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VIII ABSTRACT BACKGROUND AND OBJECTIVES: Mankind has undoubtedly experienced pain since the beginning of time. Treatment of pain is one of the oldest of human needs from earliest time this need has been met by both rational and superstitious means. In the clinical practice to deal with the abdominal pain is a challenge. Especially in the patients suffering from chronic pancreatits, and carcinoma of the pancreas, liver, gall bladder, and stomach using only analgesics. In the recent years as a palliative measure to over come pain in such patients i.e, suffering from chronic pancreatits and cancer pancreas, surgeons have developed the surgical procedure called video assisted Thoracoscopic splanchnicectomy(VATS), which is more effective and would cause less morbidity.



Early attempts of relieving pain by



splanchnicectomy were a failure due to limited knowledge of variation in the formation of splanchnic nerves. Hence the present study was undertaken to know the variant neural pattern of the splanchnic nerves in the Indian subjects. METHODS: In the present study 50 sides of embalmed adult cadavers( 8 males and females;total-15) and embalmed full term fetuses (7male and 3 female;total-10 ) were dissected .



Following removal of skin, superficial fascia and muscles covering the



anterior thoracic wall, thoracic cage was cut along the mid axillary line using bone cutter and thoracic cavity was eviscerated then it was followed by stripping of pleura of posterior thoracic wall, and thoracic sympathetic chain was identified on either side of the vertebral column. Then by fine dissection course of the splanchnic nerves and thoracic sympathetic chain were exposed and cleaned.



IX Data was collected in terms of highest and lowest roots of origin of GSN, LSN,lSN,incidence of occurrence of GSN, LSN, lSN,



and presence of splanchnic



ganglion, duplication of the sympathetic chain. RESULTS:GSN & LSN were found in all of the adult cadavers as well as fetuses ie. (100%) incidence. Least splanchnic nerves was absent in 6 sides of adult cadavers and 4 sides of foetal specimens.Except for one side in the Adult female cadaver the more common highest root of origin of GSN was T4 onwards only.LSN arose from T9 being the highest root of origin in present study.In one case in the present study it arose from T10 otherwise it was only from T11 or T12 and occasionally interval between T12 and L1. Apart from this details other aspects i.e the bilateral symmetry of splanchnic nerves was looked for: Highest roots of origin of the GSN was the same on both sides in Five adult cadavers and in one foetal specimen.In one male and one female adult cadavers and also in one male foetus the origin of the LSN was symmetrical on both sides. Multiple Roots : Splanchnic nerves also arose from multiple roots, in present study it was ranging from 1 – 7 roots. Intersplanchnic Connections : was observed between GSN & LSN in 4 sides of adult cadavers and 2 sides of foetal specimens. INTERPRETATION AND CONCLUSION : Incidence of occurrence of GSN & LSN was 100% in all the 50 sides dissected and incidence of lSN was 78% in present study. Bilateral symmetry was more noticed only with lSN and there was not much difference between male and female specimens. Splanchnic ganglion was not noticed in fetal specimens. But splanchnic ganglion was noticed in adult cadavers in the course of GSN. Intersplanchnic connections were seen between GSN and LSN. GSN and LSN always terminated into celiac ganglion, lSN terminated into renal plexus.



X Normal pattern of the splanchnic nerves involves roots coming from each of the thoracic ganglion forming the splanchnic nerves if there is skipping of one thoracic ganglion it is a variant. Considerable variation between the data available on the splanchnic nerves and the present study was also noticed. For successful palliative surgery the sound knowledge of the variations in the formation of splanchnic nerves is necessary. KEYWORDS: Pain, Pancreatic neoplasms, Splanchnic nerves, Surgical palliation,Sympathetic nervous system,Thoracoscopy.
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1 INTRODUCTION Mankind has undoubtedly experienced pain since the beginning of time. Early man attributed pain to demons, evil humors, and dead spirits. Accordingly, treatment of pain entailed discouraging their entrance to the body, blocking their entry, or once inside, drawing, transferring, or removing them from the body. punishment from the gods.



Later pain was felt to be



The word ‘Pain’ comes from the Latin ‘poena’, for



punishment. The treatment of pain is one of the oldest of human needs. From earliest time this need has been met by both rational and superstitious means. From prehistoric bones to artifacts of ancient civilizations, evidence of pain and attempts at its relief has been found throughout the history. Present day agents and techniques have been modified from and improved upon those of the past. Wine, the opium poppy, the coca plant, and the willow tree all have modern day pharmaceutical counterparts. Further development upon the needle and syringe, along with innovative regional anesthetic techniques, have allowed us to deliver those drugs in the new and promising ways. The discovery of x-rays has lead to their applications in the diagnosis and treatment of pain, as well as an adjuvant to its increasingly invasive treatment procedures. Abdominal pain is a major clinical problem in patients suffering from chronic pancreatitis, and carcinoma of the pancreas liver, gallbladder and stomach. Preganglionic fibers



from T 5 to T 10 from the greater splanchnic nerve end in



corresponding celiac ganglia. The lesser splanchnic nerves (T10 to T11) and least



2 splanchnic nerves (T 11 to T12) also synapse at the celiac ganglia. The postganglionic fibers arising from the celiac ganglion innervate the pancreas and other abdominal organs derived from embryonic foregut. Nociceptive information from the pancreas is mainly carried by celiac plexus, which is mostly made of sympathetic fibers with some parasympathetic contribution.



The



visceral pain transmitted reaches the spinal cord and thalamus and is perceived by the cortex as pain. Pain from the pancreas is mainly visceral and is characterized as a dull, deep, epigastric pain, which is poorly localized. The pain also radiates to the upper thoracic and lower lumbar regions. Procedures like celiac ganglion block , excision of the pancreatic nerve plexus as measure to relieve pain associated with pathological conditions of the pancreas have a limited success. Splanchnicectomy is of particular importance in the management of pain control in conditions such as chronic pancreatitis, and carcinomas the pancreas, liver, gallbladder and stomach. The emergence of minimal access surgery has rekindled interest in splanchnic nerve resection since it largely obviates the morbidity and mortality associated with thoracotomy. Superior visualization of the splanchnic nerves via the video scope has alerted surgeons to the variations of the splanchnic nerves.



The



outcome of the surgery can be unpredictable if the variable anatomy the splanchnic nerves is not kept in mind by the surgeon during the operation1-4



.



The present study was undertaken to establish a predictable pattern of splanchnic nerve anatomy



to



effect



splanchnicectomy.



adequate



denervation



of



upper



abdominal



viscera



by



3



HISTORY OF THE DISCOVERY OF THE SYMPATHETIC NERVOUS SYSTEM AND THE SPLANCHNIC NERVES 5-10 The discovery of the sympathetic nervous system is a long and colourful history which has taken over a period of twenty centuries beginning from Galen to Langley: The structures which are known today as the peripheral vegetative nervous system were morphologically rather well known to Galen (A.D. 130-200), the greatest anatomist and physiologist of antiquity. His descriptions suggest that he gained his Knowledge mostly from dissecting pigs. The earliest neuroanatomists such as Herophilus and Erasistratus did not recognize visceral nerves, but it is amazing that Galen (c A.D. 130-200) distinguished the sympathetic trunks. He regarded them as ‘costal’ branches of the ‘sixth’ pair of cerebral nerves (now known as the tenth pair of vagi) and that they descended across the roots of the ribs, received connections from the thoracic and lumbar parts of the spinal cord, and were distributed to the viscera. He obviously did not differentiate the cervical portion of the sympathetic trunk from the vagus. He also described three swellings on each costal nerve, one just above the level of the larynx, another at the thoracic inlet, and a third in the upper abdomen. There is little doubt that these were the superior and inferior cervical (or stellate) sympathetic ganglia and the celiac (semi lunar) ganglia of the celiac (solar) plexus. Galen did not differentiate the inferior (nodose) ganglion of the vagus nerve as a separate entity and possibly he included it in the uppermost swelling. He imagined that the costal nerves and their branches were the pathways through which the viscera were endowed with sensitivity and motor power. His so-called 'sixth cranial nerve' comprises what we call today the



4 ninth (glossopharyngeal), tenth (vagus), eleventh (accessory)



nerves and the



sympathetic chain. He described the superior cervical ganglion, the Inferior cervical ganglion, the semi lunar ganglion and the rami communicantes. Galen also originated the idea that ‘sympathy’ or ‘consent’ exists between all parts of the body and that the brain and nerves played an essential role in this relationship. Galen avoided some of the ancient errors, but as his observations were based on animal dissections and experiments, many were inexact or incorrect when applied to human anatomy. Yet no man has ever exercised a greater or more prolonged influence, and his many original observations, along with his modification and systematization of older concepts, dominated all medical writing and teaching for almost fourteen centuries. Still later mediaeval writers such as Mondino (1316), Leonardo (b. 1452, d. 1519), Benedictus (1508), and Berengarius (1530) added little or nothing to our knowledge of the nervous system. They did not even mention the visceral nerves. As is well known, medical science remained stationary from Galen to the renaissance. Even the great Vesalius (1543)(see Fig-1) followed Galen’s teaching in this matter, describing the sympathetic trunks as the ‘costal’ branches of the ‘sixth’ pair of cerebral nerves, but Estienne or Stephanus (1545)(see Fig-2) and Eustachius (1524-74) the younger contemporary, of Vasalius, who in 1563 realized that the vagi and the ‘costal’ nerves (sympathetic trunks) were separate entities. The plates of Eustachius, engraved about 1552 but not published until 1714, reveal that he had a clearer conception of the sympathetic trunks and their branches than any of his predecessors)(see Fig-3). He supposed that the sympathetic trunks arose within the skull from the abducent nerves and he sketched a number of ganglia along their course and various rami communicantes. Their relationships to the vertebrae, brachial, and sacral plexuses were clearly depicted, and inferiorly they were represented as converging towards the lower



5 end of the sacrum. Numerous branches arising from and inter connecting the trunks are visible, especially in the abdomen, but the viscera are omitted and now there is no means of determining accurately the exact distribution of these branches.Vasalius’s views were rectified by Riolan(1657; see Fig-4) Another original investigator was Vesalius' successor in the chair at Padua, Fallopio. Fallopio traced the 'origin' of the sympathetic trunk to a higher point than Vesalius had, but (more realistically) had got lost in its complex of communications with the vagus and cervical nerves. Great progress in our knowledge and understanding of the autonomic nervous system was achieved by Thomas Willis (1621-75) especially through his ‘De cerebri anatome’ (1664) with the remarkable illustrations of the rebuilder of London, Christopher Wren. Willis's anatomical knowledge of the vagus and of the sympathetic, which he calls 'intercostalis', and therewith follows Eustachius in separating the two structures, was much better than that of his predecessors. But above all he made the momentous differentiation between voluntary motion, governed supposedly by the cerebrum, and involuntary motion, governed by the cerebellum, from which vagus and intercostalis descend. Sympathy is carried between the two systems through the rami communicantes. Nerves surrounding vessels are able to constrict them in a mechanical way. Willis (1664) gave the name ‘intercostal’ nerve to the sympathetic trunk as “an inner branch (of the sixth pair of the cranial nerves hanging upto the rackbones (vertebrae) and strengthening the intercostal nerves and is therefore called Intercostalis”. Willis’s descriptions and illustrations of autonomic nerves, like his work on the brain represent a major advance in knowledge. For the first time the prevertebral sympathetic plexuses and their branches were described and represented with reasonable accuracy.



He



thought that trunks had an intra cranial origin. But he showed the cervical ganglia and



6 rami communicantes clearly and indicated the ansa subclavia, a discovery wrongly attributed to Vieussens.



Cardiac branches are depicted uniting with similar vagal



contributions to form a plexus, from which numerous branches are supplied to the heart and aorta. He distinguished more accurately than any previous worker the origin and distribution of the thoracic splanchnic nerves, illustrating three nerves on each side corresponding to them, and paired ganglionic enlargements resembling the celiac and aorticorenal (or possibly renal) ganglia. In Willis’s work, we find that he has represented the superior (greater) thoracic splanchnic nerves as bifurcating to end partly in the celiac and aorticorenal ganglia. On the right side in his plate both the middle (lesser) and inferior (lowest) thoracic splanchnic nerves were shown ending in the aorticorenal (or renal) ganglion, while on the left side the middle nerve ended in this ganglion and the inferior joined a renal branch derived form it.



Willis also demonstrated the celiac ganglia and their



interconnections, the superior mesenteric plexus, the intermesenteric nerves, and renal branches arising from these structures. François Pourfour du Petit of Paris (1664-1741), corrected the ancient misconception about the intracranial origin of the ‘intercostal’ nerves and pointed out that they have no direct connections with the brain. Although the significance of this observation was not fully appreciated until the time of Gaskell and Langley, most investigators following du Petit recognized that the rami communicantes constitute the only pathways between the central nervous system and the sympathetic ganglia. Johnstone (1765) introduced the terms ‘ganglionic nerves’ and ‘ganglionic nervous system’ and supported the view, first adumbrated by Winslow, that the ganglia were independent nerve centers in which the



effects of the will were intercepted, so



rendering visceral movements involuntary, and in which sensory visceral impulses were interrupted, so rendering the viscera relatively insensitive. With F. X. Bichat (17711802) a turning-point in the history of the autonomic nervous system was reached in 1800, who preached the doctrine of the complete independence of the parts of the nervous system controlling ‘la vie organique ‘ and ‘la vie animale,’ or in modern parlance, autonomic and somatic functions.



