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Object. To test whether preoperative immunonutrition is efficacious in reducing postoperative complications in patients of
thymoma with myasthenia gravis (MG).Material and Methods. A total of 244 patients operated on for thymoma with myasthenia
gravis were prospectively assigned to two groups, each receiving seven-day preoperative and seven-day postoperative nutrition.The
patients in immunonutrition group were given oral immunonutrition (IN). The patients in control group received oral standard
nutrition. Immunonutritional and inflammatory biomarkers (IgA, IgG, IgM, CD3t, CD4t, CD8t, CD4t/CD8t ratio, NK-cell,
prealbumin, albumin, white blood cells counts, andC-reactive protein) and clinical variables (age, gender, BMI, performance status,
type of thymoma, type of MG, operative time, pathology, operative approach, postoperative complications, quantity of drainage,
hospital stays) were examined. Results. A significant reduction in the length of hospital stay, quantity of drainage, and postoperative
complications was observed in the IN group (𝑝 < 0.05). An increase in the level of IgA, IgG, IgM, CD3+T, CD4+T, CD4+T/CD8+T,
WBC, CRP, and NK-cell in the IN group was observed after thymectomy, while a decrease was seen with regard to prealbumin and
albumin (𝑝 < 0.05). Conclusion. Preoperative immunonutrition support is effective in reducing postoperative complications in
patients of thymoma with MG. It helps to lower the risk of postoperative infectious complications and hospital stays.

1. Introduction

Thymoma is a rare disease but accounts for about 50% of
tumors in the anterior mediastinum [1, 2]. Thymectomy is
the golden standard for the treatment of thymoma due to
its malignant potential [3–5]. Considering its immunological
characteristics, a lot of scholars have recommended per-
forming en bloc resection of thymic cells, because this is an
important prognostic factor in the treatment of thymoma
[6, 7]. It is self-evident that complications after operation
are unavoidable, which mainly include pneumonia, infection
of incision, and respiratory insufficiency [8]. Besides, thy-
moma usually is associated with many autoimmune diseases,
including systemic lupus erythematosus (SLE), polymyositis,
Good’s syndrome, pure red cell aplasia (PRCA), andmyasthe-
nia gravis (MG) which is the most common symptom com-
plicated with the thymoma [9]. Although approximately 50%
of the patients have a chance of drug- and symptom-free life

after the operation [10, 11], the morbidity andmortality could
be increased during postoperation [12], and many of them
are the independent factors affecting the prognosis, especially
the MG. If postthymectomy myasthenic crisis occurred, it
can make the pneumonia, which is a common complication,
life-threatening [13]. But it is difficult to predict when such
complications will come up after the operation, and by now,
there has been no effective approach to preventing these
complications or reducing the incidence.

Immunonutrition (IN), which is the combination of
standard nutritional formulas and immunonutrients, has
beenwidely exploited recently.The immunonutrients are glu-
tamine, arginine, and polyunsaturated fatty acids (omega-3),
among others, which can improve the immunity and nutri-
tion effectively. They can modulate inflammatory responses
and enhance protein synthesis and then increase immune
responses. It has been proved that the perioperative applica-
tion of immunonutrition is an effective and more prevailing
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Table 1: Composition of immunonutrition.

Composition (per 100ml) Amount (g)
Proteins, g 7.6
L-arginine, g 1.0
Ribonucleic Acid, g 0.2
Fats (total), g 3.9
Saturated fatty acids 1.8
Medium chain triglycerides 1.12
Monounsaturated 0.73
Polyunsaturated 1.3
Linoleic acid 0.6
U-3 fatty acids 0.77

