MEASURI NG GASTRO NTESTI NAL PARAMETERS Background of the Invention Field of
the I nvention The present invention relates to the nethods of neasuring the
5 concentration of dietary fornula in gastric content, gastric residual

vol unme, volune of dietary fornmula remaining in the stomach and vol une of
gastric juice in stomach. Description of the Prior Art Enteral nutrition
is generally preferred over parenteral nutrition 10 because of its |ower

cost, lower rate @%g i A€ PN i of gut
structure and fungillE(;An. lﬁs;: Cri il%%ﬁ$ﬁ§él %@%Ei#o tolerate
nasogastric tube feeding, dewyel ppin hfestatj.ons of intolerance

i ncl udi ng nausea, vomting, ﬁa@&%&a@@pﬁ@gﬁa M 5nd aspiration. 12
Gastric residual volunmes, obtained by the use of nasogastric 15 tube
aspiration, FieRl ¥f 4R phvdafignt 0 eval uate feedi ng tol erance and gastric
enptying. Hi gh gastric residual volunes raise concern about intolerance to
gastric feeding and the potential risk for regurgitation and aspiration
pneunoni a. 2' 3 Valkesprefergaitvention efdlatedl tov ehe!nmstheids edf afiedzating fegh in
patients receiving nasogastric feeding typically range from75to 500 nL. 4
20 Yet, s manyconuersteatjondofedietary fermuadn gaytsicod catenty gastas pesiduat dopaney i ¢
residual volunes as dogma and stop enteral feedings regardless of clinical
status, if vohimeofahietendfarmulasehamenp tuthef stomavk land8;0durkieved\gastrict he
traditional practice of gastric residual volume does not take into account

the fact thduicenn stamads accunulate in the stomach of the 25 patient on
nasogastric tube feeding include not only the tube feeding 1 formul a

itsel f, but Déseeiptival ofotePried Ava and gastric secretions.8 Gastric

Enteral nutrition is generally preferred over parenteral nutrition

10 because of its lower cost, lower rate of complications, and effective
preservation of gut structure and function. Many critically ill patients do

not tolerate nasogastric tube feeding, developing manifestations of
intolerance including nausea, vomiting, abdominal distension, and

?  Gastric residual volumes, obtained by the use of nasogastric

aspiration.”
15 tube aspiration, are widely used to evaluate feeding tolerance and gastric
emptying. High gastric residual volumes raise concern about intolerance
to gastric feeding and the potential risk for regurgitation and aspiration

>3 Values of gastric residual volumes cited as being high in

pneumonia.
patients receiving nasogastric feeding typically range from 75 to 500 mL.*’
20 Yet, many nurses, dietitians, and physicians use aspirated gastric residual
volumes as dogma and stop enteral feedings regardless of clinical status, if

values exceed the designed cutoff level.>’
However, the traditional practice of gastric residual volume does not
take into account the fact that the fluids accumulate in the stomach of the

25 patient on nasogastric tube feeding include not only the tube feeding



resi dual volumes al one cannot distinguish the additional volune of
endogenous secretions in a patient who is effectively enptying the vol une
of exogenous feeding. Therefore, using of aspirated gastric residual 5
volunes as a nonitor for gastric enptying is limted by poor sensitivity
and inability to aspirate the conplete volunme of gastric contents.
Moreover, traditional use of aspirated gastric residual volunes is
i nsensi tive BAAulaCASKIL bih #6b mlmédhealﬁawgggﬁi&&e& it dagRier al
formula fromthe 1large volune of naturally occurring endogenous
secretions. rggdgilalvol@inéepslohs bauptsHRMghRAL s PiddiGthl 998U §esi dual
vol unmes are poorly <correlated wth gastric enptying, incidence of
regur gi t at i aadogewbusisekretions fpulangueny winpisreffdctivelyS&hptydse the ¢sluhie, there
is a need to devel op nethods to nonitoring the dietary formula
concentr at i af, exogenogssfeedmg: esTHermforeplusings ,ofanspivatbdingasaic réSidgalstric
content in stomach for patients receiving nasogastric feeding. Brief
Descri pii on vwlumpsadr avimips for gastac empiyong is Hotedt byepedr seakitivatyi andof
dietary fornul a concentration calculation. Since the Brix val ues of
pol yneri ¢ diiBabilig t asprate (thecompletei xadume| oft gastdeicontants tMerefiver, f or nmul a
concentration (R2.= 0.99), which allows ¢ btgin the equation for dietary
formul a condeaditional gwsec 8f caspaat gaﬁf‘ﬁu?“é“ﬁ‘aih‘ffaéﬂleﬁelsnﬂlsﬁ@’fﬁﬂ?c@ld basi s of
gastric residual cal cul ati on. ter l.uti et the
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cal cul at ed GASHYY ﬁf)sléﬁg"}ziélg a?OIQB‘PIEﬁl%SS :r%éa?n Fepbert) forsnlaruon yreri

i et % ) i tri t ent BV1., Aft 30
L vt or i TREoNOMHRY ol daeally, YultBol eREdsos TGRSV 2, s
full sty engtrgp&xgg MIRE | ShoWrPithdS a?ﬁi%@&'gasu%]qesiaual volumes are poorly

correlated with gastric emptying, incidence of regurgitation, and risk of

pulmonary aspiration .>'°

As a result, there is a need to develop methods to monitoring the
dietary formula concentration, true gastric residual volumes, and volume of

15 gastric content in stomach for patients receiving nasogastric feeding.

Brief Description of the Drawings

Figure 1 shows the mathematical basis of dietary formula concentration
calculation. Since the Brix values of polymeric diet had a
20 linear additive relationship with the diet formula concentration
(R* = 0.99), which allows to obtain the equation for dietary

formula concentration calculation.

Figure 2 shows the mathematical basis of gastric residual volume
calculation. Before water dilution, we set the calculated gastric
25 residual volume as Vol.1, % full strength polymeric diet as %
Conc.1, and the Brix value of gastric contents as BV1. After 30
mL water dilution in the stomach, we set the gastric volume as
Vol.2, % full strength polymeric diet as % Conc.2, and
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the Brix value of gastric content as BV2. Figure 3 shows the mathenmati cal

basis of equation and exanple of dietary
stomach cal cul ati on.

tube feeding by the 5 use of Brix value determ nation and resi dual
Description of the Invention The Brix value is a neasurenent
uble solids by the use of refractoneter in solution which is

nmeasur enent .
of total sol

constant for a pure

formula volunme remaining in
Figure 4 shows the nonitor of continuous nasogastric
vol ume

RUBSk ARk Mgﬁ : ﬁt]néjsaﬂ conditions of tenperature
and pressure. The Brix value ¢ rg?%g%@gc oselqg‘wlth the nolar fractions

of the conmponents. In other words, the overall Brix value of a m xed
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settings to determ fiemule velmeramainingninstomachaledlatiohst ances such as
drugs, food, fruit juices, and parenteral nutrition solutions. This
refractive nethod for food content estimation is prom sing because it

produces pr &igae 4 estdhwgthennbhitonbf contiriuval nasogalid hibe feelingt
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Unexpectedly, it isMCBHHEMEALt he i nvention that the dietary fornula
concentration, gastric residual volune, and volunme of gastric content

st onmach can
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be measured through Brix value. 25 3 Method of Measuring the
Concentration of Dietary For Reseriptieniofithainwventporovi des a net hod of
nmeasuri ng the percent

The Brix value is a measurement of total soluble solids by the use of
refractometer in solution which is constant for a pure substance under
standard conditions of temperature and pressure. The Brix value
correlates closely with the molar fractions of the components. In other
words, the overall Brix value of a mixed solution approximates the additive
sum of the Brix values of its individual components. Brix values have been
used in a number of clinical settings to determine the concentration of
mixed substances such as drugs, food, fruit juices, and parenteral nutrition
solutions. This refractive method for food content estimation is promising
because it produces precise readings with only minimal variability.
Furthermore, Brix value measurement is rapid, simple, reproducible,
inexpensive, and appropriate for routine bedside monitoring of food
content.

Unexpectedly, it is found in the invention that the dietary formula
concentration, gastric residual volume, and volume of gastric content in

stomach can be measured through Brix value.



concentration of dietary forrmula in gastric content, which conprises the

steps of i) infusing dietary fornula to the stomach of a subject, ii)
obtaining 5 the gastric content over an appropriate tine after infusing and
measuring BV thereof, and iii) obtaining the percent concentration of

dietary formula 1in the gastric content through the equation: percent
concentration of dietary fornmula = Brix value / slope val ue; wherein the

sl ope val ue § tlﬁm ﬁ%uiiﬁ%ﬁh%ﬂ(}%&éﬁ{ti ijbielfa%)p?ﬁléﬁl&li} he dietary

formula to obtain a series atrons o l'etary forml a,

measuring the BhieX i@titesn Oprévifes I &S Unkihdd C&"Cﬁi&h&ﬁ{ﬂgongleo" P&}E‘é‘nfi etary

formula, and then using salg) resul ting concentrations Tand Brtx val ues to

obtain a sl epack@tratfor! bPMictarys forifa iA9ERHSE BnfRR! Which cHapliséalleyy. the
sl ope value is 0.24. The preferred enbodi nent of the nethod of the

i nvention i stgiswfi) infusihg drétgny fortuldas tieditordatto of hl@ull)jiw@lii)idb‘ﬁa' dietary
formula can be used in the nethod of the invention. Preferably, the
di et ar ys5 f or rthé gastsict tanteiteoearyan appropriate tmegafi¢r infusing entlemdanging\or e
preferably, the dietary fornmula is liquid dietary fornula. 20 According to
the inventi dhY theseofaanglisi) atbtainmg-theqpancerdtdonaentfatitineofadigtary dormitke can be
nonitored by the method of the invention. That is, 0- 100% of the dietary
formul a can 1pdhergastiie centeny threpgh therequatipn: percest cancsntrationof dicsaryd i n t he
invention that the percent concentration of dietgry formula jn the gastric
content are HHP“ng F%d"%‘}e ?Wi"ﬂfoé{'g‘/ueﬂ"l@@%@?oﬁgl’e o ‘l?alsu@{,’taﬂéfﬁlper ature
and the ti of t dietary,.farmula in stomach. The percent concentration
of dietar yn&f)‘?lﬁlfp gs%"@i ﬁ]illﬂﬁf’gs é’% thF rfgﬁ'iaw %%?%n@h? falf} apserics Hri x
val ue. . The o at| o] | erar or pul & i n e ric
content® al s%%é g%ﬂ%aetfo%ga%;ﬂeedh{eﬁé}gué%ﬁ}uﬂ% rtn%aélurfng the Bri V%ﬂles goatshle
resulting concentrations of the dietary formula, and then using said
resulting concentrations and Brix values to obtain a slope value from a
simple regression analysis. Preferably, the slope value is 0.24.
The preferred embodiment of the method of the invention is shown in
15 Figure 1.
According to the invention, any dietary formula can be used in the
method of the invention. Preferably, the dietary formula is the dietary
formula for gastric tube feeding. More preferably, the dietary formula is
liquid dietary formula.
20 According to the invention, any ranges of the concentration of dietary
formula can be monitored by the method of the invention. That is, 0-
100% of the dietary formula can be monitored by refractometry.
It is surprisingly found in the invention that the percent concentration
of dietary formula in the gastric content are not affected by the body
25 secretions, pH value, temperature and the time of the dietary formula in

stomach. The percent concentration of dietary formula also exhibits a

linear relationship with the Brix value. The percent concentration of
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equation: percent concentration of dietary fornmula = Brix val ue /sl ope

val ue, wherein the slope value is obtained froma sinple regression

anal ysis known in the art. Method of Measuring the Gastric Residual Vol une

The present invention provides a nethod of neasuring the volunme of gastric
resi dual vol unme, which conprises the steps of i) determning the Brix val ue
of said gastric residual volune to 10 obtain a BVI, ii) adding appropriate