7 Reil (1807) introduced the term “Vegetative nervous system”. Like Bichat, he regarded the sympathetic ganglia as independent nerve centers.



He interpreted the



communicating rami as connections between the animal and the vegetative nervous systems which serve as semiconductors. According to his view, sensory impressions from the viscera do not ordinarily reach the brain, but in disease sensory impressions from the vegetative sphere may be transmitted through the communicating rami and thus reach the level of consciousness. Robert Remak (1815-65), the greatest of the microscopical investigators of the nervous system, published no less than three basic discoveries in his doctoral thesis of 1838. He discovered the unmyelinated fibers in the sympathetic system. This explained the existence of grey and white rami. He furthermore discovered that nerve fibres always arise from ganglion cells. He also described the axis cylinder. The microscopical results of Remak, Valentin and others constituted strong support for the assumptions of Bichat concerning the particular character of the vegetative nervous system The earliest description of nerve cell bodies in sympathetic ganglia probably is that of Ehrenberg (1833), who also recorded some observations on the microscopic structure of nerve fibers. Valentin (1836) described the histologic structure of sympathetic ganglia, including the ganglion cells, in greater detail. He recognized the fibers of the white communicating rami as arising in the spinal cord and entering the sympathetic ganglia, and distinguished between fibers which terminate in the ganglia and those which pass through them, but he failed to recognize the neural nature of the unmyelinated fibers which Remak (1838) described as arising from the sympathetic ganglion cells and which he called “organic” fibers.



8 All modern work on the vegetative system is based on the research of W. H. Gaskell (1847-1914) and John Newport Langley (1852-1925) of Cambridge. Gaskell’s (1886) masterly anatomical and physiological studies demonstrated their complete structural and functional relationships. He first differentiated clearly the cranial (mesencephalic and bulbar), thoracolumbar, and sacral outflows by a careful study of the various nerves and nerve roots; and later (1916) he grouped them, together with the sympathetic trunks and the prevertebral and other ganglia, as the involuntary nervous system.



He



postulated the existence of two antagonistic systems within the involuntary system. He regarded it as a purely efferent system of fibres, preferring the term connectors for the fibres connecting the neuraxis and sympathetic trunk ganglia and reserving the term effectors for the terminal efferent neurons. He noted that some nerves, such as the vagus and sympathetic, produced inhibitory and excitatory functions respectively. He coined the terms anabolic and katabolic to describe the two types, on the basis that nerves like the vagus are concerned with the protection and preservation of bodily resources, so building up reserves for future requirements, whereas sympathetic activity provides for the immediate needs of the body by appropriate and if need be rapid adjustments of cardiovascular, respiratory and glandular activities. All these points were elaborated through the monumental work of Langley. Langley called the vegetative system the 'autonomic nervous system'. He developed the notion of antagonism between sympathetic and parasympathetic systems. First through experiments with the heart and the stomach, later with blood vessels, he demonstrated the pre-ganglionic and post-ganglionic neurones in the sympathetic. His usual technique after 1889 was interruption of the synapses in the sympathetic ganglia by the application of nicotine. Hirschmann had demonstrated in 1863 that nicotine paralyses the cervical sympathetic. With this method Langley could show amongst other things that sensory fibres traverse the ganglia without interruption. Langley and Dickinson (1890) discovered in the action of nicotine on the ganglia a new method of investigating the relationships of nerve fibers to peripheral ganglion cells. The results obtained by



9 the use of this method led Langley (1898) to propose a new terminology for the system of nerves in question. He called it the “autonomic nervous system”, although he was not unmindful of its anatomical and functional relationships to the cerebrospinal nervous system. Oliver and Schafer discovered epinephrine in 1894 and experiments by Langley (1901) established its sympathomimetic effects. This fact, and the parallel discovery that pilocarpine produced effects like those resulting from stimulation of the fibres in the craniosacral outflow, led Langley in 1905 to suggest that the latter should be grouped as parasympathetic and that the older term sympathetic should be reserved for the fibres in the thoracolumbar outflow.



ANATOMY OF THE THORACIC SYMPATHETIC CHAIN AND THE SPLANCHNIC NERVES 5-7,11-14 The sympathetic trunks enter the thorax from the neck ,and descend anterior to the necks of the ribs and in front of the posterior intercostal vessels and accompanying nerves. The thoracic parts of each of the trunks commonly have 11 of 12 separate ganglia of varying size; occasionally there can be 10 or 13. The first thoracic ganglion is often fused with the inferior cervical sympathetic ganglion to form the cervico thoracic or stellate ganglion.The second thoracic ganglion is often fused with the first. The remaining ganglia generally lie at the levels of the corresponding intervertebral discs. Sometimes the portion of the sympathetic trunk between two adjacent ganglia is doubled ; at other times it may be slender. The sympathetic trunks enter the abdomen by piercing the crura of the diaphragm or by passing behind the medial arcuate ligaments. The trunks and ganglia are connected with the ventral rami of the thoracic nerves by rami communicantes.Each ganglion has one to four rami communicantes , which connect it with corresponding nerves above and below (see Fig-5). The Splanchnic Nerves: Strictly speaking all the visceral branches are splanchnic nerves, but by usual practice the term is applied especially to a group of nerves arising from the thoracic portions of the sympathetic trunks which carry a large number of the fibres supplying the



10 abdominal viscera. They do not represent the entire abdominal sympathetic supply even from supradiaphragmatic sources, as other sympathetic fibres are conveyed from thorax to abdomen through the esophageal and aortic plexuses and in the inconstant para-aortic nerves, and those for abdominal parietal structures accompany the branches of the spinal nerves supplying these areas. Substantial additional contributions arise within the abdomen from the lumbar portions of the sympathetic trunks. Greater, lesser, and lowest (least) splanchnic nerves are commonly described, and in the older literature an additional highest nerve is sometimes mentioned. The qualification ‘thoracic’ or ‘thoracoabdominal’ should be applied to them. The highest splanchnic nerve (ramus splanchnicus supremus) – Wrisberg (1780) and Ludwig (1793) described an inconstant ramus splanchnicus supremus, which was reputedly formed at the root of the neck by rootlets from the cervical cardiac nerves, from the recurrent laryngeal or main vagal nerves, and from the inferior cervical ganglion.



After a variable course within the thorax, this nerve either joined the



posterior vagal trunk or entered the abdomen alongside the aorta to end in the celiac plexus. Sometimes the right and left nerves coalesced to form a single trunk before entering the abdomen. In one specimen the right nerve ended partly in the renal and superior mesenteric plexuses. Lobstein (1823) and Valentin (1843) also mentioned this nerve, basing their descriptions on those of the earlier writers and not on personal observations of the actual nerves. 1. The Greater (superior thoracic) splanchnic nerve: is almost invariably the largest of the thoracic splanchnic nerves, and only twice in sixty specimens (120 sides) in which this particular feature has been studied was it equalled in size by other splanchnic nerves. As a rule it arises by three or four larger roots and an inconstant number of smaller rootlets from the fifth or sixth to the ninth or tenth thoracic ganglia inclusive. Some of the rootlets often arise from the interganglionic cords. In about 15 percent the upper root originates as high as the fourth thoracic ganglion, or the upper main root of the nerve is connected to this ganglion by a loop. However, some of the actual fibres conveyed in the nerve may descend from, or ascend to, the level of the first or second thoracic ganglia through the sympathetic



11 trunk. The majority of the constituent fibres are myelinated and both preganglionic and afferent fibres are present. The various roots and rootlets pass obliquely forwards, inwards, and downwards across the sides of the thoracic vertebral bodies and intervertebral discs, lying anterolateral to the adjacent portions of the intercostal vessels and immediately behind the parietal pleura, and they unite to form a nerve of considerable size – the greater splanchnic nerve. On the right and left sides these nerves are near the azygos and hemi azygos veins respectively.



The right nerve lies close to the



thoracic duct in part of its course and is not far distant from the descending thoracic aorta and the esophagus. Apart from the thoracic duct the relationships on the left side are similar. A splanchnic ganglion of varying size may be found along the course of the greater splanchnic nerve opposite the eleventh or twelfth thoracic vertebrae. 2. The Lesser (middle thoracic) splanchnic nerve: is formed by one to three rootlets from the ninth and tenth or tenth and eleventh thoracic ganglia, or form the cords between them. It is generally distinctly smaller than the superior nerve, and lies slightly lateral to it in the lower thorax and as it pierces the diaphragmatic crus to enter the abdomen.



Sometimes it penetrates the diaphragm with the superior



splanchnic nerve. After a short intra-abdominal course between the diaphragm and suprarenal gland it divides into several filaments which end in the aorticorenal ganglion or adjacent part of the celiac plexus. Often one or two terminal filaments enter the upper and posterior part of the renal plexus, or pass to the superior mesenteric plexus or to the upper ends of the intermesentric nerves near the points where they give off their renal branches. In about 5 percent of subjects this nerve is absent on one or both sides. It is then represented by an extra lower root to the superior thoracic splanchnic nerve, or by rootlets from the tenth or occasionally from the ninth or eleventh ganglia which fuse with the inferior thoracic splanchnic nerve. The nerve is adjudged to be inferior if it ends mainly or entirely in the posterior renal ganglion or in the posterior part of the renal plexus. The arrangement in such cases is seldom symmetrical. On one side



12 two thoracic splanchnic nerves may be present, and on the other side the more normal arrangement of three splanchnic nerves. 3. The Least (inferior thoracic or the lowest) splanchnic nerve: usually arises from the last thoracic ganglion which may be the tenth or eleventh in the thoracic series, depending on the number of ganglia present. It is usually, though not always, the smallest of the three nerves. It enters the abdomen on the medial side of the sympathetic trunk and ends in the posterior renal ganglion and adjacent part of the renal plexus. Rarely does it end entirely in the aortico -renal ganglion. Sometimes it may be absent . INNERVATION OF THE ABDOMINAL ORGANS AND PATHOPHYSIOLOGICAL BASIS OF PAIN:1,3,6,7,14,15,16 A thorough understanding of the visceral sensory pathways is of greatest practical importance to the neurosurgeon interested in the control of pain. The approach to this subject has been far from easy , not only because the objective study of pain by laboratory experiment is difficult ,but also because of earlier theories which , by very strength of tradition ,have stood in the way of progress. Suprarenal Gland: Relative to their size the suprarenal glands have more profuse innervation than any other viscera.Neumerous filaments pass outwards to each gland from the homolateral celiac ganglion and superior thoracic splanchnic nerve. The phrenic nerve always send twigs to the glands , which also receive occasional contributions from the homolateral splanchnic ganglion or from the lesser splanchnic nerve and first lumbar ganglion. Renal contribution from the thoracic splanchnic nerves: All the three thoracic splanchnic nerves the greater, lesser and the least splanchnic nerves supply contribution to the kidneys. The least splanchnic nerves generally end in the corresponding posterior renal ganglion or adjacent part of the renal plexus. In view of



the anatomical



arrangement of the innervation of the kidney , resection of the renal plexus or the splanchnic nerves may be expected to abolish pain of renal origin. Biliary tract: Impulses of pain that arise in the gall bladder are conducted through the right greater splanchnic nerve. Most of the impulses of pain from entire biliary system are conducted through this nerve. Effect of resection of right greater splanchnic or both



13 greater and lesser splanchnic nerves on the relief of pain of biliary origin has been demonstrated by Craig(1934),White and Smithwick(1941) 6. The extrinsic innervation of the pancreas3,14,15,and



16



: is supplied by the vagus



(parasympathetic) and greater splanchnic nerve (sympathetic).



On the basis of an



analysis of the nerves of the pancreas by means of degenerative section of the splanchnic and vagus nerves and extirpation of the celiac ganglia Richnis advanced the conclusions that the afferent innervation of the gland is derived solely through the splanchnic nerves and that the preganglionic fibres that extend beyond the celiac plexus are chiefly of vagal origin. The greater splanchnic nerve is responsible for the transmission of pain impulses from the pancreas and consists mainly of myelinated, preganglionic, and visceral afferent fibers. It is formed by branches from the fifth to tenth thoracic ganglia, although fibers within the spinal cord may be traced as far as segments C8 and L3. The nerve descends obliquely on the bodies of the thoracic vertebra, perforates the crura of the diaphragm, and ends mainly in the celiac (semi lunar) ganglion. It transmits pain stimuli from the pancreas which travel to the ganglion along the hepatic, splenic and superior mesenteric arteries. The greater splanchnic nerve is the principal target for surgical neurectomy in patients with intractable pancreatic pain, and is currently the target for thoracoscopic splanchnicectomy. The mechanisms responsible for the pain of chronic pancreatitis remain controversial. Entrapment of sensory nerves by dense pancreatic fibrosis may contribute, although the severity of pain does not correlate with the degree of perineural fibrosis or inflammation and pain may even persist after total pancreatectomy. Eosionphilic infiltration is often marked in chronic pancreatitis, and eosionophils and their products may be implicated. The mean diameter of intrapancreatic neurons is also increased (while the area served by each neuron is decreased) and ultra structural changes suggest that the perineural sheath is a less effective barrier between the connective tissues and the internal neural components. Other mechanisms which may contribute to the pain of chronic pancreatitis include raised pancreatic duct pressure, raised interstitial pressure, pseudo cyst formation, and biliary tract obstruction.



