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Background and Objectives: Pectin-containing liquid enteral nutrition (PCLEN) contains pectin, which be-
comes solid in the stomach and therefore mitigates vomiting and diarrhea. Its efficacy for use in critical care med-
icine was evaluated. Methods and Study Design: We used liquid enteral nutrition (LEN) (traditional LEN 
(TLEN)) as the primary LEN at the emergency and critical care center. We adopted PCLEN as the primary LEN 
from 2014. During 2012–2016, 954 patients admitted to intensive care units and emergency wards were given 
PCLEN or TLEN. We conducted propensity score matching for 693 eligible patients for age, sex, and organ dys-
functions for six organs. Results: We included 199 PCLEN patients and 199 TLEN patients. Severity was higher 
in the PCLEN group. The enteral nutrition failure rate was significantly lower for PCLEN than for TLEN. The 
diarrhea incidence rates were 28.1% vs 38.2% (p=0.033), and the incidence rates of nosocomial pneumonia were 
4.5% and 9.6% (p=0.048). For PCLEN, the enteral nutrition failure rates were not different for patients with gas-
tric acid inhibitors and without them. Conclusions: PCLEN can be used effectively for critically ill patients irre-
spective of the use of gastric acid inhibitors. It can decrease the incidence of enteral nutrition failure and diarrhea. 
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INTRODUCTION 
Liquid enteral nutrition (LEN) has been reported as im-
portant for critical care medicine. We recommend starting 
its administration as soon as possible in clinical practice.1 
Early enteral nutrition is physiologically advantageous for 
immunity and the gut tract system.2 Nevertheless, various 
phenomena resist enteral feeding in critically ill patients: 
enteral nutrition failure often occurs.3 Diarrhea and vom-
iting are the main reasons for enteral nutrition failure.4 
The recent widespread use of antibiotics reportedly exac-
erbates diarrhea events.5 Severely ill patients often cannot 
be relieved with enteral nutrition. 

Diarrhea and vomiting are common complications af-
fecting chronic patients and those undergoing critical care. 
Therefore, approaches have been undertaken to make 
LEN solid and thereby decrease gastroesophageal reflux, 
vomiting, and diarrhea. Some LEN with a semi-solid con-
sistency are sold. Although some studies have examined 
the efficacy of semi-solid LEN against gastroesophageal 
reflux,6-8 no large clinical study has been reported. Espe-
cially, whether diarrhea can be decreased or not has not 
been studied. 

Pectin is dietary fiber that changes to a solid by form-
ing a bridged structure when exposed to calcium ion.9-11 
Pectin-containing liquid enteral nutrition (PCLEN), 
which can be given in a liquid condition, is expected to  

 
 
become solid in gastric acid pH. In Japan, PCLEN has 
been marketed as HINE E-GEL® from 2014. When given 
as a diet, the solidification can occur without risk of tube 
occlusion and can be expected to inhibit diarrhea and 
vomiting. The use of PCLEN is increasing in chronic 
enteral feeding patients in Japan. Nevertheless, no report 
has described a study examining the efficacy of PCLEN. 
Especially, no reported study has examined the use of 
PCLEN in critical care medicine. The efficacy of pectin 
alone reportedly decreases diarrhea in a small randomized 
study in critically ill patients. However, no significant 
difference was found between the pectin group and the 
fiber-free group.12 

Because solidification of PCLEN occurs because of the 
gastric acid pH, it is necessary to examine for PCLEN 
whether gastric acid inhibitors weaken solidification or 
not. HINE E-GEL® is expected to be solid under acidic 
conditions with pH less than 5. Proton pump inhibitor  
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(PPI) or H2 blockers are often given in critical care medi-
cine applications because of the risk of gastrointestinal 
bleeding.1 Although gastric pH differs according to a pa-
tient’s condition and the dose or frequency of the admin-
istered gastric acid inhibitor, gastric pH would temporari-
ly be higher than 5 with gastric acid inhibitors.13-15 Solidi-
fication of PCLEN might therefore be difficult. For that 
reason, it is necessary to examine the efficacy of PCLEN 
in patients who are given gastric acid inhibitors. 

We used Mei Balance HP1.0®, which contains milk 
protein, as the primary LEN (traditional LEN (TLEN)) 
and adopted HINE E-GEL® from 2014 as the primary 
LEN for use in emergency and critical care centers. As 
described herein, we conducted a retrospective, historical 
control, and propensity score matched study to compare 
outcomes related to enteral nutrition between patients 
given TLEN and PCLEN for critical care treatment. We 
conducted subgroup analyses of patients with and without 
gastric acid inhibitors. 
 
