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Abstract

Purpose Transpyloric tube feeding could provide early enteral nutrition; minimize cost; and re-
duce the risk of potential aspiration pneumonia to the patient with delayed gastric emptying. The aim
of this study was to report the results of patients who received transpyloric tube feeding and to deter-
mine what kind of underlying disorders would get the most benefit from the transpyloric tube feeding.
Methods We retrospectively reviewed the patients who underwent transpyloric tube feeding from
January 1996 through December 2001 at our hospital.  Demographic characteristics, underlying di-
sorders, base-line nutrition status, complications, hospital mortality, and durability of transpyloric tube
feeding, daily caloric intake of 506 patients were obtained. Logistic regression analysis was used to
compare the hospital mortality rate of patients who had different underlying disorders with adjustment
for potentially confounding variables. Results The patients' mediate age was 73 years; 70.7% were
male and 53.1% ICU patients. The most underlying disorders associated with delayed gastric empty-
ing in these patients were infectious diseases in 211 (41.7%). There was a trend towards higher sur-
vival in those groups that could convert to nasogastric (NG) tube feeding or oral diet than the others
( 2=125.9, p<0.001). In subgroup analysis, neurological disorders group was associated with lower
mortality rate (35.6%, p<0.01) and higher percentage switched to oral or NG feeding than other groups
(60.0%, p<0.01). When adjusted for potentially confounding variables, neurological disorders group
was associated with lower mortality rate compared with infectious disorders, diabetes mellitus, and ma-
lignancy of upper gastrointestinal tract (odds ratio: 2.39, 3.55, and 7.11; p=0.03, 0.01, and <0.01).
Conclusions Patients who have neurological disorders can get the most benefit from the transpyloric
tube feeding. ( J Intern Med Taiwan 2006; 17: 52-60 )
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Introduction
Enteral tube feeding has been developed for pa-

tients with a functioning gastrointestinal tract but who

are unable to take food by mouth. It can be accom-

plished using a nasogastric (NG) tube. However, if

there is a problem with delayed gastric emptying,

transpyloric tube feeding is indicated 1. This mode of

feeding has been developed as a method to overcome

delayed gastric emptying by delivering nutrients dis-

tal to the stomach. Some authors have designed

studies to demonstrate the benefits of transpyloric

tube feeding in specific patient groups. For example,

among head-injured patients transpyloric tube feed-

ing increased caloric intake and markedly reduced the

incidence of infections and days of stay in an inten-

sive care unit (ICU) 2. Early transpyloric tube feeding

after surgery reduced the number of days of total pa-

renteral nutrition (TPN) in trauma patients 3. Among

patients with severe diabetic gastroparesis, transpy-

loric tube feeding improved diabetic control and gas-

tric emptying4. However, these studies included small

numbers of patients and failed to elucidate what kind

of underlying disorders would get the most benefit

from this mode of feeding.

In this study, we investigated the outcomes of

transpyloric tube feeding for 506 consecutive patients

with delayed gastric emptying. We recorded the de-

mographic characteristics, the effectiveness of deli-

very of nutrition and the underlying disorders of the

patients. We found that patients with neurological di-

sorders received the most benefit from transpyloric

tube feeding.

Materials and methods
Patients

We studied 506 patients who had been placed on

transpyloric feeding in a university teaching hospital

between 1996 and 2001. We collected data based on

each patient's demographic characteristics, the un-

derlying disorders, base-line nutrition status (serum

albumin and transferrin levels, and total lymphocyte

count), complications (vomiting, diarrhea, constipa-

tion, abdominal distention or aspiration pneumonia),

in-hospital mortality, the durability of transpyloric

tube feeding, and final way of nutrition support (while

patients discharged). We also estimated the total

caloric requirement of patients. We used the Harris

Benedict equation 5 to determine basal energy ex-

penditure (BEE). Total caloric requirements equaled

the BEE multiplied by the sum of stress and activity

factors 6. These patients had received NG tube feed-

ing initially, and their residual gastric volume was

checked every eight hours. If the residual gastric vo-

lume reached 250 mL more than the amount deli-

vered, or if the patient's daily enteral caloric intake was

lower than 400 kcal per day, or if there was obvious

presence of nutritional formula or gastric contents in

the aspirate from the endotracheal tube, our gas-

troenterology and nutrition service was consulted to

evaluate whether transpyloric tube feeding was indi-

cated. Gastroenterologists then applied transpyloric

tubes. Before inserted the transpyloric tube, parental

nutrition was administered to prevent the large ne-

gative energy balance.

