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Small Amount of Low-Residue Diet with
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Objective

To investigate the suitable combination ratio of low-residue
diet (LRD) and parenteral nutrition (PN) for nutritional support
of surgical patients.

Summary Background Data

Bacterial translocation (BT) is a severe complication of total
parenteral nutrition (TPN). However, it is sometimes impossi-
ble to supply sufficient amounts of nutrients to surgical pa-
tients by the enteral route. The authors reported previously
that concomitant use of LRD with PN provided preferable nu-
tritional support for patients undergoing surgery for colorectal
cancer.

Methods

Ninety male Donryu rats were used for three experiments. In
experiment 1, rats were divided into two groups to receive
TPN or total enteral nutrition with LRD. In experiment 2, rats
were divided into six groups, receiving variable amounts of
LRD. In experiment 3, rats were divided into five groups to
receive isocaloric nutritional support with variable proportions

of PN and LRD. Intestinal permeability was assessed by mon-
itoring urinary excretion of phenolsulfonphthalein. BT was as-
sessed in tissue cultures of mesenteric lymph nodes and
spleen.

Results

In experiment 1, increases in intestinal permeability and BT
were observed in rats maintained on 7-day TPN, but not in
those maintained on total enteral nutrition for up to 14 days.
In experiment 2, the changes in body weight of rats were cor-
related with the dose of LRD. However, the intestinal perme-
ability was increased only in rats receiving LRD at 15 kcal/kg
per day. In experiment 3, additive LRD corresponding to 15%
of total caloric intake prevented increases in intestinal perme-
ability and BT.

Conclusion

Combined nutritional therapy consisting of PN and small
amounts of LRD can provide better nutritional support than
TPN for surgical patients.

Total parenteral nutrition (TPN) provides significant ben-cause the development of BT or increases in intestinal
efit in surgical patients who are not allowed to eat. Howpermeability of macromolecul€s! BT is considered one of
ever, TPN is complicated by bacterial translocation (BT).the main causes of severe postoperative infections, includ-
Disuse of the alimentary tract in TPN causes not only ang septicemia and pneumonia. Further, BT or increases in
decrease in its own function, but also a decrease in thftestinal permeability may lead to the development of
intestinal mucosal integrity. TPN has also been reported tgevere liver injury, especially in infan®€ Therefore, It is
increase sympathetic nervous activitysuch conditions  jmportant to maintain intestinal mucosal integrity during
caused by derangement of intestinal defense mechanismgyitional support in surgical patients. Elemental diet (ED)
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has also been reported to cause BYIn contrast, low-
residue diet (LRD) has not been reported to induce BT.
owever, it is sometimes impossible to supply sufficient
amounts of nutrients to surgical patients with LRD.

We have reported previously that concomitant use of
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of the nutrients with PN via the catheter (TPN groups) for 7

Table 1. FORMULAS OF NUTRITIONAL (n = 6) or 14 days (n= 6); or all of the nutrients with oral

SOLUTIONS LRD (TEN groups) for 7 (n= 6) or 14 days (n= 6). The

PN Solution Isocal  caloric intake in each group was carefully adjusted to 300

kcal/kg per day. The nitrogen intake and fat intake of each

Carbohydrate (g/100 mL) 12.5 12.3 group were equalized. The changes in body weight were
éggﬁ;ﬁ%ﬁ?g E)O mb) 33 a3 measured during the 7- or 14-day study period. Twenty-four
Nitrogen (/100 mL) 0.52 053  hours before being killed, animals were gavaged with 10 mg
Lipid (g/100 mL) 4.1 4.0 phenolsulfonphthalein (PSP), and 24-hour urinary excretion
NPC/nitrogen ratio 167 163 of PSP was quantified. After the animals were killed, the
Total calorie (kcal/100 mL) 100 100 mesenteric lymph nodes (MLNs) and spleen were removed,

homogenized, and expanded to 5 mL with sterile 0.8%
saline. Portions (uL) of the MLNs and splenic homoge-
nate were cultured on blood agar for detection of gram-
positive cocci, or on bromothymol blue agar for gram-
parenteral nutrition (PN) and LRD provided preferable ni-negative enteric bacilli. The plates were examined after 24
trogen balance and protective effects on the liver in patientsr 48 hours of incubation at 37°C. Portions g1) of the
undergoing surgery for colorectal can¢8iSuch combined MLNs and splenic homogenate were also cultured anaero-
nutritional therapy (CNT) preserved the normal pattern ofbically inside aranaerobic globe box dBrucellaagar for 48
enteroglucagon secretion (unpublished data). CNT consistiours at 37°C.
ing of a small amount of LRD and PN can prevent the
gﬁcreasg in mt_estlnal _mucosal |r!tegr|ty durmg num.tlona(lIExperiment 2

