
INTRODUCTION

Nutritional support for patients who undergo sur-
gery for gastrointestinal cancer is crucial for a suc-
cessful clinical outcome. Total parenteral nutrition

(TPN) and enteral nutrition (EN) are both used for
postoperative nutritional support. However, institu-
tions differ in their recommendations for one form
of support versus the other, and, at this time, con-
sensus does not exist regarding which method pro-
vides the best support with the fewest complications.

Among gastrointestinal cancer operations, esopha-
geal cancer resection is one of the more invasive
because it requires both a thoracotomy and a lapa-
rotomy. Because this procedure is extensive, pa-
tients’ postoperative nutritional status and immune
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function may be severely impacted, which can com-
plicate and lengthen their recovery. To give patients
the best chance for a rapid, uncomplicated recovery,
good nutritional status and normal immune function
need to be maintained in the simplest manner pos-
sible for patient comfort. To determine whether
TPN is as effective as EN in providing support, we
compared the nutritional status and immune func-
tion of patients receiving both types of support in
the early postoperative period after esophageal can-
cer resection in a prospective, randomized trial.

In this study, we focused on Th1/Th2 balance re-
garding the immune function. CD4-positive T cells
play a commanding and central role in cytokine syn-
thesis. CD4-positive T helper cells are divided into
two subsets, Th1 and Th2, from their cytokine se-
cretion profiles.Th1 subsets are characterized by the
regulation of cell mediated immunity and produc-
tion of interferon(IFN)-γ. In contrast, Th2 cells are
important for B cell proliferation and most antibody
production through interleukin (IL)-4 secretion (1).
And we also focused on serum albumin levels, C-
reactive protein (CRP) levels as the usual and sim-
ple parameters.

PATIENTS

The study was designed to enroll 30 patients who
had been diagnosed with esophageal cancer and
who were scheduled to undergo esophagectomy at
3 study investigation sites. Patients were enrolled
in the study if they met all 4 of the following crite-
ria : age greater than 20 years, histological confir-
mation of thoracic esophageal cancer, no definitive
radiotherapy as a preoperative treatment for esopha-
geal cancer, and Eastern Cooperative Oncology
Group (ECOG) performance status grade of 0 or 1.
At the discretion of the investigators, patients were
excluded if they had conditions that were consid-
ered contraindications for giving the nutritional
preparations or if they were allergic to the compo-
nents of the preparations. Patients were assigned
either to the TPN group (n=15) or the EN group
(n=15) by using randomized, computer-generated,
coded envelopes.

Method of nutritional support

The TPN preparation (NEOPAREN Injection,
Otsuka Pharmaceutical Factory, Inc., Naruto,
Tokushima, Japan) was administered beginning on
postoperative day (POD) 1. Fat emulsion (Intralipos

Injection, Otsuka Pharmaceutical Factory, Inc.,
Naruto, Tokushima, Japan) was concomitantly in-
fused. Intake was increased gradually to 1800-2000
mL of fluid per day so that on POD 4, energy intake
was 2000 kcal/day. In the group who received EN, a
low-residue diet (Racol, EN Otsuka Pharmaceutical
Co, Ltd., Hanamaki, Iwate, Japan) was administered
via an enteral feeding tube (9Fr), which was in-
serted into the upper jejunum on POD 1. The start-
ing dose was 10 ml/hr, which was increased gradu-
ally (at the rate of 20 ml/day) to achieve the main-
tenance dose of 60 ml/hr. Extracellular fluid (5%
glucose solution) and maintenance solution (10%
glucose solution) were administered concomitantly
in the EN group so that the total energy intake on
POD 4 was about 2000 kcal/day. Oral feeding was
begun on POD 8 in both groups, and the doses of
the test preparations were reduced on the basis of
the amount of food intake.

Endpoints

Three endpoints were measured : albumin levels
as a nutritional endpoint, C-reactive protein (CRP)
levels as an inflammatory marker, and Th1/Th2
balance (IFN-γ/IL-4) as an endpoint for immune
function. Albumin and CRP were measured at 4
time points : just before surgery and on PODs 1, 3,
and 7. Th1/Th2 balance was measured at 3 time
points : PODs 1, 3, and 7.

Statistical Analyses

Data were expressed as mean T standard error
(SEM) of the mean. The two-tailed Student’s t-test
and Mann-Whitney U test were used to compare
continuous variables, and chi-squared test and
Fisher exact test were used to compare discrete
variables. P�0.05 was considered statistically sig-
nificant.

The study was approved by the institutional eth-
ics committees of the University of Tokushima,
Tokushima Red Cross Hospital, and Tokushima
Prefectural Central Hospital. Before patients were
enrolled, they were informed about the methods
and objectives of the study and gave consent to be
enrolled.

