
Background: Understanding the characteristics of the middle cervical sympathetic ganglion 
(MCSG) may minimize procedure-related complications and maximize efficacy during surgery or 
ultrasound (US)-guided procedures. The location and detection rate of the MCSG were variable 
in small population studies. Therefore, a large population study or meta-analysis could give more 
information about the MCSG.

Objectives: We aim to review the published literature and evaluate the anatomical features of 
the MCSG, including the detection rate, location, size, and a normal variation, and to review the 
clinical relevance of MCSG for procedures including, US-guided ganglion block, ethanol ablation 
(EA), or radiofrequency ablation (RFA).

Study Design: A systematic review and meta-analysis. The Ovid-MEDLINE and EMBASE databases 
were searched to find the detection rate, location, and other characteristics of the MCSG.

Setting: The pooled proportions for the detection rate of the MCSG were assessed using the 
DerSimonian-Laird random-effects model.

Methods: Heterogeneity among the studies was determined using a chi-square analysis for the 
pooled estimates and inconsistency index (I2). In order to reduce the heterogeneity, sensitivity 
analyses were performed.

Results: A review of 542 studies identified 8 eligible studies, with 273 MCSGs included in the 
meta-analysis. The pooled proportion for the detection rate of the MCSG was 50.4% (95% 
confidence interval [CI], 34.5–66.4%). Considerable heterogeneity among the studies was 
observed (I2 = 94.9%). In the sensitivity analysis, when excluding one study, heterogeneity was 
reduced with a recalculated pooled proportion of 44.2% (95% CI, 32.1–56.2%; I2 = 86.0%). The 
location of the MCSG is usually posterior to the carotid sheath and anterior to the longus colli 
muscle at the level of the C3–C7 vertebrae. There was a variant where the cervical sympathetic 
trunk was located at the posterior wall of the carotid sheath and was adherent to the sheath. The 
size of the MCSG is as follows: the width, length, and height ranges were 3.8–6.3 mm, 6.3–10.5 
mm, and 1.7–2.1 mm, respectively. A specific type of MCSG, referred to as the “double middle 
cervical ganglion”, consisting of 2 ganglia, was demonstrated in 3 studies with a detection rate 
of 2.9–10%.

Limitations: This meta-analysis included a relatively small number of studies. Significant 
heterogeneity was also present in the detection rate of MCSG in these studies. There was a lack of 
concentrated information about the MCSG, because the majority of the included studies focused 
on the entire cervical sympathetic chain, not only MCSG primarily. Improving complication rates 
might be limited due to the approximate 50% detection rate.

Conclusion: Understanding the characteristics and variations of the MCSG could minimize 
complications and maximize efficacy during surgery and US-guided procedures.

Key words: Middle cervical sympathetic ganglion, cervical sympathetic trunk, cervical 
sympathetic chain, ultrasound, nerve block, ethanol ablation, radiofrequency ablation, thyroid, 
Horner syndrome, meta-analysis
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Inclusion Criteria
Studies or subsets of studies assessing the detection 

rate of the MCSG were eligible for inclusion. Studies 
including all of the following criteria were included: 
•	 Population:	studies	evaluating	the	MCSG	in	human	

cadavers	 or	 patients	 undergoing	 neck	 US,	 with	
studies	containing	data	for	at	least	10	cadavers	or	
patients	included

•	 Reference	 standard:	 regarding	 cadaveric	 studies,	
the	 MCSG	 was	 observed,	 located	 posteromedial	
to the carotid sheath and running on the longus 
muscles.	In	terms	of	US	studies,	the	MCSG	is	defined	
as	an	oval-shaped	hypoechoic	structure	that	is	con-
nected	with	2	or	more	hypoechoic	linear	structures,	
adjacent	to	the	common	carotid	artery	and	inferior	
thyroid	artery	at	the	level	of	C5–C7	(11)

•	 Study	designs:	all	observational	studies	(retrospec-
tive	or	prospective)

•	 Outcomes:	results	that	demonstrated	an	adequate	
amount	of	detail	to	appraise	the	detection	rate	of	
MCSGs.

