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RESEARCH HIGHLIGHTS 

1. SCGx as a valuable model to study homeostatic regulation and nerve 

injury and recovery. 

2. The rat`s neck offers anatomical landmarks to approach, identify and 

remove the SCG. 

3. SCGx can be performed with or without muscle injury.   

4. Decentralization and denervation as alternatives to disrupt the 

sympathetic pathway. 
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Abstract 

 Superior cervical ganglionectomy (SCGx) is a valuable microsurgical 

model to study the role of the sympathetic nervous system in a vast array of 

physiological and pathological processes, including homeostatic regulation, 

circadian biology and the dynamics of neuronal dysfunction and recovery after 

injury. Despite having several experimental applications in the rat, a thorough 

description of a standardized procedure has never been published. Here, we 

provide a brief review of the principal features and experimental uses of the 

SCGx, the surgical anatomy of the neck and sympathetic cervical chain, and a 

step-by-step description of how to consistently remove the superior cervical 

ganglia through the omohyoid muscle or the carotid triangle. Furthermore, we 

suggest procedures and precautions to be taken during and after surgery to 

optimize results and describe tools to validate surgical success. We expect that 

the following standardized and optimized protocol will allow researchers to 

organize knowledge into a cohesive framework in those areas where the SCGx 

is applied. 

Keywords: Superior cervical ganglia; Superior cervical ganglionectomy; 

Cervical sympathectomy; Denervation; Decentralization; Surgical procedure; 

Rat. 
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Abbreviations 

AA-NAT: arylalkylamine N-acetyltransferase; aDM: anterior belly of the 

digastric muscle; CB: carotid body; CBA: carotid body artery; CCA: common 

carotid artery; CT: carotid triangle; DCF: deep cervical fascia; DM: digastric 

muscle; ECA: external carotid artery; ECN: external carotid nerve; ECNx: 

external carotid nerve section; EJV: external jugular vein; HN: hypoglossal 

nerve; ICA: internal carotid artery; ICN: internal carotid nerve; ICNx: internal 

carotid nerve section; IJV: internal jugular vein; LFV: linguofacial veins; MM: 

masseter muscle; NE: norepinephrine; OA: occipital artery; OHM: omohyoid 

muscle; PBS: phosphate buffered saline; pDM: posterior belly of the digastric 

muscle; SCF: superficial cervical fascia; SCG: superior cervical ganglia; SCGx: 

superior cervical ganglionectomy; SCN: suprachiasmatic nuclei; SCNx: 

suprachiasmatic nuclei lesion; SHM: sternohyoid muscle; SMM: sternomastoid 

muscle; ST: sympathetic trunk; STx: sympathetic trunk section; VN: vagus 

nerve. 
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1. Introduction 

 Understanding the physiological mechanisms that regulate the internal 

environment is a major challenge for both physicians and scientists. Although 

several animal models have been developed to study the role of the 

sympathetic nervous system in homeostatic regulation, the rat has become the 

preferred experimental species, replacing larger animals (Jänig and Häbler, 

2003). Removal of the superior cervical ganglia (SCG), namely superior cervical 

ganglionectomy (SCGx), was introduced in rats more than 50 years ago (Ifft, 

1953) and now represents a valuable microsurgical model in autonomic nervous 

system research (Romeo et al., 1986; 1990; 1991a; Stehle et al., 1993; Møller 

et al., 1997; Rath et al., 2006; Muñoz et al., 2007; Rath et al., 2009). Despite 

the numerous applications of SCGx, the procedure has never been 

methodically described in the rat, and a standardized surgical technique is still 

missing in the literature.  

 The SCG are the uppermost ganglia of the paravertebral sympathetic 

chain; in rats, each ganglion contains 13000-45000 neurons, weighs 1 mg and 

has a volume of ~0.5 mm3 (Smolen et al., 1983; Ribeiro et al., 2004). Within 

these well-defined structures, the preganglionic input fibers ascending in the 

sympathetic trunk (ST) synapse with the postganglionic neurons which 

innervate the neck, face and intracranial structures, mainly via the external and 

internal carotid nerves (ECN and ICN) (Cardinali and Romeo, 1991). The SCG’s 

field of innervation includes the pineal gland, hypophysis and median eminence, 

carotid body (CB), the thyroid and parathyroid glands, the iris and eye lid 

(Cavallotti et al., 2005). The Müller’s muscle, which controls the position of the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22J%C3%A4nig%20W%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22H%C3%A4bler%20HJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stehle%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moller%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moller%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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upper eyelid, is partly innervated by the homolateral sympathetic system 

through the ICN. Any interruption of the sympathetic pathway to the eye makes 

this muscle weak, resulting in blepharoptosis (drooping of the upper eyelid) 

(Cardinali and Romeo, 1991). This phenomenon is used as indicator of the 

successful removal of the SCG. 

 The physiological activities of the SCG postganglionic neurons on the 

peripheral target tissues are mainly accomplished through norepinephrine (NE) 

released from their nerve terminals (Cardinali and Romeo, 1991). Several 

neuropeptides produced by these neurons have also been shown to play 

physiological roles in the innervated tissues, such as the neuropeptide Y in the 

pineal gland (Reuss and Moore, 1989; Benarroch, 1994; Klimaschewski et al., 

1996; Zigmond, 2000; Møller et al., 2002). The concentration of NE in the 

synaptic cleft is under the control of different mechanisms, such as simple 

diffusion and uptake into nerve terminals or other cells in the vicinity, followed 

by intracellular metabolism. The presynaptic uptake plays an important role in 

terminating the synaptic stimulus, and in the removal and inactivation of 

circulating catecholamines (Iversen, 1971). 

 The SCG’s innervation territory described above, together with the 

hormone-dependent ganglion activity, makes the SCGx a key model in the 

study of peripheral sympathetic innervation in neuroendocrine interactions 

(Cardinali and Romeo, 1991; Cardinali and Stern, 1994). Indeed, the SCGx has 

been employed to investigate how light and the circadian clock influence 

neuroendocrine functions, e.g. circadian melatonin synthesis in the rat pineal 

gland. Under the control of the hypothalamic suprachiasmatic nuclei (SCN), NE 

is released in the pineal gland from both ICN at night, and modulates the 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stern%20JE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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melatonin rhythm-generating enzyme, the arylalkylamine N-acetyltransferase 

(AA-NAT) (Klein, 2007). In rats, the 150-fold and 50-70-fold increase in 

nocturnal AA-NAT expression and activity, respectively, induces a 10-fold rise in 

the synthesis and secretion of melatonin (Borjigin et al., 1995; Roseboom et al., 

1996; Perreau-Lenz et al., 2005). This remarkable dynamics has turned the 

melatonin rhythm into one of the preferred output markers of the circadian clock 

(Weaver, 1998). Even though circulating catecholamines released during stress 

may stimulate denervated pinealocytes (Parfitt and Klein, 1976; Lynch et al., 

1977), the establishment and maintenance of the circadian melatonin rhythm 

depend on the sympathetic innervation of the pineal gland from both SCG (Klein 

et al., 1971). In rat pineal gland, AA-NAT mRNA becomes rhythmic at postnatal 

day 5, when sympathetic nerve fibers penetrate into the pineal parenchyma, 

causing an evident day-to-night difference of melatonin from postnatal day 11 

throughout the animal life (Maronde and Stehle, 2007; Yamazaki et al., 2009). 