RESULTS

Thirty patients were enrolled at the 3 study sites.
Fifteen patients each were randomly assigned to
the TPN and EN groups ; 1 patient was excluded
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after the esophageal resection because chylothorax
developed, leaving 29 patients in the study. The pa-
tients’ average ages were 62.9�8.2 years (TPN
group) and 64.6�9.8 years (EN group), and the
male-to-female ratio was 13 : 2 (TPN) and 14 : 1
(EN). These differences were not statistically sig-
nificant.

Nine of the patients had received neoadjuvant
chemotherapy (5 in the TPN group and 4 in the
EN group). All patients underwent a right thoracic
esophagectomy and 2-field lymphadenectomy (tho-
racic and abdomen). In all patients, esophageal re-
construction was performed via the substernal or
the posterior mediastinal route by anastomosing the
gastric tube at the neck. No complications were as-
sociated with the central venous catheters or enteral
feeding tubes. Surgical site infections or anastomotic

leaks revealed by outflow of the saliva from the neck
wound occurred in 13 patients (6 in the TPN group
[40%] and 7 in the EN group [50%]), but no differ-
ences in incidence were observed between the
groups.

No significant differences were observed between
the TPN and EN groups regarding the levels of
albumin, CRP, and Th1/Th2 balance at any time
point during observation. Postoperative albumin lev-
els in both groups were lower than the baseline
levels at all time points (Fig. 1). The postoperative
CRP levels were significantly higher than the base-
line levels, but no significant differences were found
between the 2 groups (Fig 2).Th1/Th2 balance
was slightly higher in the EN group at day 1 after
operation, but decreased by day 3 and remained
comparable throughout the study period (Fig. 3).

Fig. 1. Total albumin levels after surgery
Postoperative albumin levels in both groups were lower than the baseline levels at all time points. No significant differences were
observed between the TPN and EN groups regarding the levels of albumin.

Fig. 2. C-reactive protein levels after surgery
The postoperative CRP levels were significantly higher than the baseline levels, but no significant differences were found between
the 2 group
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DISCUSSION

In our study, we did not find any differences in
nutritional status, inflammatory response, or im-
mune function between patients who received TPN
and those who received EN before and after sur-
gery for esophageal cancer. Many other studies
about perioperative nutritional support have been
reported, mainly from the United States and Europe.
Studies comparing results of TPN and EN support
in the perioperative period have shown that the in-
cidence of infectious complications is generally
higher in patients undergoing gastrointestinal sur-
gery who received TPN rather than EN (2, 3). The
Guidelines for the Use of Parenteral and Enteral
Nutrition in Adult and Pediatric Patients state, “TPN
should not routinely be given in the immediate
postoperative period to patients undergoing major
gastrointestinal procedures. (A)” (“A” refers to a
“good” level of research-based evidence being avail-
able from prospective, randomized trials to support
the guideline (4). These guidelines and other stud-
ies support the widespread use of EN instead. Al-
though Japanese guidelines agree that total par-
enteral nutrition should not be routinely given in the
postoperative period to patients undergoing gas-
trointestinal procedures, the Japanese guidelines
also state, “if patients cannot tolerate oral intake or
enteral nutrition in the early postoperative period,
parenteral nutrition may be given with careful atten-
tion to minimize the risk of metabolic or infectious
complications” (5).

In recent years, the use of EN for perioperative

nutritional support by Japanese institutions has been
increasing ; however, many physicians (and institu-
tions) still prefer to give TPN. With TPN, a large
amount of energy and amino acids can be adminis-
tered relatively easily and safely, whereas EN re-
quires a more complex schedule for administering
the product and stricter patient management ; is
more likely to cause abdominal symptoms such as
abdominal distention, abdominal cramping, and diar-
rhea ; and may need to be discontinued if dysphagia
develops (in patients receiving EN via a nasogas-
tric tube). In a recent Japanese survey (6), the use
of TPN and EN in Japan was similar : TPN, 35.8% ;
EN, 37.8% (excluding those “have not decided,”
25.9%) even though previously it had been believed
that TPN was predominantly used. The percent
use varies widely depending upon the specialty in
medicine, and the ratio of TPN is high in surgery
(including gastroenterological surgery, 45.0%) (6).
In contrast to the actual widespread use, definitive
clinical data do not exist that can be used to evalu-
ate the effectiveness of enteral nutrition in Japan.