Exclusion Criteria
The exclusion criteria were as follows: 

•	 Case	 reports	 and	 case	 series	 with	 fewer	 than	 10	
individuals	or	studies	with	a	possible	selection	bias,	
e.g.,	non-consecutive	series	of	patients

•	 Editorials,	 review	 articles,	 comments,	 letters,	 and	
conference	proceedings

•	 Studies	which	 had	 studied	 something	 other	 than	
the detection rate of the MCSG

•	 Studies	with	overlapping	data	and	patients.	
Two	reviewers	 (C.P.	and	C.H.S.)	 selected	 literature	

reports	separately	using	a	standardized	form.	

Data Extraction
We	extracted	the	following	data	from	each	of	the	

selected	studies	and	added	them	to	standardized	data	
forms:	
•	 Study	characteristics:	the	authors,	year	of	publica-

tion,	study	design,	hospital	or	medical	school,	dura-
tion	of	patient	enrollment,	and	sample	size

•	 Demographic	 characteristics	 of	 populations:	 pa-
tients	 or	 cadavers,	 mean	 age,	 and	 examination	
method

•	 The	detection	rate,	width,	length,	height,	and	loca-
tion of the MCSG. 
One	reviewer	 (C.P.)	extracted	data	from	the	stud-

ies,	and	the	second	reviewer	(C.H.S.)	confirmed	the	ac-
curacy	of	the	aforementioned	data.

The	 cervical	 sympathetic	 chain	 is	 typically	
located	 posteromedial	 to	 the	 carotid	 sheath	
and	passes	over	the	longus	colli	muscle	(1).	Part	

of	 the	 cervical	 sympathetic	 chain,	 the	middle	 cervical	
sympathetic	ganglion	(MCSG)	is	located	on	the	longus	
colli	muscle,	 anterior	 to	 the	 transverse	process	of	 the	
C6	vertebra.	

There	is	growing	clinical	significance	of	minimally	
invasive	procedure.	Owing	to	its	location,	the	MCSG	is	
sometimes	damaged	during	 surgery	or	 various	proce-
dures	such	as	neck	lymph	node	biopsy,	ethanol	ablation	
(EA),	and	radiofrequency	ablation	(RFA)	of	thyroid	tu-
mors	(2-6).	Knowing	relevant	anatomy	and	meticulous	
inspection	 using	 ultrasound	 (US)	 before	 procedures,	
such	 as	 nerve	 blocks	 or	 RFAs,	 is	 needed	 to	 reduce	
procedure-related	complications.	

Although	 several	 studies	 using	 cadavers	 or	 US	
evaluated	 the	 characteristics	 of	 the	 MCSG	 (1,2,7-12),	
the	location	and	detection	rate	were	variable	in	small	
population	 studies.	 Understanding	 the	 characteristics	
of	the	MCSG	may	minimize	procedure-related	compli-
cations	 and	 maximize	 efficacy	 during	 surgery	 or	 US-
guided	procedures.	Therefore,	a	large	population	study	
or	 meta-analysis	 could	 give	 more	 information	 about	
the MCSG.

To	our	knowledge,	our	present	 systematic	 review	
and	meta-analysis	is	the	first	to	assess	the	characteristics	
of	the	MCSG.	This	study	aimed	to	review	the	published	
literature	and	evaluate	the	anatomical	features	of	the	
MCSG	including	the	detection	rate,	location,	size,	and	a	
normal	variation,	as	well	as	review	the	clinical	relevance	
of	the	MCSG	for	procedures	including	US-guided	gan-
glion	block,	EA,	or	RFA.

Methods

Literature Search Strategy
A	 computerized	 search	 of	 the	MEDLINE	 and	 EM-

BASE	databases	was	performed	to	find	relevant	origi-
nal	studies	evaluating	the	MCSG.	The	following	search	
terms	were	used:	(“cervical	sympathetic	ganglion”	OR	
“cervical	sympathetic	trunk”	OR	CSG)	AND	(ultrasonog-
raphy	OR	ultrasound	OR	US	OR	anatomy	OR	neuroanat-
omy	OR	sonoanatomy	OR	cadaver	OR	cadaveric).	There	
was	 no	 initial	 data	 set	 in	 the	 search	 parameters.	 The	
literature	search	was	performed	for	articles	published	
until	June	7,	2016.	Our	search	was	limited	to	studies	in	
English.	The	bibliographies	of	the	selected	studies	were	
screened	to	identify	other	relevant	articles.
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Quality Assessment
The	methodological	quality	of	the	included	studies	

was	separately	analyzed	by	2	reviewers	(C.P.	and	C.H.S.)	
using	 a	 customized	questionnaire	 based	on	 the	Qual-
ity	Assessment	of	Diagnostic	Accuracy	Studies-2	(QUA-
DAS-2)	criteria	(13).