Procedure

All patients received a 12 French, 114-cm long,

polyurethane feeding tube with a distal tungsten-

weighted tip (ENtubeTM, Rusch Inc., Duluth, Georgia,

USA), placed endoscopically 7.  Prior to the proce-

dure, two 3.0-nylon initial suture ties were made

through the hole within the end of a feeding tube.

Three knots were made at 1-cm intervals on both sides

of the sutures. At the time of the procedure, the ou-

ter wall of the feeding tube was lubricated with mi-

neral oil. The feeding tube was flushed with water,

loaded with a stylet, inserted through the nostril, and

then passed into the stomach. Subsequently, a gas-

troscope (GIF 200, Olympus, Tokyo, Japan) was in-
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troduced into the stomach. A biopsy forceps was then

passed via the biopsy channel of the endoscope and

used to grasp the suture firmly. The feeding tube was

dragged through the pylorus down into the second,

third, or fourth portion the duodenum. After the gas-

troscope was passed as far as possible beyond the py-

lorus, the biopsy forceps holding the suture at the tip

of the feeding tube was extended even further. At this

point, the biopsy forceps was opened to release the

suture. While keeping the stylet in place to stiffen the

feeding tube and applying some pressure to prevent

its retrograde migration, the endoscope was with-

drawn slowly back into stomach and out of the pa-

tient's mouth. Once the procedure was completed, the

stylet was removed. The procedure was performed in

an endoscopy suite or, for a critically ill patient, at the

bedside. Following this procedure and prior to initi-

ating feedings, an abdominal roentgenogram (Figure

1) was obtained to confirm the correct position of the

feeding tube.

The North American consensus summit on as-

piration in the critically ill patient 8 was used to clas-

sify pneumonia as "possible", "probable", and"defini-

tive". "Possible pneumonia' is classed as the deve-

lopment of acute symptoms, a new or worsening in-

filtrate on chest radiographs, and a clinical course

consistent with pneumonia in a patient who for

whatever reason does not undergo bronchoscopy

to obtain quantitative cultures. "Probable pneumo-

nia" is diagnosed when positive bronchoscopy spe-

cimens and quantitative culture by bronchoalveolar

lavage or protected specimen brush add to the latter

criteria. Finally, "definitive pneumonia" is defined

when there are positive results of pleural fluid cul-

tures, rapid cavitation of lung infiltrate as determined

by computed tomography scans and histopathologi-

cal demonstration of pneumonia during biopsy or au-

topsy. In this study, chest roentgenograms were ob-

tained weekly after the feeding tube insertion. If a

new or worsening infiltration was detected on the

chest roentgenogram and there was a clinical course

consistent with pneumonia in a patient, we suspec-

ted aspiration pneumonia.

Serum albumin was determined enzymatically

(Olympus AU600, Olympus Co. Ltd, Shizuoka,

Japan). Serum transferrin was analyzed by rate ne-

phelometry on a Beckman IMMAGE instrument

(Beckman Instrument, Brea, California). Blood total

lymphocyte counts were analyzed by standard clini-

cal methods (Coulter Counter model GENS, Coulter

Corporation, Hialeah, FA, USA).

Statistical Analysis

All statistical analyses were performed using the

SPSS software, version 10.0. Chi squared ( 2) and

Fisher's exact tests were used to analyze the rela-

tionships between categorical variables. Paired t-tests

and one-way analysis of variance were used to ana-

lyze the relationships between categorical and con-

tinuous variables. A multiple logistic regression ap-

proach was used to examine the association between

demographic characteristics, underlying disorders,

and outcome. All reported P values are two-tailed,

and P < 0.05 was assumed statistically significant for

all tests.