Carbohydrates, g 13.3
Sucrose, g 10.5
Lactose, g <0.02
Soluble fibers, g 1.4
Energy, kcal 141
Iron, mg 1.7
Zinc, mg 2.2
Copper, 𝜇g 169
Vitamin A, 𝜇g 200
Vitamin D, 𝜇g 3.3
Vitamin E, mg 4.5
Vitamin B1, mg 0.33
Vitamin B2, 𝜇g 0.33
Vitamin B6, 𝜇g 0.33
Vitamin B12, 𝜇g 1
Vitamin C, mg 33
Water, g 77

therapeutic strategy [14, 15]. As they can reduce infectious
and other postoperative complications, they have been exten-
sively applied in many kinds of disease and status, especially
in digestive tumor andmalnourished patients [16–19]. Strong
evidence, including some randomized, double-blind trials,
demonstrates that perioperative immunonutrition support
significantly reduced the incidence of pneumonia and hos-
pital stay [20]. Meanwhile, some studies reported that the
treatment of immunoglobulin is effective for the MG crisis
and severe MG. In some cases, intravenous immunoglobulin
could be an alternative approach when therapeutic plasma
exchange is unsuitable because of its high possibility of
developing cardiopulmonary failure [21]. Some other studies
reported that improving the nutrition and immunity rapidly
is beneficial for the inflammation [22]. But it is still unknown
whether or not immunonutrition is effective in reducing
the morbidity and mortality in the perioperative period of
thymectomy.

As such, the object of this study was to examine whether
preoperative immunonutrition is efficacious in reducing
postoperative complications in patients of thymoma with
MG.

2. Materials and Methods

2.1. Patients. A prospective, nonrandomized, interventional,
single-blind cohort study was designed. 244 well-nourished
patients of thymoma with MG from January 2012 to Decem-
ber 2015 were enrolled. No patient received preoperative
chemoradiotherapy. Informed consent was obtained from all
the patients.

2.2. Feeding Regimens. The oral immunonutrition (IN) sup-
plement group receiving immune-enriched diet was com-
pared with the oral standard nutrition (SN) supplement
group receiving the standard nutrition diet, which started 7
days prior to thymectomy and lasted 7 days postoperatively
with the parenteral alimentation on the day of surgery. The
ingredients of formula are listed in Table 1.

We performed blood test on postoperative 1st, 3rd, 5th,
and 7th days and preoperative first day, respectively. Out-
come measures included clinical variables (age, gender, BMI,
performance status, type of thymoma, type of MG, operative
time, pathology, operative approach, postoperative complica-
tions, quantity of drainage, and hospital stays) and immuno-
nutritional and inflammatory biomarkers (IgA, IgG, IgM,
CD3t, CD4t, CD8t, CD4t/CD8t ratio, NK-cell, prealbumin,
albumin, white blood cells counts, and C-reactive protein).

2.3. Statistical Analyses. We performed statistical compar-
ison using Chi squared test, Student’s 𝑡-test, and Fisher’s
exact test for the comparison. It was considered statistically
significance at 𝑝 < 0.05. Statistics analysis was performed
using SPSS v 18.00.

3. Results

102 (41.8%) subjects under investigation received the immu-
nonutrition support, and 142 (58.2%) patients did not.
Concerning baseline characteristics between the two groups,
no significant difference was observed with respect to age,
gender, BMI, performance status, type of thymoma, type of
MG, operative time, pathology, or operative approach. Com-
paratively a significant decrease in the duration of hospital
stay, quantity of drainage, and postoperative complications
was observed in the IN group (𝑝 < 0.05) (Table 2).

As shown in Table 3, 56 (23.0%) patients experienced
postoperative complications for the entirety, and 21 (20.6%)
of the 102 patients did in IN group (𝑝 < 0.05). Pneumonia and
myasthenic crisis remain the most common postoperative
complications; with regard to pneumonia, the incidence of
pneumonia in the IN group was significantly lower than in
the control group (𝑝 < 0.05). The IN group was inclined to
reduce the total infectious complications rate (𝑝 < 0.05). The
significant relativity between fast reconversion ofWBC, CRP,
prealbumin, albumin, and immunonutrition support was
observed through the analysis of subgroups with infectious
complications (Figures 1(a), 1(b), 1(c), and 1(d)).

On the other hand, decreased hospital stays, length of
extubation, intensive care unit stay, and pneumonia with the
IN group were observed significantly through the analysis of
subgroups with myasthenic crisis (Table 4).
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Table 2: Patient characteristics between two groups.