14 Nature of pain:15 The persisting or episodic pain which is such an outstanding feature of chronic pancreatitis can cause devastating erosion of the quality of life enjoyed by the patient and his family. In some cases, the pain is triggered by eating and some patients implicate particular foods (notably fatty foods) or alcohol. The pain may be felt in the epigastrium and/or hypochondrium, and frequently radiates to the back, around the lower chest wall, and, on rare occasions, to the shoulder. Pain referred to the back may be indistinguishable from root pain. The pain is variously described as gnawing, biting, or burning. It frequently disrupts sleep, and certain positions may prove unbearable. Thus some patients avoid lying flat on their back or on one side, and some find that they have to lean forwards, or get down on their hands and knees to gain some relief. The pain may be very similar to the pain of pancreatic cancer. The pain of chronic pancreatitis often has a more marked emotional component than other types of chronic pain. Many patients have a hidden fear of cancer, and the problems at home and at work can exacerbate the difficulties of their pain management. The personality changes associated with the pain are often expressed through multiple complaints, a general feeling of being unwell, and anxiety and/or depressive states. Alcohol abuse predisposes the patient to addictive behaviour, and in some cases this is manifested by a constant search for powerful analgesics and failure to adhere to the prescribed program of medication. NON SURGICAL TREATMENT OF PAIN15 Medical management of pain: Attempts to relieve pain by suppressing pancreatic secretion have generally proved very disappointing. While anticholinergics can reduce pancreatic secretion in experimental animals, they are of no clinical value in patients with chronic pancreatitis. Similarly, there is no clinical value in patients with chronic pancreatitis. Thus, the control of pain centers on the use of analgesics. Infiltrative analgesia: In 1914 ,Kappis introduced a percutaneous technique for blockade of the splanchnic nerves and celiac plexus with local anesthetic.



15 When pain cannot be controlled effectively by oral analgesics, infiltrative techniques like epidural analgesia may be considered: Continuous infusion of local anesthetic into the epidural space (using an implanted pump) or the intrathecal injection of morphine may give temporary respite to patients who are totally incapacitated by their pain and in whom there is no effective alternative. Intrapleural injection of local anesthetic solutions or neurolytics is of anecdotal interest only, and is now not prescribed. ABDOMINAL SPLANCHNICECTOMY AND CELIAC GANGLIONECTOMY15 In earlier days an extensive Para vertebral sympathectomy and involving removal of the whole of thoracic sympathetic chain including splanchnic nerves and their branches and major portion of the celiac ganglion of that side was in practice for symptomatic relief of malignant hypertension



17,18,19,20



. This procedure is no longer in use in the



recent years (see Figs-6,7,8). Mallet-Guy21 proposed that the pain of chronic pancreatitis might be relieved by dividing the splanchnic nerves and resecting the horn of the semi lunar (celiac) ganglion. The operation of splanchnicectomy and celiac ganglionectomy could be performed retroperitoneally or intraperitoneally.



Despite initial enthusiasm, these



operations have proved difficult and disappointing. BILATERAL SPLANCHNICECTOMY USING A TRANSHIATAL APPROACH15 This



approach



(Dubois22,



Michotey,Sastre,Argeme,Mannara,Crespy23,



Sastre,Carabalona,Crespy,Delpero,Silezneff and Michotey



24



)consists of



and



abdomen



being opened through a midline incision. A Fruchaud retractor is used to elevate the costal margin, and slender, very long splanchnicectomy retractors are used to retract the esophagus and aorta. A lumbar bolster, resection of the xiphoid process, and mobilization of the left liver all facilitate the operation. The abdominal esophagus is then mobilized after incising the overlying peritoneum, taking care to protect the esophago-gastric vessels and vagus nerves. Dissection of the hiatus allows separation and retraction of the diaphragmatic crura. The arcuate ligament is next incised to mobilize the aorta fully. The pleura is freed with a pledget, starting on the anterior aspect of the aorta which must be carefully “peeled” and denuded. The dissection is then continued downwards alongside the vertebra, where a looser plane of dissection allows the pleura to be retracted easily. A small pleural



16 breach (more than on the left) is without consequence provided the air is expelled at the end of the procedure and the breach is closed with an absorbable suture. The greater splanchnic nerve is easier to isolate on the right. A small pre-spinal transverse vein runs at right angles to the nerve (which is always Para vertebral) and helps to identify it. Bleeding from small veins is controlled by diathermy or small clips. The right greater splanchnic nerve appears as a wide grayish – white band or ribbon lying flat against the fibrous spinal covering. It is isolated with a nerve hook and a 2-3 cm length is resected between clips. Isolation of the greater splanchnic nerve is slightly and the esophagus and aorta are retracted to the right to allow access to the Para vertebral region where the nerve can be seen descending. A 2-3 cm length of the nerve is resected. The crura are than approximated behind the esophagus with one or two absorbable sutures, taking care not to close the hiatus too tightly. Restoration of the angle of His may help to prevent gastro-esophageal reflux(see Figs -9,10). Results of intra-abdominal splanchnicectomy and ganglionectomy: The results of these operations have been variable and difficult to interpret. The extra peritoneal lumbar approach was the simplest but only gave access to the left splanchnic nerve. The Tran peritoneal approach had the advantage that it allowed bilateral splanchnicectomy in addition to thorough exploration of the pancreas and biliary tree. The difficulties of these dissections in patients with chronic pancreatitis is attested by the reported results. For example, Mallet-Guy21 performed 215 operations (splanchnicectomy or left celiac gangliectomy) with an operative mortality of 4.7% and a failure rate of 16.9%. Of the 127 patients followed for 5-34 years, 90% were said to have made a lasting recovery and the rate of late recurrence was low at 2.5%. However, it is important to note that these were primarily patients undergoing surgery in the very early stages of chronic pancreatitis and it is doubtful whether such good results could be reproduced today in the patient population coming to surgery. Hollender & Laugner15 carried out 20 left and 7 bilateral splanchnicectomies, but only three patients were relieved of their pain for more than 3 years. On the other hand, Michotey et al23 reported lasting pain relief in all 14 of their patients treated by transhiatal bilateral splanchnicectomy.



17 Patients most likely to benefit from neurotomy were probably those with relatively mild or minimal change pancreatitis and no dilatation of the pancreatic duct. Because of its unpredictable results, trnsabdominal splanchnicectomy and ganglionectomy is now rarely, if ever, contemplated in patients with chronic pancreatitis, even when pain relief has not followed surgical drainage procedures or resection.



The deep anatomical



position of the nerves, together with the local changes brought about by chronic pancreatitis, makes it extremely difficult to identify the splanchnic nerves, particularly when attempting to divide them in the immediate vicinity of the gland. THORACOSCOPIC SPLANCHNICECTOMY25 The recent development of minimally invasive surgery allows the splanchnic nerves to be divided in the thorax, well away from the inflammation and fibrosis of chronic pancreatitis. The operation is performed under general anesthesia, but opinions vary regarding the need for single lung ventilation.



Cuschieri and colleagues26 do not



employ single lung ventilation and place the patient in the prone jack knife position with supports beneath the epigastrium and upper sternum. The upper arms are allowed to hang from the table and the forearms are supported by a sling with the elbow flexed to an angle of 900 or more. In the description provided by Cushieri and colleagues26, a posterior thoracoscopic approach is used to give access to the mediastinum and chest wall as the lung on each side falls away under the influence of gravity. The approach has the advantage that both sides of the thorax can be entered in turn without moving the patient. The right side is usually dealt with first, as this dissection poses more difficulty in view of the proximity of the thoracic duct to the greater splanchnic nerve. The alternative approach employing the lateral decubitus position has the disadvantage that the patient must be turned to allow access to the opposite thorax. The sites of insertion of the cannulae are shown in Figure -. the optical port (10 mm) is placed through the intercostal space immediately below the angle of the scapula (usually the fifth).



The two operating cannulae (5.5 mm) are inserted into the



intercostal spaces above and below the thoracoscope, some 7 cm from the spinous processes. A forward oblique thoracoscope (300 or 450) is necessary and a high resolution camera is advisable.



18 The initial step consists of identifying the sympathetic chain as it passes across the neck of the ribs and beneath the parietal pleura. A small incision is made just medical and parallel to the T5 ganglion and the adjacent sympathetic trunk.



A



pericardial hook is then used to mobilize and lift the sympathetic trunk and so tent the distal sympathetic trunk to form an obvious pleural ridge. An electrosurgical hook or scissors can then be used to expose the more distal trunk (T5-T8) and the greater splanchnic nerve and its nerve roots. Each root is hooked and divided using the electrosurgical knife. The pericardial hook is then used to continue the process distally and expose the sympathetic trunk below T8, so allowing division of the roots of the lesser splanchnic nerve (T9-T11) until the costo-phrenic recess is reached. The costo-phrenic reflection is then incised at right angles to the pleural window, creating a T-shaped incision. Careful blunt dissection is used to follow the sympathetic trunk to the T12 ganglion and any medical branches are divided. The procedure is then repeated on the other side. Chest drains are not inserted unless there has been any instrumental lung damage. A postoperative chest radiograph is obtained on recovery from anesthesia. Early experience in three patients with pancreatic cancer showed that effective pain relief was provided until death (at 2-6 months). In a series of 11 patients with chronic pancreatitis, only five experienced substantial and lasting pain relief. Complications, notably hypotension, were not encountered. However, this technique is of more certain value in patients with pancreatic cancer than in those with chronic pancreatitis. The ganglia in this region show an evident segmental arrangement, although twelve ganglia are seldom present. More often there are ten or eleven, because the first is often fused with the inferior cervical to form a stellate ganglion, and occasionally the last is united with the first lumbar ganglion. It is uncommon to find less than ten. Sometimes nodules exist on the interganglionic portions of the trunk or several adjacent ganglia may be partially fused, but intermediate ganglia in the rami communicantes are rare in this region. The ganglia are flattened and triangular, with the apices directed outwards, and they are more uniform in size than those in the cervical region. The lowest ganglia are smaller and somewhat fusiform, and their interganglionic cords are slender and



19 placed obliquely and may easily be mistaken for rami communicantes. The cords between the ganglia are generally single, with occasional duplication or triplication between adjoining ganglia. From the diverse varieties of the operative procedures outlined above it becomes clear that a sound knowledge of the anatomical variations of the origin of the splanchnic nerves is a necessity to ensure the successful outcome of the operation.



20



Fig-1 : Vasalius,Fabrica,1543,Plate of nerves ,showing division of the sixth pair. Copied from French , 19719



Fig -2: Carolus Stephanus, De dissectione partium corporis humani libri tres,Paris,1545,showing the separate origins of the vagus and the sympathetic trunk. Copied from French , 19719
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Fig-3: Barthelomaeus Eustachius, Tabulae Anatomicae,Rome,1714,showing separate origins of the sympathetic trunk and vagus. Copied from French , 19719



Fig-4: J.Riolan, A Sure Guide of the Best and Nearest Way to Physick and Chyrurgery , tanslated by Nicholas Culpeper , London,1657,showing separate course of the two sets of nerves. Copied from French , 19719
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Fig- 5: Thoracic part of left sympathetic system.Copied from: Gray’s Anatomy 38th edn,2000 14
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Fig-6: Thoracolumbar sympathectomy and splanchnicectomy-1: The chest and pelvis are supported on pillows so that there is no pressure upon the abdomen . A paravertebral incision is made (A) , and portion of the eleventh and twelfth ribs are resected (B-F). Copied from White,Smithwick ,Simeone-1952 5



24



Fig-7: Thoracolumbar sympathectomy and splanchnicectomy-2:The diaphragm is divided (A,B).The sympathetic trunk is removed from T8-L1 or L2 , and the GSN is removed from the celiac ganglion to the mid thoracic level (C-E).Copied from White,Smithwick ,Simeone 5
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Fig- 8: Technique of thoraco lumbar sympathectomy and splanchnicectomy in lateral oblique



position.(Massachusetts General Hospital modification) Copied from White,Smithwick ,Simeone 1952 5
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Fig-9:



A-Right splanchnicectomy using a retro duodenal transperitoneal approach.1-



right kidney;2-right lesser splanchnic nerve; 3-right greater splanchnic nerve;4-right semi lunar ganglion. B-Left splanchnicectomy using a laterogastric transperitoneal approach.1-left greater splanchnic nerve;2-left semi lunar ganglion; 3-right gastric artery;4-celiac branch of posterior vagus nerve;5-left adrenal gland. Copied from : Carter DC -199715



27



Fig-10: A- Left splanchnicectomy using a sub pancreatic transperitoneal approach. B&C-Bilateral splanchnicectomy using a transhiatal transperitoneal approach.: B-Exposure of the left greater splanchnic nerve; C- Exposure of the right greater splanchnic nerve Copied from : Carter DC -199715



28 OBJECTIVES OF THE PRESENT STUDY Need for the study: Splanchnic neurectomy is of value in the management of chronic abdominal pain. It is postulated that the inconsistent results of splanchnicectomies may be due to anatomical variations in the pattern of splanchnic nerves. The advent of minimally invasive and video-assisted surgery has rekindled interest in the frequency of variations of the splanchnic nerves since it largely obviates the morbidity and mortality of thoracotomy. Superior visualization of the splanchnic nerves via the video scope has alerted the surgeons to the variations in the splanchnic nerves (Cuscheri et al,- 1994; Moodley et al-1999



24,25



). However, the surgical anatomy is not predictable because of



the greater variability in the splanchnic neural pattern. Hence there is a need to investigate the incidence, origin and pattern of the splanchnic nerves in order to establish a predictable pattern of splanchnic neural anatomy that may be of surgical relevance. Splanchnicectomy is of particular importance in the management of pain control in conditions such as chronic pancreatitis and carcinomas of pancreas, liver, gall bladder and stomach. Studies in the literature show wide variation in the incidence as well as pattern of formation of the splanchnic nerves. Hence there is a need to establish the pattern of incidence and formation of the splanchnic nerves specific to each geographical



and



racial



background



to



facilitate



the



successful



thoracic



splanchnicectomies. The objectives of the present study are: 1) Find out the range of variations in the incidence and pattern of formation (no of roots of origin of each nerve) of the splanchnic nerves by way of dissections in cadavers. Only one such study exists in the Indian literature with reference to North Indians by Jit et al (1960)



29 2) To compare the findings of the present study with studies already existing in the literature to find out if the pattern of the present study confirms with those studies or to what extent it differs. 3) Such a study may facilitate to draw attention of the thoracic surgeons, to the variable pattern of splanchnic neural anatomy and emphasise the importance of awareness of such variations



in



planning appropriate surgical procedures to effect adequate



denervation of upper abdominal viscera.