Among gastrointestinal disorders, esophageal can-
cer surgery is a highly invasive procedure that usu-
ally requires a right thoracotomy and a laparotomy
to allow for esophageal reconstruction and a 3-field
lymphadenectomy (neck, thoracic, and abdomen).
About 50% of patients who undergo this procedure
experience complications, including infectious com-
plications that result from compromised immune
function due to surgical stress (7, 8). Therefore, it
is crucial to maintain not only a good nutritional
state, but also normal immune function in patients

Fig. 3. Th1/Th2 balance after surgery
Th1/Th2 balance was slightly higher in the EN group at baseline, but decreased by day 3 and remained comparable throughout the
study period.
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who undergo esophagectomy. Because the gastro-
intestinal tract is the largest of the organs respon-
sible for immune function in the body, EN should
be prescribed whenever possible to boost the im-
mune response and EN can generally be given be-
cause esophagectomy affects mainly the thoracic
and upper abdomen, so intestinal function typically
returns to normal soon after surgery.

Abnormalities in the Th1/Th2 balance are thought
to be involved in the compromise of immune func-
tion after esophagectomy. Surgical stress is known
to suppress Th1 cell function and enhance Th2
cell function, which also shifts the balance towards
Th2 (8). However, the effect of different methods of
nutritional support, i.e., TPN and EN, on the Th1/
Th2 balance is unknown.

The nutritional state of patients with esophageal
cancer is generally not good even before surgery
because oral intake has been typically inadequate
or impossible. The surgical procedure places addi-
tional stress on patients. Therefore, nutritional sup-
port after surgery has an important impact on pa-
tients’ recovery in the postoperative period. Fur-
thermore, patients who undergo esophagectomy are
likely to become severely malnourished during their
recovery because they are more susceptible to pul-
monary complications, anastomotic leak, anorexia,
hypogeusia, and pulmonary aspiration due to poten-
tial recurrent laryngeal nerve paralysis. If oral feed-
ing is inadequate, supplementary nutritional sup-
port must be instituted. In the early 1990s, Mizote
and colleagues (9) reported the generally accepted
standard procedures for postoperative nutritional
support : for maintenance, energy and amino acids
should be given so that the energy intake is 40
kcal/kg, the amino acid dose is 1-2 g/kg, and the
non-protein calorie-to-nitrogen ratio is 150-200
(taking into account the efficiency of protein syn-
theses). They recommend beginning a low-residue
diet via the jejunal fistula (EN) after the first post-
operative bowel movement (including the passing
of gas), but not before POD 4. The energy intake
should be increased gradually to 1000 kcal/1000
mL, often by combining TPN with EN. In Italy,
Braga and colleagues (10) conducted a study in
patients with gastric cancer, pancreatic cancer, and
esophageal cancer and compared the effects of TPN
and EN in postoperative nutritional support. Their
results showed no significant differences in various
nutritional indices, immune function, inflammatory
cytokines, complications, and mortality between the
2 groups. However, intestinal oxygen tension and

blood supply was significantly better at 5 days, and
hospital costs were 4 times lower in the EN group.
In our study, no significant difference was observed
regarding hospital costs and rate of clinical compli-
cations.

Given this background, we decided to conduct a
randomized, controlled study to compare TPN and
EN in patients who underwent esophageal cancer
resection to determine the effects of the 2 methods
on nutritional state (albumin level), inflammatory re-
sponse (CRP level), and immune function (Th1/Th2
balance). Our results showed no differences in the
albumin levels between the 2 groups. The albumin
levels were at their lowest on POD 3 and showed
an upward trend until POD 7 in both groups ; our
patients’ average albumin levels were 2.76�0.39
(TPN group) and 2.64�0.42 (EN group). The al-
bumin values in our patients steadily recovered,
which indicates nutritional support in both groups
was properly managed. The CRP levels in our pa-
tients peaked on POD 3, which is comparable to
results of other clinical studies in Japan.

In our study, the Th1/Th2 cytokine balance de-
creased in both TPN and EN groups after surgery,
and no significant differences were seen between
the groups. However, it remains unclear as to
whether different methods of nutritional support
produce different Th1/Th2 balances and whether
an immune-enhancing EN preparation that contains
arginine, n-3 fatty acids, and nucleic acids could im-
prove the Th1/Th2 balance. Further clinical studies
are necessary.

CONCLUSION

In conclusion, no differences in nutritional status,
inflammatory response, and immune function were
observed between patients who received TPN and
EN before and after esophageal cancer surgery. In
addition, no differences in incidence of postopera-
tive complications were observed. These results
suggest that nutritional support with TPN using a
TPN preparation and fat emulsion is as efficacious
and safe as nutritional support with EN using an EN
diet and maintenance solution.
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