Immunonutrition
(𝑛 = 102)

Standard nutrition
(𝑛 = 142) 𝑝

Age 52.3 ± 12.4 53.2 ± 13.1 >0.05
Gender >0.05

Male 48 (47.1%) 67 (47.2%)
Female 54 (52.9) 75 (52.8%)

BMI 22.8 ± 4.1 23.0 ± 4.0 >0.05
Performance status >0.05

1 20 (19.6%) 30 (21.1%)
2 66 (64.7%) 92 (64.8%)
3 16 (15.7%) 20 (14.1%)

Type of thymoma >0.05
I 22 (21.6%) 31 (21.8%)
II 78 (76.5%) 108 (76.1%)
III 2 (1.9%) 3 (2.1)

Type of MG >0.05
I 22 (21.6%) 33 (23.2%)
II 63 (61.9) 85 (59.9%)
III 12 (11.8%) 16 (11.3%)
IV 5 (4.9%) 8 (5.6%)
V 0 0

Operative time (min) 155.6 ± 62.8 159.8 ± 68.2 >0.05
Pathology >0.05

A 6 (5.9%) 8 (5.6%)
AB 42 (41.2%) 60 (42.3%)
B1 14 (13.7%) 19 (13.4%)
B2 33 (32.4%) 44 (31.0)
B3 4 (3.9%) 7 (4.9%)
C 3 (2.9) 4 (2.8%)

Operative approach >0.05
Right chest (VATS) 74 (72.5%) 104 (73.2%)
Sternal (OPEN) 16 (15.7%) 22 (15.5%)
Subxiphoid (VATS) 12 (11.8%) 16 (11.3%)

Postoperative complications 21 (20.6%) 35 (24.6%) <0.05
Quantity of drainage 452.2 ± 112.5 485.3 ± 123.5 <0.05
Hospital stays 16.5 ± 8.4 20.4 ± 9.4 <0.05

The preoperative inflammatory and immune mark-
ers including IgA, IgG, IgM, CD3+T, CD4+T, CD8+T,
CD4+T/CD8+T, NK-cell, prealbumin, albumin, WBC, and
CRP between the two groups were not statistically different.
On the first postoperative day, no significant difference was
observed in the mentioned markers between the two groups.
However, on the third postoperative day, the levels of WBC,
CRP, and NK-cell dramatically decreased in the IN group
(𝑝 < 0.05). On the fifth day, in contrast to the significant
decrease in the IN group concerning the level of WBC, CRP,
and NK-cell, an increase was seen in the level of prealbumin
and albumin (𝑝 < 0.05). Although CD8+T showed no signi-
ficant differences, an increase in the level of IgA, IgG, IgM,

CD3+T, CD4+T, and CD4+T/CD8+T in the IN group was
observed on the seventh day, the same as the value of
prealbumin and albumin. The level of WBC, CRP, and NK-
cell was significantly lower than that in SN group (Table 5).

4. Discussion

Thymectomy is the most common tumor of anterior medi-
astinum, and 30–50% of the thymoma patients have myas-
thenia gravis [1]. About 15–20% of MG patients will develop
myasthenic crisis, which is a life-threatening emergency
always caused by infections [23–25]. Thymectomy may
reduce the morbidity of this status [26], while thymectomy
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Figure 1

was always accompanied with high postoperative complica-
tions, especially infectious complications including pneumo-
nia, which limited its efficacy.Given that immunosuppression
caused by surgical stress is one of the most important factors
in developing complications [27], the effects of immunonu-
trition on outcome after major operation for cancer or after
severe injury have been frequently reported; however, the
effects for thymoma have never been mentioned. Therefore
we designed this study to examine the effect of immunonu-
trition on the postoperative complications in thymoma with
myasthenia gravis.

Immunonutrition can not only modulate inflammatory
responses and enhance protein synthesis and then increase

immune responses, but also promote the control of the
immune obstacle during the early postoperative phase and
improve intestinal blood supply and oxygen metabolism
[28–31]. Lots of studies have demonstrated that periop-
erative immunonutrition support significantly reduced the
incidence of infectious complications. In their research for
patients undergoing major abdominal cancer surgery, Giger
et al. concluded that perioperative immunonutrition support
significantly reduces inflammation and postoperative com-
plications compared with postoperative diet administration
alone [18]. In addition, Rowan and his collaborators pub-
lished their results that perioperative immunonutrition may
lead to significant reductions of postoperative complications
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Table 3: Details of postoperative complications between two
groups.