I f : i i - 03] I f i xaed tri
ol ve, O, valietat S0 BBl LSl ak® e BB PhEIE aiest 1 ©
aspirating t@atigsupkiceat GRaLEtEatiAN b8 Wiefab® FohlifilaS OB valle {fslop

determ ning the Brix value of said resulting gastric content 0 oebtain a

BV2, and vi )vabl, aivhierdnt the ¢lpenvalat #aobtdified oRb@mNGa bitile OfbokéiRiord 0! | oW ng
equation: BVI x said added volume of water BVI - 20 BV2) . The preferred

enbodi ment cfatysés keedvo éh tife arhe *i nvention is shown in the bel ow Figure 2.
According to the invention, any appropriate techni que or device can be
used in5the neasurenent of Brix value. Preferably, the Brix value can 25
be measured by refractoneter. According to the invention, the "gastric

resi dual vol od ef Measuringdhe (GGasyricResidugl Yolayneecreti ons (such as

gastric juice and saliva), and.the 5 m xtures thereof
The present invention provides a method of measuring the volume of

gastric residual volume, which comprises the steps of’
1) determining the Brix value of said gastric residual volume to
10 obtain a BV1,
1) adding appropriate volume of water to said gastric residual
volume to form a mixed gastric content,
111)  infusing said mixed gastric content to the stomach,
iv)  aspirating the resulting gastric content from the stomach,
15 V) determining the Brix value of said resulting gastric content
to obtain a BV2, and
vi)  obtaining the volume of gastric content through the
following equation:
BV1 x said added volume of water / ( BVl —
20 BV2) .
The preferred embodiment of the method of the invention is shown in
the below Figure 2.
According to the invention, any appropriate technique or device can
be used in the measurement of Brix value. Preferably, the Brix value can
25 be measured by refractometer.
According to the invention, the “gastric residual volume” refers to

dietary formula, body secretions (such as gastric juice and saliva) and the

5



According to the invention, the "appropriate volunme of water"” refers to
the water used to dilute the gastric content. Preferable, the vol une of

wat er ranges from10 nmL to 500 nL. 5 Surprisingly, it is found in the
invention that the Brix value neasurenent may be a new tool to neasure the
cal cul ated gastric residual volunme. The Brix value of the resulting
gastric content is neasured in vitro to obtain a BV1. The resulting
gastric contgplutes tREldggd an appropriate volume of water to obtain a m xed
gastric content. The 10 resulting m xed gastric content is infused to the

stomach of the spbi@ding toltheNinvéMeor)aké Fhspropib@NolufedsPivhfiredeferom t he
stomach of the patient again and then the Brix value of the gastric

content is neahenvedet asabtoadilure BYZastricheomenat imefdrableotHeavslune dhe vol une
of gastric content can be derived fromthe follow ng cal cul ation fornula:

15 BV1 x volwater cfnggaditom d Oanhtte 500mef.ore dil ution = BV2 x (volunme of
gastric content before dilution + added water volunme) BV1 x vol ume of
gastric5cont ent Surpusinglyoliirte Sdungagnr ithe iowentsont thaB\the x Baddedlweat er
vol ume 20 BV1 x volume of gastric content - BV2 x volune of gastric
content = BVHC3SUEHR WAy ¢ aBewteol i measwe thesaldquiated gastric Tesidunke

O N Bl 2 S ik R KOS b
vor urey 1 (oo G AAREG oFhGeEsubngy erECoratny Fordded ol une
Remai ni ng arh?)propriate volume of water to obtain a mixed gastric content. The
10 resulting mixed gastric content is infused to the stomach of the subject.
Then, the gastric content is aspirated from the stomach of the patient again
and then the Brix value of the gastric content is measured to obtain a BV2.
The equation for obtaining the volume of gastric content can be derived
from the following calculation formula:

15
BV1 x volume of gastric content before dilution =BV2 x (volume
of gastric content before dilution + added water volume )
BV1 x volume of gastric content = BV2 x volume of gastric
content + BV2 x added water volume
20 BV1 x volume of gastric content — BV2 x volume of gastric
content =BV2 x added water volume
volume of gastric content before dilution x (BV1— BV2) =BVI
x added water volume
volume of gastric content = (BV2 x added water volume )/ (BV1
25 — BV2)

As a result, the volume of gastric content can be obtained through the

equation: “(BV2 x added water volume) / (BV1 — BV2) ”.

Method of Measuring the Dietary Formula Volume Remaining and

30 Gastric Juice Volume in Stomach



30 Gastric Juice Volume in Stomach 6 The invention provides a nethod of
measuring the dietary formula volune remaining in the stomach, which
conprises nultiplying the calculated gastric residual volunme of the
invention by %full strength of dietary fornula. 5 According to the
invention, the calculated gastric residual volune can be obtained fromthe
met hod of measuring the gastric residual volume of the invention (as

descri bed her ei Migb@awehtioAGsrokitiedt niethd® of MHEAuLAB, theadiétal Fophulal or nul a
can be used in the nethod of the invention. Preferably, the dietary

formula is tvoburde etemnyinimy riul the stomasingasiich ccomprsesO rhaleiplyigg tHer e
preferably, the dietary fornula is polymeric fornula. The forrrul a vol une
remai ning i rcatcudated gastrie fasrdnal vobeme bd’ thal iowemnticad byt % fulbbtreigthesfuat i on:

"the volume remaining in the stomach = calculated gastric residual volune
x %full stdéefgihfasmudd.et ary forrrula The preferred enbodi nent of the
nmet hod of the invention is,  shown in ﬂg{llS figure 3. The invention

furt her3 provi desA\ecordingda the IweALQR; ?tPé gﬁméesmﬁﬂhﬁﬂw efomach,

whi ch conpri,ses, subtracti th eta la volune. r i.ni ng n the

t h f gé‘%'meé %@gdpe@&atﬁfeme mgd ‘F 6?%‘1‘33 P’Bﬁé’fjr enai ni n
;sno[rﬁg st(rjlc“)rz% h.can.be mgﬂ) scki b d r][ &]gve e trueI °
gastric rem@%zﬂl VIO 8&%‘?{8@ g€° %e af HSHRE BatnleeBR?heen i nput
f fuse or d n ret t dto
g;g{nr:g g?rp%}& dw%ﬁ' taqqﬁna@e%%ge%gz}ll g(geﬁlolutggsg&re |%§H%omt§/§h@6 ‘e 1500 nL

of Sal i vary et onR dRthrydBinits R the iR forinlly'16F lSSgalittc wbRer ef Or e,

devel opi ng a net mne tota
10 feeding. More preferably, the dietary formula is polymeric formula.

The formula volume remaining in the stomach formula can be calculated

through the equation: “the volume remaining in the stomach = calculated

gastric residual volume x % full strength of dietary formula”. The

preferred embodiment of the method of the invention is shown in below
15 figure 3.

The invention further provides a method of measuring gastric juice
volume in stomach, which comprises subtracting the dietary formula
volume remaining in the stomach from gastric residual volume. The
dietary formula volume remaining in the stomach can be obtained as

20 described herein above.

The true gastric residual volume is determined by the dynamic
balance between input from infused formula and endogenous secretions,
and output related to gastric emptying. On the average, endogenous
secretions contribute 1500 mL of salivary secretions and 3000 mL of

25 gastric juice per day. Therefore, developing a method to determine total
volume of contents in the stomach and a system to differentiate the exact

volume of the component of formula in that mixed solution of gastric

7



vol une of contents in the stomach and a systemto differentiate the exact
vol unme of the conmponent of forrmula in that m xed solution of gastric 7
contents m ght have a place in evaluation of treatnment in patients
receiving gastric tube feeding. The gastric secretion in stomach was
estimated using the equation: 5 Gastric secretion volunme in stomach (i.e.
gastric juice) _ Calculated gastric residual volune - Volune of dietary

formula  rengjnfdig n{i’%hﬂ hdvé a gﬁ%e iR \69aubAbn %wwahﬁeﬂ%ypamﬁﬁdrekmcg )
dietary ranges of nutrients 10 (such as carbohydrate, "protein, and fat)
coul d be noridsaictibeyfecd@dl Tat aBtiyseckétorBin MtovmlcHavaSedtirhaed Wi tive
function of the concentration of nutrients present in a solution-and iii)
Bri x val ues theeqeatidred excellently with the concentrations of diet formula
regardl ess of pH, tenperature, and the types of solutions. Taken together,

the invention indi gai&gct %eﬁ&f “F[el %nValdie &P’};j.@.esgh%ﬁ‘i'c Ci iqical Iy and
h t dj et . t d b

opeseareh to o gl Sl AN pRle Ve éﬁ?w;%&lﬁ hge,

preparation, and adMP@¥B8ation. The invention uses the Brix val ue

measur enent rﬁ{e‘ astric contents to nonitor both gastric residual vol une
and food co H in patients receiving 20 nasogastric feeding.

S i Si ly, it S: i i ti t,.t,he Bri p 1

ot PLer IOl CoThe hREn Dbl S Phak 17 i Phrgks !t BEfREST o
 Jast I Co o fondin, of | |

P oy mid, [ qShctl s NERBARDAGHE GRINS ol AL Aftd CREDAGRISRLY by o |

the inventi qfratldmedy X) BHv0altBas WneaeM il FurdonWSthe ot dtPtionf

of nutrients present in a solution and iii) Brix values correlated excellently

with the concentrations of diet formula regardless of pH, temperature, and
the types of solutions. Taken together, the invention indicates that the

15 Brix value can be used clinically and in research to monitor dietary formula
concentrations, and therefore be used in clinical practice to evaluate dietary
formula during storage, preparation, and administration.

The invention uses the Brix value measurement of gastric contents to
monitor both gastric residual volume and food content in patients receiving

20 nasogastric feeding. Surprisingly, it is found in the invention that the Brix
value measurement of gastric juice may be a new tool for monitoring of
gastric emptying in patients receiving nasogastric feeding, providing
complementary information to traditional use of aspirated gastric residual
volume.