Data Synthesis and Statistical Analysis
The	 detection	 rate	 of	 the	 MCSG	 was	 adopted	 as	

the	main	 outcome	 for	 this	 meta-analysis.	 Meta-analytic	
pooling	was	 based	 on	 the	 inverse	 variance	method	 for	
calculating	 weights	 and	 pooled	 proportions,	 and	 their	
95%	confidence	intervals	(CI)	were	determined	using	the	
DerSimonian-Laird	 random-effects	 model	 (14-16).	 Het-
erogeneity	among	the	 studies	was	determined	by	using	
the	chi-square	analysis	for	the	pooled	estimates	(P	<	0.05	
indicating	 significant	 heterogeneity)	 and	 the	 inconsis-
tency	index	(I2)	(0–40%	might	not	be	important,	30–60%	
may	 represent	 moderate	 heterogeneity,	 50–90%	 may	

represent	 substantial	 heterogeneity,	 and	 75–100%	 rep-
resents	considerable	heterogeneity)	(17,18).	Publication/
reporting	biases	were	visually	assessed	using	funnel	plots	
and	significance	was	determined	using	Egger’s	test	(19).	
Publication	bias-adjusted	pooled	estimates,	i.e.,	adjusted	
pooled	proportions,	were	also	obtained	using	the	trim-
and-fill	method	 (20).	 If	 the	 original	 unadjusted	 pooled	
proportion	and	the	trim-and-fill	adjusted	pooled	propor-
tion	agreed,	the	results	were	regarded	as	robust	for	pub-
lication	bias.	All	statistical	analyses	were	performed	using	
R	version	3.0.2	(The	R	Foundation	for	Statistical	Comput-
ing)	with	the	“metafor”	and	the	“mada”	packages.

Results

Literature Search
The	study	selection	process	is	shown	in	Fig.	1.	The	

literature	 search	 of	 the	 Ovid-MEDLINE	 and	 EMBASE	
databases	 identified	 542	 articles;	 after	 removing	 du-

Fig. 1. A flow diagram of  the study selection process.
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plicates,	 429	 articles	 were	 screened	 for	 eligibility.	 Of	
those,	 415	 were	 excluded	 after	 review	 of	 their	 titles	
and	 abstracts,	 including	 3	 review	 articles,	 3	 case	 re-
ports,	2	letters,	editorials,	or	conference	abstracts,	and	
407	 articles	 not	 in	 the	 field	 of	 interest	 of	 this	 study.	
The	full-text	versions	of	the	remaining	14	articles	were	
reviewed;	 a	 search	 of	 their	 bibliographies	 found	 an	
additional	 eligible	 study.	Of	 these	 14	 articles,	 7	were	
further	excluded	after	reviewing	their	full	texts,	i.e.,	6	
studies	that	were	not	in	the	field	of	interest	(21-26)	and	
one	study	with	a	conference	abstract.	Finally,	8	eligible	
studies	were	included	in	this	meta-analysis	(1,2,7-12).	

Characteristics of the Included Studies
The	detailed	characteristics	of	the	8	included	stud-

ies	are	 summarized	 in	Table	1.	 Seven	of	 the	8	 studies	
used	cadaveric	dissection	(1,7-10,12)	and	the	other	was	
a	prospective	study	using	US	(11).	The	mean	population	
ages	ranged	from	41	to	76.5	years.	Five	of	the	7	cadav-
eric	studies	performed	bilateral	neck	dissection	(2,7-12).	
Another	study	only	performed	right-sided	neck	dissec-
tion	(1).	The	other	study	did	not	discuss	the	details	of	
the	neck	dissection,	e.g.,	unilateral	or	bilateral	(2).