IN
(𝑛 = 21)

SN
(𝑛 = 35) 𝑝

Pneumonia 7 (33.3%) 14 (40%) <0.05
Mediastinal infection 1 (4.8%) 1 (2.9%) >0.05
Infection of incision wound 1 (4.8%) 1 (2.9%) >0.05
Pleural effusions 1 (4.8%) 1 (2.9%) >0.05
Myasthenic crisis 8 (38.1) 14 (40%) <0.05
Atrial fibrillation 1 (4.8%) 1 (2.9%) >0.05
Vocal cord palsy 0 1 (2.9%) >0.05
Phrenic nerve injury 1 (4.8%) 1 (2.9%) >0.05
Sternum separation 1 (4.8%) 1 (2.9%) >0.05

Table 4: Comparison of subgroups of postoperative myasthenic
crisis between two groups.

IN
(𝑛 = 8)

SN
(𝑛 = 14) 𝑝

Hospital stays 20.5 ± 4.5 22.6 ± 6.7 <0.05
Length of extubation 6.4 ± 4.5 8.5 ± 6.4 <0.05
ICU stay 7.5 ± 4.5 9.8 ± 6.3 <0.05
Quantity of drainage 455.5 ± 112.4 474.4 ± 128.3 >0.05
Pneumonia 4 (50%) 10 (71.4%) <0.05
Operative time 160.4 ± 68.6 168.5 ± 75.4 >0.05

in high-risk head and neck cancer patients [32]. Moreover,
Silvestri et al. compared the clinical characteristics of patients
after pancreaticoduodenectomy between immunonutrition
group and control group and then obtained the result that
immunonutrition helps to lower the risk of postoperative
infectious complications and of hospital stays [33–35]. In our
cohort, we obtained similar results with patients of thymoma
with MG; the morbidity of postoperative complications,
especially infectious complications, was significantly reduced
in IN group.

Although some studies showed no significant difference
with hospital stay in immunonutrition group [33, 36], dif-
ferent outcome was observed in our study. We attribute the
result to the choice of the subjects. Moya and his team
studied the effect of immunonutrition on the patients under
colorectal resection in an enhanced recovery after surgery
(ERAS) protocol and drew a conclusion that the average
postoperative hospital stay was not significantly different
between the two groups.Their median postoperative hospital
stay, which was only 5 days, maybe interfered by the appli-
cations of ERAS [33]. Song and his collaborators reviewed 9
studies involving 785 patients undergoing gastric resection
concerning enteral immunonutrition and obtained a result
that length of hospitalization was not improved, but they
analysed that their outcome with heterogeneity caused by
different compositions, different timing of administration of
immunonutrient, insufficient quantity of sample size, and
number of eligible researches in most of sensitive analyses
with subgroup analysismay impair their conclusions [36].We

surmised that it is the heterogeneity that contributes to the
different results.

In the analysis of the subgroup of myasthenic crisis,
the hospital stay, length of extubation, and ICU stay were
significantly lower in IN group than those in SN group.
The patients with myasthenic crisis were inclined to be
accompanied by high morbidity of pneumonia, especially
ventilator associated pneumonia. Rabinstein and Mueller-
Kronast reported that pneumoniawas significantly associated
with extubation failure, which considerably prolonged inten-
sive care unit stay and hospital stay [37]. In our research, there
were more patients with myasthenic crisis in the SN group,
which may contribute to the longer hospital stay, extubation,
and ICU stay. It is assumed that the different morbidity
of pneumonia may contribute to the hyperdispersion of
the subjects investigated. Immunonutrition provides a new
option for improving the prognosis of our patients.