pport in surgical patients. In this study, we investigate
whether total enteral nutrition (TEN) using LRD can pre- This experiment was designed to observe the effects of
serve intestinal mucosal integrity; we also assessed theariable amounts of LRD on the changes in intestinal per-
effects of varied amounts of LRD on intestinal permeability meability and the incidence of BT. Thirty-six rats were
and tried to determine a suitable combination ratio of LRDrandomized to receive one of six feeding regimens for 7
and PN for nutritional support in surgical patients. days: 15, 30, 60, 120, 180, or 300 kcal/kg per day of Isocal.
Each group contained six rats. The caloric intake of each
group was strictly regulated, but the rats were allowed free
MATERIALS AND METHODS access to water. The changes in body weight were measured

Three sets of experiments were performed. Ninety maleluring the 7-day experimental period. Twenty-four hours
Donryu rats (Shizuoka Laboratory Animal Inc., Hamamatsubefore being killed, animals were gavaged with PSP, and
Japan), weighing 200 to 250 g, were housed under barrie24-hour urinary excretion of PSP was quantified. After the
sustained conditions in temperature-controlled rooms undeanimals were killed, the MLNs and spleen were removed.
a light/dark cycle. All rats received humane care in accor-Culture of MLNs and spleen was performed in the same
dance with the National Research Council’s guide for theway as in experiment 1.
care and use of laboratory animals. Before experiments,
they were fed rat chow and water ad libitum for 7 days. TheE
LRD used throughout the study was Isocal (Mead Johnson
Nutritionals, Evansville, IN). PN solution was prepared This experiment was designed to observe the effects of
using Hicalig NC-H (Terumo Corp., Tokyo, Japan) as aCNT regimens consisting of variable ratios of LRD and PN
dextrose solution containing minerals, Amiparen (Otsukeon the changes in intestinal permeability and the incidence
Pharmaceutical Co., Ltd., Tokyo, Japan) as a mixture obf BT. Thirty rats underwent placement of a central venous
amino acids, and Intralipos (Green Cross Co., Ltd., Tokyogatheter from the jugular vein and tube gastrostomy with
Japan) as a lipid emulsion. The composition of PN solutionaparotomy. After tube placement, the intestines were dis-
was adjusted to that of Isocal (Table 1). placed from the abdomen, exposed to the air for 30 minutes,
then returned to the abdomen. This gut exposure is consid-
ered to provide additive stress, which better reflects the
clinical conditions in surgical patient3.The cervical inci-

This experiment was designed to observe the changes sion was closed in one layer, the abdominal incision in two
intestinal permeability and the incidence of BT in TPN- or layers. Then, the animals were randomized to receive one of
TEN-nourished rats. Twenty-four rats underwent placementive feeding regimens via the catheters for 7 days: 300 kcal/kg
of a central venous catheter from the jugular vein. Theper day of TPN, 15 kcal/kg per day of Isocal285 kcal/kg per
incision was closed in one layer. Then, the animals werelay of TPN, 30 kcal/lkg per day of Isocat 270 kcal/kg
randomized and received one of two feeding regimens: alper day of TPN, 45 kcal/kg per day of Isocal255 kcal/kg per

PN, parenteral nutrition; NPC, nonprotein calorie.

Xxperiment 3

Experiment 1
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group was significantly higher than that in the TEN group

Table 2. RESULTS OF EXPERIMENT 1 on day 14 (Table 3P < .01).

Day 7 Day 14

TPN TEN TPN TEN Experiment 2

(h=6 (=6 (=6 (=6 The rats in this experiment underwent no stress. The

Bodyweight 107 +27 92+26 199+39 147+ 21 whole body'welght gain ratio gt thg time of death was

change (%) correlated with the calories provided in each group (Fig. 1,
PSP excreton 57 =04t 16+02 55=11f 1.4+03 Y = 0.14X-27.88,;r = 0.981,P < .01). The rats that

(%) received 15 kcal/kg Isocal showed a significantly higher
X urinary excretion rate of PSP than those in the other five
Tii‘%ﬁ VVSSTTEE'\;‘%%;% groups (Table 4P < .01). There were no significant dif-
PSP, phenolsulfonphthalein; TPN, total parenteral nutrition; TEN, total enteral  fErences in the urinary excretion rates of PSP between the
nutrition. other groups. BT occurred in none of the groups.