The	US	features	of	the	MCSG	were	defined	as	fol-
lows:	 a	 longitudinally	 elongated	 hypoechoic	 structure	
with	a	connection	to	2	or	more	linear	hypoechoic	struc-
tures,	which	were	regarded	as	sympathetic	nerves	(11).	
Overall,	the	quality	of	the	included	studies	was	moderate	
as	assessed	by	the	QUADAS-2	tool,	with	all	of	the	studies	
satisfying	5	or	more	of	the	total	of	7	items	(13)	(Fig.	2).

The Characteristics of the MCSG 
The	8	studies	included	in	the	analysis	detected	273	

MCSGs.	The	meta-analytic	pooled	proportions	 for	 the	
detection	 rate	 of	 the	MCSG	 are	 summarized	 in	 Table	
2,	and	the	corresponding	forest	plots	are	illustrated	in	
Fig.	3.	The	pooled	proportion	for	the	detection	rate	of	
the	MCSG	was	50.4%	(95%	CI,	34.5–66.4%).	Consider-
able	 heterogeneity	 among	 the	 studies	 was	 observed	
(I2	 =	 94.9%).	One	 study	 (8)	 reported	 a	 detection	 rate	
of	the	MCSG	(91.7%)	that	was	much	higher	than	that	
of	 the	other	7	 studies	 (1,2,7,9-12).	Differing	 from	 the	
other	 studies,	 the	 entire	 autonomic	 cardiac	 nervous	
system	 was	 evaluated	 using	 a	 stereomicroscope	 (8).	
In	 the	 sensitivity	 analysis,	when	excluding	 the	 former	
study, heterogeneity was reduced with a recalculated 
pooled	proportion	of	44.2%	(95%	CI,	32.1–56.2%;	I2 = 
86.0%).	 In	addition,	we	performed	another	sensitivity	
analysis	which	 excluded	 the	 one	 study	 using	US	 (11).	

The	 recalculated	 pooled	 proportion	was	 52.8%	 (95%	
CI,	33.6–70.0%).	

The	 location	 of	 the	 MCSG	 was	 usually	 posterior	
to the carotid sheath and anterior to the longus colli 
muscle	at	the	level	of	the	C3–C7	vertebrae	(Fig.	4)	(1,8-
12).	There	was	an	extraordinary	case	where	the	cervical	
sympathetic	trunk	was	located	at	the	posterior	wall	of	
the	carotid	sheath,	adherent	to	the	sheath	(8.33%)	(Fig.	
4D)	(9).	Shin	et	al	(11)	described	2	anatomic	variants	of	
the	location	of	the	ganglion,	medial,	and	lateral	types.	
The	 lateral	 type	 (88%)	 is	 the	more	common	type	and	
is	 located	posterior	 to	 the	carotid	 sheath	 (Fig.	4A).	 In	
contrast,	the	medial	type	(12%)	is	located	between	the	
thyroid	gland	and	the	common	carotid	artery	(Fig.	4B).	
The	size	of	the	MCSG	was	as	follows:	the	width,	length,	
and	 height	 ranges	 were	 3.8–6.3	 mm,	 6.3–10.5	 mm,	
and	1.7–2.1	mm,	respectively.	A	specific	type	of	MCSG,	
referred	 to	as	 the	“double	middle	 cervical	ganglion”,	
consisting of 2 ganglia, was seen in 3 studies with a 
detection	rate	of	2.9–10%	(Fig.	4C)	(10-12).	

discussion

Our	present	meta-analysis	demonstrated	 that	 the	
pooled	proportion	for	the	detection	rate	of	the	MCSG	
was	50.4%.	It	is	typically	located	at	the	level	of	C5–C7,	
usually	anterior	to	the	longus	colli	muscle;	however,	the	
cervical	sympathetic	chain	can	pass	within	the	posterior	
wall	of	the	carotid	sheath.	The	double	ganglion,	a	spe-
cific	type	of	MCSG,	was	noted	in	2.88–10%	of	cases	in	
3	studies.	Understanding	the	characteristics	and	varia-
tions	 of	 the	MCSG	 could	minimize	 procedure-related	
complications	and	maximize	efficacy	during	US-guided	
procedures.