Interestingly, pineal glands transplanted into different locations survive and 

exhibit active secretory processes, indicating sympathetic reinnervation of the 

grafts. Nevertheless, day-to-night differences in circulating melatonin are only 

restored following transplants into the anterior eye chamber, where SCG 

postganglionic fibers that innervate the iris are present, suggesting that the 

restoration of the circadian melatonin rhythm depends on the graft reinnervation 

by the host SCG (Wragg et al., 1967; Moore, 1975; Bäckström et al., 1976; 

Lingappa and Zigmond, 1987; Wu et al., 1993). Nocturnal increase of AA-NAT 

activity in pineal glands transplanted into the anterior eye chamber is abolished 

after SCG removal (Bäckström et al., 1976), but is not affected by a brief light 

exposure in the late dark period, in contrast to the significant decrease of AA-

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klein%20DC%22%5BAuthor%5D
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NAT activity in control animals (Lingappa and Zigmond, 1987). Functional 

differences between pineal glands in situ and those transplanted into the 

anterior eye chamber suggest the involvement of at least two different 

populations of sympathetic neurons within the SCG. 

 Even though several experimental models have been developed to 

disrupt the melatonin circadian system (Moore and Klein, 1974; Zigmond et al., 

1981; Perreau-Lenz et al., 2003), the bilateral SCGx has proved to be a solid 

and reliable procedure to completely prevent nocturnal AA-NAT increase, 

irreversibly suppressing melatonin rhythmicity and all trans-synaptic 

sympathetic influence on the pineal gland (Klein et al., 1971; Møller and Baeres, 

2002). The defined anatomy of the SCG and its branches also allows 

decentralization or denervation by lesioning pre and postganglionic axons, 

respectively (Taxi and Eugène, 1995); each lesion causes specific effects on 

the melatonin rhythm (Zigmond et al. 1981; Zigmond et al. 1985). SCG-related 

procedures are preferred to central nervous system interventions, such as a 

suprachiasmatic nuclei lesion (SCNx), because the latter are technically 

demanding and interpretations of results are complicated by the disruption of a 

wide array of behavioral and physiological rhythms and the overlapping 

aftereffects of intracranial surgery.  

 The SCGx has also enhanced our knowledge of 

neuroimmunomodulation (Esquifino and Cardinali, 1994; Elenkov et al., 2000; 

Nance and Sanders, 2007). Noradrenergic fibers originating from the SCG 

innervate the cervical lymph nodes (Romeo et al., 1994) and the thymus, 

modulating lymphocyte proliferation, migration, and differentiation (Ramaswamy 

et al., 1990), and regulate inflammation and tissue repair through 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Esquifino%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cardinali%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nance%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sanders%20VM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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submandibular gland factors (Mathison et al., 1994). Moreover, the SCGx has 

become a recognized model to investigate the role of the sympathetic nervous 

system in bone remodeling (Boggio et al., 2004; Haug and Heyeraas, 2006), 

carcinogenesis (Romeo et al., 1991b; Raju et al., 2007), and brain vasculature 

pathophysiology (Nagao et al., 1992; May and Goadsby, 1999; Coutard et al., 

2003), and SCGx is considered a potential procedure to unravel pain-

generating mechanisms (Perl, 1999; Wasner et al., 2003; Gibbs et al., 2008). 

 SCGx has shown itself to be a useful model to study both sympathetic 

deprivation and stimulation. Based on the Wallerian or anterograde 

degeneration paradigm, varying neuroendocrine consequences of SCG removal 

should be expected (Emmelin and Trendelenburg, 1972). If the sequelae of 

SCGx are examined a week or more after the surgery (chronic SCGx), the 

results obtained would correspond to sympathetic deprivation. However, if the 

consequences of ganglionectomy are evaluated on the first few days following 

surgery (acute SCGx), during the early anterograde degeneration that takes 

place with short latency, a temporary supraliminal release of neurotransmitter 

from the degenerating varicosities might cause a transient increase in 

postsynaptic activity. The time frame is variable (~1-3 days) depending on the 

innervated tissue, and it is believed to be proportional to the length of the distal 

stumps of the lesioned postganglionic axons (Cardinali and Romeo, 1991). 

  The SCGx has been developed in a broad range of animal species, but 

to our knowledge, a straightforward surgical protocol in rat has not yet been 

published. To achieve reproducible results and assure laboratory animal 

welfare, a standardization of the SCGx is needed. Hedger and Webber (1976) 

and Weijnen et al. (2000) provided thorough descriptions of the sympathetic 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Haug%20SR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heyeraas%20KJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed?term=%22May%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goadsby%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstract
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cervical chain with excellent illustrations of the main vascular and nervous 

structures of the upper neck; however, the anatomical landmarks required to 

reach the SCG and its branches were not described in detail. In consequence, a 

surgical anatomy of the region where the SCG is located is needed to achieve a 

consistent cervical sympathetic disruption with minimal animal morbimortality.  

 In this protocol, we present a photo series of the dissection of an 

exsanguinated rat’s neck, and describe step-by-step the surgical technique 

(illustrated by photographs and videos) for reliable removal of the SCG. 

Moreover, we introduce technical modifications to make the procedure more 

precise, less invasive and highly reproducible. We also present some 

complementary tools to evaluate surgical performance. It is our expectation that 

researchers who are interested in incorporating the SCGx as a routine 

technique in their laboratories will find the required information to succeed in 

this report.  
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2. Materials and methods 

2.1. Animals 

 Surgical procedures were performed on adult Wistar rats (3 to 5 months 

old) weighing 250 to 350 g. Male and female rats were used for photography 

and video production. Nevertheless, animal gender, age and strain must be 

chosen according to the specific aims of each study. Animals were housed 

individually in a temperature and humidity controlled room and kept on a 12:12- 

hours light:dark cycle. The animals were allowed free access to food and water. 

