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TluE. SCIE1-NCE OF NUTRITION hias liot Until recen1tlY en1gaged the serioUs
attention of the sturgeonl. Tlibs is attril)utable to several factors. The nlausea
anl(l vomitino-, t meiipair-miielnt of al)l)etite and the derangellment of digestive
processes caused by anestlhesia, and( the pain and the emotionial stress coil-
necte(l with an operation, and 1y the operation itself, are not conducive to
healthv alimiientationi. Added to this miiav he maenitionied the fear on tlle pal-t
of the surgeoni of placinga food inlto a visctus whichI has been the site of a
recent operationi. Howvever, sinice the usual surgical case requires dietetic
restriction olylv for a few (laxys postoperatively, and( since most l)atients comle
to operation w-ith enouglh bodv stores to tide themii over this lean periol.
the surgeon has rarely lbeen inlpelled to regard nutritioni as a matter of any
urgency.

The w-ork on the r6le of hypoproteinemia in surgical conditions by Jones,
and hiis coworkers,' Ravdin. and(l his associates,' : Koster and Shapiro,4 and
Hartzell, anid his covorkers,5 the study by CuthbertsonP. in England, of nitro-
geni loss, somletimiies called the "toxic loss of nitrogen," and by Elman,7 and
Brunlsclhwig, et al.,8 in this country, and the demonstration by these last two
workers of the safety andl feasibility of intravenous alimenitation, constitute
a leW chapter in surgery. The wvork of these meni has, at last, linked surgery
with the basic work of pioneers like V"an Slvke, Rnse, \Vhipple, MIadden,
\Veeclh and others.

\Vhile it is true that milost surgical patients need little nutritionial atteni-
tionl, there are surgical cond(litionis in which the maintenanice of the ntutritional
state is a matter of grave importance. One of these conditions is peptic
tulcers. Thus, Riggs. Reinihold. Boles and Shore') found statistically signifi-
cant (leficienicies in seriumii total l)rotein, albumin anid vita,min C concenitrationis
ini a grotup ot 52 cases of peptic ul,cer. MIany of these ulcer patienits, either
as a restult of dietinig or of repeated bleeding. have lost conisi(lerable w-eighlt.
with the 1)11)0( proteiin at or below the lower limilit of niormial, and(l the b(dy
stories well (leplete(l. Some leni(l themselves to preoperative "building up,''

UL'(der a grant frI1oim Mead-Johnson Co.
t Professor of Cliljical Surgery New Yo0-k University Co)legC>e of Me(Iicine, and now

Lt. CoL., M. C., U. S. A.
512



VthAltumc 1 7 POSTOPERATIVIE AMETABOLISAINumber 4

but otlhers may irequllre emergency operations while in their dep)lete(l staite.
If a miiajor operationi. sutcl as gcavstrectonmy, is performied ul)oln these patielnts,
there is a(lde(l to the "toxic loss of niitrog,eni the l)artial starvation imlposed
by a hiighly restricted l)ostolerative regimien, which further depletes the body
tissues, interferes with lealinig, anid may lead to wound dehiscence. An ex-
aml)le of this is D. R., reported in Table I.

In the lpresenit sttu(ly the nitrogen balance was determinied in eight cases
o1 (lu)olenal ulcers who ha(l undergone partial gastrectomly. Tlhey were
(livi(led into two groups: four cases who were given the postoperative wardl
routinie of infusions, occasional blood transfusions, and a gradually increasing
oral feeding. This may be called the control group. In the other group of
four cases, a high caloric and high nitrogen feeding was given to replace or
n-more than replace the nitrogen loss, so that at the end of the postoperative
period of 10 to 12 days, a nitrogen surplus was accumulated in the body.
In a(lditioni to the nitrogen balanice, both the body weight and the plasmia
proteins in both groups were determined periodically throughout the con-
valescent period. The fluid intake and output were followed and the caloric
anid sodium chloride intakes were noted. The chief sources of nitrogen
loss were recorded. Also noted, but not objectively studied, was the
"strength" of the patient. The number of day)s of hospitalization of one
group was compared with that in the other.

Tables I to IV each represents a control case; Tables V to VIII each a
high niitrogen feeding case. Graphs a, b, c and d in Figure I are records
of the control group, and corresponding graphs in Figure 2, of the feeding
group, showing the important representative findings.