Our	 meta-analysis	 found	 that	 the	 detection	 rate	
of	the	MCSG	was	50.4%.	However,	 the	detection	rate	
of	 the	ganglion	 is	 variable	between	 studies.	Yin	et	al	
(12)	 reported	 a	 low	 detection	 rate	 of	 21.88%,	 while	
Kawashima	 (8)	 reported	 a	 detection	 rate	 of	 91.67%,	
a	high	detection	rate	that	was	explained	through	the	
use	of	microscopic	evaluation	of	the	ganglion	in	cadav-
ers.	The	MCSG	is	typically	small	and	could	be	found	at	
multiple	 locations	 in	 the	 sympathetic	 trunk	 between	
the	superior	and	inferior	cervical	ganglia	(27,28).	There-
fore,	 detection	of	 this	 ganglion	 is	 frequently	 difficult	
in	 cadaveric	 studies	 and	 surgical	 procedures.	 In	 a	US-
guided	procedure,	it	is	very	difficult	to	confirm	that	the	
structure	is	definitively	the	sympathetic	ganglion	if	its	
size	is	very	small.	If	the	physician	cannot	find	the	MCSG	
during	 neck	 surgery	 or	 a	 US-guided	 procedure,	 extra	
attention	should	be	paid.	
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Fig. 2. Quality Assessment of  the Diagnostic Accuracy Studies-2 (QUADAS-2) criteria for the included studies. 

Table 2. Summary of  the meta-analytic pooled proportions for the detection rate of  the MCSG. 

No. of  
Studies

No. of  
Cases

Summary Estimate
P-value† for 

Reporting 
Bias

Trim-and-Fill Estimate

Pooled 
Proportion 
(95% CI)

P-value for 
Heterogeneity*

I2 %§
No. of  

Missing 
Studies

Adjusted 
Pooled 

Proportion 
(95% CI)

All Included 
Studies 8 558 50.4%

(34.5–66.4%) < 0.01 94.9% 0.5906 1 54.7%
(38.4–70.9%)

Sensitivity 
Analysis Excluding 
Kawashima Study

7 522 44.2%
(32.1–56.2%) < 0.01 86.0% 0.9175

Sensitivity Analysis 
Excluding Shin et 
al Study

7 454 52.8%
(33.6–70.0%) < 0.01 94.2% 0.5196

*P-value by the Cochran Q method to test the heterogeneity of the pooled data, with P < 0.05 indicating substantial heterogeneity. 
§Higgin’s index for heterogeneity (0–40% might not be important, 30–60% may represent moderate heterogeneity, 50–90% may represent substan-
tial heterogeneity, and 75–100% represents considerable heterogeneity). 
†Test of publication/reporting bias using Egger’s test, with P < 0.10 indicating significant bias.

The	 cervical	 sympathetic	 chain	 contains	 2	 to	 4	
ganglia,	 including	 the	 superior,	middle,	 inferior	 cervi-
cal/cervicothoracic,	and	vertebral	ganglia.	The	superior	
cervical	ganglion	is	the	largest	and	consistent	ganglion	
of	 the	 cervical	 sympathetic	 chain	 (1).	 It	 is	 a	 vertically	
oriented	ovoid	or	 fusiform-shaped	 structure	 (29).	 It	 is	
located	 posterior	 to	 the	 bifurcation	 of	 the	 common	
carotid	 artery,	 between	 the	 C1	 and	 C4	 level	 and	 lies	
about	 the	hyoid	bone	 level	 (1,8,29).	 Lee	et	al	 (29)	 re-
ported	 that	 73%	 of	 superior	 cervical	 ganglion	 could	
be	 identified	 in	medial	 to	 internal	 carotid	 artery	 and	
lateral	 to	 longus	capitis	muscle	at	 the	C2–C3	 level	us-
ing	3T	magnetic	resonance	imaging	(MRI)	(29).	Typical	
location	 and	 intraganglionic	 hypointensity	 on	 a	 T2-