Experiment 3
f TPN kcal .
day o , Or 60 keallkg per day of Isocl 240 keallkg per These animals were used as stressed models. All groups

day of TPN. Each group contained six rats. The nitrogen intake, = . T . )
and fat intake of the five groups were equalized. The changesstUOIIed showed a gain in whole body weight during the

in body weight were measured during the 7-day experimenta?dtUdi( pler|od. Th?hCh? nges i bOd_IY l\;\lle|95ht \_/rvEre ailmost
period. Twenty-four hours before being killed, the animals'®€" 'f.a aTon?PSIeD dlve groug)s 't(h'a € 5). . ethurln?ry f
were gavaged with PSP, and 24-hour urinary excretion of PS cretion rate o ecreased with Increases in the ratio o

was quantified. After being killed, the MLNs and spleen Wereng' S|gn|f|(l:)ant deoclzr'eatshes in the utLln?ry excrecjlc;ré rI? tell?(f
removed. Culture of MLNs and spleen was performed in th Were OLSEIVEd In the groups that feceive calikg

: ; Ssocal + 255 kcallkg TPN and 60 kcallkg Isocal 240
same way as in experiment 1. kcal/kg TPN compared with the other three groups. Culture
of MLNs and spleen were positive in half and one third of
Statistical Analysis the rats that received 300 kcal/kg TPN, respectively (Table
6). The incidence of BT was reduced when the ratio of LRD
was increased. In the groups that received 45 kcal/kg Iso-
cal + 255 kcal/kg TPN and 60 kcal/kg Isoc#l 240 kcal/kg

The results are expressed as mean$D. Changes in
body weight, urinary excretion of PSP, wet liver weight

rattio, gnd WEt. spleen We'g.ht ratio were analyzed usin PN, cultures of MLNs and spleen were negative. The
analysis of variance. Proportion comparisons for cultures o o .
?ulture-posmve frequency of MLNs in the group that re-

MLNs and spleen were analyzed using the chi-square tes S .
Statistical significance was taken Bs< .05. Ceived 300 kcal/kg TPN was significantly higher than those

in the groups that received 45 kcal/kg Isoeal55 kcal/kg
TPN and 60 kcal/kg Isocat 240 kcal/kg TPN P < .05).
RESULTS

Experiment 1 DISCUSSION

Rats underwent only placement of a central venous cath- The gastrointestinal tract has important immunologic
eter and were used as nearly nonstressed model animaind barrier functions, in addition to its roles in nutrient
Both groups studied showed a gain in whole body weighdigestion and absorption. TPN or TEN using ED causes
during the study period, although the rats in the TPN grougoss of intestinal barrier function, which allows the trans-
gained more weight than those in the TEN group (Table 2,

P < .05). Average weight changes of the two groups over 7
days were comparable with that of normal rats fed standard Table 3. CULTURE-POSITIVE RATIOS IN

laboratory chow (data not shown). The urinary excretion EXPERIMENT 1

rate of PSP in each group showed no change throughout the

study period. However, it was significantly higher in the Day 7 Day 14

'I;)Pll)\l group than in the TEN group on days 7 and P4<( PN TEN TPN TEN
BT did not occur in the TEN group on day 7. HOWeVer, yiesenteric lymph nodes /6 0/6 2/6 1/6

one third of the MLNs and spleen were culture-positive inspleen 2/6 0/6 5/6% 0/6

the TPN group on day 7. The culture-positive rate of the
spleen in the TPN group was further increased on day 14F.PPN< 01 |VS- TEN QV‘OUD-H N tom i
The culture-positive frequency of the spleen in the TPN! " 't parenteralnuitrtion; TEN, total enteral nutrtion.
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experiment 2. The body weight
Change < changes of the rats were signifi-
(cy ) -20 I cantly correlated with the calories
° provided in each group.
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Dose of Low Residue Diet (kcal/kg/day)