Results
Patients ranged in age from 4 to 94 years with a

median of 73 years. There were 148 females and 358

males. Two hundred sixty-nine (53.1%) patients ad-

mitted to our ICU received transpyloric feeding tube

placement at the bedside; two hundred thirty-seven

(46.9%) were admitted to the general ward and re-

ceived the procedure in our endoscopy suite.

Underlying disorders associated with delayed gastric

emptying in these patients were assorted into four

groups (Table 1). The most common group was of in-

fectious disorders (n = 211, 41.7%, including pul-

monary infection, urinary tract infection, and other

infectious disorders), followed by neurological di-

sorders (n = 135, 26.7%, including cerebral hemor-

rhage, infarction, head injury, and other neurological

disorders), diabetes mellitus (n = 65, 12.8%), and ma-

lignancy of the upper gastrointestinal tract (n = 56,

11.1%). Thirty-nine patients (7.7%) had other under-

lying disorders. Age, sex, percentage of patients at-
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tending the ICU, enteral caloric intake three days be-

fore transpyloric feeding, and caloric requirement

were significantly different between the four groups

(P < 0.05). The four groups were similar for the dura-

bility of the transpyloric tube, baseline serum albu-

min and transferrin levels, and total lymphocyte

counts.

The average durability of the tube was 22.8 days.

The tube was inadvertently removed by the patient or

by the staff during routine care in 25.3% of patients

and 24.1% of them experienced clogged tubes. Two

hundred eleven patients (41.7%) converted to NG

tube feeding and 41 patients (8.1%) could switch to

an oral diet. Two hundred eleven patients were dis-

charged from the hospital alive and 295 patients

(58.1%) died from underlying disorders. Eighty pa-

tients could not convert to enteral nutrition and all

died. There was a trend towards higher survival in

those groups that could convert to NG tube feeding

or oral diet than the others, and this was statistically

Table 1.Patients' base-line characteristics in each group     

Group Neurological Infectious Diabetes Malignancy -value
disorders disorders mellitus of GI tract  
(n = 135) (n = 211) (n = 65) (n = 56)

Age (M ± D, year) 64.3 ± 20.9 69.2 ± 16.1 71.1 ± 12.5 67.7 ± 13.8 0.02
Gender (M/F) 105 / 30 153 / 58 38 / 27 37 / 19 0.03
General ward/ICU 61 / 74 74 / 137 37 / 28 44 / 12 < 0.01
Durability (M ± D, day) 20.7 ± 20.9 25.4 ± 40.3 20.5 ± 26.3 19.8 ± 36.1 0.47
Caloric requirement 1857 ± 334 1746 ± 268 1695 ± 188 1739 ± 266 0.01
(M ± D, Kcal/day)
Enteral Caloric intake 843 ± 815 662 ± 668 607 ± 550 388 ± 457 0.01
(M ± Kcal/day)*

Albumin 2.95 ± 0.50 2.83 ± 0.55 2.84 ± 0.52 2.79 ± 0.79 0.59
(M ± D, g/dL)*

Transferrin 119.6 ± 30.2 95.7 ± 22.7 101.6 ± 39.4 79 ± 28.9 0.92
(M ± D, mg/dL)*

Total lymphocyte 1161 ± 895 1092 ± 761 1204 ± 881 1133 ± 610 0.88
count (M ± D, count/ L)*

GI, gastrointestinal; M ± D, mean ± standard deviation; ICU, intensive care unit; M, male; F, female
*Data was obtained three days prior transpyloric tube feeding.

P = 0.01 for the difference between neurological and infectious disorders. P < 0.01 for the difference between neuro-
logical disorders and diabetes mellitus.

P < 0.01 for the difference between neurological and infectious disorders. P < 0.01 for the difference between neuro-
logical disorders and diabetes mellitus. P = 0.05 for the difference between neurological disorders and malignance of GI
tract.

P = 0.03 for the difference between neurological and infectious disorders. P = 0.03 for the difference between neuro-
logical disorders and diabetes mellitus. P < 0.01 for the difference between neurological disorders and malignance of GI
tract. P = 0.01 for the difference between infectious disorders and malignance of GI tract.