EXPERIMENTAL CONSIDERATIONS

Preoperative Preparationt of thle Paticnt.-The patients in the control
grotup each had a Levin tube introduced through one of the nares into the
stomiach for decomiipression of this viscus by the Wangensteen suction ap-
paratus during the first four to six postoperative days. In the feeding
group the Levin tube was replaced by a double-lumened tube, adopted from
a Miller-Abbott tube in such a way that one barrel was longer than the other
by some ten inches. The shorter barrel was for suction and the longer for
feeding. The ends of both barrels were perforated at several levels, in
order to facilitate feeding and suctioni. During the operation, after the
stomach was resected, and while the anastomiiosis was being made, the feeding
barrel was introduced through the stoma into the jejunulm, after which the
operative routinie was resumiied. Immiiiiediately postoperatively, Wangensteen
suction was made tlhrough the suction barrel, which lay in the stomach.

The Weight of tllh Paticent.-The weights of the patients were taken on
the Howe platformii scales. In the case of preoperative weights it was a
simiiple matter for the patients simply stood on the scale platform for the
weighing. In the postoperative period, however, the miiatter of w-eighinog
Avas somlewhlat mlore comIlplicated. If the patienit wNas liglht: i.e., not over 6o
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Kg., he was lifted by an orderly and the weights of both the orderly and the
patient were taken, after which the weight of the orderly was then sub-
tracted from the combined weight. If he was over 6o Kg., he was placed on
a stretcher and the loaded stretcher was then weighed on two scales, the
two front wheels on the platform of one scale and the hind wheels over
that of another. The two scales used in this work were sensitive to withini
25 Gm., so that where two scales were used, the sensitivity would be (le-
creased by half, and the margini of error would be in the neighborhood of
50 Gm. Since it was not the absolute weight but the comparative readinigs
taken over several weighings for the construction of the weight curve, wlich
was important, this margin of error was not serious.

The Fluid Intake.-In the control group, the fluid intake was maintained
mainly by intravenous infusions of 5 or I0% dextrose solutions in distilled
water or in physiologic saline, some for the first four or five days and some
for a longer period. Occasionally amigen solution was also given intraven-
ously. The amount lost by gastric suction was replaced by a corresponding
amount of saline, according to Coller and \Iladdock's10 principle. This ac-
counts for the large fluid and NaCl intake of the first four to six days in
both groups. After the first four or five days, when fluid intake by moutl
was being gradually increased, the infusions were tapered off correspondingly.

In the feeding group, the first two cases (A. V., Table V and F. R.,
Table VI) had a large number of initravenous infusions. In the last two
cases, however, infusions were given only in the first postoperative 12 hours
and thereafter the fluid intake was entirely given through the feeding tube
or by mouth.

Thie Chloride Initake.-An attempt was made not to exceed the chloride
intake of nine grams daily. However, the problem was complicated by the
loss of fluid through the gastric suction. As stated above, the Coller and
Maddock'0 principle required this amount to be replaced quantitatively in
physiologic saline. and this accounts for the apparently unduly large amount
of sodium chloride the first four to six days. However, a possible source of
error is present in this volume-for-volume replacement. If the suctionl
were continued while the patient took a drink of water, the drainage miglht
contain less sodium chloride than was assumed in the Coller and Maddock
principle and, consequently, the patient would be given more sodium chloride
than he needed. In order to obviate this, the suction was turned off for
half an hour after each drink. Whether in this time the water had all passed
out of the stomach or become isosmotic with systemic fluids is not knownl.

The Caloric andt Nitrogen Intakes.-In the control group, the caloric
intake was derived from three sources: (a) Infusion of dextrose solutions,
four calories being assigned to each gram of dextrose; (b) peptonised milk
and the usual articles of soft diet, the caloric and nitrogen values of which
were taken from the dietitians' chart; and (c) the few calories and small
amlouniit of niitrogen derive(l frolm the plasmla proteilns in the blood trans-
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fusions, assumiiing that the total protein concentration was uniiformly 7 Gm.
per cent. Five hundred cubic centimeters of whole blood would thus yield
about 250 cc. of plasma, which would contain I7.5 Gm. of proteins, equivalent
to 70 calories and 2.8 Gm. of nitrogen. The protein contained in the hemo-
globin of the transfused red cells was not included.

Like the daily fluid intakes, the daily caloric intakes in the control group
fluctuated widely, from 8o calories for the 3rd and 4th days of F. W. (Table
III) to 2,200 calories for the 3rd and 5th days of R. B. (Table II). In fact,
R. B. had almost the basic caloric requirements throughout his convalescence,
the only one who approached this caloric intake in the control group. The
nitrogen intakes varied still more widely, ranging from o for three days for
F. WV. (Table IlI), for four days for J. S. (Table IV), and for four days
for D. R. (Table I, to ii.II Gm. for the 6th day for R. B. (Table II),
the averages being 3.3I, 6.I2, 5.5 and 3.97 Gm. for these four cases,
respectively.