METHODS 
We used Mei Balance HP1.0®, TLEN, as primary LEN at 
the Emergency and Critical Care Center of Hitachi Gen-
eral Hospital. We adopted HINE E-GEL®, PCLEN, for 
use as the primary LEN from May 2014. 

Mei Balance HP1.0® is LEN that contains milk protein 
1.0 kcal/mL, osmotic pressure 420 mOsm/L and a protein, 
fat, carbohydrate balance of 20%, 22.5%, and 57.5%, 
respectively. It contains 1.2 g dietary fiber per 100 kcal. 
HINE E-GEL® is LEN that contains soy and collagen 
peptide protein 0.8 kcal/mL, osmotic pressure 360 
mOsm/L and a protein, fat, and carbohydrate balance of 
16%, 20%, and 64%, respectively. It contains 1.4 g die-
tary fiber per 100 kcal, which includes 0.9 g pectin. 

The initiation of enteral nutrition was performed in 
both groups as explained below. Gastric residual volume 
GRV was evaluated routinely in our intensive care units. 
Enteral feeding was started via a nasogastric tube when 
there was no ileus condition and recent GRV was less 
than 500 mL after the second day from admission. We 
started LEN at the flow rate of 10 - 20 mL/h, increased by 
10 - 20 mL/h to reach the necessary calorie goals at every 
8 hours when the GRV was less than 500 mL. When pa-
tients presented refractory diarrhea, needed the restriction 
of water or protein, or the higher fat balance was appro-
priate for respiratory failure or severe diabetes or respira-
tory failure, the other specific LEN were chosen. Selec-
tion of the other LEN did not differ during the study peri-
od. 

This study was approved by the Ethics Review Board 
of our hospital (2013-48). 

 
Patient selection 
An outline of patient selection is presented in Figure 1. 
Patients who were admitted to the Intensive Care Unit 
and the Emergency Ward at the Emergency and Critical 
Care Center of Hitachi General Hospital from October 
2012 to August 2016 and to whom PCLEN or TLEN 
were given were included. Age <15 years old, patients 
who were given both PCLEN and TLEN in different pe-
riods, and patients who were given LEN except via naso-
gastric tube (for example via percutaneous endoscopic 

gastrostomy PEG or intestine duodenal tube) were ex-
cluded. Propensity score matching was conducted for 
patients of TLEN and PCLEN groups by age, sex, and the 
presence of organ dysfunction for six organs at admission: 
1) cardiovascular dysfunction that required initiation of 
noradrenaline and/or dopamine on day 0; 2) respiratory 
dysfunction that required postsurgical continuous me-
chanical ventilation; 3) renal dysfunction that necessitated 
initiation of intermittent acute hemodialysis or continuous 
renal replacement therapy on day 0, except for mainte-
nance hemodialysis patients; 4) hepatic dysfunction as a 
comorbidity at admission for recorded “liver failure,” 
except for liver cirrhosis patients; 5) hematologic dys-
function that required platelet concentrate transfusion on 
day 0; and 6) neurological dysfunction of 100 on the Ja-
pan Coma Scale score, which is equivalent to scores of 6–
9 on the Glasgow Coma Scale, or greater severity. Finally, 
the matched TLEN and PCLEN patients were analyzed. 
This organ dysfunction score matching was obtained from 
the Japanese Diagnosis Procedure Combination inpatient 
database.16 
 
Outcome measurements 
As the primary outcome, the enteral nutrition failure rate 
was analyzed. Enteral nutrition failure was defined as the 
discontinuation of enteral feeding or change to the other 
LEN by trouble related to enteral nutrition. 30-day sur-
vival, length of ICU stay and hospital stay, duration of 
enteral feeding, gastric residual volume GRV, incidence 
rate of vomiting, diarrhea, nosocomial pneumonia, the 
given LEN amounts, and calories per day on the seventh 
day were analyzed as secondary outcomes. GRV was 
analyzed at 2 hr and 24 hr after TLEN or PCLEN was 
started. Vomiting was recorded when observed during 
administration of TLEN or PCLEN. Diarrhea was defined 
as frequent stool more than three times per day and stool 
condition which met Bristol Stool Chart 5–7.17 Nosocom-
ial pneumonia was diagnosed by infiltration in chest X 
ray and 2 positive in 1) >38°C fever, 2) white blood cell 
counts <4000 or >11,000/μl, or 3) purulent sputum. Ven-
tilator-associated pneumonia (VAP) was included. In 
subgroup analysis, the PCLEN group was divided to two 
groups with or without PPI or H2 blocker. Their respec-
tive outcomes were compared with that of TLEN. PPI/H2 
blocker was counted positively when intravenous PPI or 
H2 blocker was given at the time of PCLEN start. 