Adequate measures were taken to minimize pain and discomfort taking into 

account human endpoints for animal suffering and distress. Our experiments 

were carried out in accordance with the National Institutes of Health Guide for 

the Care and Use of Laboratory Animals. The protocol presented here was 

approved by the Institutional Animal Care and Use Committee, National 

University of Cuyo, Mendoza, Argentina. 

2.2. Reagents 

2.2.1. Dissection of the neck and SCGx 

 Ketamine (50 mg kg-1; e.g. Wyeth, cat. no. 206205-01)  

 Xylazine (5 mg kg-1; e.g. Lloyd Laboratories, cat. no. 139-236) 

Other anesthetic regimens may be considered according to the aims of the 

study to avoid interactions between the anesthetic and the experimental 

protocol.  
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 Ocular surface protecting lubricant 

 5% benzalkonium chloride solution  

 Povidone-iodine solution  

 0.9% (w/v) NaCl 

2.2.2. Immunohistochemistry 

 4% paraformaldehyde in phosphate buffered saline (PBS) 

 Histoplast (Biopack)  

 Monoclonal anti-neurofilament antibody (BIOMOL International, cat. no. 

NA1225) 

 Monoclonal anti-tyrosine hydroxylase antibody (Sigma-Aldrich®, cat. no. 

T2928, clone TH-16) 

 Biotinylated anti-mouse IgG (H+L) (Vector Laboratories, cat. no. BA-

2001) 

 Fluorescein streptavidin (Vector Laboratories, cat. no. SA-5001) 

 Texas Red® streptavidin (Vector Laboratories, cat. no. SA-5006) 

 ProLong® Gold antifade reagent with DAPI (InvitrogenTM, cat. no. P-

36931). 

2.3. Equipment 

2.3.1. Dissection of the neck and SCGx 
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 Hudson microdissecting forceps (e.g. Roboz Surgical Instruments, cat. 

no. RS-5237)  

 Adson microdissecting forceps 1 x 2 teeth (e.g. Roboz Surgical 

Instruments, cat. no. RS-5233) 

 Two microdissecting tweezers, pattern no. 7 (e.g., Roboz Surgical 

Instruments, cat. no. RS-5047) 

 Microdissecting spring scissors (e.g. Roboz Surgical Instruments, cat. no. 

RS-5601) 

 Microdissecting scissors (e.g. Roboz Surgical Instruments, cat. no. RS-

5882) 

 Operating scissors (e.g. Roboz Surgical Instruments, cat. no. RS-6814) 

 Self-retaining microdissecting retractor (e.g. Roboz Surgical Instruments, 

cat. no. RS-6561) 

 Halsted mosquito hemostat (e.g. Roboz Surgical Instruments, cat. no. 

RS-7101) 

 Needle holder (e.g. Roboz Surgical Instruments, cat. no. RS-7830) 

 4-0 nylon on 20-mm needle (e.g. Surgikal®, cat. no. 5420) 

 Saline-moistened cotton Q-tips  

 Seven staples: 1 big (upper incisors), 2 medium (neck`s cushion) and 4 

small size (limbs) 
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 Gauze 

 Small animal clipper  

 Styrofoam pad 

 Surgical cloth  

 Latex gloves 

 Face mask 

 Surgical binocular microscope (Leitz Wetzlar) 

 Peristaltic pump (NEMI Scientific, Inc Model 610) 

 Sterilizer (e.g. Germinator 500 System, Cell Point Scientific, Inc.) 

2.3.2. Immunohistochemistry 

 Microm HM 325 Microtome 

 Olympus FV 1000 Confocal Microscope. 

2.4. Dissection of the neck  

 Under ketamine/xylazine anesthesia, the animals were perfused 

transcardially with ~70 ml of 0.9% saline solution. The perfusion was performed 

with a peristaltic pump after placing a cannula in the left ventricle. Blood and the 

saline solution were drained through an incision in the right atrium. Fixative 

solution was not used, in order to maintain the elastic properties of the nerves, 

vessels and muscles.  
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 Exsanguinated rats were placed in a dissection tray and the superficial 

anatomical landmarks of the ventral neck region were identified by palpation. A 

4-cm vertical incision was performed and the skin retracted. The superficial 

cervical fascia (SCF) was removed, the mandibular glands and external jugular 

veins (EJV) were dissected, and the superficial muscles of the ventral neck 

were examined. The cranial portion of the sternomastoid muscle (SMM) and the 

omohyoid muscle (OHM) were transected. The deep cervical fascia (DCF) and 

carotid sheath were partially removed to expose the common carotid artery 

(CCA), the internal jugular vein (IJV) and the vagus nerve (VN). The CCA was 

bluntly dissected up to the level of its bifurcation into the external and internal 

carotid arteries (ECA and ICA). The SCG was identified behind the carotid 

bifurcation and freed of fat and connective tissue. The occipital artery (OA) was 

removed and the nervous branches emerging from the ganglion were dissected 

up to ~5 mm. During the procedure, photos were taken using a standard digital 

camera (Casio EX-Z70); the images were edited with Adobe Photoshop CS3 

and Power Point Microsoft Office 2007.  

2.5. SCGx 

 Under ketamine/xylazine anesthesia, the ventral neck region was shaved 

and disinfected. The salivary glands were exposed through a 2.5-cm vertical 

incision and retracted to expose the underlying muscles. Two alternative 

strategies to approach and remove the SCG were optimized. In the first one, 

after sectioning the OHM and cranially dissecting the CCA, the SCG were 

identified behind the carotid bifurcations and then gently pulled until their 

avulsion. This technique, commonly used in several laboratories, was named by 
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us as the classical technique. In the second one, the carotid bifurcations were 

identified through the carotid triangles (CT) and the SCG were removed after 

sectioning the ST, ECN and ICN. The later procedure is introduced here for the 

first time, and therefore, it was named innovative technique. Notably, this 

surgical approach exposes SCG branches and allows operators to perform 

other SCG-related procedures, such as decentralization by injuring the ST, and 

denervation by lesioning either ECN or ICN. After SCG removal, the skin was 

closed with nylon sutures.  The main surgical steps were recorded using a 

digital camera (Casio EX-Z70) and a video camera (Sony HDV-SX1). Images 

were edited with Adobe Photoshop CS3 and Power Point Microsoft Office 2007; 

video edition was performed using Adobe CS3 Video Workshop. 