In the feeding group, except for the first day in the case of A. V. (Table
V), and the first and second days in the case of F. R. (Table VI), in all
the other postoperative days the intake was on the luxury level. The re-
spect for the tradition of withholding feedings for the first few days post-
operatively in abdominal cases, accounted for the "lean" first day for A. V.,
and first two days for F. R. In our last two cases, V. B. (Table VII), and
P. F. (Table VIII), feeding was started after the first I2 hours, which period
may still be shortened, with courage gained from further experience. Except
for the three "lean" days mentioned above, the caloric intake in this group
ranged from 3,050 to 4,700 (V. B.) daily. It may be mentioned that this
latter amount was given in response to complaints of hunger on the part
of a patient, who was being fed 3,360 calories a day-a phenomenon con-
nected witlh convalescence which bears further investigation.

The nitrogen intake in the feeding group, except for the three "lean"
days mentioned, ranged from 20.25 Gm. (A. V.) to 38.25 Gm. daily for the
5th, 6th and 7th days of P. F. The average daily intakes were i7.7, 23.22,
28.05 and 2I.8i Gm., respectively, for the four feeding cases.

In the feeding group, the caloric and nitrogen values were mostly derived
from amigen atnd nutramigen* in the feedings, although dextrose and amigen
injections and blood transfusions contributed some part of the first days'
intake. Amigen is a casein enzymatic digestate containing approximately 85
per cent anmino-acids and i- per cent polypeptides, each gram yielding 3.4
calories and 0.12 Gm. of nitrogen. Nutramigen contains, in addition to
amiigen, dextri-maltose, a neutral fat, arrowroot starch, calcium gluconate
and brewer's yeast, and minerals added to simulate the quantities present in
cow's milk. Nutramigen has been developed as a food for infants and is
marketed as such. It yields 4.7 calories per gram and contains 2.7 per cent
nitrogen. In preparing the feeding, the amigen and nutramigen were mixed

* Both amigen and nutramigen were kindly supplied us by the Mead-Johnson Co,
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witlh a convenient amount of physiologic saline or water to make the mixture
easily instillable by means of a syringe through the feeding tube into the
jejunum. The feedings were so spaced that from 50 to I50 cc. was given
every lhour. A larger amount nmight cause nausea and vomiting, either as
a result of distention or of too rapid an absorption resulting in hyperaniiino-
acidemia. The balance of the mixture was kept in the refrigerator, since
it is a fertile mlediunm for bacterial growth, and decomposition easily sets in.

Collection anid Carc of Specimcens.-The 24-hour urinie was preserved
witl tlhymllol, mleasured, an(d kept on1 ice. In somiie cases in 1)0th groups,
)Oth uirilne andl g.lastric sutctionl specimens were somiietimiies pooled for two
or tllree (lays llld an ali(quot paart of the pooled sp)ecimells takeni for iitrogei
(leterluinliatioll. In tihese instances the total nitrogen. over the number of
pooled clays was recorded in the tables as one figure. The W"angensteell
drainage (gastric suctioni) was preserved in sulfuric acid. Likewise pi-e-
served in sulfuric acid, N-ere the stools collected and pooled over the study
period. The disclharges from the wounids were never large ellough to 1)e
taken inlto consideration, random samples yielding negligible amounts of
nitrogen.

The samples of blood for blood plas1lla protein determinations were

takeni in one of two ways. Where the specific gravity miietlhod of Barbour
anid Hamiiilton" was used, the anticoagulanit used was heparini. WhIiere a
clhemiiical method was used, the anticoagulanit wvas soditumi oxalate. Tlhe
hemiiatocrit was determined in the Sanford-MIagath tube, and in mllost cases
was read each time the plasma proteins Nere determlined.

Cleicinical Methods.-As stated above, when the total plasmiia proteini
concentrationi only wvas needed, it was determined bv the specific gravity
method of Barbour-Hamliltonj,' Usinlg the apparatus designle(d by these authors.
Where it was desired to obtain the albumiinl and globulin figures, the method
of Wu and Ling as modified by Greenberg'2 was used.

In determininig the nitrogen of the urine, stool and gastric (Iraillage, the
ietlio(d of Rappoport as miodified by Levy anld Palmer- \vas lisd'(l.

ANALYSIS OF THE TABLES

The fluid, caloric andl nitrogen and NaCl intakes have been dliscusse(d
in a foreg,oinig section of this paper.

