of these steroids {s observed. It has been shown before that
the exerstion of androsterone and etiocholanolons for a specific individual
is remarkably constant (Arch. Biochem. 53:258, 1954 - J. Biol. Chem.
225:39, 1957). Thie, and the fact that our determinstions were made on large
specimens of pooled urine make random variation unlikely. It is also apparent
from this study that the changes cannot be explained by ACTH stimulation alone,
Presumably, stress influences adrenal steroid metabolism by other means
than ACTH stimulation. One can speculate that in order to preserve the
homeostatic milieu, the synthesis of C~19 Oy precursors is dec¢reased in the
presence of accelerated synthesis of cortisone~like material. A second but
less appealing possibility would be a differential change in the pathways of
Catabolism and axcretion of these compounds.
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: {6) D progress TW & study in doge of the slectn of 5% dextrast |

in water compared with lactate Kiger's solution in maintaining the renal

tubular compensatory activities in respiratory, matabolie and combined
:‘ respiratory-matabollc acidasts, with and without » standard type of injury. .
, Preliminary reaults strongly suggest that the tubular mechanismé operating

against severe acidosis is much better preasrved when fluid requirements
- ate met with the balanced eleciralyte solution. ~ :

e

PLANS FOR THE FUTURE

(1) It is planned to ¢onfinue thqaint'cx'xsivc study of metabolie changas.

(2) Tubular mechanismy of ;eid-h{ié"&é:ﬁpgnntory maechanisms will
be studizd in man under ¢onditidos closely approximating the gutlined procedure
in doge. . S R N -
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