30



LITERATURE SURVEY Several studies concerning the splanchnic nerves could be traced in the literature (Cruvilhier-1851;Henle-1868;Antonelli-1879;Fawcett-1895;Kopsch1908;Scaefer,Symington,Bryce-1915;Jackson -1933)belonging to the period spanning from late part of the 19th century to the early part of the 20th century.As these studied were not directly accessible a summary of these studies as quoted by the Illustrated Encyclopedia of Human Anatomic Variation( Opus III: Nervous System: Sympathetic Division -Bergman, Afifi, Miyauchi.-200527) is given below.



Supreme Splanchnic Nerve Wrisberg observed a supreme splanchnic nerve eight times in a "large number" of bodies. It was described as being formed by branches from cardiac nerves, and from lower cervical and upper thoracic ganglia.



Greater Splanchnic Nerve: The greater splanchnic is usually formed from the seventh, eight, and ninth thoracic ganglia, but the upper and lower limits are variable. The nerve arises symmetrically in only 12% of bodies (100 cadavers). So-called normal nerves (T7-T9) occurred in 23%; only 9% of these were symmetric bilaterally



Lesser Splanchnic Nerve: The nerve may be absent (7% on the right side, 2% on the left, and 2% bilaterally). It is usually formed from the tenth and eleventh thoracic ganglia. The nerve arises symmetrically in 35% of bodies. "Normal" (usual) nerves (T10-T11) occurred in 14% of subjects; only 1% of these were symmetric bilaterally. The greater and lesser nerves may be carried in the same trunk.



31 Least (Lowest) Splanchnic Nerve: This nerve may be absent (11% on the right side and 4% on the left side). The splanchnicus imus usually arises from the twelfth thoracic ganglion. It may be absent bilaterally in 2% of bodies. When absent, the lesser splanchnic supplies the renal plexus. The nerve arises symmetrically in 79% of bodies. "Normal" nerves were found in 92% of bodies and were symmetric in 77%. Matsui (1925)28 in his study on Japanese subjects found 100% incidence of GSN & LSN and 98.3% incidence lSN. The member of roots of origin of GSN in his series varied between one to six. Rossie (1927)29 in his Italian series quotes a range of 1-7 roots of origin GSN with four numbers being the commonest. de sousa Pereira (1929)30has studied splanchnic nerves ,the solar plexus and the thoraco- lumbar sympathetic chain in dissections of 100 human cadavers of Portuguese subjects. Following are his observations regarding the morphology and topography of these nerves:



The splanchnic nerves establish the connection between the thoracic sympathetic chain and the solar plexus. Normally two splanchnic nerves effect this connection (53 percent of cases). Less often (43 per cent) there are three splanchnic nerves. In rare cases (4 percent) there are four splanchnic nerves. These are the greater splanchnic, the lesser splanchnic, the lowest splanchnic and the accessory splanchnic. The greater splanchnic nerve originates from the segment between the fourth and eleventh thoracic ganglion. It is usually formed by three branches or, less often, by four or five. It may also be constituted by as few as one or as many as seven branches. Most frequently the branches of the greater splanchnic nerve come from the seventh, eight and ninth thoracic sympathetic ganglia. These branches run downward and perforate the crura of



32 the diaphragm and divide into its terminal branches, ending in the semi lunar ganglion. At the origin of the trunk of the greater splanchnic was found in about 70 per cent of cases a small ganglion (splanchnicum ganglion), normally opposite the level of the eleventh or twelfth thoracic vertebrae. The greater splanchnic nerve pierces the diaphragm usually (63 percent) through the space which separates the internal from the external crus of the vertebral insertion of the diaphragm. In other cases (13 percent ) this nerve perforates directly the single crus. The internal crus is perforated in 9 percent of cases and the external crus in 3 percent, or the nerve passes through the space between the internal and inter medial crura as verified in 6 per cent of cases. Only rarely (3 percent) does the greater splanchnic nerve penetrate the abdomen by the aortic hiatus. Whatever the route followed by the greater splanchnic nerve across the diaphragm, after it enters the abdominal cavity it is directed obliquely downward and inward or, at other times, transversely inward and divides into various terminal branches, which spread out like a fan. A great number of these fibers go to the semilunar ganglion, where they terminate; others are directed to the aorticorenal ganglion or to the cord which connects this ganglion with the semi lunar ganglion. The lesser splanchnic nerve is usually formed by two branches sometimes by one or by three from the thoracic sympathetic chain, between the tenth and twelfth thoracic ganglia.



After its entry into the abdominal cavity it ends in the aorticorenal



ganglion or the semi lunar ganglion, and passes to the renal plexus. The lowest splanchnic nerve, observed in 43 percent of cases, is usually made up of a single branch or, rarely, of two branches which originate from the ganglia or from the intermediary cord of the sympathetic system, between the tenth and twelfth thoracic ganglions. This nerve, which is usually an extremely fine cord, in the abdominal cavity it passes towards the origin of the renal artery and almost always terminates in the aorticorenal ganglion. The accessory splanchnic nerve, which the author found 4 times in 100 cases, is a fine cord, independent of the lowest splanchnic nerve but with a similar course. Originating from the eleventh or the twelfth thoracic ganglion, it descends alongside the



33 lowest splanchnic nerve, with similar anatomic relations, and ends in the aorticorenal ganglion. The splanchnic nerves normally terminate at the external border of the solar plexus, which is formed by a series of different sized ganglions anastomosed among themselves by numerous cords. The greater splanchnic nerve, after crossing the crura of the diaphragm, ends in the upper pole of the lateral border of the solar plexus. In many cases, at this level there exists a ganglion mass which is more voluminous than the neighboring ganglia and which is generally called the semi lunar ganglion. The lesser splanchnic nerve, the lowest splanchnic nerve and the accessory splanchnic nerve terminate at the external border of the solar plexus, at points which vary from case to case but which lie in a region situated between the semi lunar and aorticorenal ganglions. It is known at the present time that the splanchnic nerves carry the sensory fibres for a large group of abdominal organs. Anesthetic bloc of the splanchnic nerves results in anesthesia of the organs innervated by these nerves. Montero, Rodrigues and Pereira (1933)31 in his Portuguese series quotes the number of roots of GSN as 1-7 the commonest number being three. Edwards and Baker (1940)32 has studied the variations of the splanchnic nerves in dissections of 100 cadavers at department of Anatomy Ohio state university, Columbia; majority of these cadavers were of males and at least 65% of them were colored subjects. The splanchnic nerves and diagrammatic sketches were made by the students. (with the primary objective of determining the type of variation in gross origin of the splanchnic nerves normally encountered in the dissection room. It was found that the GSN in their series could be classified into seven groups according to the number of ganglia from which they arose: the lesser splanchnic nerve could be classified into three groups and least into two groups. The highest percentage of GSN



34 arose from only three ganglia as compared to 5 or 6 according to typical text book description; highest percentage of LSN arose from only one ganglion rather than from 2 or 3, the highest percentage of lSN arose from only one ganglion. Lack of bilateral symmetry in origin was marked in their series. Bilateral symmetry of origin of GSN was seen in only in 12%. The LSN only in 35% and least in 79%. In 5% of the bodies the GSN arose from only one ganglion mostly on the left side. Largest number of ganglion from which the GSN arose was seven in only one case. It was observed that the specific ganglion from which GSN took origin were 4 to 12, those from LSN to origin were 7 to 12 and those from which lSN originated were 11 or 12. Highest percentage of GSN arose from three ganglia and these were seven, eight & nine (69.5%, 78% and 77.5% respectively). As compared to 5th, 6th and 10th from which only 24%, 55% and 57% arose respectively. Fourth, eleventh and twelfth ganglia gave rise to small percentage of cases. Edwards and Baker (1940)



32



have classified the



splanchnic nerves as normal, in those instances where the origin of nerves confirmed to the typical text book descriptions. Thus only in 23% of the bodies the GSN was normal unilaterally and only in 9% bilaterally. Only 15 normal LSN were found out of 191 sides (15/100 bodies). With single case of bilateral symmetry. A total of 176 normal lSN were found in 92% of the bodies, 77% of which were bilaterally symmetrical.



Frequency of occurrence of three types of splanchnic nerves: GSN was found in 100% the LSN 95.5% and the least 92.5%, in 2% of the bodies both LSN and lSN were symmetrically absent while in 1% both were asymmetrically absent.



35 Näätänen (1947)33 in his study of German series found 100% occurrence of GSN and 94% LSN and 16% of lSN in his series. The roots of origin of GSN varied between two to five, most common number of roots was three (43%). Brooker(1951)34 has carried out a morphologic study of the thoracolumbar sympathetic chains and rami to compare the findings with the descriptions in standard text books and to contribute knowledge leading toward effective sympathetic denervation



and



prevention of nerve regeneration. The thoracic and lumbar chains were carefully dissected and drawn in detail in adult cadavers, at Kansas university School of Medicine. Forty one of the best bilateral dissections were used. 88% of the right side and 90% of the left side could be classified into atypical variety, which could further be classified into three types: Most frequent type to occur was Type I,(see Fig-11) in which the GSN arising as high as third thoracic ganglion and as low as 10th and sometimes 11th. Actually representing a combination of GSN and LSN. This combined structure, after sending rami to the aortic plexus, terminated in the lateral part of the celiac ganglion usually sending some fibres directly through the ganglion to the renal and aortic plexuses. In 2 dissections on the right and 5 on the left the 10th or the 11th ganglion supplied rami to both a combined greater and lesser splanchnic nerve and combined lesser and lowest splanchnic structure (39% Rat); (41%Lt). Type II (see Fig-12)was almost equal in frequency of occurrence: GSN LSN and lSN arose as separate structures still having communication with one another.



When



occurring alone the GSN arose as higher as 3rd and as low as 9th thoracic ganglion. Terminating in the lateral part of the celiac ganglion after sending rami to the aortic plexuses.



The LSN arose from 10th or 11th thoracic ganglion rarely the 9th and



36 terminated in the renal and aortic plexuses. The lSN arose from 11 and / or 12th ganglion and terminated chiefly in the aortic plexuses and associated ganglions. Supplying few fibers to the renal plexus. In 4 dissections, the lowest splanchnic nerve terminated directly in the superior mesenteric plexuses (22% R; 39% L). The least common nerve arrangement was Type III, (see Fig-13) showed the GSN origin and termination similar to the type II fusion of the LSN and lSN into one structure is terminated in the renal and aortic plexuses. (27% R; 10%L). The specimens not falling into 3 general types included two right and two left sections in which the greater and lesser and lowest splanchnic nerves were combined into one structure terminating in the lateral portion of the celiac ganglion and sending secondary rami to the renal and aortic regions. One on the right end two on the left were a combination of type I and II, only two other dissections, both on the right were not classified. Brooker(1951) 34 points out that the lesser splanchnic nerve can be easily be mistaken for the sympathetic chain. The splanchnic nerves and sympathetic chain pierced the diaphragm in separate irregular compartments in every dissection , none passed through the aortic hiatus. However no details regarding the sex or ethnic background of the cadavers dissected by him are mentioned. Reed(1951)35 has studied the origins of the splanchnic nerves in dissections of 100 cadavers. No details of the sex or ethnic background of these cadavers are known. The sources of the greater splanchnic nerves varied widely, and 58 patterns were found. The most common arrangement occurred in 13 nerves (6.5%).



