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Abstract: Objectives: The aim of this study was to compare the immune response between the minimally invasive 
video-assisted thyroidectomy (MIVAT) and conventional thyroidectomy (CT). Methods: An exhaustive literature search 
was performed in the Medline, Embase, and Cochrane Library to identify the randomized controlled trials comparing 
the immune response between MIVAT and CT. Relevant data were extracted and statistical analysis was done using 
RevMan 5.0. Results: Twelve trials including 389 patients were identified. Immune-competent cells demonstrated 
no significant differences between MIVAT and CT. The including trails were assessed various perioperative plasma 
cytokine concentrations with no significant differences in interleukin-6 (IL-6), T lymphocytes (CD4+, CD8+, CD4/CD8) 
and NK cells between the MIVAT and CT. However, meta-analysis showed lower counts on postoperative days at 72 
h was showed lower C-reactive protein (CRP) level compared to the preoperation levels but showed no significant 
difference within 24 h in MIVAT S group compared with CT group. Tumor necrosis factor alpha (TNF-α) level after 
surgery within 24 h and 72 h showed lower TNF-α level after MIVAT surgery within 24 h and 72 h. Conclusions: This 
meta-analysis demonstrates that, MIVAT has less immune response outcomes and that it is a more ideal choice for 
the patients relative to the conventional surgery. 
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Introduction 

Thyroid lobectomy Endoscopic surgery in thy-
roid lobectomy was first used by Huscher et al 
[1, 2]. Minimally invasive video-assisted thy-
roidectomy (MIVAT) and minimal incision thy-
roidectomy have been commonly used in recent 
years [3, 4]. The major types of minimally inva-
sive thyroid surgery include complete endo-
scopic techniques, mini-incision open tech-
niques, and MIVAT. MIVAT is characterized by 
1.5-2 cm incision, dissection of the strap mus-
cles, and insertion of a rigid endoscope. 
Patients undergoing MIVAT have substantially 
reduced mortality and complications, with obvi-
ously shorter hospital stays and post-operation 
time [5]. 

Surgery, such as conventional thyroidectomy 
(CT) and MIVAT, is a trauma; the extent of immu-
nosuppression varies considerably due to the 
type of operation [6, 7]. The main clinical goals 
of treating patients are to minimize immuno-
suppression and to reduce mortality rate and 
infectious complications. It has been demon-
strated that surgery and trauma lead to selec-
tive suppression of TH1 cells shifting to TH2 
cytokines [8, 9]. There are many subsequently 
reported proinflammatory cytokines such as 
tumor necrosis factor γ (TNF-γ), interleukin 1 (IL-
1), IL-6, IL-8, IL-12 and CD4+, CD8+ cells [10]. 

Multiple trials have conducted comparisons of 
laparoscopic and conventional surgery, show-
ing that laparoscopic surgery (cholecystectomy 
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and Nissen fundoplication) has significantly 
better immune function than the conventional 
surgery [11, 12]. But only a very few trials have 
demonstrated evidence of the difference in 
immune responses between laparoscopic and 
conventional operation [13, 14], suggesting 
more such trials are required. It is still making it 
unknown whether the immune response out-
comes of MIVAT are fewer than those of CT [15]. 
The aim of this study was to test the hypothesis 
that MIVAT has less immune response out-
comes for patients than the open conventional 
surgery.

Materials and methods 

Inclusion criteria

We chose randomized controlled trails (RCT). 
All research articles must compare the immune 
function changes in patients using MIVAT and 

CT. The outcomes were either the comparison 
of immune cell counts or plasma inflammatory 
cytokine concentration and immunoglobulins.

Identification and eligibility of relevant studies

We exhaustively searched the databases of 
Embase (1950 to November 2013), PubMed 
(1966 to November 2013), Cochrane Library 
(CENTRAL/Cochrane Central Register of Con- 
trolled Trials, Issue 1, 2009) and CNKI. Two 
investigators combined medical subject head-
ings (MeSH) and free text words for RCTs 
described by Cochrane Highly Sensitive Search 
Strategy (2008 revision) to identify the random-
ized trials. The MeSH included laparoscopy, thy-
roidectomy, immunology, immunity, monocyte, 
lymphocyte, cytokine, immunoglobulin, and 
immunoprotein. There were no language restric-
tions. Additional relevant articles were identi-
fied through hand searching the references of 
all original trials. 