Table 2.Clinical outcomes of patients receiving transpyloric tube feeding*    

Final way of nutrition support Alive (%) Mortality (%) Total 

Oral 38 (92.7) 3(7.3) 41
Nasogastric tube feeding 118 (55.9) 93 (44.1) 211
Transpyloric tube feeding 55 (28.0) 119(67.8) 174
Parenteral nutrition 0 (0.0) 80 (100.0) 80
Total 211 (41.7) 295 (58.3) 506
* 2 = 125.9, df = 3, P<0.001

P
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significant ( 2 = 125.9, df = 3, P < 0.001; Table 2).

The mortality rate was significantly lower

among patients with neurological disorders (35.6%, P

< 0.01; Table 3) and significantly more of these pa-

tients switched to oral or NG feeding (60%, P < 0.01;

Table 3). The common complications associated with

transpyloric feeding tubes were diarrhea (39.7%),

constipation (19.6%), abdominal distention (13%),

and vomiting (12.8%). Seventeen patients (2.4%) de-

veloped possible aspiration pneumonia four weeks

after the tube insertion and all died. There were no

differences in the incidence of complications between

groups, except for vomiting (P < 0.01; Table 3, in-

fectious disorder group significantly low).

A multiple logistic regression model was used

to identify a subset of covariates as independent risk

factors for mortality (Table 4). Older patients and

those in the ICU showed a significantly higher mor-

tality rate than younger and general ward patients.

Patients who could switch to oral or NG feeding

showed significantly lower mortality than those who

could not. Gender, durability of the tube, caloric re-

quirement, base-line enteral caloric intake, and com-

plications were not significant factors (Table 4).

Although patients with two or more complications

had a higher risk of mortality, this did not reach sta-

tistical significance (Table 4). When adjusted for po-

Table 3.Patients' outcomes and complications     

Group Neurological Infectious Diabetes Malignancy -value
disorders disorders mellitus of GI tract  
(n = 135) (n = 211) (n = 65) (n = 56)

Mortality 35.6% 65.4% 66.2% 83.9% <0.01 
Final way of nutrition support                                                                                <0.01

Oral or NG feeding (%) 81 (60.0) 98 (46.4) 30 (46.2) 17 (30.4)
Transpyloric tube 54 (40.0) 113 (53.6) 35 (53.8) 39 (69.6)  
feeding or TPN (%) 

Complications
Vomiting (%) 21 (15.6) 15 (7.1) 11 (16.9) 14 (25.0) <0.01
Diarrhea (%) 71 (52.6) 106 (50.2) 28 (43.1) 21 (37.5) 0.20
Constipation (%) 28 (20.7) 35 (16.6) 7 (10.8) 12 (21.4) 0.29      
Abdominal distention (%) 14 (10.4) 32 (15.2) 6 (9.2) 11 (19.6 0.21
Aspiration pneumonia (%) 1 (0.7) 10 (4.7) 5 (7.7) 1 (1.8) 0.56

GI, gastrointestinal; NG, nasogastric; TPN, total parenteral nutrition

Fig.1.Abdominal plain film of the patient receiving the
transpyloric tube placement

tentially confounding variables, the neurological di-

sorder group of patients showed a significantly lower

mortality rate than those with infectious disorders,

diabetes mellitus or gastrointestinal tract malignan-

cies (Table 4).

We recorded daily enteral caloric intakes before

transpyloric feeding tube placement and on the first,

third, seventh, 14th, 21st, and 28th day after insertion of

the feeding tube (Fig. 2). The BEE of those patients

P
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Fig.2.Daily enteral caloric intake for patients receiving
transpyloric tube feeding. Daily enteral caloric in-
take increases progressively and reaches the
70% of mean total caloric requirement at the day
14. Each point and vertical bar represented the
mean ± 95% confidence intervals. 