This type consisted of



greater splanchnic nerves formed by rami from the 6th, 8th and 9th thoracic sympathetic



37 ganglia. Only two bodies had bilaterally symmetrical patterns. The highest ramus to the greater splanchnic nerve came from the 4th thoracic ganglion in four cases. The 5th ganglion in 64, the 6th ganglion in 85, the 7th ganglion in 41, and the 8th ganglion in six. The range of origins of the lesser splanchnic nerves was from the 9th to the 12th thoracic ganglia. The most common type (27.5%) was in the form of two rami, one originating from the 10th ganglion and another from the 11th. The least splanchnic nerve arose by varying numbers of rami from either the 11th or 12th ganglia or from both. Fifty seven percent were formed by one ramus from the 12th ganglion. The least splanchnic nerve was absent bilaterally in two bodies and on one side in three. In his series of dissections, Reed(1951) 35 found in addition to the splanchnic nerves 570 very small nerves, mainly going to the aortic and some to the celiac plexuses. They originated from the sympathetic chains, between the 6th thoracic and 1st lumbar ganglia. Contu and Mattioli (1953)36 found in their Italian series 100% occurrence of GSN, 99% of LSN and 17% of lSN. The number of roots of origin of GSN varied between one to seven in 36% of the cases the number of roots were three. Contu and Mattioli (1953) found in their series the roots of origin of GSN varying between 1-7 commonest being three (47.5%). de Sousa (1955)37 in his Brazilian Negro series of 100 dissections (50 cadavers; 33 males and 17 females) found GSN & LSN occurring in 100% and lSN 80% and accessory splanchnic nerve in 18%. Splanchnic ganglia was observed in 41% his series. Toni and Frignani (1955)38 in his adult Italian series found the GSN arising by 3 roots (44%). Only study concerning the thoracic splanchnic nerves in Indians existing in the literature is that of Jit and Mukerjee (1960)39.Following this study no other study on variations of splanchnic nerves has been published to this date. These authors dissected



38 50 human adult cadavers (100 sides) of Punjabee origin. No mention of the sex or age of these cadavers has been made by the authors. They explored the sympathetic trunk in the thorax and abdomen on both sides along with the splanchnic nerves. Fine branches were traced with the help of a “Dualoupe”. They used the water infiltration method described by Mitchell (1935) to facilitate easy dissection of the sympathetic trunk and its branches. They have given a detailed account of the course ,duplication of the chain and number of the ganglia of the thoracic sympathetic chain in their report: 1. Duplication of the cord between two ganglia was detected in seven instances. In one specimen triplication of the cord was present between the 9th and 10th and in the other between the 11th 12th thoracic ganglia. 2. The thoracic sympathetic chain had 11 ganglia in 71%, 12 in 23%, 10 in 4 %, and 13 in 2%, specimens. In no case was the number of ganglia found to be less than 10. 3. In the majority of specimens the sympathetic trunk passed into the abdomen through the interval between the external and intermediate pillars of the homolateral crus. It appears that the accepted view that the sympathetic trunk passes under the medical arcuate ligament is perhaps not correct in most instances. 4. The incidence, origin, course, branches and termination of the splanchnic nerves have been recorded and compared with findings of the other workers. 5. The number of roots of origin of the greater splanchnic nerve was found to vary from one to eight. Most commonly (31%) there were only four roots of origin. 6. In 3 % of the specimens examined the highest origin of the 1st root of the greater splanchnic nerve was found to be from the 4th thoracic sympathetic ganglion. 7. The greater splanchnic nerve entered the abdomen by passing through a hiatus between the medial and lateral pillars of the crus of the diaphragm along with the lesser splanchnic nerve. In the majority of specimens the nerve terminated in the celiac ganglion and did not give any direct branches to the suprarenal gland. In 6 instances ganglion and in two specimens its fibres could be traced to the celiac, aorticorenal and posterior renal ganglia, and to the posterior renal plexus.



39 8. The splanchnic ganglion was detected macroscopically in 41 % specimens. Its position on the nerve, its size and branches have been described. 9. The lesser splanchnic nerve was found in 86 % of specimens dissected. The number of roots of the nerve varied from one to four. In the majority of specimens the nerve derived its roots from the 10th and 11th thoracic ganglia and the cord in between. In three specimens, minute ganglia were detected macroscopically on the nerve. The mode of passage of the nerve and its termination have also been investigated. 10. The incidence of the least splanchnic nerve was found to be 37%. It usually (67.6% specimens) arose by one root, but origin by two or even three roots was also not rare. The source of origin of the roots, the mode of passage of the nerve through the diaphragm, and its termination in the abdomen have also been recorded.



As an anatomical basis for trans-hiatus approach to the right and left splanchnic nerves some authors(Crespy,Delpero,Brunet,Argene-1984)40 have studied the level of origin and mode of constitution of the GSN and its relations in the posterior mediastinum.The azygos venous system was seen to be the main anatomical relation to these nerves. Their observation should be of help to the surgeon in performing bilateral neurectomy. In the light of the fact that the first step in achievement of satisfactory and long lasting relief of pain is the correct identification of celiac ganglion and the splanchnic nerves during



laparotomy



,some 41



(Mangiante,Iacono,Prati,Facci,Mombello,Acerbi,Serio-1994) have



authors estimated



the



location,number,shape and length and thickness of the splanchnic nerves and ganglia in 15 cadavers(5 female and 10males of mean age of 39.9years;range-21-74 yrs).They found that the splanchnic nerves always pierce the diaphragm lateral to the crus on both sides. The mean length of the right splanchnic nerve is 41 mm(range-2055mms);thickness between 4-6 mms. The left splanchnic nerve is usually shorter : mean length -24 mms;range-15-30mms.The right splanchnic nerve varies from 2-6 ganglionic bodies and varies in size from 4-5 mms to 30 mms.The left nerve varies from 2-4 (sizes between 4mm and 26mm). After a gap of several decades Naidoo, Partab , Pather , Moodly , Singh , and Satyapal (2001)4 have renewed the interest in the variations of the splanchnic nerves in the light



40 of its increasing importance to the surgeon during denervation of the pancreas for relief of pain due to pancreatitis and cancer of the pancreas.These authors micro dissected twenty embalmed cadaveric specimens were bilaterally



(number of sides-



38). The series comprised 14 fetal (gestation age 15 wk – full term) and 6 adult specimens (2 sides were excluded due to thick pleural adhesions). Fetal age was determined by crown-rump and foot length measurements. The thoracic cavity was eviscerated via an anterior approach and the posterior thoracic wall exposed. The parietal pleura was subsequently stripped to expose the sympathetic chain and its branches. The thoracic sympathetic ganglia were identified by their rami communicants to intercostals nerves as employed previously by Groen , Baljet , Boekelaar , Drukker (1987)42. Their observations were as follows: Incidence and origin of splanchnic nerves:



The origin of the splanchnic nerve was



bilaterally asymmetrical in all cases. The GSN was always present whereas the LSN and ISN were inconsistent: LSN, 35 of 38 sides (92%; right, 17 of 19 sides, 89%; left, 18 of 19 sides 95%); ISN, 21 of 38 sides (55%; right, 9 of 19 sides, 47%; left, 12 of 19, 63%). The splanchnic nerves were observed most frequently over the following ranges: GSN, T6-9 (28 of 38 sides, 74%) and –when present – LSN, T10-11 (10 of 35 sides, 28.6%) and ISN, T11-12 (3 of 21 sides, 14%) (Fig. 2. Table 1). The origin of the uppermost root of GSN was as high as T3 in 2 of 38 sides (5%) and as low as T7/8 in 3 of 38 sides (8%). The most frequent origin of the uppermost root of



41 GSN was from T6 (8 of 38 sides, 21%), T5 (7 of 38 sides, 18%), and T4 (6 of 38 sides, 16%) (Table 2). The origin of the lowest root of GSN was as high as T7 in 1 of 38 sides (3%) and as low as L1 in 2 of 38 sides (5%). The most frequent origin of the lowest root was T9 (13 of 38 sides, 34%) and T10 (10 of 38 sides, 26%) . The number of ganglionic roots of the GSN varied between 3 and 10 (widest, T4-11; narrowest, T5-7). There was no correlation between the wide range and number of roots of the GSN with absence of the LSN and ISN. Additional direct lower thoracic contributions (Ganglionic and interganglionic to the GSN were noted in 6 of 38 sides (16%) in the absence of the LSN and ISN (Adult 1; Fetal 4 and 9). The absence of LSN and ISN was also noted in cases in which the GSN arose from only 3 sympathetic ganglia (Fetal 7). Intermediate splanchnic ganglia (ISG): ISG, when present, was observed only on the GSN main trunk with an incidence of 45%: 6 of 10 sides (60%) in the adult and 11 of 28 sides (39%) in the fetus. The vertebral range over which ISG were found, when present, was T10-12 (unilaterally, 13 of 38 specimens, 76%; bilaterally, 4 of 38 specimens 22%). No ganglia were observed in the infradiaphragmatic course of the GSN. Medial collateral branches arising from ISG were noted in all cases and joined the plexus on the thoracic oesophagus or aorta. Intersplanchic connections: Intersplanchnic connections were observed in 15 of 38 (39%) cases. Of these, 13 of 38 (87%) occurred between the GSN and LSN, and 2 of



42 38 (13%) between the LSN and ISN. Interconnections were observed on the bodies of the lower thoracic and upper lumbar (T10-L2) vertebrae. GSN termination: The GSN was observed to terminate in the suprarenal plexus in the fetus and in the renal plexus in the adult. In addition a thickening on the GSN was observed in all fetal specimens close to the suprarenal gland (supra renal ganglion). VARIATIONS OF THE SPLANCHNIC NERVES, IN THE HUMAN FETUSES: Only a few studies on the variations of the splanchnic nerves, in the human fetuses could be traced in the literature. According to Naidoo et al (2001) 4 the advantage of using fetal specimens over adults is that they provide a clearer picture of the splanchnic neural pattern as the parietal pleura is thinner and more transparent.



Thus the pleura may be stripped away without



sacrificing the finer branches of the sympathetic chain. Furthermore, there is no pleural thickening from co-existent lung disease as in the case of adult specimens. Toni & Frignani (1955)43 dissected 40 newborn fetuses and found 45% occurrence of splanchnic ganglia. The roots of origin of GSN varied between 1-5, 4 being the commonest. Groen , Baljet , Boekelaar , Drukker (1987) 42have studied the segmental organization of the thoracic sympathetic trunk and all its ramifications in 6 human fetuses of 16-22 weeks of age by means of the acetyl cholinesterase in toto staining method. Each trunk was divided into 12 sympathetic segments. A segment is defined as that part of the sympathetic trunk which is connected via its rami communicantes with one spinal nerve, without discriminating between grey and white rami. The diameter of the rami communicantes and their direction towards the spinal nerves are variable. The number of peripheral segmental ramifications of the trunk is much larger than assumed



43 previously. Each thoracic sympathetic segment gives off at least 4-5 nerves. Three categories of nerves are discerned: (1) large splanchnic rootlets confined to the greater, lesser and least thoracic splanchnic nerves, (2) medium-sized splanchnic nerves directed towards thoracic viscera, some of which give off branches towards costovertebral joint plexuses and, described for the first time in man, (3) small nerves which ramify extensively and form nerve plexuses in the capsule of the costovertebral joints. The majority of the ramifications is formed by the nerves of the third category. The existence of Kuntz's nerve, connecting the 2nd intercostal nerve and 1st thoracic spinal nerve, is confirmed in four specimens. The nerve plexuses of the costovertebral joints receive a segmentally organized innervation: they receive their input from the neighboring sympathetic segment and the one cranial to it. It is concluded that the thoracic sympathetic branches in man show a complex, segmentally organized pattern and may have a considerable component of somatosensory nerve fibers. The complex relationships must be taken into account in surgical sympathectomies. Groen et al (1987) found the GSN to arise from 1-4 large branches, most frequently from the T8-9 ganglia, with the highest origin being T6 and the lowest being T11. Intra individual differences in the origin and number of the splanchnic nerve rami were frequently observed. In the fetuses Groen et al (1987) 41 observed LSN originating via 1-2 rami from thoracic segments T10 and T11 (range T10-T12). Greon et al (1987) 42 observed a thickening in the GSN near suprarenal glands (The suprarenal ganglion) in all fetal specimens. Naidoo et al (2001)4 in their series have dissected 14 fetal specimens for the variations of the splanchnic nerves. Their findings are as follows: The GSN was found in almost



44 all specimens(100%);the LSN was found in 26 out of 28 sides( 12 right;14left sides92.87%);lSN was found in 16 out of 28 sides( 7right;9 left sides-57.14%.Absent in 7 right and 5 left sides -42.87%).Range of origin of the roots of GSN was T4-L1 on right side and T4-T10 on left side. Highest number of root of origin for the GSN was 8 ( in only one specimen on right side) and the lowest number of roots of origin of the GSN was two. The range of origin of the LSN was T9-T12 on right side and T9 – L1 on the left side; highest number of roots of origin of the LSN was three. The range of origin of the roots of lSN was T10/11-T12 on the right side and T10 –L1 on the left side. The highest number of roots of origin of the lSN was 2 only. THE THORACIC SPLANCHNIC NERVES IN ANIMALS: A few studies concerning the splanchnic nerves in rodents could be traced in the literature: Rat(Isomura ,Iwata ,Chiba , Shimizu