25 In the invention, the Brix value measurements for various dilutions of
the polymeric diet have minimal variability in vitro. This simple method
of the invention permits bedside measurements with a high degree of
reproducibility. On the other hand, saliva and gastric secretions have few

dissolved substances and therefore have correspondingly low Brix
8



the polyneric diet have mninmal variability in vitro. This sinple nethod
of the invention permts bedside neasurenents with a high degree of
reproducibility. On the other hand, saliva and gastric secretions have few
di ssol ved substances and therefore have correspondingly |ow Brix 8 val ue,
close to that distilled water. Therefore, it is possible to determ ne

whet her gastric contents are conprised predom nately of diet fornmula or

di gestive segil@d, Q6% totHRRditiMed WREkE! VTRErpGHeY WEfs! gosgib% td GeeiMgh
Application of this Brix value neasurenent of gastric contents woueld 5 be

useful for oWhethedlgastfiacéontents GRERbaTRISEH THedbiRinssely a6t dicdtfBfhuRt &t | on of
gastric residual volunes, particularly for managenent of patients receiving

nasogast ri c digestiveesedretigns Gapatiénts reivduglipolyahetiedies fetekigg mi ned by t he
dynam ¢ bal ance between input (endogenous saliva plus gastric juice and
exogenous f or mul Appheatiamueipthis Byastalucmeapirginegy of gastrit kententnwonld A 10 | ow
Brix value (especially if there is a steady decrease follow ng bol us
i nfusi oh) i it esefelsfos dligigal pracsices eemplenamting: thaluse radenterprstation ofipl i es
he di 1 ut | orEa rseiel 3ATRere PERISWRETY FOTEARARERGIE ol PAUSTGTRRGRNE
cal cl 2 o0 Gt il SRSl VPR SRl e AT B 10 L
o oo SR TRl e SRR B RS WO BN e o
500 o e Al SRR GG il AORLBRAOREE, BS
T Rar i gL EpA,  eE e Sty s plaE e (1
retention waghfdiod)din@#ates a low concentration of formula remaining and implies
adequate emptying of formula from the stomach. This may be confirmed
using the dilution technique and the change in Brix value to determine
calculated gastric residual volume and specific volume of formula
15 remaining.
A patient carrying a low gastric residual volume associated with low
food retention (low Brix value reading) would be interpreted to indicate
that the formula is being emptied appropriately, and that there is no
retention within the stomach. The risk for aspiration in the presence of
20 low gastric residual volumes would be expected to be minimal, and the
patient would be perceived as tolerating feeds. On the other hand, high
gastric residual volume associated with high food retention would indicate
the presence of delayed gastric emptying, an increased volume of gastric
contents as a result of formula being retained in the stomach, and true
25 feeding intolerance. However, patients carrying a low gastric residual

volume but showing evidence of high food retention might be interpreted as

having evidence of gastric dysmotility. In that case, the low gastric

9



the presence of del ayed gastric enptying, an increased volune of gastric
contents as a result of fornula being retained in the stomach, and true 25
feeding intol erance. However, patients carrying a | ow gastric residual

vol une but show ng evidence of high food retention m ght be interpreted as
havi ng evi dence of gastric dysnotility. In that case, the |low gastric 9
residual volune m ght represent a fal se negative screening nonitor caused
by the fact rebidual vélubi ttre?refsaﬁoh fllsd HBative dtpderiifle ithhifd? Qausdd gastric
juice, or the tip of feeding tube is adheréent to the gastric nucosa. Low
food ret entbyothetfuctsthuettal tifgof thevfedigdabe igmotini the?poblloﬁgﬂsthb ice th high
gastric 5 residual volunes, nmay give sone assurance that tormula is bei ng
enptied ef facthevip y)ffﬂeedmghmbetlermﬂmbrenThe thie ggnsgracs micosa.es Ldwafood! unes
woul d thus represent a false positive screening nonitor. Feeds could be
conti nued agetantion byl seversd Bris yalys ribtﬁtnnmatmmunmmenwmlamghygasm gr eat est
strength of refractonetry is its mninmal expense 10 and ease of
utilizafion. realﬂealawm%mayeglmc,s@me@ssyrmy that formuiafsdb emmmfmd change

|ntheBr|vauesoert|rrefoI us of feedi g may hi gh ght or
i dentify poc?rf fixely; éoﬁ"r’rﬁi%/ﬂ?&‘a ﬂ'@oﬁ%gg‘ BstHs Jeydu VOlfm’é‘él‘WP use of

o e ot dﬁ#@fﬁp—a&%wa‘feﬁsﬁi e carf{ﬂa@qusﬁ:f
o T BRG] RS, ConT o 1T
h

have g1¢at oSt 2npl gl 08 By RALUEAER O KhocRHERE HOMM cBtghear

nmeasur ggrent San'ﬂala&eof'iﬁﬂlz%ﬁbnm'l‘hkoiésé’@ QF ref#ActbfR ﬁiazf B@C{v&oﬂﬁ@m in the
stomach for clinical application. The follow ng Exa are offered by way

of illustratMafinah¢hamge By the Brix values over time following bolus of feeding

may highlight or identify poor gastric emptying, that could be missed by
traditional use of aspirated gastric residual volumes. Secondly, the
dilution techniques of refractometry may provide confirmation or a double-
15 check of the true gastric residual volume and/or the specific volume of
enteral formula remaining in the stomach. Serial Brix value
measurements may ultimately have greatest application in patients with
nausea, vomiting, and early satiety, as a simple clinical test for gastric
emptying. Brix value measurements may be used for monitoring of

20 residual food content in the stomach for clinical application.
The following Examples are offered by way of illustration and not by

way of limitation.

EXAMPLES
25
Example 1  Use of Brix value to Monitor Dietary Formula
Concentration in Gastric Juice

Materials and Methods
10



way of limtation. EXAMPLES 25 Exanple 1 Use of Brix value to Mnitor
Dietary Formula Concentration in Gastric Juice Materials and Methods 10
Brix values for nutrients such as mnerals, vitamns m xtures,

car bohydrate, protein, fat, and polyneric diet were determned with a
refractonmeter (N. O W507-1, N ppon Optical Wrks; Tokyo, Japan).A 5
solution of mnerals (Ringer' s solution) was obtained from YF Chem cal

Cor poration (Taipei, Taiwan), and consisted of sodiumchloride (8.6

mg/ M), potassiumchloride (0.3 ng/m ), and calciumchloride (0.33 ng/m).
Vitam ns (Lyo- poBiigewalugs pforemueriéits Viichnias minttals) vivamigd SAixeiea) ned
from YF Chem cal Corporation (Taiwan), and contained vitamn A 10 palmtate
(12 1U ), oarbahyidnate? prateiny fdt) andi palyimerie @ixtO®6red detdrminedsivigmian C (0.5
ng/m), vitamn B 1 (0.05 /rri)7, vitamn B2 (0.01 ng/m ), vitamn B6

(0. 015 ny/ mr)e,framoatﬁtmmc@.r{%om 1hy/ Nippona ptigab aWotisn ol oky(c). Bpanydy ni ) .

Car bohydr at Carb-ai d, .St h d tein . - , lactoal bum
SR TN N LRI ML L
I nt lipid d.f F i Kabi B, U | a, den.
o A PRI M N T ST

bohydr at 7.0/ 100. t ei . /100, m ), d,fat. (4. /100
car oy & A R o T gD AL B A )
Cor e ati on GRSRICIR foibeh £ Yaldhibiaf ankHBATHS WAL A bBialiRe® Ve O

eval uate th

from YF Chemical Corporation (Taiwan), and contained vitamin A

10 palmitate (12 IU/ml), vitamin D2 (1 IU/ml), vitamin E (0.005 IU/ml),
vitamin C (0.5 mg/ml), vitamin B1 (0.05 mg/ml), vitamin B2 (0.01 mg/ml),
vitamin B6 (0.015 mg/ml), niacinamide (0.1 mg/ml), and d-panthenol
(0.025 mg/ml). Carbohydrate (Carb-aid, Corn starch) and protein (Whey-
aid, lactoalbumin) were purchased from Nutritec-Enjoy Nutrition Center,

15 Taiwan.Fat (Intralipid) was purchased from Frenius Kabi AB, Uppsala,
Sweden. Fullstrength polymeric diet (Osmolite HN, Ross, OH, USA)
contained carbohydrate (17 g/100 ml), protein (5.3 g/100 ml), and fat (4.1
g/100 ml).
Statistical analysis

20 Results are presented as the mean = SEM. Correlation coefficients
following linear regression analysis were used to evaluate the relationship
between Brix values and dietary formula concentrations. Differences were

considered statistically significant when P < 0.05.

25 Results
Brix values of nutrients
The Brix values of nutrients and dietary formula are listed in Table 1.

Distilled water, minerals, and vitamins contained little dissolved material
11



between Brix values and dietary formula concentrations. Differences were
considered statistically significant when P < 0.05. 25 Results Brix val ues
of nutrients The Brix values of nutrients and dietary forrmula are listed in
Table 1. Distilled water, mnerals, and vitam ns contained little

di ssol ved material 11 and had correspondingly [ow Brix values of 0 0, 1.2
0. 1, and 0.4 respectively. On the other hand, carbohydrate (17

0. 1,
g/ 100 m). Pr ahAlthd dotrdpBhdidPiidy Bri@balds bedl 10 b L) o 120k L Strength

pol yneric diet I gh” conc rations of dissolvéd nutriénts an

corr espondi nglay1 HeghecBivek. Oiﬁhiée&h&fl_l%\?dlzjear h?dnﬁe%_n 8/1bo Iﬁl)glip'lé\oﬁl;ﬂlj[ and

23.5 0. 1, respectively.” T'IMx | '~ t<u~ Of mariv-rstx ' 46. ~;
~ralw 4 SCK | (534¢/160 181, fat~4.1 lg/100-fhl) dndsfill=é@er(gth Golyriefi® dietNad
plv--v.I|f<xl S ' u%/ arrilﬂ9 RA;)(r 4- rgl/< dk4)\/|31. 0, W i nvegjt isggt ed whet her the

mol ar reftact ingh tescentrasohsidf dissolivedinuadentsahd icontspondinpladdgh Beix Three
concentrations (50% 100% and 200% of each pure Brix values of nutrients
are addbtive ivaluesifx2ul & 0TG 0.8 220 dh6Wst 001, Bmid23v 2k, whpeutivelynut ri ent s
(such as carbohydigl ¢, «RLQLEINwiand fat) and mixtures of these. Three

di lutions (50% :10084.aReka200%.Ofumtio st oLt Loncentration) of
carbohydrate, proi¥f. and.fat.were nade SEFRGEEH 11ed water. Brix val ue

was a |inear addi Pisfeti<fgncti on of the sol ute %éncentrati on,
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We investigated whether the molar refractivities in solution of mixed
nutrients were additive. Three concentrations (50%, 100% and 200%) of
each pure Brix values of nutrients are additive in a mixture Table 2 shows

10 Brix values of pure nutrients (such as carbohydrate, protein, and fat) and
mixtures of these. Three dilutions (50%, 100% and 200% of the starting
concentration) of carbohydrate, protein, and fat were made with distilled
water. Brix value was a linear additive function of the solute concentration,

regardless of whether the solute was carbohydrate, protein, or fat.

Tatdy I ik valnosaf puare ased wiesd wvisnts

Pharicnt i e 95 B0

§arbedipsdee ¢

15
For nutrient solutions, consisting of some combination of
12



regardl ess of whether the solute was carbohydrate, protein, or fat. | 2~ |
+ jw ktvisi~ for., 4~ 1 1-15K~ m1l. r:nf~.;:n*0J ikrt nw fS 15 For
nutrient solutions, consisting of some conbination of 12 carbohydrate (17
g/100 m), protein (5.3 g/100 M), and fat (4.1 g/100 m), Brix value was
al so an additive function of the conponent concentration. For exanple, a'
m xture of carbohydrate (17 g/100 m) and protein (5.3 ¢/100 m) had a

Brix val ue Qfarﬂo% tQ (17 gAI0b Ay 6&{@593 Ogmd)ﬁhy%ﬂtﬁt(ﬂ 9106 199 ™),

protein (5.3 g and fat had a Brix value of 23.0

0.1, which \Mx @hhfeewta@ alsbearBadetmwalﬁaﬁctﬁé’rB& th@ codinpohehtutonceatrhgdft h
polyneric diet. Brix values of nutrients at various pHs and tenperatures

Table 3 shdws ¢xumpief echixttirepbff @artidhydBite X(17ag/160 ahl)sand giroteirdi(5 .3t ed
polymeric diet 10 formula. Invariably, Brix values correlated excellently
wi th the polg/heQ ind) biada Brot valhe of dAehtdr tandra mixtuecof gabolydrat. (01) .
However, the Brix values of the polyneric diet fornula were lower at pH 1
and 4 than &/1QHmd), I&ﬁtﬁ%(5'ﬁk@18@dn]éa§@&t@rl £/ 108 md) had/ agdrigivelueo t he
protei n denatu ion occurs in very cid solutions. Table shows the
effect of 1%f t%%‘ée?aﬁé ?htw glosg toath nest%laa%.éﬁlfy—dpi t%fdﬁﬁlﬂ ymeric

diet fornula, 6&' r|xv scorrelated excellently wth the
concent r at | CHENGH RAl¥mene Ia at all tenperatures investigated (P <

0 OiOé) 2;,3: 43>' rix 3Alles SF iEdedts & Sridd >pﬁis. %rid ie%péietﬂnéSB Fabi 3 31 13
shows the effect of pH on the Brix value of serially diluted polymeric diet
10 formula. Invariably, Brix values correlated excellently with the polymeric
diet formula concentration at each pH (P < 0.001). However, the Brix
values of the polymeric diet formula were lower at pH 1 and 4 than at pH 7
and 8. The decrease of Brix value may be due to the protein denaturation
that occurs in very acid solutions. Table 4 shows the effect of
15 temperature on the Brix values of serially diluted polymeric diet formula.