mean total caloric requirement was 1783 ± 294

kcal/day (range 1200–2600). Mean enteral caloric in-

take was 0.33 ± 0.29, 0.53 ± 0.37, 0.63 ± 0.37, 0.74 ±

0.42, 0.73 ± 0.48, and 0.83 ± 0.48 of total caloric re-

quirement on days 1, 3, 7, 14, 21, and 28 respectivel

Discussion
Poor nutrition affects every factor of patient out-

come, from the cost of therapeutic intervention and

rate of complications to the length of hospitalization

and mortality rates 10. Nutritional status is a key fac-

tor in the overall immune function and a patient's

ability to mount a stress response. Underfeeding a pa-

tient may lead to increased nosocomial infection,

poor wound healing, respiratory muscle dysfunction,

and respiratory failure. Overfeeding patients may in-

crease their physiological stress and lead to hyper-

lipidemia, azotemia, hyperglycemia, fluid overload,

hepatic dysfunction, and respiratory compromise 10.

Estimates of BEE in the critically ill have been de-

rived traditionally from the Harris Benedict equa-

Table 4.Factors associated with patients' mortality     

Factors Odds ratio 95% CI -value  
Age, year 1.04 1.022-1.062 <0.01

Gender 
Male (reference) 
Female 1.35 0.618-2.962 0.45

Ward 
General (reference)
ICU 2.59 1.321-5.082 <0.01

Durability 0.99 0.896-1.006 0.47

Caloric requirement 1.00 0.999-1.001 0.85

Base-line enteral caloric intake 1.00 1.000-1.001 0.63

Switch to oral or NG feeding
Yes (reference)
No 6.55 3.487-12.309 <0.01

Complications
No (reference)
One complication 1.10 0.528-2.282 0.80
Two or more complications 1.47 0.625-3.448 0.38

Underlying disorders
Neurological disorders (reference)
Infectious disorders 2.39 1.112-5.154 0.03
Diabetes mellitus 3.55 1.322-9.525 0.01
Malignancy of GI tract 7.11 2.195-23.002 <0.01

ICU, intensive care unit; GI, gastrointestinal; CI, confidence interval; NG, nasogastric

P

was measured using Harris Benedict equations 9.

Total caloric requirements equaled the BEE multi-

plied by the sum of stress and activity factors 6. The
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tion to determine caloric requirements and avoid

complications associated with both overfeeding and

underfeeding.

Acutely ill patients often develop large gastric

residual volumes during NG feeding from delayed

gastric emptying. Transpyloric tube feeding was in-

troduced to solve this problem11. Montecalvo et al 12.

demonstrated that transpyloric feeding led to better

nutrient delivery than the simpler method of gastric

feeding. They found that 47% of patients with NG

tubes achieved their daily feeding rate goal versus

61% in the transpyloric group; the latter also showed

greater improvements in prealbumin levels and in-

creased their total caloric intake. Kortbeek et al 13. re-

cently showed that transpyloric feeding significantly

reduced the time required to achieve the feeding goal.

Davies et al 11. showed that gastric residual volumes

were lower when patients were fed transpylorically.

Kearns et al 14. also demonstrated that small-intesti-

nal feeding produced significantly increased caloric

delivery (30%) versus gastric feeding in endotra-

cheally intubated patients. Although we did not de-

sign the present study to evaluate gastric versus

transpyloric feeding, all of our patients had received

NG tube feeding before commencing transpyloric

tube feeding. The mean enteral caloric intake on day

three with transpyloric feeding was higher than be-

fore (943 vs. 603 kcal, P < 0.001). 

Gastrointestinal complications such as nausea,

vomiting, abdominal distention, cramps, and diarrhea

are common during enteral nutrition 15. Depending on

the definition used, diarrhea occurs in 21% to 72% of

patients receiving enteral nutrition 16. In this study,

39.7% of the patients developed diarrhea. Common

causes of diarrhea include concomitant medications

(e.g., sorbit-containing medication and prokinetic a-

gents), underlying illnesses predisposing to malab-

sorption, and pseudomembranous colitis 17,18. Tube

feeding-related causes may include enteral feeding

formula content (e.g., fiber or lactose content) and ad-

ministration technique. Diarrhea by itself is not an in-

dication to stop tube feeding; slowing the rate of in-

fusion, diluting the formula, adding bulking agents,

or reviewing the drug regimen may provide relief 17.