location of indigenous intestinal bacteria into the lym- In this study, we used 24-hour urinary excretion of PSP as
phatic system and the portal vein and systemic circulaan index of intestinal permeability of macromolecules. PSP
tion° TPN or TEN using ED also produces local and (molecular weight 354) is not metabolized in the body and
systemic immunologic impairment, including degenera-is excreted in the urine from proximal renal tubules at a ratio
tive changes within the gut-associated lymphoid tissuef 90% when it is present in the blood. However, its ab-
and defective host pulmonary antimicrobial immune responssorption ratio is low when administered into the normal
es!*13The immunologic impairments cause the infectiousgastrointestinal tract because of its low affinity for the
complications after BT to become more severe. Thereforegastrointestinal mucosa as well as its poor lipid solubfiity.
breakdown of the mucosal barrier due to TPN sometime€onsequently, the increase in urinary excretion of PSP is
results in increased infection, which leads to death. Conseconsidered to be the result of increased intestinal perme-
quently, prevention of the decrease in intestinal mucosahbility.>* Nakamura et &P reported that drug- or stress-
integrity during nutritional support is needed in the fields ofinduced gastric mucosal damage can be assessed by mea-
surgical metabolism and nutrition. surement of the urinary recovery rate of PSP after its oral
Early enteral feeding after a severe burn injury or majoradministration—that is, the recovery rate of PSP correlated
surgery prevents hypermetabolisfir;> maintains immuno-  well with the extent of mucosal damage. Moreover, the
competencé®~°and improves wound healirf§.Further, measurement of PSP is simple and costs less than quantifi-
enteral feeding is considered to reduce septic complicationgation of the other macromolecules used to assess intestinal
shorten the hospital stay, and reduce the risk of d&ath. permeability, including lactulose, polyethyleneglycol, and
However, it is often impossible to provide nutritional sup- >'Cr-ethylenediaminetetraacetic acid. However, there is no
port in surgical patients solely by enteral feeding. We haveevidence that the intestinal permeability assessed using PSP
reported previously that CNT provided excellent nutritional correlates with the passage of endotoxin by the intestinal
support and should overcome the drawbacks of TPN omucosa.
TEN using ED*® CNT consisting of parenteral nutrition and ~ The results of experiment 1 indicated that intestinal per-
small amounts of LRD seems to be better tolerated bymeability was increased even in nearly nonstressed rats
surgical patients than TEN. maintained on TPN. Further, BT developed in the TPN

Table 4. RESULTS OF EXPERIMENT 2

LRD15 LRD30 LRD60 LRD120 LRD180 LRD300
(n=#6) (n=9) (n=6) (h=29) (n=6) (n=6)
PSP excretion (%) 41 £0.7 1.7 204 1.56+0.3 1.6+0.3 1.6 +05 1.6 0.2

* P < .01 vs. the other five groups.
LRD, low-residue diet; PSP, phenolsulfonphthalein.
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Table 5. RESULTS OF EXPERIMENT 3

CNTO CNT15 CNT30 CNT45 CNT60

(n =6) (n =6) (n =6) (n =6) (n =6)
Body weight change (%) 7.0+13 6.8 +20 72+12 7.7 +22 8.0 £ 0.9
PSP excretion (%) 88=*+15 6.1 12 48 +1.2 3.1 = 0.9F 2.5+ 0.8%

* P < .01 vs. CNTO and CNT15 groups.

T P < .05 vs. CNT30 group.

P < .01 vs. CNTO, CNT15, and CNT30 groups.

CNT, combined nutritional therapy; PSP, phenolsulfonphthalein.