2.6. Immunohistochemistry  

 After removal, the SCG were fixed in 4% paraformaldehyde in PBS 

overnight at 4°C. The ganglia were washed three times in PBS for 5 minutes 

per wash, dehydrated in increasing concentrations of ethanol (70, 80, 96, 

100%) and washed twice in xylene for 5 minutes each, and finally embedded in 

Histoplast (Biopack). Five µm sections from fixed ganglia were cut using a 

Microm HM-325 microtome. Immunohistochemical detection of the 

neurofilament protein and the enzyme tyrosine hydroxylase was performed as 

previously described (Semino-Mora et al., 2003). After deparaffinization and 

hydration, the slides were boiled in 0.1M citrate buffer pH 6 for 30 minutes in a 

pressure cooker and then washed three times in PBS for 5 minutes each. Non-

specific labeling was blocked by incubating SCG sections in blocking solution 

(50 mM Tris-HCl pH 7.3, 0.125 M NaCl, 5% v/v normal horse serum, 20 mg/ml 
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bovine serum albumin, fraction V, and 5 mg/ml standard whole milk powder) for 

30 minutes at room temperature in a covered humid chamber. Immunodetection 

was performed using monoclonal primary antibodies diluted in the blocking 

solution without normal horse serum (anti-neurofilament antibody: dilution 

1:400, BIOMOL International; anti-tyrosine hydroxylase antibody: dilution 1:100, 

Sigma-Aldrich®). Sections were incubated overnight at 4°C and then washed 

three times for 5 minutes each in Tris-buffered saline with 0.05% Tween-20. 

The bound primary antibodies were detected using a biotinylated anti-mouse 

antibody (dilution 1:300, Vector Laboratories) for 2 hours at room temperature. 

After three washes, sections were incubated for 1 hour at room temperature 

with fluorescein streptavidin and Texas Red® streptavidin (dilution: 1:200, 

Vector Laboratories) for the neurofilament protein and the enzyme, respectively. 

After being washed three times, SCG sections were mounted in ProLong® Gold 

antifade reagent with DAPI (InvitrogenTM). The sections were examined using 

an Olympus FV-1000 confocal microscope; images were edited with Adobe 

Photoshop 6.0.  
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3. Results 

3.1. Surgical anatomy of the neck 

 A photo series of the dissection of an exsanguinated rat’s neck is shown 

in Figure 1. The regio intermandibularis was identified between the two 

mandibular branches, and the regio presternalis was located cranially to the 

manubrium of sternum (Fig. 1A). After cutting and reflecting the skin that covers 

the ventral side of the neck, the SCF was identified as a yellow-pinkish 

connective tissue layer (Fig. 1B). The mandibular and sublingual salivary 

glands, lymph nodes and the superficial layer of muscles were exposed after 

SCF removal (Fig. 1C). The mandibular glands were identified as a pair of 

large, elongated oval glands lying in the mid-ventral neck area, with some 

lymph nodes at their anterior borders. Wharton`s salivary duct was observed as 

a yellow-gray tubular structure coming from the cranial end of the mandibular 

gland and passing ventrally between the masseter muscle (MM) and the 

anterior belly of the digastric muscle (aDM). The sublingual glands were located 

upon the lateral surface of the mandibular glands. Underneath the mandibular 

glands and laterally from the SMM, the EJV were identified as long and thick 

vessels, with several branches draining blood from the face, jaw and neck (Fig. 

1D).  

 After displacing the mandibular glands laterally, the superficial layer of 

muscles of the ventral neck was exposed (Fig. 1E). The sternohyoid muscles 

(SHM) were identified as two muscular bands running along the mid-ventral line 

of the neck, from the manubrium of sternum to the lower border of the hyoid. 

The SMM were observed as elongated muscular bands aligned diagonally from 
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their insertion point in the sternum to the lateral sides of the neck. The OHM 

were identified laterally from the SHM and underneath the SMM. The posterior 

part of the digastric muscles (pDM) extended caudally from the hyoid to the 

occipital bone, whereas the aDM were localized in the regio intermandibularis, 

running parallel to the mid-ventral line. The anatomical landmarks named CT 

were identified in the lateral regions of the neck, bordered by the OHM 

(medially), SMM (caudally and laterally) and pDM (cranially and laterally) (Fig. 

1F). 

 The resection of the OHM and SMM uncovered the carotid sheath (Fig. 

1G). This fibrous tissue derived from the DCF, enclosed the CCA, IJV and VN. 

Some cervical lymph nodes were usually observed as small bean-shaped, 

reddish-yellow bodies loosely attached to the carotid sheath. The removal of the 

carotid sheath revealed the CCA (medially), VN (laterally) and IJV (posteriorly) 

(Fig. 1H). The Y-shaped bifurcation of the CCA into the ECA and ICA was 

usually observed downwards and medially from the mandibular angular 

process, a bone tip easily palpable at the ventrolateral region of the upper neck. 

The ECA was the medial and superficial branch that emerged from carotid 

bifurcation, whereas the ICA ran deeper and laterally. The OA was identified as 

a branch of the ECA that crossed over the SCG, ICA and VN towards the lateral 

side of the neck (Fig. 1H). The SCG, located dorsally to the OA and embedded 

in fat and connective tissue, was closely applied to the CCA bifurcation. The 

removal of this soft connective tissue and the OA, and the retraction towards 

the neck mid-line of the ECA completely exposed the SCG (Fig. 1I). 

 The SCG presented considerable interindividual variability in size (up to 

~50 %) and shape (ranging from oval to slightly resembling a triangle), although 
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this structure was usually identified as a spindle-shaped glassy reddish-gray 

structure, ~3 mm in length and ~0.5 mm3 in volume. The ICN originated from 

the cranial pole of the SCG and followed the ICA into the carotid canal. The 

ECN usually emerged from the medial side of ganglion and then run parallel to 

the ECA. The ST entered through the caudal pole of the SCG after running 

underneath the main cervical blood vessels. Other thinner branches arising 

from the SCG were occasionally observed. The VN, running alongside the 

lateral side of the CCA and ICA, was identified as a shining white strand with a 

spindle-shaped enlargement in its cranial portion (the nodose ganglion). 

Underneath the pDM, the hypoglossal nerve (HN) was observed as a shining 

white strand crossing over the ICA, just medially from the mandibular angular 

process.  

3.2. SCGx 

 The surgical procedure should be carried out by operators trained in the 

use of laboratory animals. Before SCGx, we recommend that the researcher 

performs neck dissections on euthanized animals to become familiar with the 

regional anatomy. Both the classical and an innovative surgical technique for 

SCG removal are thoroughly described below. The reader can find a photo 

series that summarizes the main steps of both procedures in Figure 2. 

Supplementary videos are also provided.  

Preoperative setup 

1. Place the sterile surgical instruments on a Styrofoam pad. Use latex 

gloves and a face mask to keep the surgical field reasonably aseptic.  
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2. Weigh animals accurately to determine the doses of anesthetics to be 

used. 