Flitid Outpit. (Gastric Suction )-By this item is mieanit the am1outn11t of
drainage, in cubic centimiieters, yielded by the \Wangensteen apparatus eacl
24 hours. The suctioi was kept uIp for from four to seven davs. The
amount in cubic centimeters varied fromi a mililillnlUm of 400 cc. (V. B.) to a
maximum of 2,800 cc. (A. V.). As mentioned before, this source of fluid
loss complicated the problem both of fluid and of sodiunm chloride replace-
ment. The drainage of J. S. containied visible blood for the second and
tlhird days. The amoutnt of niitrogeni lost fromii this source will be discussed
unider the lheadinig of "Gastric Aitroleun." As a rule, the suctioni tube was left
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ini place for a slhorter tinie in the control cases than in the kC(eliiw- Cascs,
iii whoml it was iieede(d for feedinig.

Urin1ury Outtpitt.-As mnight be explecte(l from wlhat lias beenl said of
the flui(d intake, there w-as miiore fluctuation of the urinary volume in the
control group tlhan in the feeding group. Generally speaking, however,
the urinary volume was quite adequate. The smallest output was 650 cc.
for the first day of A. V., the first feeding case, when nio provisionl was
ma(le for the gastric drainage. The fluctuationis in the conltrol-group existe(d
throughout the course of the convalescenice, Nhile in the feediing groul) thle
uirinary volunme was fairly well stabilized to from i,ooo to i,900 cc. after
the gastric suction was discontinued. The widest fluctuations were in the
case of F. \W., a control case, whose output ranged from a low of 700 cc. to a
high of 3,550 cc. Incidentally, he also had a low blood plasma protein conl-
celntration of 5.23 G.m.% at the time of this excessively high output.

Urinary Nitrogci.-In the control group, except for R. B., the nitrogen
excretion in the urine averaged respectively 13.69, 15.46, 18.03 and 11.74
(uni. daily. These figures are in the neiglhborhood of urinary nitrogen figtures
-iveni for the ten days of comiiplete starvation, as found in Succi, Cetti and(I
Levanzin.1 They are, except for R. B., all above the 13 Gmii. given as the
nlitrogen excretion of average persons. Bruinschwig, et al., gave figures for
two cases of gastric resection, one, excreting 73.53 and the other 175.79 Gmll.
of nitrogeni in ten days. averaging 7.35 anld 17.58 Gm. respectively. Jtust
how much of this excreted amiiounit is "toxic loss," how muiclh is starvation loss,
as modified by previous undernutitrition, is not clear.

In the feediing group, A. V. w-as taking an average of 17.78 Gm. of
nitrogen and excreting an average of 1I.2I Gm. daily; F. R. was takilng in
23.22 andI excreting 9.77 Gmii. daily; V1. B. was ingestillg 28.04 and ex-
creting 13.33 Gnm., wlile P. F. was ingesting 35.63 and excreting 21.81
Gmii. These figures suggest that A. V. and F. R. were ingesting per-
hlaps less thani they could fully utilize; that V'. B. was perhaps getting
the optimumi amount, and that P. F. was perlhaps ingesting an amiiount above
the optimium. Both F. R. and V. B. had blood transfusion reactions, wlhiclh
lO dolubt accounted for the large amount of urinary nitrogen excreted dturinlg
the days immediately following the transfusioni. This would tend to intro-
(Iuce an error in the amount of nitrogen actually lost fromii the body.

Gastric Nitrogei.-This itemii represents the amiiount of nlitrogen lost in
the Wangensteen drainage. In the control group, the figures were, minimum
.77I Gm. (D. R.), maximum 25.368 Gm. (J. S.), for any one day. The
blood in the drainiage of J. S. accounts for a part of this nitrogeln. The
average daily loss was 3.18, .8I5, .2I6 and 17.45 Gmii. Aside fromii
hemorrhage as a source of nitrogen loss, it is quite possible that the
oozing of exudate from the operated viscus may also have conitributed to this
loss. In the feeding group, the average daily losses were higher, being
2.2, -.3, 3.3 and 4.5 GmI., respectively, but h1owv much, if any, of it
represente(l reflutxed feeding fromii the jejuniumllll lhas niot been ascel-tailie(l.
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Even taking tlle loss in the conitrol group as the miiore niearly actual figure,
it is clear that a considerable amotunt of nitrogen can be lost from this source.