Figure 1. The detailed 
process of study selec-
tion and identification.
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Data extraction

Two investigators reached a consensus on all 
items and extracted first author, year of publi-
cation, CD3, CD4, CD3/CD4, NK, IL-6, TNF-α, 
IgG, IgA, CRP in duplicate from each of the eli-
gible studies. Discrepancies between the inves-
tigators were resolved by consulting a senior 
investigator. 

Assessment of methodological quality

Two investigators independently assessed the 
methodological quality of each trial by examin-
ing the following characteristics: generation of 
allocation sequence, allocation concealment, 
blinding, incomplete outcome data addressed, 
free of selecting reports, free of other bias. For 
each trial, we classified quality component as 
“yes”, “no”, and “unclear”; “Yes” indicated low 
risk of bias; “No” represented a high risk of 
bias, representing a low, high and an uncertain 
risk of bias, respectively) (Cochrane Handbook 
5.0).

Statistical analysis

Meta-analysis of data on immune cells (CD3, 
CD4, CD3/CD4, NK, IL-6, TNF-α, IgG, IgA, CRP) 
was performed to assess the immune response 
with preoperation and postoperative level val-
ues. The log of the odds ratios (ORs) was 
weighted by the inverse of their variance to 
obtain combined relative risk estimates. 
Heterogeneity was determined by means of 
Q-test and P-values < 0.05 were considered 
statistically significant [16]. Additionally, I2 sta-
tistic that shows the proportion of total vari-

ance across studies due to true heterogeneity 
rather than sampling error was used to quantify 
the between-study variance [I2 = (Q - df)/Q × 
100] [17]. Larger values corresponded to an 
increasing degree of inter-study heterogeneity 
(I2 = 0-25%: low heterogeneity; I2 = 25-50%: 
moderate heterogeneity; I2 = 50-75%: large het-
erogeneity; I2 = 75-100%: extremely large het-
erogeneity). The data derived from single stud-
ies were pooled using a fixed-effects meta- 
analysis (Mantel-Haenszel) [18] when no evi-
dence of significant heterogeneity presented (P 
> 0.05 and I2 < 50%); otherwise, a random-
effects meta-analysis (the DerSimonian and 
Laird method) [19] was used to pool the com-
bined effect sizes [OR and 95% confidence 
interval (CI)]. We created a funnel plot to esti-
mate publication bias in the meta-analysis. We 
also performed Egger’s linear regression test, a 
methodology to measure funnel plot asymme-
try on the natural logarithm scale of ORs. The 
t-test was used to determine the significance of 
intercept. The leave-one-out sensitivity analy-
sis by consecutively omitting every study from 
the meta-analysis was performed to assess 
their influence on the pooled results. 

Statistical analyses were done using RevMan 
5.0 (Cochrane Collaboration). All tests were 
two-sided with a threshold of P < 0.05.

Results

Study characteristics

According to the inclusion criteria, we eventu-
ally identified 12 eligible publications (Figure 
1). The summary characteristics of the studies 

Table 1. Principle characteristics of the studies included in the meta-analysis

First author Nation Journal Study type
Sample size

MIVAT CT
Dongbo Wu China China Journal of Endoscopy Case control 20 26
Xuemei Peng China Journal of Practical Medicine Case control 25 5
Zhendao Jiang China Journal of laparoscopic surgery Case control 20 20
Jinling Yu China Journal of laparoscopic surgery Case control 20 20
Xing Lu China Clin J Ororhinolaryngol Head Neck Surg Case control 25 22
Xiaohui Shi China Journal of laparoscopic surgery Case control 18 18
Jingye Lai China Progress in Modern Biomedicine Case control 20 20
Ying Xi China Clin J M in Inv Surg Case control 22 28
Zhigang Sun China Clin J M in Inv Surg Case control 25 25
Wei Cui China Journal of laparoscopic surgery Case control 37 40
Zhaoqing Cui China Shandong Medical Journal Case control 20 20
Celestino Pio Lombardi Italy HEAD & NECK Case control 10 10
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Table 2. Principle characteristics of the studies included in the meta-analysis