 
Statistical analysis 
Propensity score matching was used to adjust for differ-
ences in age, sex, and severity of the condition at admis-
sion between TLEN and PCLEN. First, the propensity 
score was estimated. The log odds of the probability that 
a patient received PMX treatment was modeled for poten-
tial confounders: age, sex, and the six organ dysfunctions 
defined above. A one-to-one matched analysis using 
nearest-neighbor matching was performed based on the 
estimated propensity score of each patient. A match oc-
curred when one patient in the PCLEN group had an es-
timated score within 0.25 SDs of another in the TLEN 
group. 

Differences were assessed by application of Student t-
tests, paired t-tests, chi-square tests, and one-way analysis 
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of variance between the TLEN and PCLEN group. Signif-
icant differences were then assessed using Tukey–Kramer 
and Steel–Dwass methods for multiple comparisons. The 
30-day survival, length of ICU and hospital stay and du-
ration of enteral nutrition were analyzed using log-rank 
tests. All statistical analyses were performed using statis-
tical software (JMP 10; SAS Institute Inc.). Results are 
expressed as mean ± standard deviation values. p-values 
of <0.05 were inferred as significant. 
 
RESULTS 
During the study period, 954 patients were admitted to 
intensive care units or emergency wards and were given 
PCLEN or TLEN. From them, 261 patients were exclud-
ed according to exclusion criteria. Propensity score 
matching was performed for the remaining 693 patients 
for age, sex, and severity of condition at admission be-
tween TLEN and PCLEN. Finally, 199 PCLEN group 
patients and 199 TLEN group patients were included and 
analyzed. A patient selection outline is depicted in Figure 
1. 

Basic characteristics are presented in Table 1. Although 
renal failure was higher in PCLEN group patients, other 
basic diseases were not found to be significantly different. 
Invasive treatments such as mechanical ventilation or 
hemodialysis were not different between groups. Vital 
signs and laboratory findings on admission were not sig-
nificantly different. Severity was higher in the PCLEN 
group than in the TLEN group: Acute Physiology and 
Chronic Health Evaluation (APACHE) II 15.3±6.8 vs 
13.6±5.4 (p=0.0055) and sequential organ failure assess-
ment (SOFA) 6.2±3.8 vs 5.1±3.3 (p=0.0029), respectively. 

Outcomes for both groups are shown in Table 2. The 
enteral nutrition failure rate, at which enteral nutrition 
should be discontinued because of enteral feeding diffi-
culty, was 10.6% for PCLEN and 17.6% for TLEN. 
PCLEN was associated with significantly better results 
(p=0.043). The enteral feeding durations were not differ-
ent, as shown by the Kaplan–Meier curve (Figure 2A). 

The 30-day survival rates and length of ICU and hospital 
stay were not significantly different. The GRV at 24 hr 
was slightly lower for PCLEN: 7.9±24.3 mL for PCLEN 
vs 25.1±63.0 mL for TLEN (p=0.017). Although vomit-
ing events were not different, diarrhea events were lower 
for PCLEN, 28.1% for PCLEN vs 38.2% for TLEN 
(p=0.033). The nosocomial pneumonia rate including 
VAP was also lower for PCLEN: 4.5% for PCLEN vs 
9.6% for TLEN (p=0.048). Enteral nutrition amounts and 
enteral calories per day on the seventh day were not sig-
nificantly different. 

We conducted subgroup analysis of PCLEN in patients 
with and without PPI/H2 blocker (Table 3). In the 
PCLEN group, 122 patients were given PPI or H2 blocker; 
77 patients were not. The incidence of enteral nutrition 
failure was not different for PCLEN between groups of 
patients with and without PPI/H2 blocker. Incidences for 
both groups were significantly lower than for TLEN. The 
groups’ survival rates were not significantly different. 
GRV at 24 hr was slightly lower for PCLEN with/without 
PPI/H2 blocker than for TLEN. Vomiting events and the 
nosocomial pneumonia rate were not different. Diarrhea 
was significantly lowest, 22.1% for PCLEN without 
PPI/H2 blocker. Meanwhile, incidence of diarrhea was not 
different between with and without PPI/H2 blocker for 
TLEN (Figure 2B). These results suggest that the diarrhea 
examined in this study was not associated as a side effect 
of PPI/H2 blocker, but that it might be related to pectin 
solidification. 
 