3. Anesthetize the rat with i.p. ketamine (50 mg kg-1) and xylazine (5 mg kg-

1) mixed in the same syringe.  

4. Apply an ocular surface protecting lubricant to prevent corneal 

dehydration and ulceration.  

5. Monitor the intensity of anesthesia by foot pinch.  

6. Shave the ventral side of the neck using an animal clipper. 

7. Place the animal on the Styrofoam pad on its back, with the head located 

towards the operator. Place the animal`s neck over a cushion (e.g. two 

medium staples), and hold its limbs with smaller staples. Stretch the 

animal`s neck by pulling on the upper incisors with the biggest staple and 

gently pull out the tongue to assure an adequate airway (see 

Supplementary Video 1 online).  

8. Rinse the skin with 5% benzalkonium chloride solution.  

Incision and salivary gland dissection  

9. Use the operating scissors to make a ~2.5 cm mid-line skin incision in the 

ventral side of the neck, from the regio intermandibularis to the regio 

presternalis (Figs. 2A-B) (see Supplementary Video 2 online). 

! CAUTION The glandular tissue and the branches of the linguofacial 

veins (LFV) located at the level of the chin should not be damaged. 

10. Retract the cut edges of the skin to adequately expose the superficial 

cervical fascia (SCF) and the underlying mandibular salivary glands 

(Figs. 2B-C) (see Supplementary Video 3 online).  
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11. Cut the soft connective tissue at the level of the mid-line, between the left 

and right mandibular glands (Fig. 2C) (see Supplementary Video 4 

online).  

 ? TROUBLESHOOTING (see Table 1) 

12. Lift up the mandibular glands and cut medially the translucent sheets of 

connective tissue that bind the glands to the SHM, SMM and DM (Figs. 

2D-E) (see Supplementary Video 5 online). 

! CAUTION During this step, the EJV and Wharton`s duct are exposed. 

Damage to these structures can cause complications from severe 

bleeding and saliva leakage from the wound with delayed scarring and 

local infections.  

13. Retract the skin and mandibular glands laterally using a self-retaining 

microdissecting retractor (Fig. 2E) (see Supplementary Video 6 online). 

! CAUTION The EJV must not be retracted. 

SCG identification and removal  

 The following steps may be performed under direct vision or, preferably, 

using a magnifying instrument. The neck must be positioned properly as 

shown in Supplementary Video 1.  

14. Expose the CCA, identify the SCG and remove it. Two different 

strategies to perform this step are described here: 

CLASSICAL TECHNIQUE 

A. Transect the OHM longitudinally to expose the CCA and its 

bifurcation (Figs. 2E-F) (see Supplementary Video 7 online). 

 ▲CRITICAL STEP  
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i. Using Q-tips, push the SMM laterally and the SHM medially. 

The CCA can be identified as a pulsating dark red vessel 

below the OHM that gives rise to a beating area in the 

muscle. 

? TROUBLESHOOTING 

ii. Use microdissecting spring scissors to create a hole in the 

OHM medially from the beating area, and extend the 

muscular section cranially. The thin venous branches and 

nerves should not be cut during the OHM section. 

! CAUTION If the hole is made over the beating area, 

massive bleeding due to CCA injury may occur. 

iii. Using Q-tips, retract the cut edges of the OHM to open the 

muscular incision and expose the CCA running alongside 

the lateral face of the VN. 

iv. Follow the CCA cranially until its bifurcation. 

? TROUBLESHOOTING 

B. Expose and identify the SCG (Fig. 2G) (see Supplementary Video 

8 online). 

i. Use microdissecting tweezers to turn over the ECA. 

! CAUTION Arteries must be held indirectly by the 

surrounding connective tissue to avoid tearing and profuse 

hemorrhage. Additionally, arterial compression can cause 

thrombosis due to endothelial injury.  

! CAUTION SCG removal should not be attempted via a 

ventral to dorsal approach through the carotid bifurcation. 
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This strategy may injure the carotid body (CB), located 

close to the ICA, and may rupture the OA and the carotid 

body artery (CBA) leading to profuse bleeding. 

ii. Identify the SCG medially from the carotid bifurcation. 

▲CRITICAL STEP Expose the ganglion with the tips of the 

tweezers via delicate and precise movements. 

? TROUBLESHOOTING  

! CAUTION During the training period the SCG may be 

confused with the VN, nodose ganglion, lymph nodes and 

HN. If the vagus nerves are seriously damaged, the animal 

will die from asphyxia.  

C. Pull the SCG until its avulsion (see Supplementary Video 9 

online). 

 ▲CRITICAL STEP  

i. Use the tweezers to tightly hold the distal end of the 

SCG. 

ii. Pull the ganglion until the carotid nerves and the ST are 

successively torn. Traction must be performed with 

constant strength, slowly and gently during ~30 

seconds, up and towards the animal`s tail.  

! CAUTION Excessive SCG traction may cause 

unexpected ganglion rupture and massive bleeding due 

to carotid artery damage. If a nerve branch offers 

resistance, cut it with scissors.  

INNOVATIVE TECHNIQUE 
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A. Locate the beating area of the ECA through the DCF that covers 

the CT (Fig. 2E) (see Supplementary Video 10 online).  

? TROUBLESHOOTING  

B. Use a Halsted mosquito hemostat to retract and maintain the ECA 

laterally. This action allows the operator to use both hands in the 

following steps (see Supplementary Video 11 online). 

C. Create a hole in the DCF medially from the ECA (Figs. 2F') (see 

Supplementary Video 12 online). 

D. Identify the SCG medially from the carotid bifurcation (Fig. 2G').  

E. Hold the SCG by the ST and release its nervous branches from 

the carotid sheath with the tip of a tweezers. If too much 

resistance is noted, carefully cut the tough connective tissue with 

a pair of scissors (see Supplementary Video 13 online). 

F. Cut the preganglionic and postganglionic branches and remove 

the SCG (see Supplementary Video 14 online).  

i. Using microdissecting tweezers, delicately stretch the 

ganglion`s branches.  

ii. Use microdissecting spring scissors to successively cut the 

ST, ECN and ICN ~3 mm from the ganglion.  

▲CRITICAL STEP Remove the connective tissue 

surrounding pre and postganglionic nerves in order to be 

certain that they will be actually sectioned at a level where 

neuronal perikarya are absent. 
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! CAUTION Other nerve branches from the SCG have 

been described (Hedger and Webber, 1976). They may be 

cut to remove the ganglion completely.  

iii. Harvest the intact SCG.  