First author Publication 
year

Adequate sequence 
generation

Allocation 
concealment Blinding Incomplete outcome data Free of selective 

reporting
Free of other 

bias
Dongbo Wu 2006 Unclear Yes Yes IgG, M, CD3, CD4, CD4/CD8 Yes Unclear
Xuemei Peng 2006 Unclear Unclear Yes CRP, IL-6, TNF-α Yes Unclear
Zhendao Jiang 2009 Unclear Unclear Yes CD3, CD4, CD4/CD8, NK Yes Unclear
Jinling Yu 2010 Unclear Yes Yes CD3, CD4, CD4/CD8, CRP, IL-6, TNF-α Yes Unclear
Xing Lu 2006 Unclear Unclear Yes CRP, IL-6, Yes Unclear
Xiaohui Shi 2010 Unclear Yes Yes IgG, M, CD3, CD4, CD4/CD8, NK Yes Unclear
Jingye Lai 2012 Unclear Unclear Yes IgG, M, CD3, CD4, NK Yes Unclear
Ying Xi 20007 Unclear Unclear Yes CRP, IL-6, CD3 Yes Unclear
Zhigang Sun 2009 Unclear Unclear Yes IgG, M, CRP, CD3, CD4, Yes Unclear
Wei Cui 2011 Unclear Yes Yes CRP, IL-6, TNF-α, CD3 Yes Unclear
Zhaoqing Cui 2009 Unclear Unclear Yes IL-6, TNF-α Yes Unclear
Celestino Pio Lombardi 2004 Yes Yes Yes CRP Yes Unclear
Yes: low risk of bias, No: high risk of bias, Unclear: risk of bias is unclear.
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Table 3. Meta-analysis result of MIVAT versus CT 

Outcomes No.of 
trails

No.of 
patients MD (95% CI) p

CD3 preoperation 5 105/105 1.20 [-0.80, 3.20] 0.24
postoperative 24 h 5 105/105 0.66 [-1.70, 3.01] 0.58
postoperative 72 h 4 80/80 1.79 [-2.43, 6.02] 0.41
CD4 preoperation 5 118/118 0.55 [-1.23, 2.34] 0.54
postoperative 24 h 6 128/128 0.04 [-1.65, 1.73] 0.96
postoperative 72 h 6 123/123 1.50 [-0.08, 3.07] 0.06
CD4/CD8 preoperation 4 78/78 -0.13 [-0.44, 0.18] 0.42
postoperative 24 h 4 78/78 0.00 [-0.11, 0.11] 0.99
postoperative 72 h 4 78/78 -0.00 [-0.12, 0.11] 05.9
NK preoperation 3 58/58 -1.72 [-4.24, 0.80] 0.00
postoperative 24 h 3 58/58 -0.39 [-0.38, 0.05] 0.08
postoperative 72 h 3 58/58 -0.99 [-2.77, 0.78] 0.27
TNF-α preoperation 3 65/65 -0.33[-0.57, -0.09] 0.03
postoperative 24 h 3 82/82 -16.64 [-16.91, -16.38] 0.00
postoperative 72 h 3 82/82 -4.98 [-9.90,-0.06] 0.05
IgG preoperation 5 83/89 -0.38 [-0.99, 0.23] 0.06
postoperative 24 h 4 83/89 -0.64 [-1.32, 0.04] 0.22
postoperative 72 h 3 63/69 -0.73 [-1.49, 0.03] 0.06
IgM preoperation 4 83/89 0.05 [-0.12, 0.22] 0.57
postoperative 24 h 4 83/89 0.04 [-0.10, 0.18] 0.58
postoperative 72 h 3 63/69 0.01 [-0.14, 0.16] 0.92
IgA preoperation 4 83/89 0.37 [-0.43, 1.17] 0.37
postoperative 24 h 4 83/89 0.02 [-0.19, 0.22] 0.87
postoperative 72h 3 63/69 -0.03 [-0.24, 0.17] 0.74
CRP preoperation 5 105/105 -0.04 [-0.32, 0.24] 0.77
postoperative 24 h 5 129/135 -0.24 [-0.67,0.18] 0.26
postoperative 72 h 5 129/138 -1.48 [-2.91,-0.04] 0.04
Il-6 preoperation 5 127/127 0.44 [-0.26,1.13] 0.22
postoperative 24 h 5 129/135 -0.40 [-1.36,0.55] 0.41
postoperative 72 h 4 104/77 -0.58 [-1.73,0.57] 0.32

are listed in Table 1. The quality of the studies 
is presented in Table 2.