DISCUSSION 
This study analyzed the efficacy of PCLEN use in critical 
care medicine. The enteral nutrition success rate was sig-
nificantly higher for PCLEN than for TLEN. Although 
vomiting events were not different, diarrhea, and noso-
comial pneumonia events were significantly lower for 
PCLEN. The enteral nutrition success rates obtained with 
and without gastric acid inhibitors were not different. The 
diarrhea event rate was lowest for PCLEN without a gas- 

 

 
 
Figure 1. Outline of patient selection. PCLEN: pectin-containing liquid enteral nutrition; TLEN: traditional liquid enteral nutrition; PEG: 
percutaneous endoscopic gastrostomy. 
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tric acid inhibitor, suggesting that gastric acid pH is im-
portant for diarrhea inhibition of PCLEN. Conceptual 
Diagram is showed in Figure 3. 

Diarrhea is an important problem occurring during crit-
ical care.18 The diarrhea incidence rate has been reported 
as 15–50% in critically ill patients, differing according to 
the definition of diarrhea.19-21 Critical care physicians 

often struggle with its management. Various factors cause 
diarrhea in critically ill patients, one of which is enteral 
nutrition.18 Although no cause-and-effect link has been 
clarified for any mechanism, long-term enteral nutrition, 
high-osmolality, low-fiber formula, bolus feeding, overly 
rapid increase to the target, and postpyloric enteral nutri-
tion have been regarded as exacerbating the risk of 

Table 1. Basic characteristics† 
 

Regimen Pectin-containing liquid EN 
(n=199) 

 
  

Traditional liquid EN 
(n=199) 

 
 

p value 

Sex (male) 130 (65.3%)  124 (62.3%) 0.53 
Age (years) 73.9±16.4 73.9±14.0  0.97 
APACHE2 15.3±6.8 13.6±5.4  0.0055* 
SOFA 6.2±3.8 5.1±3.3  0.0029* 
Other treatments during hospitalization      Mechanical ventilation 78 (39.3%) 78 (39.3%)  1 
 Platelet transfusion 3 (1.5%) 5 (2.5%)  0.47 
 Dialysis 40 (20.1%) 35 (17.6%)  0.54 
 Acute surgery 41 (20.7%) 51 (25.8%)  0.23 
Basic disease     
 Infection 66 (33.2%) 58 (29.2%)  0.39 

 Heart failure 13 (6.5%) 8 (4.0%)  0.26 

 Renal failure 6 (3.0%) 1 (0.5%)  0.045* 

 Stroke 59 (29.7%) 69 (34.7%)  0.28 

 Convulsion 10 (5.0%) 6 (3.0%)  0.30 

 Trauma 17 (8.5%) 14 (7.0%)  0.57 

 Autoimmune disease 4 (2.0%) 7 (3.5%)  0.36 

 Endocrine disorder 10 (5.0%) 6 (3.0%)  0.30 
Vital sign on admission     
 Body temperature (°C) 36.8±1.2 36.7±1.2  0.38 

 Heart rate (/min) 94.5±22.8 91.5±24.4  0.22 

 Mean arterial pressure (mmHg) 100.1±27.2 97.0±24.0  0.24 

 Respiratory rate (/min) 22.2±12.6 20.5±8.7  0.18 
Laboratory findings on admission     
 P/F ratio 289.0±172.7 275.9±132.5  0.72 
 White blood cell counts (/µl) 11836.9±9571.3 10563.7±6535.5  0.12 
 Hematocrit (%) 37.1±9.2 37.1±7.8  0.94 
 Platelet (x104/µL) 19.4±8.3 20.0±9.1  0.49 
 Bilirubin (mg/dL) 1.0±0.8 1.1±1.7  0.61 
 Potassium (mEq/L) 4.17±0.8 4.1±0.7  0.36 
 
APACHE: acute physiology and chronic health evaluation; SOFA: sequential organ failure assessment; PMX-DHP: direct hemoperfusion 
with polymyxin B immobilized fiber. 
†Severity and renal failure were higher in the PCLEN group than in the TLEN group. Other basic diseases were not found to be signifi-
cantly different.  
*p-values of <0.05 were inferred as significant. 
 