The Brix values correlated excellently with the concentrations of diet

formula at all temperatures investigated (P <0. OO 1)

TR X BAK wakessal padysakds ¢hitt R ratdones 23 vl

% $A3 KA PR

Sim vobiies {4 Briy oF r’!vrym Bt 4;) A §
meaie § SHERY
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Temgs

Hetn vibaws 4 Bl
siysses 4 SEM.

20 Brix values of polymeric diet in fasting gastric juice Table 5 shows
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Example 2  Monitoring Bolus Nasogastric Feeding by the Brix Value
Determination of Gastric Contents

Materials and Methods

All BV measurements were made using a hand-held refractometer
(Model N.O.W. 507-1, Nippon Optical Works, Tokyo, Japan), whose Brix
scale of 0-32 could be read in 0.2 increments. The refractometer was
calibrated with distilled water before each measurement. One or two
drops of the specimen fluid were placed on a designated window for
observation, all measurements made at room temperature using natural light.
In this way, the concentration of soluble solids in solution was measured at
the bedside for each specimen.

Brix values for a polymeric diet (Osmolite HN, Abbott Laboratories,

Columbus, Ohio) and three solutions (distilled water, fasting saliva, and
14
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":: fr..:enss;es :.i v .:il. Exanple 2 Mnitoring Bolus Nasogastric Feedi ng

by the Brix Value Determnation of Gastric Contents 15 Materials and

Met hods All BV neasurenents were nade using a hand-held refractoneter
(Model N O Washt julce)NvereOdetéhined ! wi® tks reffaltyifete? 2P8Rial MI@SGhsBHF X scal e
of 0-32 could be Tead in 0.2 increnents. The refractoneter was calibrated
with distillthd peymeribefonmaladb00%E SO, ePEYH, . 12F0%, @.2%)Mund00t)operef t he
specinen fluid were placed on a designated w ndow for observation, all
measur ement smadelwitht threwof thengpdutions @istdiadgwaterusadival andtgastricnjuide)s way,
the concentration of soluble solids in solution was neasured at the

bedsi de for HitBrigpsdugeras measured| inedtroofor £aph| dilmgroncofithet polgsmasid t e HN,
Abbott Laboratorjes, 25 Colunbus, Chio) and three solutions (distilled
wat er, fastifﬁgngﬁ‘tiva, and 14 gastric juice) were determned with the
refractoneter. rial dilutions of the palyperic forrmula. (100% 50% 25%
12.5% 6.2% and YRNIHEPEEIViRgJROIYS ( paspER coifetng wsrqeligile (for Shiy | ed

ter, | d tri ¢ Jui 4 1N | . ed i it
or “each di 15ikdshn A Spicdia WA fed 8l irendPeliSivdite AR er i b ool us
tho furl " st reeh HhsVBlEc @B bl Ths polb N Al s MIMREOT U ng' ¢ e
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Harri siBenedeghir@aedts ivadte cAlduitell using the Harris-Benedict equation. A total

of 250 mL of the polymeric diet was administered by bolus infusion every

a—

3-6 hours in the 24 hours prior to the study. Aspirated gastric residual
volumes were obtained before each bolus feed by aspiration of the feeding
tube. Aspirated gastric residual volumes were obtained first in the supine

15 position, and then in the right lateral decubitus position. Following this
preliminary period of monitoring, patients were arbitrarily divided into two
groups based on traditional use of aspirated gastric residual volume;
patients with low gastric residual volumes (<75 mL) placed in group 1, and
patients with higher gastric residual volumes (>75 mL on at least two

20 occasions) were placed in group 2. In total, 25 subjects were recruited
into group 1 (age: range = 59-84, mean = SD = 75.9 * 6.6 years) and 18
patients into group 2 (age: range = 44-79, mean = SD = 70.6 £ 10.6 years).
Informed consent was obtained from all patients (or their representatives)
prior to entry into the study.

25 After overnight fasting, all remaining gastric juice was aspirated from
the stomach via the nasogastric tube using a 60 mL syringe. Then, all
subjects received bolus infusion of 250 mL of the polymeric diet.

15



of 250 nmL of the polyneric diet was adm ni stered by bolus infusion every
3-6 hours in the 24 hours prior to the study. Aspirated gastric residual
vol unes were obt ai ned before each bolus feed by aspiration of the feeding
tube. Aspirated gastric residual volunes were obtained first in the supine
15 position, and then in the right |ateral decubitus position. Follow ng
this prelimnary period of nonitoring, patients were arbitrarily divided

into two grigmpsdiaagedftenfdeda, bh AbRpY $asahadst) that slikithe F&&d dual
vol unme; patients with |ow gastric residual volunmes ( m.) placed in

group 1, ancconpaitiiarthe sturhdchhby hspirgagy and reisfisthigadf mlmgas(u?ﬂfiulfﬂ- on at
| east two 20 occasions) were placed in group 2. In total, 25 subjects were
recruited ithtes tymesiwith 4 GQenl syngge.= 59-84, nmean SD = 75.9 6.6 years)
and 18 patients into group 2 (age: range = 44-79, nmean SD = 70.6 10.6
years). Infor ne&ecwngethsa\salmgaﬁemmamnmvmre nprdei @2 anl samples of
representatives) prior to entry into the study. 25 After _overni ght
fasting’ al |23sEHaicANtegtsyat s 30, o) cE2Ghadndi80r Brimetes iptervalne At h via

t he nasogastric tube usgi a 60.nL.syringe. Then, all subjects received
bol us i nf usiBHUEES: 2 ﬁﬂ%#@ﬂ@ﬂ}&ﬂﬁq SEOTRRGy Wag sasp i atlts yolsmes
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aspirated. Its volume was recor t'he aspirate gastric residual
vol une, ot he BlatonYipURith TR ditt FORM]aRARen@itford pw%wy,%&ntmow e
u

reinstilled into the stomach. Since the Brix values of polyneric diet had a
| i near addi tth¥@erivation of the equation for dietary formula concentration calculation

(Figure 1). With such a high degree of correlation, the % concentration of

the formula (% full strength polymeric diet) at any dilution may be

calculated from the measured Brix value.

15 Traditional use of gastric residual volume obtained by aspiration via a
syringe may be wholly inaccurate and unreliable in measuring true volume
of contents present in the stomach at any given time. We designed the
water dilution test to calculate the gastric residual volume (Figure 2). An
added dilutional 30 mL volume of distilled water was infused via the

20 nasogastric tube. The stomach contents again were thoroughly mixed
(using a 60-mL syringe, filled and emptied 3 times), and a 2 mL sample
was obtained for a final Brix value measurement. The water dilution test
(determining Brix values before and after instillation of 30 mL of distilled
water) takes advantage of the relationship between the % concentration of

25 formula at any dilution and the measured Brix values shown in Figure 1,
and may be used to calculate the true volume of contents (Figure 2) and the

specific volume of formula remaining in the stomach (Figure 3).

16



10 relationship with the diet fornula concentration (R2 = 0.99), which
allows the derivation of the equation for dietary fornmula concentration
calculation (Figure 1). Wth such a high degree of correlation, the %
concentration of the fornula (% full strength polyneric diet) at any
dilution may be calculated fromthe neasured Brix value. 15 Traditional
use of gastric residual volunme obtained by aspiration via a syringe may be
whol I'y i naccur at Befonel wateredilatidrg the unkaswhi gigtric vidigll Wdtumefis genaent s

present in the stomach at any given tine. W designed the water dilution
test to cal cvbhkt,e” fidl gaength polywsedaalictvasl Un€opEilgand thy Bk vahrdef
dilutional 30 nL volune of _distilled water was infused via the 20

nasogast ri c §ag@tc comentstasnBYH . c dhfitern3@ mlgavatemdilatioman theyblionachx 8 (usi ng
a 60-nL syringe, filled and ey)&i ed fuli' mes), and a 2 nlL sanple was

obt ai ned f or82atTiG vielnms;is,set,as Yol de s fylk seensthmodymarie dietias foi Gona. 3st
(determnin rji,x yal ues bef.ore and after i illatign of 30 of
distilled %é‘ﬁeﬁ')e fi“&%’ée‘éﬁ‘é‘a\? RSl eAntEHeas gn\% ojﬁg?ﬁe I5e Wfeediclatedy,
concentrati of 25 for a at a i uti and t.he asured Rr.i x val ues
chown i n i i destf telidil Sofimé Pl 8 55e e, actfectt Pty (Figties

contents (Figure 2) and the specific volune of fornmula remaining in the

stomach (Figure 3). Bef.ore wat er .di.l ut,i on, the unknown gastric residual
volune is set as \}oljs.aui‘,’e @%Fff?fmulﬁ ?@ﬂﬂ?%dﬁd}%ﬁ]ﬁq%%ﬁ ﬂ}em@égﬁ@%m%‘?r 1, and
the Brix value of gastric contents as BV1. After 30 nL water dilution in
the stomach, the gaglilution\iolthawstormadyithegastwic. formds galories raeegyhalpol yrreri ¢
diet as % Conc.2, 5 and the Brix value of gastric content as BV2.

Therefgse, we cal cul afeeste ddie afteptwiter atioh AeqiidBal Xall: 11 ka$) Eol | owi ng
derived equation (Figure 2). 1. Since the formila calories do no change by

the distilled water Vol.2 (kcal)).
2. The gastric formula calories = total gastric volume x % full
strength polymeric diet, we substitute into equation 3b: Vol.1 x
% Conc.1 =Vol.2 x % Conc.2.
15 3. Vol.2 =Vol.1 + 30 ml, we substitute into equation 3c: Vol.1 x
% Conc.1 =(Vol.1 +30mL) x % Conc.2.
4. Substituting the product BV =+ 0.24 for % full strength formula
concentration, which generates from figure 2, obtain the
equation (3d: Vol.1 x (BV1 + 0.24) = (Vol.1 + 30 mL) x
20 (BV2 + 0.24)).
5. Both sides of which may be multiplied by 0.24 to obtain

equation 3e: Vol.1x BV1 = (Vol.1 + 30 mL) x BV2.
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dilution in the stomach, the gastric formula calories are equal 10 before
and after water dilution (equation 3a: Vol.l (kcal) _ Vol.2 (kcal)). 2.
The gastric fornmula calories = total gastric volume x % full strength
polymeric diet, we substitute into equation 3b: Vol.! x % Conc. | = Vol.2
X % Conc.2. 15 3. Vol.2 = Vol.! + 30 mM, we substitute into equation 3c:
Vol .l x %Conc. I = (Vol.1 + 30 nL) x % Conc.2. 4. Substituting the

product BV - 0.24 fQITHé talculaséd FRVNi§ @braihéd l%OEQﬁéﬁdrﬁf(Bf?nVoMiﬁh
generates fromfigure 2, obtain the equation (3d: Vol.l x (BV1 - 0.24) =