Meta-analysis results 

T-lymphocytes (CD3+, CD4, CD4/CD8) and NK 
cells: The T-lymphocytes and subset counts 
were reported in five studies. However, CD3+, 
CD4, CD4+/CD8+ ratio and NK cells showed no 
significant differences in the postoperative lev-
els between MIVAT and CT group (Table 3). 

IgG, IgM, IgA and IL-6: The results revealed that 
the MIVAT group was not significantly different 
from the CT group, when all available data were 
pooled into one meta-analysis (Table 3). 

CRP: The trials showed de- 
creased level after surgery. 
Meta-analysis of these trials 
suggested that there was a 
significant difference bet- 
ween the MIVAT group and CT 
group in postoperative level 
of CRP. Post-operation CRP 
levels at 72 h (CRP 72h -1.48 
[-2.91, -0.04]) was showed 
lower CRP level compared to 
the preoperation levels. But 
the combined results showed 
no significant difference with-
in 24 h (CRP 24 h -0.04 
[-0.32, 0.24 ]). (Table 3). 

TNF-α: We then performed an 
analysis of three trials that 
had suggested significantly 
different TNF-α level between 
the two groups after surgery 
within 24 h ,72 h, lower TNF-α 
level after MIVAT surgery with-
in 24 h (TNF-α 24 h -16.64 
[-16.91, -16.38]) and 72 h 
(TNF-α 72 h -4.98 [-9.90, 
-0.06]). (Table 3). 

Sensitivity analysis

We performed sensitivity 
analyses to examine the sta-
bility of the results that may 
be influenced by the individu-
al studies. The pooled esti-
mates were relatively consis-
tent when each study was 
excluded.

Publication bias

The funnel plot was employed to examine the 
publication bias. The shape did not reveal any 
obvious asymmetry. Thereafter, Egger’s test 
was used to provide statistical evidence of fun-
nel plots asymmetry, with no substantial publi-
cation bias being detected (Figure 2). 

Discussion

Patients undergoing surgery or trauma often 
suffer from acquired immunologic deficits that 
may predispose them to sepsis. Evidence of 
the immune responses affected by injury has 
previously been reported [20]. Trauma-induced 
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immune responses detected in the circulation 
include excessive production of cytokines such 
as interleukin (IL)-1, IL-6, IL-8, IL-12 and tumor 
necrosis factor (TNF) [21-25]. Thyroidectomy 
technique developed by Kocher has long been 
introduced to clinical practice and has consid-
erably improved the outcome of patients [26]. 
Accumulative data have shown that MIVAT do 
have more positive effects on patients com-
pared to CT in many aspects, including cosmet-
ic results and postoperative pain. However, the 
exact differences in immune responses bet- 
ween MIVAT and CT have not been confirmed 
yet. A systematic review and meta-analysis of 
the clinical treatment is required to confirm the 
immune changes of clinical cases. Observations 
of this analysis demonstrated that the degree 
of immunosuppression was influenced by a 
series of trauma, stress, and secondary infec-
tions. Compared to CT, MIVAT reduced immuno-
suppression and minimized the risk of injury, 
and hence benefited trauma and postoperative 
patients. 

Previous RCT reports indicated that the immu-
nosuppression effects of MIVAT may improve 
immune outcomes of patients, but knowledge 
of whether MIVAT reduces immunosuppression 
during the clinical course of surgery is still lim-
ited. We designed this systematic review and 
meta-analysis on the basis of all published 
RCTs to validate the antioxidant effects. 
Interestingly, we observed reduced effects of 
immunosuppression, especially downregula-
tion of TNF-α. MIVAT is therefore a preferential 
method contributing to favorable clinical out-
comes. However, several limitations in this 
study should be considered in the interpreta-
tion of our results, such as the small number of 
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