group on day 7. In contrast, BT did not develop in ratstrition. However, there were no significant differences in
maintained on TEN using LRD. The absence of enteraintestinal permeability between the other five groups, re-
stimulation should result in a decrease in intestinal integritygardless of the variations in body weight changes. In the
even when the animals undergo almost no stress and gagroup that received 30 kcal/kg Isocal, the rats ©20% of
sufficient body weight with TPN. Several components oftheir body weight, but 24-hour urinary excretion ratio of
food or enteral nutrition, including dietary fiber and protein, PSP was similar to those in the groups receiving 60 kcal/kg
should have protective effects on the intestinal mucosaper day of LRD or more. Small amounts of LRD, at a dose
Some studies have suggested that dietary fiber added tf only 30 kcal/kg per day, prevented the increase in intes-
enteral nutrition prevents B3%:2” Deitct?® reported that the  tinal permeability in this experimental model. BT occurred
type of fiber is important: bulk-forming but nonfermentable in none of the groups. These observations supported the
fiber was more effective in maintaining barrier function thanconclusion that BT and macromolecular permeability are
easily fermentable types during systemic inflammationnot strongly correlated®** Zaloga et &' studied gut
However, Isocal contains no dietary fiber. The efficacy ofweight and protein content after the postoperative provision
dietary supplementation with glutamine remains controver-of varying amounts of peptide diet in rats. Chow diet, which
sial?®=2! Isocal contains casein, a glutamine-containingsupplied only 30% of the recommended daily allowance,
protein, but no added glutamine. The type of nitrogenwas almost as good for maintaining gut mass as a defined,
source is also considered to be important. Zaloga ¥t al fiber-free peptide diet given at a dose of 100% of the
compared the gut mass of rats maintained on three isocaecommended daily allowance. Peptide diets given at lower
loric and isonitrogenous liquid feeding formulas differing in rates induced greater body weight loss but did not decrease
their types of protein—an intact protein formula, a peptidemucosal protein levels in various parts of the small intestine.
formula, and an amino acid formula. Proximal and midgutHowever, intestinal permeability or BT was not assessed in
mass were comparable in animals fed all three of these dietfheir study. Gut mass and mucosal protein levels may be
but distal gut mass was significantly reduced in the grouprrelevant to intestinal permeability under some conditions.
given the amino acid diet. Because amino acids are easily The results of experiment 3 suggested that small amounts
absorbed, they cannot reach the distal small intestine anof LRD, administered concomitantly with PN, prevent the
therefore have no stimulatory effect. Casein probablyincrease in intestinal permeability and BT in stressed rats.
played an important role in preventing the increase in indntestinal permeability was significantly decreased when
testinal permeability and BT observed in this study. LRD was added to>15% of the total caloric intake. The

In experiment 2, intestinal permeability was significantly urinary excretion ratio of PSP was reduced<td0% in the
increased in the group that received 15 kcal/kg of Isocabroup that received 45 kcal/kg Isoca&l 255 kcal’kg TPN
compared with the other groups. A decrease in intestinatompared with the group that received 300 kcal/kg TPN.
integrity, assessed by macromolecular permeability, develfhe urinary excretion ratios of the groups that received 300
oped in nonstressed rats under conditions of severe malnleal/kg TPN and the group that received 15 kcal/kg Iso-

Table 6. CULTURE-POSITIVE RATIOS IN EXPERIMENT 3

CNTO CNT15 CNT30 CNT45 CNT60
Mesenteric lymph nodes 3/6* 2/6 2/6 0/6 0/6
Spleen 2/6 2/6 1/6 0/6 0/6

*P < .05 vs. CNT45 and CNT60 groups.
CNT, combined nutritional therapy.
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cal + 285 kcallkg TPN were both~6%. No such high
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crease in intestinal permeability and BT in stressed rats.

excretion ratios were observed in experiment 1 or 2. Thd-urther, additive LRD corresponding to 15% of the total
rats in experiment 3 underwent far more stress than those icaloric intake seemed to be sufficient to prevent such phe-
the other two experiments, which may have been responshomena. CNT consisting of PN and small amounts of LRD
ble for the high urinary excretion ratios observed in experan provide better nutritional support than TPN for surgical

iment 3. BT did not occur when LRD was added+d5%
of the total calorie intake. Sax et*alreported that partial

patients. Further studies are required to estimate the changes
in intestinal permeability and the incidence of BT when

enteral nutrition, with 25% of the total calories as enteralCNT is given for>7 days. It is also necessary to determine
nutrition, improved nitrogen balance and reduced the incithe effects of small amounts of LRD on the other negative
dence of BT. They administered a semisolid, nonscatterableonsequences of gut disuse, including immunologic impair-
20% protein, casein-based paste orally as enteral nutritiorment and hypermetabolism.

However, partial enteral nutrition did not alter intestinal
permeability to macromolecules, as determined by monitor-

ing urinary excretion of lactulose and mannitol. In our References

study, the increase in intestinal permeability assessed by
urinary excretion of PSP was prevented by adding LRD *
accounting for 15% of the total caloric intake. The molec- ,
ular weight of lactulose is approximately 342, similar to that
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port for patients in the early stages of short-bowel syn-

drome. The hypermetabolic state after major surgery with a1.

severe decrease in digestive function is also a good indica-

tion for CNT. Pancreatoduodenectomy is a typical surgicalt?-

procedure that causes such a situation. It is also possible tq
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