weighted	image	and	a	contrast	enhanced	T1-weighted	
image	could	be	utilized	as	imaging	clues	for	differenti-
ating	superior	cervical	ganglion	from	retropharyngeal	
metastatic	 lymphadenopathy	 (29,30).	 The	 inferior	
cervical	ganglion	with	or	without	fusion	to	the	thoracic	
ganglia	is	located	between	C7	and	T1	(8).	The	inferior	
cervical	ganglion	blends	with	the	thoracic	ganglia	and	
forms	 the	 cervicothoracic	 ganglion	 (9).	 The	 vertebral	
ganglion,	which	is	the	smallest	ganglion	of	the	cervical	
sympathetic	chain,	lies	anteromedial	to	and	is	adjacent	
to	the	vertebral	artery	and	is	not	as	well-defined	as	the	
other	ganglia	(9).	Damage	to	the	cervical	sympathetic	
chain	 can	 cause	 Horner	 syndrome,	 characterized	 by	
ipsilateral	miosis,	ptosis,	and	anhidrosis.
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Fig. 3. Forest plots of  the detection rate of  the middle cervical sympathetic ganglion. 

Regarding	the	location	of	the	cervical	sympathetic	
ganglion,	 it	 is	 usually	 located	 posteromedial	 to	 the	
carotid	 sheath	 and	 passes	 over	 the	 longus	 muscle.	 It	
extends	 longitudinally	 from	 the	 longus	 capitis	 to	 the	
longus	colli,	over	the	muscles	and	under	the	preverte-
bral	fascia	(1).	The	ganglion	may	also	be	placed	within	
the	carotid	 sheath	and	abutting	the	posterior	wall	of	
the	sheath	(8.33–16.67%)	(9,31).	Such	a	variation	may	
cause	damage	to	the	cervical	sympathetic	chain	when	
the	carotid	artery	is	laterally	retracted,	even	during	an	
anterior	approach	to	the	cervical	 spine	 (9).	Regarding	
the	 relationship	 between	 the	 inferior	 thyroid	 artery	
and	sympathetic	ganglion,	there	are	both	anterior	and	
posterior	types.	The	posterior	type,	where	the	ganglion	
lies	 posterior	 to	 the	 inferior	 thyroid	 artery,	 has	 been	
reported	 in	 26–75%	 of	 cases	 (10,11).	 Regarding	 the	
relationship	between	 the	 common	 carotid	 artery	 and	
the	sympathetic	ganglion,	there	are	medial	and	lateral	
types.	 US-guided	 ablations,	 EA,	 or	 RFA	 of	 thyroid	 le-
sions	can	also	cause	Horner	syndrome	(3,5,6,11,32,33).	
During	EA	for	benign	thyroid	nodules,	leakage	of	etha-
nol	outside	the	thyroid	gland	can	damage	the	ganglion	
directly	 (3).	 Direct	 thermal	 damage	 to	 the	 ganglion	
during	 RFA	 of	 benign	 and	 recurrent	 thyroid	 cancers	
has	also	been	reported	(5,6,11,32,33).	The	medial	type	
MCSG	adjoins	the	thyroid	gland;	US-monitoring	of	this	

ganglion	 with	 a	 hydrodissection	 technique	 (injection	
of	5%	D/W	between	the	thyroid	tumor	and	ganglion)	
could	prevent	thermal	damage	(6,11,34).

Anterior	 surgical	approaches	 to	the	cervical	 spine	
or	cervicothoracic	junction	can	cause	Horner	syndrome	
with	 an	 incidence	 ranging	 from	 0.2–4%	 (35-41).	 This	
syndrome	affects	mainly	 the	anterolateral	part	of	 the	
cervical	spine,	particularly	when	stripping	of	the	longus	
colli	muscle	or	dissection	extends	to	this	muscle	(2).	The	
lateral	 retraction	 of	 the	 longus	 colli	 muscle,	 carotid	
sheath,	or	both	to	expose	the	lateral	portion	of	the	cer-
vical	 spine	 causes	 stretching	of	 the	 sympathetic	 trunk	
and	 may	 lead	 to	 damage,	 resulting	 in	 temporary	 or	
permanent	Horner	syndrome	(2).	The	careful	approxi-
mation	of	the	medial	border	of	the	longus	colli	muscle	
and MCSG should be considered during retraction or 
dissection	of	the	longus	colli	muscle	in	anterior	cervical	
spine	surgery	(1).