(Wol.l + 30 m) x 2 V2 - 034) : si des of which may be
mul tiplied by 0.24 thg‘&éﬁr‘?m% Gadq\%ﬁ—ﬁea}ol Ix BVL = (Vol .l + 30 nl) x
BvV2. 17 6. The calculated GRV is obtained by equation (3f: Vol.l = (BV2 x
30 mL) = (BV1 - BV2)).. To nonitor whether the gasiric residual volune is
rich in dietary ToJhpuiter swheghes: thecgastide aesidual volumreds giebdin Wéetaguati on to
cal cul ate t&g 5 Llorrrul a vol une.remaini n% in ttge stomach: f rriul a _remaini ng
'n the  stordERUL 05 EBNEGH SRR, Ste JBBISRPS the CAMEtPRTiecysuers the eoi dual
vol une _at 0. mn igure 3).. Resul{s are pyesent as _nean val yes SEM
The St udlent .]tg)rmu aegr%ﬁua%srem%wngonhstbgs omaﬁ‘e gﬁ{@g TAOANE 18 ﬁlﬁween
patients in lo g D val S
consi dered tsg&ﬁg&st a/t%ir&gqnlc%:g‘r%‘% gtl ggnq ﬁlfg & n%lé{ﬂ%%glétagﬁc }egﬁﬂapv&ﬁm‘@a
at 180 min (Figure 3).
Results are presented as mean values + SEM. The Student’s t test
was used to assess differences in results between patients in group 1 and
10 group 2. A p value of less than 0.05 was considered to be statistically
significant.
Results
The full strength polymeric diet was shown to have a high
concentration of dissolved nutrients and thus had a correspondingly high
15 mean BV of 23.2 + 0.3. Distilled water, saliva, and fasting gastric juice
had much lower mean BVs of 0 + 0, 1.3 £ 0.4, and 1.9 + 0.6 respectively.
Table 1 shows the mean Brix values of the polymeric diet diluted
with the three different solutions (distilled water, saliva, and gastric juice)
in vitro. The Brix values of polymeric diet had a linear additive
20 relationship with the diet formula concentration in the water (R* = 0.99)
(Figure 1). Results show that the mean Brix values of the serial dilutions

of the polymeric diet were similar, regardless of whether the diluent was

saliva (R? = 0.98) or fasting gastric juice (R*> = 0.98) (Table 1).
25
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The full strength polyneric diet was shown to have a high concentration of
di ssol ved nutrients and thus had a correspondi ngly high 15 nean BV of 23.2
0.3. Distilled water, saliva, and fasting gastric juice had much | ower
mean Bvs of 0 O, 1.3 0.4, and 1.9 0.6 respectively. Table 1 shows the
mean Brix values of the polyneric diet diluted with the three different
solutions (distilled water, saliva, and gastric juice) in vitro. The Brix
val ues of polyneric diet had a linear additive 20 relationship with the

di et fornul a cormanEnatlie®ixivalutsta tivgbBmerddZet dilvd 38 diftreg Usiiody in virgsul t s
show that _the nmean Brix values of the serial dilutions of the polyneric
diet were simlar, regardl ess of wteFlietredgihof folymegittict@smoliedN)Va (R2 =
0.98) or fasting gastric_juice (R2 = 0.98) (Table 1). 25 18 TABLE 1. The
Bri x Val uégutioor the pol yneroc di et 64il uted2w th di 2ferent s®l uti ons16on
vitro % Full _strength of polvneric diet (Osnolite HN)

Sol ut i on0®isgl@ WaR650100 Di 80l | e®-Inad.-€r 002 £D3. 436896.086. 0029%2.820. 823+20. 3
Salival.3 0.42.2 0.64.4 0.67.3 0.712.4 0.923.2 0.5 Gastric juicel.9
0.64.4 15d5aq 1. 37.8 1133843 22908 2446046 ReddrtOd ar d2drdsent 84249-Snean

val ues for, six separate d rmnatjo M. _TABL .. Serjial Brix | ues
and gast r o8 dSfdual vol u.ﬁégog]@%s‘{)i Pgr g‘gtiilé’nj[ sl7i§r“1:21g4_roupl3%*(ll%ow ( &P4Bri x
val ue of gastrre rs fiean valnes for Six separate deids -i ns £ )

ni n180 ni NASPIT At e curaredeor fuilra no. RVGRAeRaI i ng

113.912. 25. 38. 59. 630239 222. 314. 314. 314. 314. 8032
323.419.513. 710. 311. 67011556

TABLE 2. Serial Brix values and gastric residual volumes (GRVS) for patients in group 1 (low GRVs)

Brix value of gastric juice Residual volume (mL)
Patient Omin 30min 60min 120min 180 min Aspirated Calculated Formula
1no. GRV GRV remaining
1 13.9 12.2 5.3 85 9.6 30 23 9
2 223 14.3 143 14.3 14.8 0 3 2
3 234 19.5 13.7 10.3 11.6 70 115 56
4 22.6 14.6 13.2 12.4 10.1 10 31 13
5 11.9 10.4 8.2 4.6 4.9 10 215 44
6 21.5 13.5 12.3 9.4 85 30 - -
7 22.4 13.2 12.5 72 8.7 20 - -
8 23.3 204 14.3 10.3 9.1 79 68 26
9 14.5 11.3 9.4 5.4 5.3 32 92 20
10 12.9 10.6 83 53 4.3 12 185 33
11 13.3 9.2 84 5.0 42 10 - -
12 14.8 10.3 83 6.4 4.8 15 - -
13 17.6 12.3 10.4 7.4 4.6 70 62 12
14 17.7 12.4 9.7 7.5 4.4 78 80 15
15 14.8 10.3 83 6.4 48 15 - -
16 20.2 18.4 153 4.6 35 8 45 7
17 17.2 14.5 10.2 4.4 2.6 32 - -
18 16.5 12.5 9.3 3.6 2.5 30 - -
19 16.4 12.4 9.3 3.5 2.3 5 - -
20 223 14.4 10.0 54 2.9 9 16 2
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422.614.613.212. 410. 1103113 511. 910. 48. 24. 64. 91021544
621.513.512. 39. 48. 530-- 722.413.212.57.28.720-- 823.320.414.310. 39. 1796826
914.511. 39. 45. 45. 3329220 1012.910. 68. 35. 34. 31218533 1113. 39. 28. 45. 04. 210- -
1214. 810. 38. 36. 44. 815-- 1317.612. 310. 47. 44. 6706212
1417.712.49. 77. 54. 4788015 1514. 810. 38. 36. 44. 815-- 1620. 218. 415. 34. 63. 58457
1717. 214.510. 24. 42. 632-- 1816.512. 59. 33. 62. 530-- 1916. 412. 49. 33. 52. 35--
2022. 314.410. 05,42. 9 19,021 22..321. 22Q.53. 32. 71 22

20. 917. 4fﬁ 33. 72ﬁ%543§Q%3 295 8216 ?% 112952 08303 24 23.8127710. 64.31. 50151
25 26.01%2615. 27%% 41. Hé483 W@an Bg. 614. 6B1. 45. 1 7510. 8185*H715*62* SEM

1.00.80. 88. 9% (%6p <O06B5 fram meam, yal ue,group 1 versus groyp 2) 3

24 23.8 12.7 10.6 4.3 1.5 0 15 1
25 26.0 15.6 15.2 13.4 1.3 0 48 3
Mean + 196+ 140+ 114+ 51%

SEM L0 08 08 7.1+0.8 0.9% 18 + 5* 67 £ 15* 6+ 2%

(* p <0.05 from mean value group 1 versus group 2)

Immediately following a 250 mL polymeric diet bolus feeding, the
mean BVs of the gastric contents in vivo were shown to be lower both in
group 1 and group 2 (19.6 + 1.0 versus 20.3 + 1.1, respectively) than the

5 mean values for the polymeric formula made in vitro (23.2 + 0.3). This
decrease in the Brix value most likely was due to the dilutional effect of
endogenous gastric juices present in the stomach at the time of feeding.

The serial changes in Brix values for gastric content for the two
groups following the bolus polymeric diet feeding are shown in Tables 2

10 and 3. Mean serial Brix value measurements decreased in both groups
after bolus feeding. For patients in group 2, the decrease was less, such
that at 180 minutes patients in group 2 had a significantly higher mean Brix
value for gastric contents than those patients in group 1 (10.1 £+ 0.7 versus
5.1 £ 0.9, respectively, p < 0.01). Tables 2 and 3 also show that the

15 aspirated gastric residual volume at 180 minutes was significantly higher
for patients in group 2 than for those in group 1 (72 + 12 versus 18 = 5 mL,
respectively, p <0.01).

20
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| medi ately following a 250 nL polyneric diet bolus feeding, the nean BVs
of the gastric contents in vivo were shown to be Iower both in group 1 and
group 2 (19.6 1.0 versus 20.3 1.1, respectively) than the 5 nmean val ues
for the polynmeric fornmula made in vitro (23.2 0.3). This decrease in the
Brix value nost |likely was due to the dilutional effect of endogenous
gastric juices present in the stomach at the tine of feeding. The serial
changes in Brix values for gastric content for the two groups follow ng

e o' uTaBRkYGhk e el STELAG AGE BN YRR iR inaromnt (iaper ey
feeding. For patients Brixvwgloefgasicjiiee decr ease was Ie'sfsesid@pmmet(,ggt)t at 180
m nutesppatients, in.group had I gniircantly Nrgner mear Brix —vatue—f or
gastric con{ ent 2% han Yhos® Bl i Z‘ﬁ‘?gﬂﬁ n§¥8Ep 1 (Awired o, Galgusted s Fagmyla
0.9, respectively, p < 0.01). Tables 2 and 3 al so gRew t hatGrvhe 1%emaining
aspirated gast rﬂ;? reﬂ ual 1\i(}I une lﬂé 180 m nut es was st gnt rfcanttytrygtrer

for patients in group t han™f or those in‘z‘éroup 1 (1752 12 v&¥sus 18 465 mi,
respect #vely, p3.4«0.0124 20 2@ TABLES3. Serial Brix 3val ues apgl gastrig

resi duak vol ungsg (GRys) forppati er’iéﬁ in gégup 2 (hi3gher GRV@ Brix v:ill ue of

gastric juiceResidual volune (nL) Patient0O m n30 m™N60 m nl ni n180

m nAspi fat ed C&-tul al®¥For @Ba no.l&RV GRV#-émai ni ng 190 197 118

116.4145511. 2119 812. $lHb89466313. 4431412. 48,59. 3302610 82 38

317. 8146 112. 4123 412. 33513871 422.119. 216. 314. 414. 4190197118

519.218°216. 215111, 237823865 155 130 210 165 89
7 20.2 19.6 18.2 153 10.6 47 215 95
8 29.1 25.0 22.1 155 14.2 65 79 47
9 29.0 24.5 20.3 14.7 14.2 55 55 33
10 23.1 19.3 133 10.2 11.4 70 125 60
11 23.3 17.2 14.4 12.3 11.2 74 104 49
12 12.5 9.3 7.7 6.2 55 65 108 25
13 21.2 17.4 13.7 9.3 8.6 60 93 33
14 21.5 18.4 14.6 10.2 8.2 70 68 23
15 14.2 12.5 8.8 6.7 5.1 75 - -
16 222 185 12.2 8.6 53 85 - -
17 15.2 14.2 12.2 8.3 9.1 40 48 18
18 224 17.2 10.2 8.8 6.7 65 - -
Mean + 203 £ 173 = 140 * 113 + 10.1 £

72+12* 106 + 14* + 8*
SEM 1.1 1.0 0.9 0.8 0.7* 08

(* p <0.05 from mean value group 1 versus group 2)

The mean calculated gastric residual volume was shown to be
significantly higher for patients in group 2 than for those in group 1 (106 +

5 14 versus 67 = 15 mL, respectively, p <0.05). Using the final Brix value
(before water dilution) to derive the % full strength polymeric diet
concentration, in combination with the calculated gastric residual volume,

the specific Volume formula present at 180 minutes was determined for
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623. 319. 216. 515. 513. 021016589 720. 219. 618. 215. 310. 64721595
829. 125. 022. 115. 514. 2657947 929. 024. 520. 314. 714. 2555533
1023. 119. 313. 310. 211. 47012560 1123. 317.214.412. 311. 27410449
1212. 59. 37. 76. 25. 56510825 1321.217. 413. 79. 38. 6609333