Fecal Nitrogeui.-The fecal nitrogeni in both of these groups is low,
with a tendency in the feedinig group to be slightly hiigher. The only subject
who almost approximated the classical average daily norm of I.3 GIm1. was
V. B., in the feeding group, with an average of 1.25 Gm. of nitrogen ex-
creted in the stools. In the conitrol group, the lowest daily average was .21
Gml. (J. S.), and the hiighest 0.8I5 Gm. In the feeding group, the lowest
(laily average was o.6oi (A. V.) and the highest 1.26. These low figures
are suggestive of the low fecal nitrogen excretion of Benedict's'5 subjects
under prolonged restricted feeding.

Total Nitrogen Ouitpuit.-The daily total nitrogen output averaged I3.69,
16.4, 9.24 and 20.13 Gm. daily in the control group, and I2.33, I2.78,
17.3 and i5.38 Gm. in the feeding group. In the control group, therefore,
the average total nitrogen loss of two cases is significantly higher than that
found in complete starvation. The day-to-day ouitput, however, fluctuated a
great deal, and in three out of four control cases there were always some
days w-hen the output was considerably higher than that found in starvation.

The Nitrogen Balance and the Cumulative Nitrogen Statits.-Except for
the first day in the case of F. WV., none of the four cases in the control
group achieved nitrogen balance durinig any of the days under study; the
nearest approximation to a balance was a loss of o.6i Gm. of nitrogen on the
part of F. W. on the I2th postoperative day. The average daily nitrogeni
losses were 10.37, 10.28, 3.73 and 16.4 Gm. daily. The sum-total of these
losses were 114.09, 82.2I, 44.8 and I4I.Ii Gm., respectively. This cumulative
deficit is entered under the column entitled "Cumulative Nitrogen Status"
in the tables.

In the feeding group, except for the three days of withholding feeding,
positive balances were registered on all the days. The cumulative nitrogen
surplus, after subtracting the deficit of the three "lean" days, were 38.25,
I14.88, 130.95 and 123.56 Gm., respectively. This surplus is also entered
under the heading of "Cumulative Nitrogen Status."

The Hemiiatocrit anid Plasma Proteint Determtinations.-In the absence of
blood volume determinations and in the presence of multiple infusions, espe-
cially in the control group, these determinations have been robbed of much
of their absolute value. Generally speaking, however, the tendency of the
plasma protein level was downward in the control group, and upward or rela-
tively stationary in the feeding group. This finding in the feeding group is
more significant than the figures in the control group because of the better
regulated fluid intake and the comparative absence of infusions. The sliarp
tupswinlg of the total plasma proteins and hematocrit from 5.35 to 7.04 Gm.%
in the case of F. \V. is a bizarre phenomenon. Whether it is due to an hlemo-
concentration or to a rise of blood proteins, even while the body was still
losing nlitrogeil, is only a matter of speculation.

In the case of tlle lheiimatocrit values, the tendenlcy of 1)0th groups is to
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dip below the preoperative figures, showing that in spite of the transfusionls,
there is some loss of blood. This is particularly true with those cases in
which there have been blood transfuisions reactions (F. R. and V. B.).

The Weight Curve and the Cumuiiiilative Nitrogent Statuts.-If a table is
constructed by posting the cumulative nitrogen status during the period
in one column, the equivalent of this in body tissue in a second column,
andl the gain or loss of body weight in a tlhird columiin, a better pictture of
tlle relationslhip of these tlhree factors may be seen. Tlle equivalent of tlle
nitrogeni gain or loss in body tissues is arrivedl at by multiplying the nitrogeln
deficit or surplus by the stanidard factor of 6.25, and multiplying the result,
in turn, by five, assuming that the protein is deposited with 8o per cent
water to formii body tissues. Table IX represents this relationsllip in the
eight cases studied.

TABLE IX
Cumulative Nitrogen Body Tissue Lost Body 'Weight Lost

Patients Status Gm. or Gained Gm. or Gained Gm.
D. R ....................... -114.09 -3455 -6950
R. B ....................... - 82.21 -2569 -4300
F.w . ............ - 44.8 -1397 -3430
J. S . ............. -141.13 -4410 -5230
A.V. ...................... + 38.24 +1195 +1540
F. R....................... +114.98 +3593 +3950
V. B ....................... +130.95 +4092 +4710
P. F ....................... +123.56 +3861 +4210

It will be seen from the table that while no linear relationship exists
between the nitrogen deficit or surplus and body weight loss or gain, yet the
trends are roughly parallel. Figures i an1d 2 represent this relationship
graphically. Both the charts and the tables show that in the control group
there was a significant loss of body weiglht, while in the feeding group
there was a significant gain. Another interesting point in connection with
body weight in the control group is that it required a fairly long time for
the initial weight to be restored. Tlhus D. R. on discharge, 35 days post-
operatively, was still goo Gm. under the initial weight; R. B. almost reached
hlis initial weight three weeks postoperatively; F. W. two weeks postoper-
atively was still 4,450 Gm. under his initial weight; and J. S. on the 17th
postoperative days was 3,870 Gm. below her initial weight.