 
Table 2. Outcomes. For the enteral nutrition failure rate, PCLEN was associated with significantly better results†  
 

Regimen Pectin-containing liquid EN 
(n=199) 

Traditional liquid EN 
(n=199) p value 

EN failure 21/199 (10.6%) 35/199 (17.6%) 0.043* 
30 days survival 79.9% 78.9% 0.80 
Length of ICU stay 9.3±4.2 10.5±5.1 0.14 
Length of hospital stay 26.2±23.6 31.6±25.0 0.096 
GRV 2h (mL) 10.0±31.4 13.3±28.1 0.52 
GRV 24h (mL) 7.9±24.3 25.1±63.0 0.017* 
Vomiting 6/199 (3.0%) 7/199 (3.5%) 0.78 
Diarrhea  56/199 (28.1%) 76/199 (38.2%) 0.033* 
Nosocomial pneumonia (including VAP) 9/199 (4.5%) 19/199 (9.6%) 0.048* 
Total EN amounts per day on 7th day (mL) 1289.6±909.1 1107.8±979.0 0.071 
Total EN calories per day on 7th day (kcal) 1031.7.0±727.3 1107.8±979.0 0.41 
 
EN: enteral nutrition; GRV: gastric residual volume; VAP: ventilator associated pneumonia.  
†The 30-day survival rates and length of ICU and hospital stay were not significantly different. The GRV at 24 hr was slightly lower in 
PCLEN. Although vomiting events were not different, diarrhea events were significantly lower in PCLEN. The nosocomial pneumonia 
rate including VAP was also lower in PCLEN.  
*p-values of <0.05 were inferred as significant. 
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diarrhea.22,23 Diarrhea can be a reason for the discontinua-
tion of enteral feeding in critical care. Physicians should 
often consider strategies to choose a variety of LEN that 
supports control or prevention of diarrhea. Results of the 
present study are important: PCLEN can decrease diar-
rhea and enteral nutrition failure, suggesting that PCLEN 
can be beneficial for critical care medicine. 

A number of studies have been conducted to examine 
whether solidification of LEN can inhibit difficulties re-
lated to enteral feeding, such as vomiting and diarrhea. 
Semi-solid LEN, which is already a semi-solid configura-
tion before administration, reportedly inhibits gas-
troesophageal reflux.7 One report described that gas-
troesophageal reflux was decreased in clinical PEG pa-
tients.6 Another study of clinical PEG patients showed 
that nosocomial pneumonia was decreased.8 However, 
one report described that gastroesophageal reflux was not 
changed by semi-solid LEN.24 Therefore, the efficacy of 
semi-solid LEN has remained controversial. Moreover, 
although solidification of LEN theoretically inhibits diar-

rhea, no study has examined semi-solid LEN for diarrhea. 
One case report described the possibility of semi-solid 
LEN to inhibit diarrhea.25  

Pectin, which is contained in PCLEN used for the pre-
sent study, is expected to be transformed to a solid by 
gastric acid pH in the stomach and to present the benefit 
of solidification. Because its solidification is stronger 
than that of semi-solid LEN, it can prevent LEN from 
inflowing rapidly into the duodenum and intestine.9-11 It is 
expected to inhibit diarrhea. Diarrhea was least frequent 
with PCLEN in this study when no gastric acid inhibitor 
was used, allowing pectin to contribute to diarrhea inhibi-
tion. PCLEN is liquid in the gastric tube, presenting little 
risk of tube occlusion. 

In recent critical care medical treatments, gastric acid 
inhibitors are often given to patients, possibly decreasing 
the solidification of PCLEN. However, PCLEN had a 
higher enteral nutrition success rate than TLEN in this 
study, irrespective of the presence of gastric acid inhibi-
tors. These results were regarded as attributable to pectin 

 
 
Figure 2. EN duration and Diarrhea incidence with and without PPI/H2blocker. A: EN duration for PCLEN (black line) and that for 
TLEN (gray line) are shown with Kaplan–Meier curves. Durations in the groups were not significantly different. B: Diarrhea incidence 
rates for PCLEN (black box) or TLEN (gray box) with and without PPI/H2blocker. The diarrhea rate for PCLEN without PPI/H2blocker 
was significantly lower than for TLEN. That for PCLEN with PPI/H2blocker was not significantly lower than for TLEN. No significant 
difference was found between those for TLEN with and without PPI/H2blocker. EN: enteral nutrition; PCLEN: pectin-containing liquid 
enteral nutrition; TLEN: traditional liquid enteral nutrition; PPI: proton pump inhibitor; PPI: proton pump inhibitor. *p-values of <0.05 
were inferred as significant. 
 