Song and his collaborators conducted a meta-analysis on
the patients from when they underwent surgery for gastric
cancer to enteral immunonutrition.They came to the conclu-
sion that the immunemarkers increased in immunonutrition
group [36]. Shimogawa et al. reported that the inflammatory
markers including CRP and WBC count were decreased in
the IN group of patients with severe intracranial hemorrhage
during the acute stage [38]. In our study, the increased
immune markers were observed five days postoperatively
and the decreased inflammatory markers were observed to
begin on the third postoperative day. Although there was still
significant difference between the two groups on the seventh
postoperative day, there has been no clinical significance
because the value of CRP and WBC count has restored to
normal in both groups. With the analysis of the subgroup
of infectious complications, there was significant difference
with the reconversion of WBC count, CRP, prealbumin,
and albumin between the two groups. The morbidity of
myasthenic crisis was lower in IN group.

Calder reported that 𝜔-3 polyunsaturated fatty acids (𝜔-
3 PUFAs), as a main component of the immune nutrients,
ensured the maintenance of membrane fluidity and the suf-
ficient function of membrane proteins. Its dysbolism maybe
leads to many human diseases including immune disorders
or cancers [39]. Furthermore, it demonstrates strong anti-
inflammatory and immunomodulatory effects via influenc-
ing the synthesis of eicosanoid mediators prostaglandins
(PGs), thromboxanes (TXs), and leukotrienes (LTs). In addi-
tion to this, its production stimulated peripheral monocytes
[40]. Tossou et al. reported that tryptophan played the role of
regulating physiological functions and intestinal permeabil-
ity in the alimentary tract [41]. Hyeyoung Kim reviewed the
glutamine, another essential immune nutrient. He pointed
out that glutamine always played an essential role in nitro-
gen transport in vivo and served as a substrate for renal
ammoniagenesis. Moreover, it influenced the expression
of heat shock proteins and stimulates nucleotide synthesis
and activates signaling mediators [42–44]. Arginine, as the
important component part of immune nutriment, stimulates
anabolic hormone release, improves nitrogen balance, and
has immunostimulatory and thymotrophic functions. It also
plays roles in nitrogen metabolism, creatine, and polyamine
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Table 5: Inflammatory and immunobiomarkers between two groups.

IN SN
D−1 D1 D3 D5 D7 D−1 D1 D3 D5 D7

IgA (mg/ml) 3.5 ± 1.4 2.1 ± 1.4 2.6 ± 1.2 2.9 ± 1.3 3.4 ± 1.2∗ 3.4 ± 1.3 2.0 ± 1.4 2.5 ± 1.3 2.7 ± 1.4 3.2 ± 1.1

IgG (mg/ml) 16.5 ± 6.3 10.2 ± 4.5 11.3 ± 4.6 14.5 ± 4.3 16.3 ± 5.1∗ 16.3 ± 5.7 10.2 ± 4.4 11.0 ± 4.4 13.5 ± 4.8 15.4 ± 4.5

IgM (mg/ml) 1.5 ± 0.4 1.1 ± 0.4 1.2 ± 0.5 1.3 ± 0.4 1.6 ± 0.3∗ 1.5 ± 0.3 1.0 ± 0.3 1.1 ± 0.3 1.2 ± 0.4 1.4 ± 0.4

CD3+T (105/ml) 18.5 ± 8.4 10.6 ± 3.5 12.4 ± 3.5 15.4 ± 3.8 19.2 ± 4.5∗ 17.8 ± 8.3 11.1 ± 3.8 12.3 ± 3.6 15.2 ± 3.6 17.8 ± 4.0
CD4+T (105/ml) 9.5 ± 5.4 5.8 ± 2.8 6.2 ± 3.2 7.5 ± 3.5 9.4 ± 4.8∗ 9.6 ± 4.8 6.0 ± 2.8 6.3 ± 3.6 7.2 ± 3.4 9.4 ± 4.9
CD8+T (105/ml) 8.4 ± 3.5 4.5 ± 3.2 5.3 ± 3.3 6.5 ± 3.2 7.8 ± 3.2 8.6 ± 3.5 4.5 ± 3.3 5.5 ± 3.3 6.4 ± 3.1 7.7 ± 3.1
CD4+T/CD8+T 1.1 ± 0.1 1.6 ± 0.3 1.2 ± 0.2 1.5 ± 0.4 1.4 ± 0.3∗ 1.2 ± 0.2 1.6 ± 0.2 1.5 ± 0.3 1.4 ± 0.3 1.5 ± 0.3