-1985)44;Rabbits(Langenfeld-



198845; Duzler , Dursun , Cengelci , Cevik- 200346) ; Coypu( Langenfeld -1991)47 Isomura , Iwata , Chiba , Shimizu (1985) 44 have explored the splanchnic nerves in rats:The greater splanchnic nerve originating from the sympathetic ganglia between the 10th and 12th ribs on the dorsal thoracic wall passes through the diaphragm between its medial and lateral erura, to form the celiac plexus around the celiac trunk and superior mesenteric artery in the abdominal cavity. The nerve consists of about 10,000 of nerve fibers and of 25,000 of ganglion cells in its whole length of 2.5 cm; nerve fibers can be divided into myelinated fibers, accounting for less than 6% of total numbers, and unmyelinated fibers, which amount to more 90%. Special attention was not paid to the numerous ganglion cells in terms of their shapes, sizes, and cell organelles except for a small number of binucleate cells. However, the nerve contains remarkable synapses that



45 connect between axon showing flat, elliptical, and cored vesicles and dendrite, between another type of axon having elliptical and cored vesicles and dendrite, and even between dendrite and cell body, in which synaptic vesicles are small spherical and elliptical. These facts can suggest that the greater splanchnic nerve contains more complex structure than has been hitherto described. Langenfeld(1988) 45 has studied splanchnic nerves in rabbits. The aim of this study was to skeletonize the roots of the greater splanchnic nerve, lesser splanchnic nerve and lumbar splanchnic nerves as well as to investigate their participation in the structure of the celiac plexus in the rabbit. The origin and course of the greater, lesser and least splanchnic nerves has been investigated (Duzler , Dursun , Cengelci , Cevik- 2003) 46 in 12 adult New Zealand rabbits with regard to sex and the side of the body. There were no significant differences between the female and male rabbits. The greater and lesser splanchnic nerves were present in all the cadavers examined. However, the least splanchnic nerve was found on the right side in 50% of the cadavers (nos. 2, 4, 6, 7, 11 and 12), and on the left side in 75% (1, 2, 4, 6, 7, 8, 9, 11 and 12). With regard to the origin and pattern of the greater, lesser and least splanchnic nerves, there were significant differences between the right and left sides of the body even in the same rabbit. No significant difference was observed between sexes. Langenfeld. 199147 has investigated , the greater splanchnic nerve, lesser splanchnic nerve and lumbar splanchnic nerves as well as their participation in the structure of the celiac plexus in dissections of 28 dead coypu( A large rat like South American aquatic rodent ) .



46



Fig-11: Type I splanchnic nerve arrangement showing fusion of greater and lesser splanchnic nerves occurring 39% on the right and 41% on the left side. Broken line represents the alternate origin of the lowest splanchnic nerve.



Fig-12: Type II splanchnic nerve arrangement showing separate greater, lesser and lowest splanchnic nerves occurring 22% on the right and 39% on the left side. Broken line represents the alternate origin of the lowest splanchnic nerve.



Fig- 13: Type III splanchnic nerve arrangement showing fusion of lesser and lowest splanchnic nerves occurring 27% on the right and 10% on the left side. Broken line represents the alternate origin of the lowest splanchnic nerve.Abbrv: GS-Greater splanchnic



nerve;



C-Celiac



Copied from :Brooker , 1951 34



ganglion;



RA-Renal



artery;



A-Aorta.



47 METHODOLOGY: Source of data: Data is collected by the observations of the dissection of the embalmed dissection room cadavers of adults of either sex and embalmed full term fetuses available in the Dept of Anatomy ,St John’s Medical College, Bangalore. Fifteen adult cadavers (8 of male and 7 female cadavers) and ten full term still born fetuses ( 7 male and 3 female fetuses)were used for this study(totally 50 sides) .The adult cadavers were unclaimed bodies obtained from police sources, soon after their procurement, they are embalmed by standard embalming procedures as follows : A longitudinal incision is made in the right thigh below the inguinal ligament and then the superficial fascia and the fascia lata is incised to expose the upper part of femoral triangle. The femoral artery is secured by dissecting the fascia around it. A nick is made in its wall, a canula is passed into it and is tied with ligatures both above and below the nick. Now the canula is connected to the embalming apparatus and the standard embalming fluid * is injected in to the body under pressure using a compressor. Periodically it is ascertained, whether the body is embalmed properly or not by palpation. Later on canula is removed, and the artery is ligated, incision is closed by sutures. The fetal material is obtained from the labor room of the St John’s Medical College, hospital, Bangalore. Only full term babies were used. The age of the fetuses were ascertained by CR length and the menstrual history of the patient. Only those fetuses which did not have any gross congenital abnormality especially of the nervous system were selected for the study. They were embalmed by the same procedure as in the case of adult cadavers. Method of collection of data Dissection of the specimen: After reflexion of the skin of the anterior chest wall , the fascia and the anterior pectoral muscles were dissected and reflected. The anterior chest wall is reflected by cutting the ribs along the mid axillary line vertically on either side, and horizontally along the plane of the sternal angle. Following the reflection of anterior chest wall, the thoracic organs are eviscerated i.e., lungs and the heart are removed. Thus exposing the posterior wall of the thorax. Now the parietal pleura of the posterior thoracic wall is



48 stripped off. Thoracic sympathetic chain is identified on either side of the thoracic vertebral column. Sympathetic ganglia are identified by their connections with the intercostal nerves, via grey rami communicants. The sympathetic chain is cleaned from one end to the other i.e., from the first intercostal space to the level of L1 by tracing it through the diaphragm. The origin of the splanchnic nerves is traced to the sympathetic chain, by fine dissection using magnifying glasses. The roots of the origin of the each of these splanchnic nerves is noted, and recorded in a proforma prepared for this purpose (enclosed).The roots of origin of the splanchnic nerves were noted as follows: if the root originated directly from the ganglion the number of the ganglion was noted i.e., if it is from 5th ,6th and 7th ganglia it is noted as 5,6,7. If the root originated from the interganglionic chain it was noted as follows 5/6 if the root was from interganglionic chain between 5th and 6th , 7/8 if the if the root was from interganglionic chain between 7th and 8th and so on. If there were more than one twigs arising from the same source it was noted as 6(2), 7/8(2) ,10(2) and so on. The data thus collected includes presence or absence of splanchnic nerves, number of ganglia from which it arises. The highest ganglia from which it arises and any other unusual features like splanchnic ganglion along the course of the greater splanchnic nerve and inter splanchnic connexions between the splanchnic nerves . The length and diameter of the greater splanchnic nerve , the lengths of the lesser and least splanchnic nerves were measured using a sliding caliper to the nearest millimeter. Details concerning the course and distribution of the branches of the splanchnic nerves were also recorded. The data thus collected is arranged in tabular form and compared to the other studies available in literature and conclusions are drawn. APPENDIX For making 10 liters of embalming solution (unclaimed bodies) Formalin



1 lt



Glycerol



500 ml



Water



8 lts



Extron



500 ml



49



RESULTS Incidence of splanchnic Nerves in the present study (see Table No-6):The GSN and LSN were found on both sides of all the adult cadavers as well as fetal specimens (100%). lSN was absent in 6 sides of adult cadavers (2 on right side 4 on left side) and 4 sides of fetuses (2 of right side, and 2 of left sides; total 10 sides out of 50 sides dissected-20%), in all cases the absence of lSN was unilateral except in one fetal specimen where the absence of lSN was bilateral(male fetus no-2). Highest and Lowest of root of origin of GSN(see Table-3):Except in one adult female cadaver where the highest root of the GSN originated from T3, in all other cases, the highest root of GSN originated from T4 ganglion onwards only. The lowest root of origin of GSN was T11 in only one adult female cadaver otherwise, the lowest root of origin was T10 or above in both adult and fetal specimens. Highest and Lowest root of origin of LSN(see Table-3):The Highest root of origin of LSN was T9 in both fetal and adult specimens. Excepting in one adult female cadaver on right side and one male fetal specimen on left side in all other cases T12 was the lowest root of origin of the LSN. Highest and Lowest root of origin of least splanchnic nerves (lSN) (see Table-3):In only one case of adult female cadaver of left side, highest root of origin of the least spalnchnic nerve was T10 in most other cases it was either T11 or T12 and occasionally interval between T12 and L1 (Five sides of adult cadavers and 2 sides of fetal specimen) in only one case of adult female cadaver on the right side the lowest splanchnic nerve also originated from L1.



50 Number of roots of origin of the splanchnic nerves (see Table-4):GSN:Highest number of roots of origin of the GSN among the adult cadavers was seven (3 sides), otherwise the number of roots of origin ranged between 2-6 among the adult cadavers. In the fetal specimens, highest number of roots of origin of the GSN was 6 in only one female fetus on right side. In one female fetus on left side the GSN arose from the single root i.e., T8 LSN:- Highest number of roots of origin of the LSN was only three in adult cadavers, observed in one female adult cadaver on right side. In the fetal specimens the highest number of roots of origin was also only three otherwise the range was one-two roots only. The least splanchnic nerves The lSN in most of the cases arose from the single root in both i.e., in adult and fetal specimen except in two instances (one male, and one female adult cadavers both of right sides) were the lSN arose from two roots. Bilateral symmetry of the splanchnic nerves: Only in five adult cadavers (three female and two males- 10 sides) and in one male fetus (2 sides) highest root of the origin of the GSN was the same on both sides. But the number of roots of origin and the sequence of the origin of the subsequent roots were different. In one male and one female adult cadaver and in one male fetus the origin of the LSN was symmetrical on both sides. In all



other cases the origin of the LSN was



asymmetrical. In three male and one female adult cadaver , and in one male fetus the origin of the lSN was symmetrical. In all other cases the origin of the lSN was asymmetrical.



51 Sex differences: There was no noticeable sex differences in the pattern of origin or course of the splanchnic nerves. Except in case of lSN , the absence was noticed only in males. Size of the splanchnic nerves: the mean length of the splanchnic nerves as measured in the adults was as follows(in mms): GSN: 54.05 ± 27.312 LSN:47.42 ± 17.85 lSN: 38.69 ± 11.31 Intersplanchnic Connections: Intersplanchnic connections between GSN & LSN was observed, in 4 sides of adult cadavers and two sides of fetal specimens; in one of the fetal specimens intersplanchnic connections between LSN and lSN was also noticed. Intermediate Splanchnic Ganglia(see Table-10):- Splanchnic ganglia along the course of GSN was found in eleven sides of the adult cadavers; in three of the cadavers it was bilaterally observed in five other cases it was unilateral, the size of the splanchnic ganglion varied from 3 x 3 mm to 15 x 5 mm. No splanchnic ganglia was observed in fetal specimens. Multiple roots: In many instances the roots splanchnic nerves were formed by more than one twig from a single source, i.e., two twigs; four such instances were observed in case of GSN in fetuses and ten instances in adult cadavers. In case of LSN two instances among adult cadavers and two instances among fetuses were noticed. Inter-ganglionic roots: In many instances the roots of the splanchnic nerve was found to originate from cord between the two ganglia. In case of GSN 32- such instances were found amongst adult cadavers and 14 instances amongst fetal specimens.



52 In case of LSN the inter ganglionic roots were observed in 14 instances in adult cadavers and five instances in fetal specimens. In one adult female cadaver on the right side all the three roots of LSN originated from interganglionic chain. In case of least splanchnic nerve (lSN) there were eight instances roots originating from the interganglionic chain in the adult cadavers and five instances in fetal specimens.



DESCRIPTION OF THE SPECIMENS ADULT MALE CADAVERS (See Figs -14-29) Male Cadaver No. 1 : Right side: The GSN arose from thoracic ganglion no. 6, 6/7, 7,8,9 (five roots).The GSN was 3 mm thick and 8 cm in length, there was inter-splanchnic connection between greater and lesser splanchnic nerves. A splanchnic ganglion was also noticed in the course of splanchnic nerve located between 9th and 10th inter costal spaces measuring 3X3 mm. The GSN – divided into medial and lateral branch, the medial branch ended in the celiac ganglion, the lateral branch ended in the renal plexus. The lesser splanchnic nerve arose from thoracic ganglia 9/10, 10/11 it measured 4 cm in length and 2mm in width. The least splanchnic nerve arose from a single root i.e. from 11th thoracic ganglia it measured 4.8 cm in length and 1 mm in width. Only 11 ganglia were found in thoracic sympathetic chain. Left side: The GSN on this side arose from T6, T7 (2 twigs), T8, T9 and T10. The GSN measured 1.3 cm in length and ended in the celiac ganglia. The LSN arose from 10/11, 11th thoracic ganglia, it measured 4.3 cm in length. The least splanchnic was absent on this side. Only 11 thoracic ganglia were found on this side. Male Cad No -2 : Right side: The GSN arose from T6, T7, T8 (2) and T9 it measured 3.5 cm in length and 3 mm in thickness and a splanchnic ganglia was found in the course of the GSN at the level of T11, measuring 5x3 mm. The GSN divided in to medial and lateral branches. The



53 medial branch ended in celiac ganglia and lateral branches contributed to the suprarenal and renal plexuses. The LSN arose from T11 only measuring 7 cm in length ended in the renal plexus. The least splanchnic nerve arose from T11 & L1 measuring 4.5 cm in length ended in the renal plexus. Only 11 ganglia were found in the thoracic sympathetic chain on this side. left side: The GSN arise from T5/6, T7, 7/8, 8, 9(2) it measured 6 cm in length and 2mm in width it ended in the celiac ganglia. A splanchnic ganglia was found in its course between T11 & T12 measuring 4X8 mm. The LSN arose from T10/T11 (2), and T11 ganglia and measured 4 cm in length and 1mm in width, it broke up into branches to renal and suprarenal plexus. The lSN arose only from T12 measuring 1.8 cms in length ended in the renal plexus. 12 thoracic ganglia were found on this side. Male Cad No. 3 : Right side: GSN arose from T4/5, 6, 8, 8/9, it measured 7 cm in length and 2mm in thickness it ended in celiac ganglia. LSN arose from T9/10 measured 6.5 cm in length and ended in celiac ganglia. Least splanchnic nerve was absent on this side. left side: GSN arose from T4, 5/6, 7, 9/10 measured 5.5 cm in length and ended in celiac ganglion. The root from T4 was very slender and joined the root from T5/6. The LSN arose from T10/11 and measured 5.5 cm in length and the least arose from T11 only, measuring 5 cm in length. Both of ended in renal plexus. There was duplication of sympathetic chain between T10, T11 intercostal spaces and 11 ganglion was found in the sympathetic chain on this side. Male Cad No. 4: Right side: GSN arose from 3 roots namely T6, T8, T9 measured 8 cm in length and 3mm in width. This is dividing into two branches medial and lateral ending in celiac plexus.