 
Table 3. Subgroup analysis with or without PPI/H2-blocker†  
 

Regimen 

Pectin-containing 
liquid EN  

with PPI/H2-blocker 
(n=122) 

Pectin-containing 
liquid EN 

without PPI/H2 blocker 
(n=77) 

Traditional liquid 
EN (n=199) p value 

EN failure 13/122 (10.7%) 8/77 (10.4%) 35/199 (17.6%) 0.13 
30 days survival 80.3% 79.2% 78.9% 0.95 
GRV 2h (mL) 12.4±36.4 3.7±8.7 13.3±28.1 0.35 
GRV 24h (mL) 9.6±28.0 3.4±8.3 25.1±63.0 0.046* 
Vomiting 4/122 (3.3%) 2/77 (2.6%) 7/199 (3.5%) 0.93 
Diarrhea  39/122 (32.0%) 17/77 (22.1%) 76/199 (38.2%) 0.032* 
Nosocomial pneumonia (including VAP) 5/122 (4.1%) 4/77 (5.2%) 19/199 (9.6%) 0.13 
 
EN: enteral nutrition; PPI: proton pump inhibitor; GRV: gastric residual volume; VAP: ventilator associated pneumonia. 
†The incidence of enteral nutrition failure was not different for PCLEN between groups of patients with and without PPI/H2 blocker. 
Incidences for both groups were significantly lower than for TLEN. The groups’ survival rates were not significantly different. GRV at 24 
hr was slightly lower for PCLEN with/without PPI/H2 blocker than for TLEN. Vomiting events and the nosocomial pneumonia rate were 
not different. Diarrhea was significantly lowest in PCLEN without PPI/H2 blocker.  
*p-values of <0.05 were inferred as significant. 
 

 



62                             K Nakamura, R Inokuchi, K Fukushima, H Naraba, Y Takahashi, T Sonoo et al 

solidification under gastric acid inhibitors and by other 
characteristics of the PCLEN that was used, other than 
pectin. By the former reason, the degree to which gastric 
pH is shifted by gastric acid inhibitors depends strongly 
on the types and doses of PPI or H2 blockers that were 
given. When a large dose of PPI is given, pH is increased 
considerably.14,15 However, a typical dose of PPI/H2 

blockers often does not achieve pH >5; alternatively, no 
condition of pH >5 exists.13 For the latter reason, differ-
ences contributing to results obtained between TLEN and 
PCLEN used for this study are the type of protein and 
slight difference of concentration, other than pectin: 
TLEN contained milk protein; PCLEN contained soy 
protein and collagen peptide. Although both milk and soy 
can cause diarrhea as one symptom of food allergy,26 the 
prevalence and new-onset rates of these food allergies are 
low in adults. More than 90% of Asian and North Ameri-
can people reportedly have lactose intolerance, which 
differs among races.27 Milk does not always cause diar-
rhea in people with lactose intolerance. However, a meal 
containing lactose can cause diarrhea under some condi-
tions.28 Soy protein or collagen peptide might be better 
than milk protein for critical care in such countries. In this 
study, PCLEN was 0.8 kcal/mL, 360 mOsm/L; TLEN 
was 1.0 kcal/mL, 420 mOsm/L. These differences of con-
centration and osmotic pressure might affect the results. 

This study includes some limitations. Although pro-
pensity score matching and historical control were con-
ducted, the study might include some biases because it 
was a retrospective study. One possible source of bias is 
the study period during which each LEN was given. As 
described above, some differences between PCLEN and 
TLEN existed other than pectin. It was difficult to ana-
lyze the effects of respective factors. Moreover, the defi-
nition of diarrhea is difficult, as discussed in recent re-
ports.18 Certification of diarrhea was difficult in this study 
because of its retrospective nature. In subgroup analysis, 
patients of the gastric acid inhibitors subgroup might have 

presented more severity than those without inhibitors. 
Their basic characteristics might have been different. 
 
Conclusions 
Compared to TLEN, PCLEN was associated with lower 
incidence of diarrhea and nosocomial pneumonia. 
PCLEN was also associated with the enteral nutrition 
success irrespective of the patient use of gastric acid in-
hibitors. Diarrhea was inhibited most for patients with 
PCLEN but without gastric acid inhibitors. For critical 
care, PCLEN can be used effectively for enteral nutrition 
via a nasogastric tube. 
 