NOTE: The innovative approach allows operators to 

perform decentralization and denervation by nerve 

sectioning, crushing, freezing or ligation (Zigmond et al., 

1985; Taxi and Eugène, 1995). In experiments with long 

survival times (i.e., 1 month or longer), a large piece of the 

nerve may be removed to avoid reinnervation of the 

denervated tissues. To decentralize the SCG, the cervical 

ST should be cut ~3 mm before its entry into the ganglion 

and again more caudally, removing a 5-10 mm long piece 

of the nerve trunk (Zigmond et al., 1985). To denervate 

ECN targets, the ECN should be cut near the SCG and 

again more distally, removing a 3-5 mm long piece of the 

nerve (Romeo et al., 1986). Finally, to denervate ICN 

targets, the ICN should be cut near its entry into the carotid 

canal and again near the SCG, removing a piece of 3-5 mm 

of the nerve (Zigmond et al., 1985).  

15. When a bilateral SCGx is to be performed, repeat the procedure on the 

other side of the neck. 

16. Pull out the self-retaining retractor. 

Closure and postoperative care 
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17. Close the skin with 4-0 nylon, using a simple interrupted suture, placing a 

stitch every 4-5 mm. Skin can be also closed using wound clips. 

18. Wipe the skin with povidone-iodine solution.  

19. Place the rat on a warming pad to recover.  

20. Transfer the animal into a cage with free access to food and water in a 

warm and stress free environment. 

▲CRITICAL STEP Rats with bilateral SCGx barely survive in a cold 

environment (<16ºC) within the first 48 hours post-surgery. Moreover, 

acute SCGx produces a mild nocturnal hypothermia. Rats return to their 

preoperative baseline levels of body temperature around the second day 

after SCGx (Romeo et al., 2009).  

! CAUTION Denervated tissues may respond to systemic 

catecholamines released by the adrenal medulla under stress conditions, 

complicating data interpretation (Klein et al., 1971; Parfitt and Klein, 

1976; Lynch et al., 1977). Loss of neuronal NE uptake sites in 

presynaptic membranes which accompanies the degeneration of the 

sympathetic nerve terminals and upregulation of NE receptors in the 

postsynaptic membranes may cause supersensitivity to circulating 

catecholamines in denervated organs (Iversen, 1971; Zigmond et al., 

1985).  

 

? TROUBLESHOOTING  

Troubleshooting advice can be found in Table 1. 

 Complete recovery of the rat is expected about one hour after the end of 

the surgery when ketamine/xylazine anesthesia is used. Due to the anatomical 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klein%20DC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klein%20DC%22%5BAuthor%5D
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characteristics of the cervical region, the risk of inadvertent damage to neural 

structures other than the SCG and its branches is minimal, and no vascular 

injury should occur when the surgical technique described here is carefully 

followed. However, if the CBA is accidentally damaged during surgical 

manipulation, profuse bleeding will occur, and hypoxia/ischemia effects on the 

ganglia are to be expected (Santer and Owen, 1986).  

 Operators with basic surgery skills can expect a learning curve of ~20 

animals to efficiently perform the SCGx. One of the coauthors, who had no 

previous surgical training in SCGx (M.R.F.), was able to master this technique 

by closely following this protocol. After an initial training period, the expected 

perioperative mortality using the innovative technique should be near 0%, and 

bilateral SCGx should take ~15 minutes. 

3.3. Verification of surgical performance  

3.3.1. Blepharoptosis 

 The palpebral ptosis is used as indicator of the successful removal of the 

SCG (Fig. 3A). Based on the Wallerian anterograde degeneration paradigm 

(latency-activation-paralysis), this phenomenon presents a specific time 

sequence: 1) transient blepharoptosis after the effects of the anesthetic wear 

off, up to ~10 hours post-SCGx; 2) transitory exophthalmus (protrusion of the 

eyeball) from ~10 to 30 hours after SCGx (Fig. 3B); 3) irreversible 

blepharoptosis from ~30 hours on. Animals without bilateral palpebral ptosis 

and, therefore, with incomplete surgery, could be easily identified and 

discarded.  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Santer%20RM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Owen%20RG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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3.3.2. Histology 

 A histological study of the removed structure is recommended to validate 

the success of the SCGx, especially during the early training phase. The 

macroscopic features of the SCG are shown in Figure 3D. Using classic 

staining techniques, different neuronal populations surrounded by satellite cells 

and crossed fibers were identified. The presence of an undisrupted connective 

tissue capsule and the proximal stumps of the pre and postganglionic nerves 

did confirm the complete harvesting of the SCG. Immunohistochemical studies 

were performed to corroborate the neuronal and sympathetic nature of the SCG 

via identification of neurofilaments and the enzyme tyrosine hydroxilase, 

respectively (Figs. 3E-F). 
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4. Discussion 

 During the last decades, the SCGx has become a reliable model in 

neuroscience, especially in neurophysiology, homeostatic regulation and neural 

recovery and regeneration after injury. In addition to the key location of the SCG 

in the sympathetic chain and their well-defined field of innervation, several 

anatomical and physiological features explain the breadth of application of this 

surgical procedure. In rat, the removal of the SCG can be performed through a 

minimally invasive approach with very low morbimortality rates. Moreover, the 

well-characterized anatomy of the SCG allows the operator to effect, with high 

reliability and reproducibility, different disruptions of the sympathetic pathway 

using the same surgical approach. It is possible to perform: 1) SCGx; 2) 

decentralization by cervical ST lesion (lesion of preganglionic axons) (STx) and; 

3) denervation via ICN or ECN lesion (lesion of postganglionic axons) (ICNx 

and ECNx). Notably, each procedure causes distinct physiological impacts. 

Whereas the SCGx removes all the neuronal cell bodies leading a complete 

and irreversible sympathetic denervation, a STx leaves the undamaged ganglia 

in situ, preserving neuronal responsiveness to hormonal and cytokine input 

signals and maintaining physiological activities in the postganglionic nerve 

endings, such as NE uptake (Iversen, 1971; Klein and Parfitt, 1976). The latter 

physiological mechanism makes decentralization a more effective procedure to 

completely prevent adrenergic stimulation in target tissues, such as the pineal 

gland, since the surviving nerve terminals from SCG postganglionic neurons will 

take up and inactive circulating catecholamines released under stress (Parfitt 

and Klein, 1976; Zigmond et al., 1985). On the other hand, the lesion of 

postganglionic axons unleashes a transitory sympathetic interruption, since the 
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injured neurons inside the SCG form regenerative sprouts that may reinnervate 

the denervated tissues and organs leading to variable recovery (Bowers et al., 

1984). The animal`s age and gender, the nature of injury, the distance between 

the lesion and the pericaryon, and the time frame between surgery and the 

analysis of its effects are all factors for consideration in choosing the model 

(Barron, 1983; Taxi and Eugène, 1995). 