1421. 518. 414. 610. 28. 2706823 1514. 212. 58. 86. 75. 175- -

1622. 218. 512. 28. 65. 385-- 1715. 214. 212. 28. 39. 1404818

1822. 417. 210bath §6upES5- Thd/Basidthe FormalkdreddainihbOvad Aok 6y ids T
SEML. 11. 00. 90. 80. 7* (* p <0.05 from nean val ugov(Sr ouéﬁllve?&]}ﬁg‘lﬁ?fo@é 2) The

mean cal cul apaidengaisn giaupr 2 sbohpated/iol thoee WRgrapoMis0 & ®eerstb G gant | y
hi gher for patients in group 2 than for those in group 1 (106 5 14 versus

67 15 ni, r@ﬁé@ﬂehéllgfopo .05). Using the final Brix value (before
water dilution) to derive the %full strength polyneric diet
concentration, inbshoWatNctables B ande3 cuseof sefeactomstryiio cesbidation vol une,
t he specific Vol formul a esent at, 180 m nutes was determ ned for 21
bot h grdups. w’ftﬁeﬂ‘g&mﬁuﬁ’éﬁ*nﬁ gaﬁﬂﬁa’feﬁl(ﬁ@?mumﬁ ddentifedtd% Gi'gheoff or
patients in group 2 conpared to.those i.n group, 1 (50 8 versus 6 2 ni,
respectivel yt atﬁengs 6‘.‘(%5‘3%@ "E‘#Mﬂ“ﬁ ﬁaSP&BI‘g§1%2g]aN8f‘B?e%§@%mgb¢ ha¥e onet ry
In conbinati ﬁ&sible gastric dysmotility (> 20% of the initial 250 mL bolus volume of

formula remaining at 180 minutes). Use of refractometry together with

gastric residual volumes helped assure that 72% (13/18) of patients in

10 group 2 with higher gastric residual volumes had sufficient gastric

emptying (< 20% of initial 250 mL volume of formula remaining).

Example 3 Continuous Nasogastric Tube Feeding: Monitoring by Brix
value and Traditional Gastric Residual Volumes

15
Materials and methods

After monitoring for 24 hours, 36 patients on continuous enteral

tube feeding with a full strength polymeric diet (Osmolite HN) were

20 entered in this study and divided into 2 groups based on their pattern of
traditional aspirated gastric residual volumes over the monitoring period.
Patients with lower aspirated gastric residual volumes (< 75 mL) were
placed in Group 1, while patients with higher aspirated gastric residual
volumes (> 75 mL on at least 2 occasions) were placed in Group 2.

25 Aspirated gastric residual volumes were obtained by aspiration of the

feeding tube using a 60-ml syringe, first in the supine position, and then in
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5 with traditional use of gastric residual volume identified 4% (1/25) of
patients in group 1 with |ow gastric residual volunmes who m ght have
possi bl e gastric dysnotility (> 20% of the initial 250 nL bol us vol une of
formula remaining at 180 mnutes). Use of refractonetry together with
gastric residual volumes hel ped assure that 72% (13/18) of patients in 10
group 2 with higher gastric residual volunes had sufficient gastric

up. | gher gasi : 1AL NLnd). le 3
enptying (< @e%ight laidll ddcuBRs Pbsitieh UNMe/gh %mgla%isﬁ?@bgﬁt{%ms W%anp €

Conti nuous Nasogastric Tube Feedi ng: Monitor rx al'uée a

Tradi ti onal i [ . Val s, 15. Materials an t hods _After

noni t ori ng f%&é O@?:\%Oqlg@eprggprg%‘ﬁs(aéwr%ts tg%&&@esé&‘fag‘ra‘éqqumbbg%edi ng
with a full strength polyneric diet (Csnolite HN) were 20 entered in this
st udy and diwla@quawemegmdm redeastoroetry hperfopmed,erandofthe r achtehsnal
aspirated gastric residual volunmes over the nonitoring period. Patients

with | over ampistidliedbuydstiutddowithS00me) addebioma Swatsr. 75THn a‘éﬁfgﬁ @&ﬁﬁed in
ua

Goup 1, while patients with higher aspirated gastric resi vol unes (>

75 nL op at . asj laced in Go 2. 25 Aspirated gastric
r esi dua? voI%gnggéa\ﬁéyg&gb?gﬁ?gé%ea@?@gS’Pﬁ‘gtlfl%suﬁ?m?ﬁg WEESHRG t E’@eusi ng a
60-nl syringe, first in the supine position, and then in 22 the right

| at er al decgtb?"ffﬁuéatﬁ"oélil‘i eRfie poperduse tvas repgatedasecand Gwnt ent s wer e
aspirated, the volune recorded (aspirated gastric residual volune), Brix

val ue neasur enent TheyBriefvahedsowetd yneasiredr usisly adshd-heldCRKa8nteter,
reinstilled but diluted with 30 nL additional water. Then a snall "anpbunt 5

ter the anfine, T SRR of 003 (OME JECRUICIRCDD, MiCrEmERRT Theoe Mours

refractometer was calibrated with distilled water before each measurement.
10 One or two drops of the specimen fluid were placed on a designated
window for observation using daylight at room temperature. In this way,
the concentration of soluble solids in solution was measured at the bedside

for each specimen.
The Brix value ratio, an indirect measure of the amount of formula
15 retained in the stomach, was calculated by the product of post-dilution Brix
value -+ pre-dilution Brix value. An estimate of the true volume of gastric
contents remaining in the stomach (Figure 3), or the calculated gastric
residual volumes (Figure 2), was determined by the equation: pre-dilution

Brix value x calculated gastric residual volumes = post-dilution Brix value

20 x (calculated gastric residual volumes + 30 mL) (Figure 2). The specific
component of that volume remaining that was comprised of formula was
estimated using the equation: Volume of dietary formula
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The Brix values were neasured using a hand-held refractonmeter, whose Brix
scale of 0-32 could be read in 0.2 increnents. The refractoneter was
calibrated with distilled water before each neasurenent. 10 One or two
drops of the specinmen fluid were placed on a designated w ndow for
observation using daylight at roomtenperature. In this way, the
concentration of soluble solids in solution was nmeasured at the bedsi de

or each spefdm@finginestGinhh Y AGi1aRH QAstriTel %f(glpggéggi ﬁg)ﬁee-ﬁl}pﬁaﬁ c? ng]lcj "

of fornmula 15 retained in the stonmach, was ca

post-dilution Brix value - pre-dilution Brix value. An estinmate of the
true vol une Bﬂ%@w&z%lﬁ(ﬁrﬂ’meﬁm ning in the stomach (Figure 3), or
the cal cul ated gastric residual volunes (Figure 2), was determ ned by the

past-ai uton Bri x e e fed i R AMALE ST ThE il Tied. 50" o)

(Figure 2). The specific conponent of that volune remaining that was
conpri sed of WAdused & agsess defferpneesdnirehulgs befavesypaticnts: inVGrauye 1 ainddi et ar y
formula 23 remaining in stomach = cal cul ated gastric residual volunmes x

[ (pre-disl ut i GroupBRi A )Fﬁ{falﬁe -of Rs2dnl0QA5 Gk Wonlidted RS B! §t§ti§fdﬁ%l resent ed
|

as nean val ues SEM e Student's t test was used to assess erences
*Inresults gltu patients in Goup | and 5 Goup 2. A p value of |less
than 0.05 was®consi dered to be statistically significant. Results No
patient in ejther group denonstrated nausea, vomting, aspiration, or

evi dence of Q¢4 intol erance of enteral tube feedi ng. Table 10 1 shows the
raw data of gastric residual volunes for the patients "in Goup 1.

No patient in either group demonstrated nausea, vomiting,

aspiration, or evidence of clear intolerance of enteral tube feeding. Table

10 1 shows the raw data of gastric residual volumes for the patients in Group I.
Patients in Group 1 with lower aspirated gastric residual volumes based on

the pre-study period of monitoring, continued to demonstrate very low
aspirated gastric residual volumes following entry into the study, with 93%
(43/44) of the aspirated gastric residual volumes obtained on the first and

15 second measurements being < 75 mL. In contrast, patients in Group 2
(again differentiated by higher gastric residual volumes on pre-study
monitoring) continued to show higher aspirated gastric residual volumes
following entry into the study, with only 11% (3/28) of aspirated gastric
residual volumes on both measurements < 75 mL (Table 2). Mean

20 aspirated gastric residual volumes was significantly higher for those

patients in Group 2 compared to those in Group 1 on both first (124 + 7
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Patients in Goup | with |lower aspirated gastric residual volunes based on
the pre-study period of nonitoring, continued to denonstrate very | ow
aspirated gastric residual volumes following entry into the study, with 93%
(43/44) of the aspirated gastric residual volumes obtained on the first and
15 second neasurenments being < 75 nL. In contrast, patients in Goup 2
(again differentiated by higher gastri c resi dual vol umes on pre-study

noni toring) ¢&RLE Nyed2 %‘@j 0] unes
followi ng entry |nto t%%:ﬂ%%mnﬁ onI 11 0%%?@@ gfirg@[kollgﬁg% é%astrlc
resi dual vol bot meas nts < 75 m. (Table 2). Mean 20 aspirated
gastric resi%ﬁﬁ éif?l’é( @me&m@th gher for those patients in
Goup 2 conpared to those |n Goup | on both first (124 7 24 versus 14 2
nm., respe o

respecti veldg=s . WA b Y afil
resi dual rre) recel Vi ng contl nuous tube feedl ng F| rst rreasurerrent (m)
Second mﬁ@%m (ol Patient lnfusion rate Asp Cal Formula Asp Cal

Forrmula no. (m/hr) GRV GRV renqt,g{,gg,s&ﬂ(em remai ni ngecgé! é% ég SE ég 6 35
33 2 30 40 40 12 15 56 24 3—7'5-3‘6-55—214-9—?%—7&-

5 65 20 35Patigntg 3glnfigion gtep) 15A95 6 20pl60 OForfuld5 12 38sp32 2@al59 Imrmifla 60

10 32 28 5 3¢ 32 (ml/hr) GRV GRV  remaining GRV  GRV  remaining
1 75 45 78 39 6 35 33
2 30 40 40 12 15 56 24
3 75 30 55 24 3 79 72
4 75 25 74 17 85 90 14
5 65 20 35 24 4 38 35
6 20 15 75 6 20 60 9
7 45 12 33 32 20 59 35
8 60 10 32 28 5 35 32
9 75 10 34 32 5 37 31
10 50 10 31 23 4 37 28
11 30 10 37 32 35 66 23
12 55 10 37 35 12 35 32
13 30 10 31 26 5 35 29
14 45 8 32 30 3 32 30
15 40 8 34 31 20 97 23
16 30 7 31 29 5 32 30
17 70 7 40 40 11 49 36
18 70 7 36 36 32 69 32
19 70 7 40 40 11 49 36
20 70 6 33 31 5 33 30
21 60 6 33 31 10 33 31
22 30 10 34 31 3 39 34
Mean +
SEM 53+4 14+2% 41+3*  29+2* 15+4* 50+4* 31+2*

Legend: GRV = gastric residual volume, Asp GRV = aspirated gastric residual volume, Cal GRV =

calculated gastric residual volume (* p <0.05 for mean value Group 1 versus Group 2).
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9 75 10 34 32 5 37 31 10 50 10 31 23 4 37 28 11 30 10 37 32 35 66 23 12
55 10 37 35 12 35 32 13 30 10 31 26 5 35 29 14 45 8 32 30 3 32 30 15 40