Of the two cases in the control group who were followed for 12 days,
D. R. lost II5 Gmi. of nitrogen and 6,950 Gm. of body weight, and F. W.
lost only 45 Gm. of nitrogen and 3,430 Gm. of body weight. It is interesting
to observe that two fasters-Succi (Florence, i888), in I2 days of com-
plete fasting lost 134 Gm. of nitrogen and some 7,700 Gm. of body weight,
while Levanzin lost, in the same period, I20.53 Gm. of nitrogen and 6,76o
Gm. of body weight. The weight losses of three other fasters for 12 days
were-Jacques (i888) 6,97O Gm., Beatue (1907) 6,410 Gm. and Schenk14
(igo6) 6,8oo Gm. It is apparent that in spite of the infusions and trans-
fusions given to the patients undergoing gastric resection, the nitrogen
and body weight losses of somze cases can approximate those of complete
fasting.
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Theoretically, the bo(ly weiglhts of patienits witlh lhvpoproteillemia mnay be
higher than the actual weight. as a resuilt of the loss iii colloid osmnotic
pressilre of 1)1oo(d proteilis aIl(l the retentionl of \water b)y the tissties (latenlt
edemiia). Ini suicih a circuni-stanice, the body weighit would be sustainled at a
falsely higlh level, to undergo a sudden drop with restoration of colloid
osm11otic pressutre to the blood. Witlh D. R. there was no suggestion of this
phenioiiienon takinlg place. 7\Vith F. WV., the only other patient with
(lefillite hypoproteiniemia, the loss of only 260 Gmii. of bo(ly weight in tlle
lirst tlhree (lays, ini the face of a blood proteiin wh-Iich fell fromi 6.3 to l)elow
5.5 Gm. per cenit, and the loss of 2,30 Gm. on the fourth day after the
excretion of 3,550 cc. of urine on the previous day, is suggestive of this
mechanism having been operative.

Th1e Period of Hospitali.vatioin.-This study was not carried out with any
plannling, but was really ani afterthought. A number of factors entered into
(letermiiniing wlhen this period should be termiinated, among them whether
a patient lhas relatives at home to take care of him after his discharge. It
is apparelnt that a patienit livinig alone miust stay in thle hospital tunitil he is
stroniger. In a ftiture series, it is plainned to have a better control of this
factor. MVeanwhile, the numl)er of (lays of lhospitalizatioll of thlese two
>ro11n.ps are initerestinig

Conitrol Group Davs
Name
D. R.............................. 35
R. B............................... 21
1F.N. ..............................X 21
J. S................................ 17

Av. 23.5
Feeding Group

A.V............................... 22
F.R............................... 17
V. B............................... 14
1P.1I............................... 14

Av. 16.75days

Thliere is, thitis, a shiorter lhospitalizationi perio(d of 6.2_5 days in the feedinig tlan
in the colntrol grouip.

Infusioms aad Tranisfislio is: Tlle number of inlftusionis and(t tranisfuisionls
aminiisteredl to the patienits in these two groups are shiown in Table X.

TABLE-X
Total Amount of

No. of Days Total Infusionis No. of Transfusions
Conltrol of Infulsion Given-L. Transfusions Blood Cc. Plasmiia Cc
D. R ................... 10 18 4 1,000 cc. WX.B.* 1,000 cc.
R. B.................... 7 19.5 6 1,500 cc. 1,050 cc.
F. XNV ................... 2 7 1 500 cc.
J. S..................... 5 12 1 500 cc.
Feeding
A.V.................... 2 3 1 500 cc.
F.R.................... 4 12 1 500 cc.
V.B.................... 1 4 0 0
1'. F.................... 1 2 1 500 cc.