 The possibility of performing different reproducible lesions and measuring 

quantitatively the degree of functional disruption and recovery through markers 

such as AA-NAT and melatonin makes SCG-related procedures ideal models to 

study the morphological, biochemical and physiological alterations of damaged 

neurons. Furthermore, the bilateral distribution of the SCG allows the 

combination of different SCG-related procedures in the same animal. In 

overlapping innervation target fields, such as the pineal gland, it is possible to 

perform unilateral procedures to study compensatory changes in the 

contralateral sympathetic pathway. On the other hand, when a structure is only 

innervated by the ipsilateral SCG, the contralateral target organ may be used as 

a control after a unilateral lesion. 

 As previously mentioned, SCGx implies the ablation of neuronal cell 

bodies that project their axons through the carotid nerves, activating the 

mechanisms responsible for anterograde degeneration. The resulting dual 

phenomenon of sympathetic inhibition and excitation makes the SCGx has 

advantages compared to electrical stimulation of the ST, which requires an 

anesthetized animal during assessment of outcome, and chemical 

sympathectomy. The latter, which is a commonly used strategy in chronic 

sympathetic denervation studies (Picklo, 1997), may induce several side effects 
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and autonomic systemic reflex sequelae, and unexpected toxic effects may lead 

to increased morbimortality rates. In addition, the degree of sympathetic 

depletion is dose-dependent, and evidence suggests that some drugs are not 

capable of sufficiently disrupting noradrenergic influence in specific target 

tissues, e.g. guanethidine in the rat pineal gland (Reuss and Kreis, 1995). 

 Palpebral position is a useful indicator of the time course of nerve 

degeneration and, therefore, the phase of the sympathetic inhibition/excitation 

phenomenon after SCG removal (Cardinali and Romeo, 1991) (Table 2). During 

the latent phase and chronic SCGx, NE is not released from the synaptic 

buttons at the Müller’s muscle. In consequence, this muscle becomes weak, 

leading to blepharoptosis. During acute SCGx, a transitory supraliminal release 

of NE from the degenerating varicosities may cause a sympathetic 

overstimulation of the extraocular and palpebral muscles, leading to palpebral 

retraction and eye ball protrusion (exophthalmus).   

 Blepharoptosis is the most common sign after SCGx and usually the only 

one used to assess the effectiveness of the surgery. Nevertheless, 

blepharoptosis itself does not necessarily imply that the SCG were completely 

removed. Either SCGx, STx or ICNx disrupt the sympathetic pathway to the 

eye, leading to eyelid ptosis. In our experience, when the classical technique is 

used, an incomplete SCG ablation or the section of the ST and/or ICN during 

removal of other tissues (e.g. fat, lymph node, muscle) instead the ganglia are 

the most frequent causes of false-positive ptosis. A conscientious evaluation of 

the time-dependent palpebral phenomenon may help to identify these mistakes, 

common in the early training phase, and discard the animals. This strategy 

exploits the lack of the exophthalmus phase in those animals where the ST 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Reuss%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kreis%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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were sectioned but the SCG neurons were not damaged; that is, when the 

anterograde degeneration of the ICN axons did not occur.   

 Blepharoptosis must be evaluated in an absolutely calm animal, 

otherwise systemic catecholamine release into the bloodstream due to stress 

may cause eyelid retraction in a properly ganglionectomized animal, resulting in 

a false-negative error. On the other hand chromodacryorhoea, a red periocular 

staining, may be occasionally seen during the first 72 hours post-SCGx due to 

the excessive porphyrin production by the rat Harderian gland (Fig. 3C). If this 

event persists, the presence of infectious diseases in the animal facility should 

be investigated (Williams, 2002). 

 To the best of our knowledge this manuscript presents the first thorough 

description of the SCGx in rat in the literature. An innovative procedure to reach 

and remove the SCG without muscular injury is also introduced here. This new 

strategy makes SCGx a more precise, less invasive and highly reproducible 

model. Moreover, the innovative technique allows the operator to confirm a 

complete ablation of the SCG and the proximal stumps of the emerging nerves 

during surgery. Advantages and disadvantages of the classical and innovative 

techniques can be found in Table 3. 

 The anatomical study presented here is consistent with previous 

descriptions of the cervical sympathetic chain (Hedger and Webber,1976; 

Weijnen et al.,2000) and the arterial vessels of the upper neck (Santer and 

Owen, 1986). Our additional contribution is to describe the anatomical-surgical 

layers of the ventral neck, emphasizing the anatomical landmarks to reach the 

SCG and to identify their principal branches to consistently perform different 

SCG-related procedures. 
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 In conclusion, this paper provides a review of the principal features and 

applications of the SCGx, presents valuable anatomical landmarks in the rat’s 

neck, describes in detail, for the first time in the literature, two alternative 

surgical procedures to completely remove the SCG, and offers visual material 

for training purposes. We hope that standardization of the rat SCGx protocol will 

allow researchers to organize knowledge into a cohesive framework in the 

different areas where the SCGx is applied.  
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Figure 1 │ Photo series of the dissection of an exsanguinated rat’s neck. (A) 

Ventral view of the neck with key anatomical landmarks. (B) Exposure of the 

superficial cervical fascia (SCF) after retracting the skin. (C) Removal of the 

SCF and exposure of the mandibular glands, Wharton`s ducts, anterior belly of 

the digastric muscles (aDM), masseter muscles (MM), external jugular veins 

(EJV) and lymph nodes. (D) Retraction of both mandibular glands and complete 

visualization of the left EJV. SMM: sternomastoid muscles. (E) Exposure of the 

SMM, sternohyoid (SHM) and omohyoid muscles (OHM), aDM and posterior 

belly of the digastric muscle (pDM). The boundary between the SHM and the 

left OHM is indicated with a dotted black line. (F) Retraction of the left SMM and 

exposure of the carotid triangle (CT). (G) Transection of the left OHM and SMM 

and exposure of the deep cervical fascia (DCF), the carotid sheath and lymph 

nodes. The carotid bifurcation zone is located below and medially from the 

mandibular angular process. (H) Partial removal of the left carotid sheath and 

medialization of the external carotid artery (ECA). The common carotid artery 

(CCA), vagus nerve (VN), the carotid bifurcation into ECA and internal carotid 

artery (ICA), the occipital artery (OA) and the hypoglossal nerve (HN) are 

clearly observed. The SCG is located behind the carotid bifurcation and is still 

embedded in fat and connective tissue. (I) Removal of the left OA and 

dissection of the SCG, external and internal carotid nerves (ECN and ICN) and 

the sympathetic trunk (ST). 
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Figure 2 │ Strategies to reach and identify the SCG. (A) Image of the rat neck 