Stool examination and an assay for detection of the

Clostridium difficile toxin are appropriate when

pseudomembranous colitis is suspected. On the

other hand, constipation is a problem of bedridden

patients and it occurred in 19.6% of our patients.

Fiber-containing formulas (e.g., Jevity or Ultracal),

blended preparations, or laxatives can minimize this

complication 18.

The risk of potentially lethal aspiration in pa-

tients receiving gastric tube feeding has long been

recognized 19. The prevalence of aspiration pneumo-

nia in the literature varies from 4% to 95% of patients

being fed via NG tubes 20. This variation is because of

the lack of criteria for the definitions of the source of

aspiration, of the contamination of the aspirate and of

aspiration pneumonia itself 21. The incidence of pos-

sible aspiration pneumonia in our study was 3.4% and

this was lower than in previous reports of NG tube

feeding. Transpyloric feeding seemed to be associat-

ed with a reduction in aspiration pneumonia. Heyland

et al 22. measured the presence of microaspiration by

radiolabeled food and found a decreased frequency

and quantity of aspiration in those patients fed with

transpyloric feeding tubes. However, some authors
14,23,24,25 believe that there is no significant difference

in the incidence of pneumonia. Therefore, we still

need a further prospective randomized controlled

study to evaluate if transpyloric feeding really reduces

the incidence of aspiration pneumonia.

Providing early enteral nutrition to critically ill

patients has been associated with an improved out-

come. It is generally well accepted that enteral feed-

ing has a number of benefits compared with parenteral

nutrition. Not the least of these benefits is maintain-

ing the intestinal brush border anatomy and limiting

the possibility of intestinal mucosal bacterial translo-

cation 26. Boulton-Jones et al27. demonstrated that

transpyloric feeding could be successfully used to

maintain enteral nutrition in patients who would oth-

erwise require parental nutrition. The complications
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that are associated with enteral feeding are generally

less severe than are those associated with TPN. In ad-

dition, a comparison of the costs between these two

methods of feeding at our institution reveals that en-

teral nutrition was significantly cheaper to provide

and maintain. More specifically, the cost of provid-

i n g  t h e  e n d o s c o p i c  p l a c e m e n t  p r o c e d u r e ,

roentgenogram, and 22 days of standard enteral nu-

trition (the average longevity of the transpyloric tubes

placed in this study) for one patient was calculated to

be approximately $431. By comparison, the cost of

providing central line placement, roentgenograms,

and 22 days of TPN (using 1.5L of standard solution)

for one patient was calculated to be $1432.

In conclusion, we have reported our experience

with transpyloric tube feeding placement in acutely

ill patients who experienced problems with delayed

gastric emptying. Most of the patients received

transpyloric tube feeding in our ICU, and there was

a trend towards higher survival in patients that could

switch from transpyloric to NG tube feeding or oral

diet than if they continued transpyloric feeding or

TPN. The chance of survival is clearly better once de-

layed gastric emptying has improved. Thus, the gas-

trointestinal tract plays a unique physiological role in

critically ill patients because it can be considered as

a target or a source of injury.

From subgroup analysis, patients with neuro-

logical disorders had a lower mortality rate and more

switched to oral or NG feeding than in the other

groups. However, we had a problem to define the de-

gree of disease severity of all patients because there

was no standard method to evaluate various diseases.

We did not know if the patients presenting with neu-

rological disorders were associated with milder di-

sease severity. Therefore, we classified disease seve-

rity according to those patients who survived in our

ICU and adjusted the differences using the logistic

regression model. When we adjusted the potentially

confounding variables, the neurological disorders

group was associated with lower mortality rate than

the other groups. Our findings indicated that patients

with neurological disorders are likely to gain the most

benefit from transpyloric tube feeding. 

In summary, transpyloric tube feeding in this se-

ries provided early enteral nutrition, minimized cost

and reduced the risk of patients developing aspiration

pneumonia. If delayed gastric emptying develops in

critically ill patients, transpyloric tube feeding is a

valuable therapeutic option, especially for patients

who have neurological disorders.
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