*W. B. = Whole blood.
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It vill hc seell that bothl the flun)lber of infusilonis anid tranisfusionls were
;arhecdlllre(lllce(l ill thle fed(lillg- grolp. Iis wsi also thle exl)eriellce of

Steicgel ailnd Rad\illn,' wfit tfliir orojeCjun1al fecdinig cases. Ini the last two

p)atients, V. I. anI 1)X.U., tlhe iiiftilsios \w-ere givenl ill tile lIrSt 12 postoI)era-
tive hours, and(I V. 13. ladl nlo transftsiosls, whlile tlle transfusioni in I). F.
as a result of the severe reaction seemie(l to have been miiore harmful than
otherwise, reducing the hemiiatocrit value significanitly. and could well have
been dispensed witlh. The greater comfort to the patient in the use of fewer
inifusions and the econioml-ic advalntage of reducing the number of transfusionls
are considerable.

Postoperative 4stheiia.-While the usual postoperative debility was pres-
ent in the control group, it was inlteresting to note that it was minimal in
the feeding group. This was most apparent in the last two feeding cases,
V. B. and P. F., who got restless and asked to get up in a wheel chair on
the eighth day. On the twelfth (lay they were helping miiove beds and weighing
fellow patienits. This absence of postoperative debility was also observed by
Brunschwig, et al., in onie case, a patient who had gained 20.39 Gm. of nitrogen.
Although this absence of asthenia seemiis to be definiite in this series of
four patienits, it is still imipressioniistic. In a future series we propose to
study this subject objectively.

Disadvanztages of the Feedingrl Meth11od.-The maini disadvantage of this
method of feeding is the (liscomiifort caused by the presenice of the nasal
tube. This discomiifort is relieved in 24 hours after the tube is remloved.
The other disadvanitage is the objectionable taste of the millxture. \When
the mixture is adminiisteredl througlh a tube, this difficulty is circumiivented,
but many patienits rebel against taking it orally. If the patient is told that
it is a "build-up miiedicinie" wvhich he will not lhave to take for miore than a
week (after the five to six days of tube feeding), however, lhe can usually be
persuaded to "down" the miiixture. Occasionally diarrhea occurs. WVhether
this is due to overfeeding or to other factors has not been determnlined.

In this series of four feedilng cases, anid in a large series of feediog witl
amligeon and nutramigen to patients who w-ere niot undeler study, there w-as
never any distenition en,counitered.

DISCUSSION AND COMMENTS
The question arises, how does this attempt to maintain caloric and( nitrogen

equilibrium postoperatively differ frolmi previous attempts? None of the
technics employed in this study are essentially new. Variouis technics of
postoperative tube feeding have been periodically reported. Elman and
Brunschwig showed the feasibility of achievinig niitrogen balaince by pareniteral
feedling, and this has been repeated by Lanidesmani and \Weinstein.17

Stengel andl Ravdin,26 in 1939, anld Ravdiin anld Stenlgel,l' in 1940, reported
anl orojejunlal miietlhod of feedinig, using the Abbott tube, anld an inigeniiouis
automatic feeding machlinie. Unfortunlately. there Mx'as at that timle lio
ready-miiade hloiogelnotus miiixtture availal le. Fuirtlhermiore, 110 nitrogen balance
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was dolne, and withotut knowinig the gravity of nitrogen losses, no adequate
replacement could be given, partictularly as these authors emphasized only
the necessity of a basal intake.

The first point of departure in this work from previous work is the
utililization of the absorbing surface of the reaches of the intestines beyond
the point of operative trauma for the absorption into the system of a feeding
mixture which requires the minimum of digestive effort. The combinatioll
of the feeding tube and this mixture obviates the difficulties which bar the
way to immediate posoperative feeding, especially in abdominal cases, namely,
the vomiting, anorexia and impairment of the digestive processes caused by
an operation. The second point of departure is the strict adherence to a
caloric and nitrogen intake, which would at least fully replace the losses
resulting from the operation.

To rely solely upon intravenous alimentation to do this is to put to
heroic use a method which, at best, mtist remain an excellent adjuvant.
Elman and Brunschwig both realize tlhis, Elman saying: "The purpose of
parenteral alimentation, in surgery at least, is to clear temporary hurdles";
and Brunschwig, et al., stated: "Minimal caloric requirements, including suf-
ficient protein (as amino-acids), may be met by intravenous nutrition." Thus,
in order to give 1,749 calories, and a nitrogen intake of i8 Gm., Brunschwig
gave as much as 4,500 cc. of fluid intravenously in six hours, an amount
which must tax the circulatory system by the production of an acute plethora.
And, unfortunately, the caloric and nitrogen requirements postoperatively
are not often basal, as has been demonstrated by Cuthbertson,6 An analysis
of the four cases reported by Brunschwig, et al., as having registered a net
gain of nitrogen ten days postoperatively, shows that only one achieved a
positive nitrogen balance as a result of intravenous feeding. In Elman's
report of 35 patients, in whom nitrogen balance was achieved by intravenous
alimentation, only four postoperative cases were reported in detail, and in
none of these four was a positive nitrogen balance consistently achieved. Re-
cently, Gardner and Trent'9 found similar difficulty in maintaining nitrogenl
balance by intravenous alimentation in patients with large nitrogen losses
postoperatively. If to this limitation may be added the dangers of pyrogenic
reactions, and of phlebitis and thrombosis of veins, the restoration of whose
patency is never certain and which could be conserved for use in greater
emergencies, the present tendency to rely mainly on intravenous infusions
to supply caloric and nitrogen requirements seems unjustifiable.