54 The LSN arose from two roots form T10 only and measured 2.5 cm and ended in the celiac ganglia the least splanchnic nerve arises from T11 ganglion only measures 5.5. cms. Ending in the renal plexus only 11 ganglia were found on this side. Left side: GSN arose from T6, 7, 8, 9 measure 5.3 cms 5.3 cms in length and ended in the celiac ganglion. The lesser splanchnic nerve arise from T10 only and also ended in the celiac ganglia and measured 8.5 cm least splanchnic nerve arise from T11 only and measured 3.5 cm and ended in renal plexus. Male Cad No. 5: Right side : GSN arose from T5, T7, 8, 9/10 and two revise from T10 ganglia measured 4 cm in length an splanchnic ganglia was found in its course before it divided into branches at the level of T11 measuring 12/4 mm the GSN divided into two branches and ended in celiac ganglia and renal plexus. LSN from T11 only measured 5 cm in length and ended in renal plexus. Last splanchnic nerve was absent on this side, there were 11 ganglia on this side. Left side: GSN arose from T7, 8,9,9/10 measured about 5.5 cm in length there was splanchnic ganglion of 10X4 mm size was found in its course at the level of T11 divided into two branches ending in celiac ganglion and renal plexus. LSN arose from T10 & 11 measured 3 cm ended in renal plexus. Least splanchnic nerve arose from interval between T12 & L1 measured 4 cm and ended in renal plexus. 12 ganglia were found on this side. Male Cad No. 6 : Right side: GSN arose from T5, 6, 7/8, 9, 9/10 measured about 3 cm in length and an splanchnic ganglia measuring 12 X4 mm of size was found in its course, and the GSN divides into 2 branches and ended in celiac ganglia and renal plexus. LSN arose from T11 & T12 measured 6 cm and ended in renal plexus. Least splanchnic nerve arose from T12 & T12/L1 ended in renal plexus and measured 4 cm in length. There were about eleven (11) ganglia on this side.



55 Left side: GSN arose from T6, 7, 8(2) 9 measured 7 cm as splanchnic ganglia of size 15X5 mm was found in its course and ended in the celiac ganglia. The LSN arose from T11/12 & T12 and measures 4 cm and ended in renal plexus. ISN arose from T12 ganglion only and ended in renal plexus and measured 3 cm in length, there were about 12 ganglia on this side. Male Cad No. 7: Right side: GSN arose from T7, 8,8/9 & 10 in ended in celiac ganglion, the LSN arose from T11 only and ended in renal plexus and least splanchnic nerve arose form interval between T12 and L1 and ended in renal plexus. Left side: GSN arose from T6,8,9/10 and divided into 2 branches ending in celiac ganglia and renal plexus and there was inter splanchnic connection between lateral branch of GSN and LSN. LSN arose from interval between T10 & T11 and ended in renal plexus. ISN arose between T12 & L1 and ended in the renal plexus. Male Cad No. 8: Right side: GSN arose from T6, 7/8(2), 8/9 and 9. It divided into two branches ended in celiac ganglia and renal plexus. There was inter splanchnic connection between GSN and LSN. LSN arose from T10/11 and T11 and ended in renal plexus. ISN arose from T11 alone and ended in renal plexus. Left side: GSN arose from T6/7, T8/9, T9/10. There was a splanchnic ganglia in its course at the level of T11. There was inter splanchnic connection between GSN & LSN. GSN ended by dividing into two giving branches to celiac ganglia and renal plexus. LSN arose from T10 along and ended in renal plexus and ISN arose from T11 alone and ended in renal plexus.



56 ADULT FEMALE CADAVERS (See Figs -30-43) Female Cad No. 1: Right side GSN arose from T5,6,7,9 and 10 (2) roots. Measured 1.3 cm in length and divided into two branches and siding into celiac ganglion and renal plexus.LSN arose from T10, 11/12, measured 5.5. cm in length and ended in renal plexus and least splanchnic nerve arose from interval between T12 & L1 measured 3.3 cm in length and ended in renal plexus. 11 ganglia were found on this side. Left side : GSN arose from T5, 5/6, 6, 7, 8/9, 10 and 11 measures 3 cm in length and ended in celiac ganglia and renal plexus and LSN: arose from T11 only and measured 3.3 cm in length and ended in renal plexus. Least splanchnic nerve: Nerve was absent, there was 11 ganglia on this side. Female Cad No. 2: Right side GSN: arose from T3, 4, 4/5, 6, 7, 9, 9/10 (2) measured 6.8 cm in length divides into two branches ending in celiac ganglia, supra renal plexus and renal plexus. Lesser splanchnic nerve: arose from T11 alone measured 6 cm and ended in renal plexus. The least splanchnic nerve also arose from T11 alone measuring 2.5 cm and ended in renal plexus. Eleven ganglia was found on this side. Left side: GSN arose from T6, 8 and 10 measured about 4cm had a splanchnic ganglia in the course measuring 7X3 mm ended in the celiac ganglia. LSN: arose from lateral between T10 & T11 measuring 5 cm ended in renal plexus. Least splanchnic nerve arose from T11 only measuring 4 cm and ended in renal plexus. Female Cad No. 3 : Right side: GSN arose from T6, 8/9 and 10 and measuring 9.5 cm and ended in celiac ganglia the lesser splanchnic nerve arose from T11 alone measuring 5.5 cm ended in celiac ganglia.



57 The least splanchnic nerve arose from interval between T11 & T12 and measured 3.5 cm and ended in renal plexus there was 11 ganglia on this side. Left side: GSN arose by two roots only T6 and T8/9 only measured 4.5 cm and ended in celiac ganglia the lesser splanchnic nerve arose from T9 measures 6 cm ended in renal plexus. Least splanchnic nerve- arose from T10 measured 4.5 cm and ended in renal plexus. There were only ten ganglia on this side. Female Cad no 4: Right side: GSN arose from T5/6, 7, 7/8,8,9, 9/10, 10(2) measured 10 cm in length and ended in celiac ganglia and renal plexus. LSN arose from T11 and L1 measures 1 cm in length and ended in renal plexus. Least splanchnic nerves arose from T12 alone measured 5 cm in length and ended in renal plexus there were 12 ganglia in this side. left side: GSN arose from T6, 7 and T8 and measured 9.3 cm in length and ended in celiac ganglia. LSN arose from T10 alone measured 3 cm and ended in renal plexus. Least splanchnic nerve – arose from T10/11 measure 2 cm ended in renal plexus. There was an inter splanchnic connection between lesser and least splanchnic nerve. Female Cad 5: Right side: GSN arose from T7, 8,9 and 10 ended in celiac ganglia. Lesser splanchnic nerve- arose from T11 alone and ended in the celiac ganglia. Least splanchnic nerve – arose from T11 alone and ended in celiac ganglia and also in renal plexus. Left side: Greater splanchnic nerve arose from T7 & T8 ended in celiac ganglia. Lesser splanchnic nerve – arose from T10 alone and ended in renal plexus there was a inter splanchnic connection between GSN & LSN. Least splanchnic nerve – was absent.



58 Female Cadaver 6 : Right side: GSN arose from T5, 5/6 (2), 7/8, 8, 8/9, 9 and ended in celiac ganglion. Lesser splanchnic nerve arose from T 9/10, T 10/11, T 11/12 ended in renal plexus. Least splanchnic nerve – arose from T12/L1 ended in renal plexus. Left side: GSN arises from T6/7, 8,9,10 ended in celiac plexus and renal plexus. Lesser splanchnic nerve arises from T11 alone and least splanchnic nerve was absent. Female Cad No. 7: Right side: GSN arose from T6/7, T7/8 and T10 and ended in the celiac ganglia and renal plexus. LSN arose from T11 and ended in celiac ganglia ISN arose from T12 & L1 ended in renal plexus Left side: GSN arose from T7/8, 8, 9 and T10 ended in celiac ganglia lesser splanchnic nerve arose from T11. Least splanchnic nerve arise from T11 both ended in renal plexus. FOETAL SPECIMENS MALE FOETUSES: (See Figs -44-50) MALE FOETUS-1: Right Side: GSN arose from T7, 8/9, 10, 10/11, and measured 3mm in length. It bifurcated into 2 branches and terminated in the celiac ganglia and suprarenal plexus LSN arose from T11/12 measured above 12mm and ended in renal plexus. Least splanchnic nerve was absent on this side. Left Side: GSN arose from T6, 8, 9, 10 and ended in celiac ganglion. Both LSN, lSN arose from T11/12 and ended in renal plexus.



59 MALE FOETUS-2: Right Side: GSN arose from only two roots, i.e., T8, and T10 measuring about 10 mm ended in celiac ganglion. LSN arose from T11 only measuring 15mm ended in the renal plexus. The lowest splanchnic nerve was absent on this side. Left Side: GSN arose from T7, 9, 10, measuring 10mm and ended in celiac ganglion LSN arose from interval between T12 & L1 measured above 10mm ended in renal plexus lSN was absent. MALE FOETUS-3: Right Side: GSN arose from T5, 6/7, 8, 9, 9/10, ended in celiac ganglion, measured about 10mm. LSN arose from T11 alone measured 8mm ended in renal plexus. lSN measuring 4mm arose from interganglionic chain between T12 & L1 ended in renal plexus. left Side: GSN arose from T6, 7/8, 9, measured about 3mm in length and ended in celiac ganglion. LSN arose from T10 alone measuring 15mm ended in renal plexus. lSN arose from T12/L1 measured 12mm and ended in renal plexus. MALE FOETUS-4: Right side:GSN arose from T6,8,9,9/10 measured about 14 mm in length ended in celiac ganglion.LSN arose from T12 alone measuring 15 mm ended in renal plexus. lSN arose from T12/L1 measured 12 mm and ended in renal plexus. Left side: GSN arose from T6, 7/8, 8, measuring 14mm ended in celiac ganglion LSN arose from T10 alone measuring 15mm ended in renal plexus. lSN arose from T11 alone measuring 12mm ended in renal plexus. MALE FOETUS-5: Right Side: GSN arose from T6, 7, 8, (2) and 10 measuring 10mm ended in celiac ganglion.LSN arose from T10 alone measuring 8mm ended in renal plexus.



60 lSN arose from T10/11 measuring 7mm ended in renal plexus. Left Side : GSN arose from T7, 7/8, 9/10, measuring 20mm ended in celiac ganglion. LSN arose from T11/12 measuring 10mm also ended in celiac ganglion. lSN was absent on this side. MALE FOETUS-6: Right Side: GSN arose from T6 and T8 measured 28mm and ended in the celiac ganglion.LSN arose from T9, 11(2) ended in renal plexus lSN arose from T12 by two roots and ended in renal plexus. Left Side: GSN arose from T8 and T10 measuring 15mm ended in celiac ganglion. LSN arose from T10 alone measuring 17mm ended in renal plexus. lSN arose from T11 & T12 measuring 12mm ended in renal plexus. MALE FOETUS-7: Right Side : GSN arose from T6, 7, 8, 8/9. 10 measuring 15mm ended in celiac ganglion. LSN arose from two roots from T11 measuring 10mm ended in celiac ganglion and in renal plexus. lSN arose from T11 alone measuring 5mm ended in renal plexus. Left Side: GSN arose from T5, 6,8, 10, measuring 16mm ended in celiac ganglion. LSN arose from T10 and T11 measuring 10mm ended in renal plexus. lSN arose from T11 alone measuring 6mm ended in renal plexus. FEMALE FOETUSES (See Figs -51-53) FEMALE FOETUS-1: Right Side :GSN arose from T7, 8, 9, measuring 10mm bifurcating into two branches and ended in celiac ganglion and renal plexus. LSN arose from T10 and T11 measuring 20mm ended in renal plexus. Least splanchnic nerve arose from T11 alone measuring 10mm ended in renal plexus.
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Left side: GSN arose from T8, only ended in celiac ganglion LSN arose from T10 by two roots and T11 and ended in renal plexus. There was an intersplanchnic connection between GSN & LSN. lSN arose from T12/L1 ended in renal plexus. There was intersplanchnic connection between the LSN and the lSN also.