8 34 31 20 97 23 16 30 7 31 29 5 32 30 17 70 7 40 40 11 49 36 18 70
36 32 69 32 19 70 7 40 40 11 49 36 20 70 6 33 31 5 33 30 21 60 6 33
10 33 31 22 30 10 34 31 3 39 34 Man SEM53 4 14 2* 41 3* 29 2*
504* 31 2* Legend: GRV = gastric residual volune, Asp GRV = aspirated

gastric residual volune, Cal GRV = calculated gastric residual volunme (
< 0.05 for nmeanvalue G oup 1 versus Goup 2). 25 Table 2. GRVs for Goup 2

7 36

31

154>

*

patients (high residual volune) receiving continuous tube feeding First

measur endiaibld @ \GRES givd Groag I pawbhs((Ridh rbsiiugl Solube) ferbiviy BH)zr?mi%g& Cal
ng no. ( g L a0 145

Formula Patient rate GRV GRV renmainin GRV RV renml n

104 19 18ul39;e3; ding

First measurement (ml) Second measurement (ml)
Infusion Asp Cal Formula Asp Cal Formula
Patient rate GRV GRV remainin GRV GRV Temaining
no. (ml/hr) g
1 40 145 104 19 18 39 37
2 70 142 130 51 110 146 62
3 75 140 171 65 110 149 71
4 40 110 200 33 10 37 34
5 40 98 88 18 9 43 39
6 30 128 138 135 97 62 27
7 35 120 116 114 95 50 26
8 30 110 140 141 85 47 22
9 30 160 150 87 80 132 62
10 40 155 110 69 90 115 61
11 30 138 132 75 86 117 51
12 70 130 180 72 100 180 77
13 30 85 193 72 78 119 47
14 30 78 282 110 80 193 72
Mean +
SEM 42 +4 124 +7* 152+13* 76 +10* 75+£10% 102 +£15* 49 +5*

Legend: GRV = gastric residual volume, Asp GRV = aspirated gastric residual volume, Cal GRV =
calculated gastric residual volume (* p < 0.05 for mean value Group 1 versus Group 2).

Tables 3 and 4 show the pattern of the first and second Brix value
measurements pre- and post-dilution. In general, patients in Group 1
5 tended to show of pattern of high pre-dilution Brix values dropping further

to lower post-dilution Brix values than those patients in Group 2 (which
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2 70 142 130 51 110 146 62 3 75 140 171 65 110 149 71 4 40 110 200 33 10
37 34 5 40 98 88 18 9 43 39 6 30 128 138 135 97 62 27 7 35 120 116 114 95
50 26 8 30 110 140 141 85 47 22 9 30 160 150 87 80 132 62 10 40 155 110
69 90 115 61 11 30 138 132 75 86 117 51 12 70 130 180 72 100 180 77 13
30 85 193 72 78 119 47 14 30 78 282 110 80 193 72 Mean SEM 42 4 124 7*
152 13* 76 10* 75 10* 102 15* 49 b5* Legend: GRV = gastric residual

vol une, Asp SHdwed depoppdsitd m&hﬁl Cotwe pieddiditi P BHIE valu@l (ﬁ%ﬁ) % azl(;m at ed

er sus

gastric residual volume (* 0.05 for nmean value Goup 1 oup 2).

Tabl es 3 an S d Brix val ue

measur ement gleg? 25}&%38 g;l}t(:ﬁour%.I or}'I Edd{ Xéllug'éb BZZ@P’ &‘F r@‘i?uﬁ‘ 15
tended to show o ({ pat t rn of h| h pre-dilution Brix val ues dropping further
to | ower posPostidiltionrBux;valyes Detsveenthethiss grqupsi ambethi measuemedty whi ch 26
showed the opposite pattern - low pre-dilution Brix values dropping to a

| ess extent teacledyitetistivadsigdificanicon Brix values). Only the difference in
post-dilution Brix values between the two groups on both measurenents

5

Table 3. Brix values for Group 1 patients (low residual volume) receiving

continuous tube geeding

First measurement Second measurement
Patient Pre-dilution  Post-dilution Brix value Pre-dilution  Post-dilution  Brix value
no. Brix value Brix value ratio Brix value Brix value ratio
1 12.0 7.4 62% 23.0 3.0 13%
2 7.4 1.8 24% 104 4.8 46%
3 10.6 4.8 45% 220 13.6 62%
4 5.4 32 59% 3.6 2.4 67%
5 16.0 24 15% 22.6 4.6 20%
6 2.0 1.2 60% 3.6 1.8 50%
7 23.4 2.0 9% 14.2 7.0 49%
8 21.0 1.6 8% 222 3.0 14%
9 22.6 2.4 11% 20.2 3.6 18%
10 18.0 0.4 2% 18.0 3.4 19%
11 21.0 4.0 19% 84 4.6 55%
12 22.6 4.2 19% 220 3.0 14%
13 20.0 0.6 3% 20.0 3.0 15%
14 22.8 14 6% 22.6 14 6%
15 22.0 2.4 11% 58 4.0 69%
16 222 1.0 5% 22.6 12 5%
17 23.8 6.0 25% 17.6 6.8 39%
18 23.6 4.0 17% 11.0 6.2 56%
19 23.8 6.0 25% 17.6 6.8 39%
20 22.4 2.0 9% 22.0 1.8 8%
21 23.0 2.0 9% 222 22 10%
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reached statistical significance. 5 Table 3. Brix values for Goup 1
patients (low residual volune) receiving continuous tube feeding First
measur enent Second nmeasurenent PatientPre-dilutionPost-dilutionBrix

val uePre-dil utionPost-dilutionBrix value no.Brix valueBrix val uerati oBrix
val ueBri x valueratio 112.07.462%23. 03. 013% 27. 41. 8249%40. 44. 846%

310. 64. 845%22. 013. 662% 45. 43. 259%8. 62. 467% 516. 02. 415%22. 64. 620%

62. 01. 26093. 221. 850% 7}%% 42.09% 4. 27. 04906 821. O1. %%’22. 23.014% .
922.62. 4119%206. 23. 618% 1018. 00. 4294.8. 03.7419% 1121°°04. 01998 *44. 6550%23%
1222. 64. 21992 £03. 0@4)1/50/ égzo. 29 §32/<20. 03. 015% 1422. 81. 46922. 61. 46%
1522. 02. 411%E\84. 06 34592, 22958952, A1EA%5, 1723 551825047 1065 33004 £ 5%

Table 4. Brix values for Group 2 patients (high residual volume) receiving

continuous tube geeding

First measurement Second measurement
Pre- Post-dilution ~ Brix value Pre- Post- Brix value ratio
Patient dilution Brix value ratio dilution dilution

no. Brix value Brix value Brix value

1 4.5 3.2 71% 227 5.4 24%

2 9.5 73 77% 10.2 8.1 79%

3 9.1 7.5 82% 114 9.1 80%

4 4.0 3.4 85% 223 4.0 18%

5 5.0 3.3 66% 22.0 6.5 30%

6 23.5 18.4 78% 10.4 5.4 52%

7 23.6 17.5 74% 124 5.0 40%

8 24.2 19.0 79% 11.0 4.0 36%

9 14.0 11.2 80% 114 8.8 77%
10 15.0 10.9 73% 12.7 9.4 74%
11 13.6 10.5 77% 10.5 7.8 74%
12 9.6 8.0 83% 10.2 8.5 83%
13 9.0 7.6 84% 9.5 7.1 75%
14 9.4 84 89% 9.0 7.6 84%

Mean +
SEM 124+19 97114 79 +2%* 133+£13 6.9+05" 59 + 7%*

* p < 0.05 for mean value Group 2 versus Group 1

This pattern in Group 1 patients suggested that gastric contents
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2123.02. 099%R22. 22. 210% 27 22 22.0 2.6 12%20.8 4.8 23% Man SEM 18.5 1.4
2.90.4* 20 4% 16.9 1.4 4.2 0.6* 32 5% * p < 0.05 for nean value G oup
1 versus Goup 2 Table 4. Brix values for Goup 2 patients (h~gh residual
vol une) receiving continuous tube feeding First neasurenent Second

measur enent PatientPre- Post-dilution Brix value Pre- Post- Brix val ue
ratio dilutionBrix valueratiodilutiondilution no.Brix valueBrix val ueBri x

val ue 14.53. Réd 9634 Yf 28nteral 3Tdhifhil 28flt7a9r‘i’ SRigh/ geﬁﬂa %
44. 03. 485%22. 34. 018% 55. 03. 366922, 06. 530% 623. ﬁr 8&?% 1@ &

723.617. 5740%9@&%@%}?@6{1&&& %%;/‘%alugs c os%o/f) X Lé 1(1)11\;'111% g()iclva ue 87f7 %

1015. 010. 973
23.2 for full strength Osmolite HN) that was of very small volume (as

evidenced by the tremendous drop in Brix values with dilution by a small
5 30 mL volume of distilled water). The opposite pattern in Group 2
patients, in contrast, suggested greater dilution by endogenous secretions
(as evidenced by pre-dilution Brix values less than the Brix value of 23.2
for full strength Osmolite HN) and greater total volume (as evidenced by
the lesser drop in Brix values with dilution by a small 30 mL volume of
10 distilled water).
The mean Brix value ratios for the two groups reflected these
distinct patterns. The mean Brix value ratio was significantly higher for
those patients in Group 2 compared to those in Group 1 on both the first

(79 £ 2% versus 20 + 4%, respectively, p < 0.05) and second (59 * 7%

15 versus 32 + 5%, respectively, p < 0.05) measurements. For those patients
in Group I, Brix value ratios on all measurements for all patients were <
70% (Table 3). For those patients in Group 2, the Brix value ratios on the
first measurement were > 70% on all but one patient (patient # 5) (Table 4).
When measured the second time, 6 of the 14 patients (patients # 1, 4-8)
20 showed that the Brix value ratios had fallen to < 70%.
As a whole, patients in Group 1 had a volume of formula estimated
to be remaining on both measurements that was very low,
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1113. 610.577%40. 57. 874% 129. 68. 083%4.0. 28. 583% 139. 07. 6849®. 57. 175%

149. 48. 4899®. 07. 684% Mean SEM 12.4 1.9 9.7 1.4* 79 2% 13.3 1.3
6.90.5* 59 7% * p < 0.05 for nean value Goup 2 versus Goup 1 This
pattern in Goup 1 patients suggested that gastric contents 28 were
conprised of enteral fornmula of fairly high concentration (as evidenced by
pre-dilution Brix values close to the in vitro Brix values of 23.2 for

full strengt feii¥oreingt theHPlttdriashovas B BB WakiBkdtioO'PaBle (RS  1RVgenced by
t he trenmendous dropgi n Elr}?x val ues vslg{h di lution by g srrgIF)SS Igobﬁrjf vol ume

of distille 2 I W o< iLteqpattern i oup 2 patients, in
contrast, s%%%ﬁe@a%%ga %ﬁrap&ﬁﬁﬁ Fgen%é@%%aggfgﬂﬁﬂg‘ %’@ErgF?tSBéﬁa”( the

evi denced by, pre-djilytion Brix values |less than the Brix value of 23.2 for
full str engtho‘t!&r#f? 18ZHNC.a A8PiGRted t gastiotrgpidual vietumess andi deleukatedoy t he

| esser drop in Brix values with dilution by a small 30 niL volune of 10

distilled wagsstic rdsidusieaslubidsxwesd 4e 40ail0s Ooéralln®5LHQ29/22ypse fifd | ect ed
these distinct patterns. The nean Brix value ratio was significantly

hi gher for at i 4G .ou 0 r those in Gou on both
thg fi rfgt (%&ﬁg%i)v P‘sqg’téézdﬁdm%o ?%@Ipﬂé%?%"f?eﬁ%nﬂlﬁa <GB sgeé‘nd (59
7% 15 versus 32 5% respectiyvely, p.<.0.05) neasurenents. For those
patients i nmERBpmEnts ?tﬁv%]eé%‘}j?aﬁtﬁlééloﬂﬂ}’iﬂdlﬁﬁé%tﬁr ements for all
patients were < 70% (Table 3). For those patients in Goup 2, the Brix
val ue ratios on thecontrast to those patients in Group 1, patients in Group 2 showed