Finally, two further points must be emphasized. The first is that blood
and plasma transfusions, dramatic as they are in the restoration of the blood
volume in acute hypovolemia caused by hemorrhage or acute loss of plasma
proteins, cannot be depended upon as the sole caloric and nitrogen supply for
the body. Sachar, Horvitz and Elman20 are of the same opinion, and a little
arithmetical calculation will show the strength of this statement. As shown
above, the amount of plasma proteins in 500 cc. of transfused blood will yieldl
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7o calories anid 2.8 G(m. of ilitrogeni. ro sul)lylv thle basic caloric requiire-
mienlt alonie would re(lutire 26 transfusiolns a (lay ! \Vere all the hemloglobini ini
the transfused 1)1b0(1 also utilized for body eniergy, for whiclh we have no
evidence at present, only 55 Gm. of protein in the form of hemoglobin would
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FIG. I.-Panels a, b, c and d are graphic records of the plasma protein, nitrogen deficit, bodly
weight and hematocrit curves (except two) of members of the control group; namely, of )..
R.B., F.W., J.S., respectively. Note particularly the downward trends in both the nitrogeii curve
and the body weight curve.

be available, making a total of 72.5 Gm., and to satisfy the basal caloric needs
under these hypothetic circumstances would require six transfusions a day.

The other point, which Case D. R. suggests, is that unless provisions are

made for full caloric and nitrogen maintenance postoperatively, patienits
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FIG. 2.-Panels a, b, c and d zire graphic records of the nitrogeni deficit, hody weight, plasmu.a
protein and hemiiatocrit (except oiie) curves of members of the fee(dinig grotulp, namuely, of V.B., F.R.,
P.F., and A.V., respectively. Note the conisistenit upwardl treni(l in niitrogeni sturl)ltus anid body weight
in all the fotlr cases. The l)asma proteini cutrves are conisistenitly iupward in two atmd show a slight
depression in two.

operationi, lea(ling to imiipaired woonll(I healing. It m1ay he safer for surgeons
to set a hiigher "lowxer lim1lit of nlormlial" to sni-rg-ical patients tlani is required
in other specialt ies.
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It milust be emlplhasized that these four cases are only prelitmiinary, and
poinlt the way to a wider application of at least full caloric and nitrogen re-
placemiienit in surgical patients. A number of refinemenits have still to be
Nvorked out, amiionig tlheml suitable feeding technics for differenit tyl)es of cases,
and the optimlumii postol)eratixve intake, and objective tests for strengtll anld
cll(lirailce.

SUAIMARY ANI) CONCLUSIONS

(i) The nitrogen balance, the body w-eight and the plasmia proteins of
four patients with (luo(lellal ulcer, anid uindergoing partial gastrectomy, anid
treated postoperatively by the stanidard ward routine, were followed for from
7 to 12 days. There was founld to be in all these cases a cumiulative nitrogell
deficit, a progressive loss of body weighlt and a suggestive progressive fall
of plasmiia protein concenitration.

(2) In aniotlher groul) of four patients with simlilar pathology, and unider-
goinlg the samiie operationi, in wlhomii the caloric anid nitrogeln balance was
mainitained by tube feeding witlh ani easily assimilable feeding mixture, there
were achieved a positive nitrogeni balance, a cumulative nitrogeni surplus, and
a progressive rise of body weiglht and of plasmiia proteins. There also seemlled
to be the minimllumii amiiounit of postoperative asthenia.

(3) The teclhniics enmployed in this study were discussed, as well as the
fallacy of expectinig to mainitain nutritioni by blood tranisfusionis, and( the
necessitv of a hiigher "lower limliit of nlormiial" of plasmiia proteins for sturgical
l)atients.

(4) TFhe preliminary clharacter of this work is emiiplhasized.
The autlhors wish to acknowledge their grateful thlaniks to Dr. Victor Carabba wlo

perfornmed a numtiber of these gastrectomies.
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