ACKNOWLEDGEMENTS 
The authors thank all the nursing specialists for their support for 
the study in their everyday work. Natsumi Koizumi, the re-
search nurse of our department, deserve our special gratitude. 
 
AUTHOR DISCLOSURES 
The authors state that they have no conflict of interest related to 
this paper or the study it describes. 
 
REFERENCES 
1. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, 

Ferrer R et al. Surviving sepsis campaign: international 
guidelines for management of sepsis and septic shock: 2016. 
Crit Care Med. 2017;45:486-552. doi: 10.1097/CCM.00000 
00000002255. 

2. McClave SA, Heyland DK. The physiologic response and 
associated clinical benefits from provision of early enteral 
nutrition. Nutr Clin Pract. 2009;24:305-15. doi: 10.1177/ 
0884533609335176. 

3. Reintam A, Parm P, Kitus R, Kern H, Starkopf J. 
Gastrointestinal symptoms in intensive care patients. Acta 
Anaesthesiol Scand. 2009;53:318-24. doi: 10.1111/j.1399-
6576.2008.01860.x. 

4. Adike A, Quigley EM. Gastrointestinal motility problems in 
critical care: a clinical perspective. J Dig Dis. 2014;15:335-
44. doi: 10.1111/1751-2980.12147. 

5. Thibault R, Graf S, Clerc A, Delieuvin N, Heidegger CP, 
Pichard C. Diarrhoea in the ICU: respective contribution of 

 
 
Figure 3. Conceptual diagram. Liquid enteral nutrition with pectin can be given safely through feeding tube. Pectin changes to a solid by 
forming a bridged structure with calcium ion under acid PH in the stomach. Effective solidification would be associated with decreased 
gastric residual volume, diarrhea and vomiting (?), and furthermore associated with decreased enteral nutrition failure and nosocomial 
pneumonia 
 



                                                                Pectin-containing liquid enteral nutrition                                                            63                                                             

feeding and antibiotics. Crit Care. 2013;17:R153. doi: 10. 
1186/cc12832. 

6. Kanie J, Suzuki Y, Iguchi A, Akatsu H, Yamamoto T, 
Shimokata H. Prevention of gastroesophageal reflux using 
an application of half-solid nutrients in patients with 
percutaneous endoscopic gastrostomy feeding. J Am Geriatr 
Soc. 2004;52:466-7. 

7. Nishiwaki S, Araki H, Shirakami Y, Kawaguchi J, Kawade 
N, Iwashita M et al. Inhibition of gastroesophageal reflux by 
semi-solid nutrients in patients with percutaneous 
endoscopic gastrostomy. JPEN J Parenter Enteral Nutr. 2009; 
33:513-9. doi: 10.1177/0148607108327045. 

8. Yoon EWT, Yoneda K, Nishihara K. Semi-solid feeds may 
reduce the risk of aspiration pneumonia and shorten 
postoperative length of stay after percutaneous endoscopic 
gastrostomy (PEG). Endosc Int Open. 2016;4:E1247-E51. 
doi: 10.1055/s-0042-117218. 

9. Sandhu KS, el Samahi MM, Mena I, Dooley CP, Valenzuela 
JE. Effect of pectin on gastric emptying and gastroduodenal 
motility in normal subjects. Gastroenterology. 1987;92:486-
92. 

10. Sanaka M, Yamamoto T, Anjiki H, Nagasawa K, Kuyama Y. 
Effects of agar and pectin on gastric emptying and post-
prandial glycaemic profiles in healthy human volunteers. 
Clin Exp Pharmacol Physiol. 2007;34:1151-5. doi: 10.1111/ 
j.1440-1681.2007.04706.x. 

11. Yamaoka I, Kikuchi T, Endo N, Ebisu G. Fluorescence 
imaging in vivo visualizes delayed gastric emptying of 
liquid enteral nutrition containing pectin. BMC 
Gastroenterol. 2014;14:168. doi: 10.1186/1471-230X-14-16 
8. 

12. Schultz AA, Ashby-Hughes B, Taylor R, Gillis DE, Wilkins 
M. Effects of pectin on diarrhea in critically ill tube-fed 
patients receiving antibiotics. Am J Crit Care. 2000;9:403-
11. 

13. Tolman KG, Sanders SW, Buchi KN, Karol MD, Jennings 
DE, Ringham GL. The effects of oral doses of lansoprazole 
and omeprazole on gastric pH. J Clin Gastroenterol. 1997;24: 
65-70. 