evidence of reduced gastric emptying and greater volume of retained
formula (Table 2). Comparing the formula estimated to be remaining
10 with the hourly infusion rate, six patients (patients #9-14) showed
concurrence on both measurements for evidence of retention of formula
and decreased or impaired gastric emptying. For these six patients, the
volume of formula remaining was estimated to be greater than the hourly
infusion rate on both measurements. In these six, both the first and
15 second Brix value ratios were > 70%. Traditional aspirated gastric
residual volumes, however, was insensitive and failed to identify these
patients, being < 100 mL on two of the six first round of measurements,
and six out of six on the second round of measurements. Three patients
from Group 2 (patients #6-8), who on initial measurement showed
20 retention of formula, improved on follow-up measurement indicating
adequate gastric emptying of the formula. Five patients could be

identified (patients #1-5) with high aspirated gastric residual volumes from
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first neasurenent were > 70% on all but one patient (patient # 5) (Table
4). \Wen neasured the second tine, 6 of the 14 patients (patients # 1,
4-8) 20 showed that the Brix value ratios had fallen to < 70% As a whol e,
patients in Goup 1 had a volune of formula estimated to be remaining on
bot h measurements that was very low, 29 reinforcing the pattern shown by
Brix value ratios (Table 1). In one patient (patient #22) where the vol une

of fornula wasowpy 2atles haidarnoliie dfdbirhilafefrlinifg ledtiRatcdSiRl blRS teast ri c
resi dual volumes and cal cul ated gastric residual volunes were < 40 ni.

Overal |, 95% ); . Le .had _a .vol of formula
remai ni ng on bot h lg’rrlggdsslljérlgfraégftas@é% &(\;\g@f#eegisaflﬁg 'Ptlﬂggﬁgﬂaﬁ?@g'f eeding rate.
In contrast to thqQse patjents jn Goup 1, patients in Goup 2 showed

evi dence of r educ&%egfﬁ‘t‘]ﬁ of dhyst study &W@lﬁ@éﬁ apw, teftantometry emay rhed
formula (Table 2). Conparing the fornmula estinmated to be remaining 10 with

the hourly iuwsedsinocomjanetionsimithprhdieionhsl aspatatedgasti-rkdiduahe¥Rehesc@NCUr rence
on both nmeasurenents for evidence of retention of fornmula and decreased or

el GRS STRIHLED LSS bR bANE ol Dokt O @

remai ni ng was estinmate 0 "be greater te on
both neasureprents., |.n these six,. both the first and 15 second Brix val ue
rati os were tggq”@%(é‘g‘gﬁi‘éi oﬂ%ﬂé@é’ﬂ? Hﬁf‘eﬁfgéﬁiﬁtﬁ@ gaptais; gsidual, yplwmss,
however, was insensitive and failed to identify these patients, being <_

100 i on tvperfifrtedeesrx 4 hosts stowbdl bef preeasud enethiesmaite)y $orxindtigl of si x
on the second round of neasurenents. Three patients from Goup 2 (patients

#6-8), who GRohitbihd! PRAGHSCHED! ¢ d1@Ghaet § "a%g%ﬁgél %Aig?aﬂ mproved

on fol | owup measur nt 1 ndicating adequate gastric t he
formila. Fi V\%h‘ft%tels %? nﬁglélsdshg\%n in this study, appear to be at low risk, should

10 have good tolerance and sufficient gastric emptying, and do not require
refractometry assessment (unless clinical suspicion of intolerance increases,
based on abdominal distension, reduced passage of gas and stool,
increasing nausea, or regurgitation and vomiting) (Figure 4). If patients
are found to have aspirated gastric residual volumes > 75 mL on > 2

15 occasions, then the simple Brix value dilution test should be performed.
If the Brix value ratio is < 70%, as this study has shown, there is a low
likelihood for retention of formula and feeds may continue. Only if the
Brix value ratio is > 70% on 2 2 occasions (performed every 4 hours),
should the clinician calculate the volume of formula (Volume of dietary

20 formula) remaining in the stomach. The finding that the Volume of
dietary formula is greater than the hourly infusion rate would alert the
clinician to the possibility of delayed gastric emptying with
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identified (patients #1-5) with high aspirated gastric residual vol unes
from30 Goup 2 who had a volune of fornmula remaining estimated to be | ess
than the hourly infusion rate, assuring adequate gastric enptying al

along. The results of this study denonstrate how refractonmetry may be used
in conjunction with traditional aspirated gastric residual volumes to 5
create a strategy by which to nonitor patients on continuous gastric

f eedi ng (Fi getentidhn. ofTfoahiuld, cunal thas €eetls 18P ibeadRMingad twiltle chegbid wallevol umes
performed every 4 hours should be preserved as the nmainstay for initial

moni t ori ng. ' I t I ric. residyal

vol unes < 75&%_% %gg&gﬁggnn(‘(?ﬁﬁwgg s@u@%&é%pi%%%a{agg%gﬁgﬁmpowsﬁ g‘ﬂﬂl shoul d
10 have good tol erance.and. sufficient gastric enptying, and do not require
r ef r act omet rafPHatedZastis re(suﬁqa velumesveRy 498E)ci on of i ntol erance

i ncreases, based on abdom nal distension, reduced passage of gas and
stool, increasing nausea, or regurgitation and vomting) (Figure 4). If
patients are found to have aspirated gastric residual volumes > 75 nL on
> 2 15 occasions, then the sinple Brix value dilution test should be
performed. |If the Brix value ratio is < 70% as this study has shown,
there is a low Ilikelihood for retention of fornula and feeds nmay conti nue.
Only if the Brix value ratio is > 70% on >_ 2 occasions (performed every 4
hours), should the clinician calculate the volune of formula (Volunme of
dietary 20 fornula) remaining in the stomach. The finding that the Vol une
of dietary fornula is greater than the hourly infusion rate would al ert
the clinician to the possibility of delayed gastric enptying with 31
retention of fornula, and that feeds may be continued with caution under

cl ose observation (continuing to performBrix value dilution tests with
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What is cl ai meg NMeClave SATShIRY 191, EB%HFC”QJsE'b?&%ﬁEP%ﬁﬁ@?s gf dietary

formula in gastric content, which conprises the steps o nfusi ng
dietary s fornula _to the stqomach. of..a subject, ii) obtaining.t gastric
content over an %lﬂf)l?%p??rat%nqﬂairef%ﬁdﬂ%g P‘R#’@Wﬁ a%’f?sﬁﬁ%‘(fr ir\ﬁé}l ix val ue
thereof, and iii) obtaining the percent concentration of dietary formula
in the gastric cennparisoniwihghysical expmination apd radiological foshngsatli on of
dietary fornmula = Brix value /sl ope value, wherein 10 the slope value is

obt ai ned from nekirefites Bnitéthl MubUi9927960H9iflpg, dietary formula to obtain a
series of concentrations of the dietary formula, nmeasuring the Brix val ues

of the resulti ngnaty tRe, di et mul hen using
sai d (rgesul ti ng@’%ggéfer §fA’I’o gﬁggnlgﬁl_’sr]il}ﬁ]“%ﬁeu 1 ﬁg%‘f‘%ﬁé’:ﬁg}’%‘ﬂ val ue from
a sinple regression 15 analysis. 2. The nethod of Caim1l, wherein the
sl ope val ue i s 0DE4 Maonay, P nikethsmydVACMoare PA vioolapia IS hSpainddAsy f or nul a
is the formul a
Zologa GP. North American summit on aspiration in critically ill
patients: Consensus statement. J Parenter Enteral Nutr 2002; 26:
S80-S85.
10 10. Lin HC, Van Citters GW. Stopping enteral feeding for arbitrary
gastric residual volume may not be physiologically sound:

Results of a computer simulation model. J Parenter Enteral Nutr

1997; 21: 286-289.
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for gastric tube feeding. 4. The nethod of Claim1, wherein the dietary
formula is liquid 20 dietary fornmula. 5. A nethod of neasuring gastric
resi dual volume, which conprises the steps of i) determning the Brix
val ue of said gastric residual volune to obtain a BV1, 25 ii) adding

appropriate volunme of water to said gastric residual

volune to forma

m xed gastric content, 35 iii) infusing said m xed gastric content to the
stomach, iv) aspirating the resulting gastric content fromthe stomach, v)

f said resulting gastric content to obtain a
) PR clhién &

determ ning t hgy
BV2, and 5 vi)

met hod of C ai m5,

e volune of gastric content through the
f ol I ow ng equation: BVl x said added vol une of water / (BV1 - BV2).
the Brix value is neasured by 10 refractoneter.

met hod of neagurA ngethod ofbisaBudig dhetodhyerteition af rdemnp
stomach, which conprises multipl y| ng the cal cul ated gastric

ifoemila irf he
r esi dual

6. The
7. A

vol une of the i rpastrid oonteyt, %whichl cahpesegt theofteps ef ai) yinfifsimgndietaryl 5 8. The

met hod of Claim7, wherein the dietary fornula is the fornula

for gastric

tube feeding. 9. fomnualanta Hbe ssbmachi of 2, subjecti n) tdbtaiding she dastricul a i s

liquid
10
15
2.
3.
4.
20
5.
25

content over an appropriate time after infusing and measuring Brix
value thereof, and iii) obtaining the percent concentration of
dietary formula in the gastric content through the equation: percent
concentration of dietary formula = Brix value /slope value, wherein
the slope value is obtained from making serial dilutions of the
dietary formula to obtain a series of concentrations of the dietary
formula, measuring the Brix values of the resulting concentrations
of the dietary formula, and then using said resulting concentrations
and Brix values to obtain a slope value from a simple regression
analysis.
The method of Claim 1, wherein the slope value is 0.24.
The method of Claim 1, wherein the dietary formula is the formula
for gastric tube feeding.
The method of Claim 1, wherein the dietary formula is liquid
dietary formula.
A method of measuring gastric residual volume, which comprises
the steps of:

1) determining the Brix value of said gastric residual volume

to obtain a BV1,

ii) adding appropriate volume of water to said gastric residual

volume to form a mixed gastric content,
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dietary fornmula. 10. A nethod of neasuring gastric juice volune in stomach,
which 20 conprises subtracting the dietary fornmula volunme remaining in the
stomach fromgastric residual volune. 11. The nethod of C aim 10, wherein
the dietary fornula is the fornula for gastric tube feeding. 12. The

met hod of Claim 10, wherein the dietary formula is liquid 25 dietary
formula. 36

ii1))  infusing said mixed gastric content to the stomach,
1v)  aspirating the resulting gastric content from the stomach,
V) determining the Brix value of said resulting gastric content
to obtain a BV2, and
5 vi)  obtaining the volume of gastric content through the
following equation:
BV1 x said added volume of water / ( BVl —
BV2) .
6. The method of Claim 5, the Brix value is measured by
10 refractometer.

7. A method of measuring the volume of dietary formula remaining in
the stomach, which comprises multiplying the calculated gastric
residual volume of the invention by % full strength of dietary
formula.

15 8. The method of Claim 7, wherein the dietary formula is the formula
for gastric tube feeding.

9. The method of Claim 7, wherein the dietary formula is liquid
dietary formula.

10. A method of measuring gastric juice volume in stomach, which

20 comprises subtracting the dietary formula volume remaining in the
stomach from gastric residual volume.

11.The method of Claim 10, wherein the dietary formula is the
formula for gastric tube feeding.

12. The method of Claim 10, wherein the dietary formula is liquid

25 dietary formula.
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