Pre-ALB (mg/dL) 32.1 ± 4.3 27.3 ± 3.3 25.5 ± 4.6 26.7 ± 3.3∗ 28.9 ± 2.8∗ 31.4 ± 3.9 27.0 ± 4.8 24.4 ± 4.6 25.9 ± 3.7 27.1 ± 3.5
ALB (g/L) 43.2 ± 9.1 37.9 ± 4.2 35.1 ± 3.9 37.2 ± 3.5∗ 39.4 ± 4.6∗ 41.2 ± 7.6 37.1 ± 4.8 33.1 ± 5.9 33.6 ± 3.9 36.7 ± 6.2

NK cell (%) 60.5 ± 12.1 80.4 ± 15.4
75.5 ±

13.3∗
67.6 ±

13.5∗
62.5 ±

12.1∗
61.4 ± 11.7 79.3 ± 16.4 75.4 ± 13.2 68.5 ± 13.1 65.4 ± 12.5

WBC counts 7.6 ± 1.8 13.8 ± 2.3 11.2 ± 1.8∗ 8.9 ± 2.0∗ 7.3 ± 2.4∗ 7.2 ± 2.4 14.9 ± 3.7 12.5 ± 4.0 9.2 ± 4.6 8.1 ± 3.2

CRP (mg/l) 5.7 ± 2.1 23.1 ± 4.5 16.2 ± 4.0∗ 13.8 ± 2.8∗ 8.3 ± 3.1∗ 6.2 ± 2.0 21.2 ± 3.9 17.4 ± 4.6 14.3 ± 4.6 9.4 ± 3.1

IN, immunonutrition; D, day; WBC, white blood cell count; CRP, C-reactive protein; Alb, albumin; Pre-Alb, prealbumin; IgA, immunoglobulin A; IgG,
immunoglobulin G; IgM, immunoglobulin M; ∗significantly different compared with SN.

synthesis [45]. On the whole, immunonutrition, including𝜔-
3 PUFAs, glutamine, and arginine, could modulate inflam-
matory responses, enhance nitrogen balance and protein
synthesis, increase host immune responses, and then shorten
the course of disease, reduce postoperative complications,
and improve the prognosis of patients.

Interestingly, there is also significant difference between
quantity of drainage and IN group. We speculate that this
result may contribute to the fast reconversion of the albumin
and prealbumin because it was proven that preoperative
immunonutrition could provide a significant increase in
prealbumin levels [46]. Xu et al. compared the effects on
nutritional status between immunonutrition pharmaceutics
group and standard nutrition group and reached a conclusion
that higher IgG, CD4/CD8 ratio, and prealbumin were signi-
ficantly relevant with immunonutrition support [47].

Though we exclude the malnutrition subjects so as to
reduce the bias asmuch as possible, some limitation still exists
in our study. For one thing, distribution of characteristics of
subjects restricted by the single centre may be different from
general regularity. For another thing, the sample size for the
subgroups is not big enough.

5. Conclusion

Preoperative immunonutrition support is effective in reduc-
ing postoperative complications in patients of thymoma with
MG. It helps to lower the risk of postoperative infectious
complications and hospital stays.

Abbreviation

MG: Myasthenia gravis
IN: Immunonutrition
BMI: Body mass index
WBC: White blood cell count
CRP: C-reactive protein

Alb: Albumin
Pre-Alb: Prealbumin
IgA: Immunoglobulin A
IgG: Immunoglobulin G
IgM: Immunoglobulin M
NK-cell: Natural killer cell
SLE: Systemic lupus erythematosus
PRCA: Pure red cell aplasia
SN: Standard nutrition
ERAS: Enhanced recovery after surgery
ICU: Intensive care unit
𝜔-3 PUFAs: 𝜔-3 polyunsaturated fatty acids
PGs: Prostaglandins
TXs: Thromboxanes
LTs: Leukotrienes.
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