During	US-guided	ganglion	block,	direct	visualiza-
tion	 and	monitoring	of	 the	MCSG	on	US	 enables	 the	
exact injection of the anesthetic around the ganglion. 
This	technique	may	minimize	the	amount	of	anesthetic	
injected,	complications,	and	total	procedure	time	(11).	
Shin	et	al	(11)	suggested	2	types	of	ganglion	in	terms	
of	their	location,	medial,	and	lateral	types.	The	medial	
type	MCSG	was	observed	in	12%	of	the	cases,	abutting	
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the	thyroid	gland	(11).	In	medial	type	MCSGs,	the	loca-
tion of the injection of anesthetics should be different 
compared	with	that	of	the	lateral	type	(11,24).	In	addi-
tion,	monitoring	of	the	relationship	between	the	gan-
glion	 and	 inferior	 thyroid	 artery	 could	 also	minimize	
hemorrhage	during	ganglion	block	(42).	

Iatrogenic	 injury	 to	 the	 MCSG	 is	 possible	 during	
neck	biopsy	or	fine	needle	aspiration.	The	development	
of	Horner	syndrome	after	neck	lymph	node	fine-needle	
aspiration	has	been	 reported	 (4).	Al-Abbadi	et	al	 (43)	
suggested that direct injury to the ganglion during 
lymph	 node	 biopsy	 can	 cause	 Horner	 syndrome.	 We	
believe	that	the	MCSG	can	be	confused	with	a	 lymph	
node	 because	 of	 its	 oval	 shape	 and	 location.	 In	 indi-
viduals	with	a	 large	MCSG,	 it	 could	be	confused	with	
a	 metastatic	 lymph	 node,	 conceivably	 leading	 to	 un-
necessary	biopsy	(33).	Different	from	lymph	nodes,	the	
MCSG	 is	 connected	 with	 multiple	 linear	 hypoechoic	
sympathetic	nerves	and	does	not	have	echogenic	hilum	
or	hilar	vascularity	on	Doppler	US	(11).	Regarding	the	
superior	cervical	sympathetic	ganglion,	there	is	a	report	
of	concerning	the	misdiagnosis	of	the	superior	cervical	
sympathetic	ganglion	as	a	 recurrent	malignant	 lymph	
node	(44).	The	superior	sympathetic	ganglion	can	also	
be	confused	for	a	metastatic	lymph	node;	however,	the	
superior	cervical	sympathetic	ganglion	also	shows	typi-
cal	US	and	MRI	findings,	and	physicians	can	differenti-
ate	it	from	a	metastatic	lymph	node	(29,44).	Therefore,	
awareness	of	these	features	is	essential	for	US-guided	
neck	biopsy.

Our	study	had	several	limitations.	First,	it	included	
a	 relatively	 small	 number	 of	 studies,	 i.e.,	 8,	 most	 of	
which	were	 retrospective.	However,	 validated	 system-
atic	review	methods	were	used	and	the	data	were	re-
ported	using	 standard	 reporting	guidelines,	 including	
the guidelines of the Handbook for Diagnostic Test 
Accuracy	Reviews	published	by	the	Cochrane	Collabo-
ration	 (13).	 Second,	 as	 significant	 heterogeneity	 was	
also	 present	 in	 the	 detection	 rate	 of	 MCSG	 in	 these	
studies,	any	interpretations	should	be	made	cautiously.	
Third,	the	majority	of	the	included	studies	focused	on	
the	 entire	 cervical	 sympathetic	 chain,	 not	 only	MCSG	
primarily.	Therefore,	there	was	a	lack	of	concentrated	
information	 about	 the	MCSG.	 Finally,	 because	 of	 the	
approximate	50%	detection	rate,	improving	complica-
tion	rates	might	be	limited.

In	 conclusion,	 understanding	 the	 characteristics	
and	variations	of	 the	MCSG	could	minimize	complica-
tions	 and	 maximize	 efficacy	 during	 surgery	 or	 US-
guided	procedures.

Fig. 4. Schematic drawings of  the anatomical variations of  the 
MCSG and cervical sympathetic trunk. A. Lateral type, which 
is more the common type and is located lateral to the common 
carotid artery (CCA) and posterior to the carotid sheath. B. 
Medial type, which is located between the thyroid gland and the 
CCA. C. Double ganglia, which is composed of  2 ganglia. D. 
The cervical sympathetic trunk is located within the posterior 
wall of  the carotid sheath, and it is adherent to the sheath.

A

B

C

D
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