ventral area showing the regio presternalis, the regio intermandibularis between 

the mandibular branches, and the line where the skin incision will be performed 

(dotted black line). (B) Exposure of the superficial cervical fascia (SCF) after 

skin incision. (C) Retraction of the skin’s cut edges and exposure of the 

branches of the external jugular veins (EJV). The boundaries of the mandibular 

glands are indicated with dotted black ovals. A dotted line indicates the place 

where the SCF will be cut. (D) Exposure of the sternohyoid (SHM) and 

sternomastoid (SMM) muscles, and the EJV after retraction of the mandibular 

glands. Dotted black ovals indicate the beating areas. Inset: branches of the 

linguofacial veins (LFV) and Wharton’s duct. (E) The dotted black line on the 

right side of the neck shows where the omohyoid muscle (OHM) will be 

transected in the classical technique. On the left side, the carotid triangle (CT), 

the anatomical landmark used in the innovative technique, is fully exposed after 

cutting the connective tissue sheets that bind together the SHM and the 

posterior belly of the DM (pDM) (see inset). The SMM, the pDM and the partially 

exposed OHM compose the boundaries of the CT, which is covered by the 

deep cervical fascia (DCF). Classical technique: (F) Transection of the OHM 

and retraction of its cut edges with Q-tips, revealing the common carotid artery 

(CCA) and the vagus nerve (VN). Inset: the SCG, covered by connective tissue, 

is observed underneath the carotid bifurcation into external and internal carotid 

arteries (ECA and ICA) and the occipital artery (OA), and medially from the 

hypoglossal nerve (HN). (G) Exposure of the SCG after pulling the ECA laterally 

(see inset). Innovative technique: (F') Identification of the CCA, ECA, ICA, HN 

and SCG through the CT (see inset). (G') Exposure of the SCG by pulling 
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laterally on the ECA. Note that the artery is held indirectly by the DCF (see 

inset). (H) Outcome after bilateral SCGx using the classical (right) and the 

innovative (left) techniques. Muscle injury is not caused in the latter approach. 
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Figure 3 │ Verification of surgical performance. (A) Unilateral blepharoptosis 

after left superior cervical ganglionectomy (SCGx). (B) Transient unilateral 

exophthalmus after left SCGx. (C) Chromodacryorhoea after bilateral SCGx. (D) 

Macroscopic view of the superior cervical ganglion (SCG) and its pre and 

postganglionic branches. ST: sympathetic trunk; ECN and ICN: external and 

internal carotid nerves. Scale bar: 2 mm. (E) Indirect immunohistochemistry 

revealing neurofilament-containing cells within the SCG (green, 10X). Inset: 

fluorescent neurofilaments and DAPI-labeled nuclei (blue, 60X). Scale bar: 0.5 

mm. (F) Immunohistochemistry showing the sympathetic nature of the SCG via 

labeling tyrosine hydroxylase-containing neurons (red, 10X). Inset: fluorescent 

sympathetic perikarya with a cytoplasmic granular pattern and DAPI-labeled 

nuclei (blue, 60X). Scale bar: 0.5 mm. 
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TABLE 1 │ Troubleshooting table. 

Step Problem Possible Reason Solution 

11 Salivary 
gland’ 
damage and 
bleeding 

Unclear boundary 
between right 
and left 
mandibular 
glands 

Stretch the superficial cervical fascia 
and cut the poorly vascularized 
connective tissue  
following the neck`s midline  

14.  
Classical 
Technique. 
A.i 

Poor 
exposure of 
the beating 
area 

Inadequate 
omohyoid muscle 
exposure 

Retract skin and salivary glands 
completely and retract the 
sternomastoid and sternohyoid 
muscles laterally and medially, 
respectively 

14.  
Classical 
Technique. 
A.iv 

Carotid 
bifurcation 
is not 
identified 

Carotid 
bifurcation is 
covered by the 
deep cervical 
fascia 
 
Internal carotid 
artery is barely 
seen due to its 
deeper and 
lateral location 

Remove the deep cervical fascia 
using microdissecting tweezers 
 
 
 
 
Bluntly dissect the common carotid 
artery until its Y-shaped bifurcation is 
identified 

14.  
Classical 
Technique. 
B.ii  

SCG is not 
found 

Insufficient 
traction of the 
external carotid 
artery 
 
Surgical field is 
blood-stained 

Pull the external carotid artery further 
 
 
 
 
Wipe out blood with a Q-tip 
 

14. 
Innovative 
Technique. 
A. 

Carotid 
triangle is 
not 
identified 

Sternohyoid 
muscle and 
posterior belly of 
the digastric 
muscle are 
bound by the 
deep cervical 
fascia 
 
Carotid triangle is 
masked by a 
lymph node  

Cut the connective tissue sheets 
between both muscles and, with Q-
tips, simultaneously push the 
sternohyoid and omohyoid muscles 
medially and the posterior belly of the 
digastric muscle laterally 
 
 
 
Displace the lymph node 
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TABLE 2 │ The SCGx paradigm and blepharoptosis.  

Neuronal 
modifications 

Experimental 
phase 

Onset 
and 

duration 

Neurotransmitter 
release 

Norepinephrine 
levels in the 
denervated 

organs 

Effects 
Upper eyelid 

position 

Perikarya 
removal 
(SCGx) 

Latency phase 0 to 10h  
Not present 

 
Stable 

concentration 

Transitory 
postsynaptic 

paralysis 

Transient 
blepharoptosis 

Wallerian 
degeneration 

Acute SCGx 10
 
to 30h 

Supraliminal 
release from the 

degenerating 
varicosities 

Progressive 
decrease  

Postsynaptic 
activation 

Temporary 
exophthalmus  

Complete 
nerve 

degeneration 
Chronic SCGx >30h 

Not present 
 

Complete 
norepinephrine 

depletion 

Permanent 
postsynaptic 

paralysis 

Permanent 
blepharoptosis 

 

 

 

Table 2
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TABLE 3 │ Classical vs. innovative techniques: advantages and 

disadvantages. 

 CLASSICAL TECHNIQUE INNOVATIVE TECHNIQUE 

Muscular section 
(Fig. 1h) 

Required Not required 

Use of the carotid 
triangle as a key 
anatomical landmark 

No Yes 

Risk of massive 
bleeding due to 
artery tear* 

Medium-Low Very Low 

Animal mortality* Medium-Low Very Low 

Risk of incomplete 
SCG removal* 

Medium  
 

Very low#  
 

Surgical skills, 
anatomical 
knowledge and 
experience 

Less required More required 

*These outcomes are strongly operator and training phase-dependent. 
# Intact ganglion harvesting allows further studies on the removed SCG. 
 

Table 3
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