14. Abe Y, Inamori M, Togawa J, Kikuchi T, Muramatsu K, 
Chiguchi G et al. The comparative effects of single 
intravenous doses of omeprazole and famotidine on 
intragastric pH. J Gastroenterol. 2004;39:21-5. doi: 10.1007/ 
s00535-003-1240-6. 

15. Chwiesko A, Charkiewicz R, Niklinski J, Luczaj W, 
Skrzydlewska E, Milewski R et al. Effects of different 
omeprazole dosing on gastric pH in non-variceal upper 
gastrointestinal bleeding: A randomized prospective study. J 
Dig Dis. 2016;17:588-99. doi: 10.1111/1751-2980.12393. 

16. Iwagami M, Yasunaga H, Doi K, Horiguchi H, Fushimi K, 
Matsubara T et al. Postoperative polymyxin B 
hemoperfusion and mortality in patients with abdominal 
septic shock: a propensity-matched analysis. Crit Care Med. 
2014;42:1187-93. doi: 10.1097/CCM.0000000000000150. 

17. Lewis SJ, Heaton KW. Stool form scale as a useful guide to 

intestinal transit time. Scand J Gastroenterol. 1997;32:920-4. 
doi: 10.3109/00365529709011203. 

18. Reintam Blaser A, Deane AM, Fruhwald S. Diarrhoea in the 
critically ill. Curr Opin Crit Care. 2015;21:142-53. doi: 10. 
1097/MCC.0000000000000188. 

19. McClave SA, Sexton LK, Spain DA, Adams JL, Owens NA, 
Sullins MB et al. Enteral tube feeding in the intensive care 
unit: factors impeding adequate delivery. Crit Care Med. 
1999;27:1252-6. 

20. Montejo JC. Enteral nutrition-related gastrointestinal 
complications in critically ill patients: a multicenter study. 
The Nutritional and Metabolic Working Group of the 
Spanish Society of Intensive Care Medicine and Coronary 
Units. Crit Care Med. 1999;27:1447-53. 

21. Reintam BA, Poeze M, Malbrain ML, Björck M, 
Oudemans-van Straaten HM, Starkopf J et al. 
Gastrointestinal symptoms during the first week of intensive 
care are associated with poor outcome: a prospective 
multicentre study. Intensive Care Med. 2013;39:899-909. 
doi: 10.1007/s00134-013-2831-1. 

22. Montejo JC, Grau T, Acosta J, Ruiz-Santana S, Planas M, 
García-De-Lorenzo A et al. Multicenter, prospective, 
randomized, single-blind study comparing the efficacy and 
gastrointestinal complications of early jejunal feeding with 
early gastric feeding in critically ill patients. Crit Care Med. 
2002;30:796-800. 

23. Davies AR, Morrison SS, Bailey MJ, Bellomo R, Cooper DJ, 
Doig GS et al. A multicenter, randomized controlled trial 
comparing early nasojejunal with nasogastric nutrition in 
critical illness. Crit Care Med. 2012;40:2342-8. doi: 10. 
1097/CCM.0b013e318255d87e. 

24. Adachi K, Furuta K, Morita T, Nakata S, Ohara S, Tanimura 
T et al. Half-solidification of nutrient does not decrease 
gastro-esophageal reflux events in patients fed via 
percutaneous endoscopic gastrostomy. Clin Nutr. 2009;28: 
648-51. doi: 10.1016/j.clnu.2009.05.006. 

25. Nakayama T, Hayashi S, Okishio K, Tomishiro T, Hosogai 
K, Ootsu Y et al. Prompt improvement of a pressure ulcer 
by the administration of high viscosity semi-solid nutrition 
via a nasogastric tube in a man with tuberculosis: a case 
report. J Med Case Rep. 2010;4:24. doi: 10.1186/1752-
1947-4-24. 

26. Michelet M, Schluckebier D, Petit LM, Caubet JC. Food 
protein-induced enterocolitis syndrome - a review of the 
literature with focus on clinical management. J Asthma 
Allergy. 2017;10:197-207. doi: 10.2147/JAA.S100379. 

27. Silanikove N, Leitner G, Merin U. The interrelationships 
between lactose intolerance and the modern dairy industry: 
global perspectives in evolutional and historical 
backgrounds. Nutrients. 2015;7:7312-31. doi: 10.3390/nu 
7095340. 

28. Deng Y, Misselwitz B, Dai N, Fox M. Lactose intolerance in 
adults: biological mechanism and dietary management. 
Nutrients. 2015;7:8020-35. doi: 10.3390/nu7095380. 

 