FEMALE FOETUS-2: Right Side : GSN arose from T5, 6,7,8,8/9, 9, measuring 10mm ended in celiac ganglion. LSN arose from T9/10 measuring 10mm ended in renal plexus. lSN arose from T11 alone measuring 10mm ended in renal plexus. Left Side: GSN arose from T6, 8, 8/9 measuring 20mm ended in celiac ganglion. LSN arose from T9, 10(2) and T11 measuring 10mm ended in renal plexus. The lSN arose from T12 alone ended in renal plexus. FEMALE FOETUS-3: Right Side: GSN arose from T6, 7(2) 8, 9(2) measuring 24mm in length bifurcated into two branches and ended in coeliac ganglion and renal plexus. LSN arose from T9 and T11 measuring 15mm ended in the renal plexus. lSN arose from T12 measuring 6mm ended in renal plexus. Left Side: GSN arose from T4/5 6,7,8 and T9 measuring 30mm ended in coeliac ganglion. LSN arose from T9 and T10/11 measuring 12mm ended in renal plexus. lSN arose from T11 alone measuring 10mm ended in renal plexus.
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Fig-14: shows the Rt side of Adult Male 1;GSN, LSN, lSN, Splanchnic Ganglion is seen and inter splanchnic connections are very well seen between GSN and LSN. GSN has taken origin from T6, T7, T8 & T9, LSN has taken origin from T10 & T11 lSN has taken origin from T11 only.



Fig-15: shows the Lt side of Adult Male 1 GSN, LSN & AORTA Splanchnic Ganglion not seen lSN is absent. GSN has taken origin from T6, T7, T8, T9 & T10, LSN has taken origin from T11 only no inter splanchnic connections seen.
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Fig -16: shows the Rt side of Adult Male 2; GSN, LSN, lSN and splanchnic Ganglion and supra renal gland and kidney, Renal artery is also seen. GSN arose from T6, T7, T8 & T9, LSN arose from T11 only, lSN arose from T11.



Fig -17: shows the Lt side of Adult Male 2;GSN, LSN, lSN and splanchnic Ganglion. Inter splanchnic connections not seen. GSN is terminating into celiac ganglion. And GSN is taking origin from T5/,T7, T7/8,T9(2) LSN is taking origin from T10/T11(2), and lSN is taking origin from T12 only.
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Fig -18: shows Rt side of Adult Male 3;



LSN & lSN is absent. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T4/5, T6, T8,T8/9 , LSN is arising from T9/10. Inter splanchnic connections not seen.



Fig -19:



shows Lt side of Adult Male 3; GSN, LSN & lSN. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T4, T5/6, T7, T9/10,LSN is arising from T10/11 and lSN arising from T12 is seen. Inter splanchnic connections not seen.
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Fig -20: Shows Rt



side of Adult Male 4; GSN, LSN & lSN. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T6, T8 & T9, LSN is arising from T10 (2) and lSN arising from T12 is seen. Inter splanchnic connections not seen. Renal artery and kidney are seen.



Fig -21:



shows Lt side of Adult Male 4; GSN, LSN, ending in celiac ganglion . GSN arose from T 6, 7, 8, 9. LSN arose from T10 only.
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Fig -22: shows Rt side of Adult Male 5;



GSN, LSN. Splanchnic Ganglion is present in the course of GSN. GSN and LSN is terminating into celiac ganglion GSN is taking origin from T5, T7, T8, T9/10, LSN is arising from T11. .



Fig -23:



shows Lt side of Adult Male 5; the GSN, LSN,and lSN. , Splanchnic Ganglion is seen and inter splanchnic connections are very well seen between GSN and LSN. GSN has taken origin from T7, T8 & T9,9/10 LSN has taken origin from T10 & T11
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Fig -24:



Show Rt side of Adult Male 6; GSN, LSN & AORTA Splanchnic Ganglion not seen lSN is absent. GSN has taken origin from T5, T6, T7/8, T9, T9/10 , LSN has taken origin from T11and T12. No inter splanchnic connections seen.



Fig -25:



show Lt side of Adult Male 6; GSN, LSN, lSN and splanchnic Ganglion and kidney, Renal artery is also seen. GSN arose from T6, T7,T8,T9,LSN arose from from T11/12,lSNarose from T12. Inter splanchnic connections not seen.
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Fig -26: shows Rt side of Adult Male 7;



GSN, LSN, lSN. Inter splanchnic connections not seen. GSN is terminating into celiac ganglion. And GSN is taking origin from T7, T8, T8/9 ,T10 LSN is taking origin from T11 only and lSN is taking origin from T12/L1 only.



Fig -27:



shows Lt side of Adult Male 7; GSN, LSN & lSN.Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T4/5, T6, T7/8 & T8 LSN is arising from T9. Inter splanchnic connections seen.
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Fig -28: shows



Rt side of Adult Male 8; GSN, LSN & lSN. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T5, T7, T9, LSN is arising from T11 and lSN arising from T12 is seen. Inter splanchnic connections not seen.



Fig -29:



shows Lt side of Adult Male 8; GSN, LSN & lSN. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion. GSN is taking origin from T6/7, T8/9,T9/10, LSN is arising from T10 and lSN arising from T11. Inter splanchnic connections not seen. .
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Fig -30:



shows Rt side of Adult Female 1; GSN, LSN & lSN. Splanchnic Ganglion not seen. GSN and LSN is terminating into celiac ganglion, . Inter splanchnic connections not seen. Kidney and renal artery are seen. splanchnic connections not seen. Abdominal aorta is seen.



Fig -31: shows Lt side of Adult FeMale 1; GSN, LSN. GSN and LSN is terminating into celiac ganglion.. . Inter splanchnic connections not seen. Abdominal aorta is seen.
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Fig -32: shows Rt side of Adult Female 2; GSN, LSN.



Splanchnic Ganglion is present in the course of GSN. GSN and LSN is terminating into celiac ganglion. Inter splanchnic connections not seen. Abdominal aorta is seen.Kidney, supra renal gland and renal artery are seen.



Fig -33: shows Lt side of Adult Female 2;



GSN, LSN. Splanchnic Ganglion is present in the course of GSN. GSN and LSN is terminating into celiac ganglion. Abdominal aorta, Kidney, renal artery are seen.
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Fig -34:



shows Rt side of Adult Female 3; GSN, LSN, lSN. Splanchnic Ganglion is not seen in the course of GSN. GSN and LSN is terminating into celiac ganglion.Inter splanchnic connections not seen. Kidney,renal artery are seen.



Fig -35: shows Lt



side of Adult Female 3; GSN, LSN,lSN. Splanchnic Ganglion is not present in the course of GSN. GSN and LSN is terminating into celiac ganglion.Inter splanchnic connections not seen. Abdominal aorta and .Kidney are seen
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Fig -36: shows Rt side of Adult Female 4;



GSN, LSN, lSN. GSN and LSN is terminating into celiac ganglion.. . Inter splanchnic connections not seen. Kidney and renal artery are seen.



Fig -37: shows Lt



side of Adult Male 4; GSN, LSN. Splanchnic Ganglion is present in the course of GSN. GSN and LSN is terminating into celiac ganglion.Inter splanchnic connections not seen. Abdominal aorta, Kidney renal artery are seen.
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Fig -38: shows Rt side of Adult Female 5; GSN, LSN, lSN. GSN and LSN is terminating into celiac ganglion.. Inter splanchnic connections not seen. Kidney is seen.



Fig -39: shows Lt side of Adult Female 5; GSN, LSN.GSN and LSN is terminating into celiac ganglion. Inter splanchnic connections not seen.
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Fig -40: shows Rt side



of Adult Female 6; GSN, LSN.GSN and LSN is terminating into celiac ganglion. Inter splanchnic connections not seen. Abdominal aorta is seen.



Fig -41: Shows Lt side of Adult Female 6;



GSN, LSN. GSN and LSN is terminating into celiac ganglion. Inter splanchnic connections not seen. Abdominal aorta is seen.
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Fig -42:



shows Rt side of Adult Female 7; GSN, LSN.GSN and LSN is terminating into celiac ganglion. Inter splanchnic connections not seen. Abdominal aorta is seen.



Fig -43: Shows Lt side of Adult Female 7; GSN,LSN. GSN,LSN are terminating in celiac ganglion. Abdominal aorta is seen.
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Fig -44: MALE FETUS 1:



Rt and Lt sides



Right side shows GSN, LSN.lSN was absent on this side. GSN and LSN is terminating into celiac ganglion and supra renal plexus. Inter splanchnic connections not seen.Kidney is seen. Left side shows GSN, LSN and lSN.GSN ended in celiac ganglion and LSN and lSN ended in renal plexus. from . Abdominal aorta is seen.
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Fig -45: MALE FETUS 2:



Rt and Lt sides



Right side shows GSN, LSN lSN was absent on this side. GSN ended in celiac ganglion LSN ended in the renal plexus. Inter splanchnic connections not seen.. Left side shows GSN, LSN lSN was absent on this side. GSN ended in celiac ganglion.. Inter splanchnic connections not seen. .
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Fig -46: MALE FETUS 3:



Rt and Lt sides



Right side shows GSN, LSN and lSN.. GSN ended in the celiac ganglion and LSN ended in the renal plexus. . Left side shows GSN, LSN and lSN. GSN ended in the celiac ganglion and LSN in the renal plexus. is terminating into celiac ganglion. .
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Fig -47: MALE FETUS 4:



Rt and Lt side



Rigth side shows GSN, LSN lSN. GSN ended in the celiac ganglion and LSN terminated in renal plexus. Left side shows GSN, LSN lSN. GSN ended in the celiac ganglion and LSN terminated into renal plexus.
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Fig -48: MALE FETUS 5:



Rt and Lt sides



Right side shows GSN, LSN lSN. GSN is terminating into celiac ganglion. LSN ended in renal plexus. Abdominal aorta is seen. Left side shows GSN, LSN lSN was absent on this side.GSN is terminating into celiac ganglion. LSN is terminating
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Fig -49: MALE FETUS 6:



Rt and Lt sides



Right side shows GSN, LSN lSN. GSN ended in the celiac ganglion LSN ended in the renal plexus. Left side shows GSN, LSN lSN. GSN ended in celiac ganglion LSN ended in the renal plexus.
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Fig -50: MALE FETUS 7:



Rt and Lt sides



Rigth side shows GSN, LSN lSN GSN ended in the celiac ganglion. LSNended in renal plexus. Left side shows GSN, LSN and lSN. . GSN ended in the celiac ganglion. LSN ended in renal plexus.. Abdominal aorta is seen.
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Fig -51: FEMALE FETUS 1 Rt and Lt sides Right side shows GSN, LSN and lSN. GSN ended in the celiac ganglion and LSN ended in the renal plexus Left side shows GSN, LSN and lSN.. GSN is terminating into celiac ganglion.LSN ending in renal plexus. .
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Fig -52: FEMALE FOETUS-2: Rt and Lt sides Right Side shows GSN ended in celiac ganglion. LSN arising from T9/10 ended in renal plexus. lSN arising from T11 alone measuring ended in renal plexus. Left Side shows GSN arising from ended in celiac ganglion. LSN ended in renal



plexus. The lSN arising from T12 alone ended in renal plexus.
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Fig -53: FEMALE FETUS 3



Rt and Lt sides



Right Side shows GSN bifurcated into two branches and ended in coeliac ganglion and renal plexus. LSN ended in the renal plexus. lSN ended in renal plexus. Left Side: shows GSN ended in coeliac ganglion. LSN ended in renal plexus. lSN ended in renal plexus.
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TABLE-3:HIGHEST ROOT OF ORIGIN OF THE SPLANCHNIC NERVES



No of the root



GSN No of cases



Total(%) 1(2%)



LSN No of cases Rt Lt -----



-----



l SN No of cases Rt Lt -----



T3



1



0



-----



T4



0



1



1(2%)



-----



-----



-----



-----



T4/5



0



1



1(2%)



-----



-----



-----



-----



T5



1



1



2(4%)



-----



-----



-----



-----



T5/6



6



2



8(16%)



-----



-----



-----



-----



T6



1



1



2(4%)



-----



-----



-----



-----



T6/7



10



11



21(42%)



-----



-----



-----



-----



T7



1



2



3(6%)



-----



-----



-----



-----



T7/8



4



4



8(16%)



-----



-----



-----



-----



T8



1



2



3(6%)



-----



-----



-----



-----



T8/9



0



0



0



-----



-----



-----



-----



T9



0



0



0



2



3



5(10)



------



------



T9/10



-----



-----



4



0



4(8)



------



------



T10



-----



-----



4



9



13(26)



0



1



1(2)



T10/11



-----



-----



1



5



6(12)



1



1



2(4)



T11



-----



-----



12



5



17(34)



9



9



18(36)



T11/12



-----



-----



1



2



3(6)



1



2



3(6)



T12



-----



-----



1



0



1(2)



5



4



9(18)



T12/L1



-----



-----



0



1



1(2)



5



2



7(14)



Total(%)



Total(%)
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TABLE-4:FREQUENCY OF NUMBER OF ROOTS OF ORIGIN OF THE SPLANCHNIC NERVES



1



GSN No of cases 1



2



LSN No of cases 33



2



6



12



3



13



26



4



15



30



No of the root



%



66



l SN No of cases 37



15



30



3



6



2



4



---



----



Absent -



20%



%



10 5



10



20



6



2



4



7



3



6



% 74
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TABLE-5:FREQUENCY OF ORIGIN OF THE ROOTS OF THE SPLANCHNIC NERVES FROM SPECIFIC THORACIC GANGLIA



Thoracic Ganglion No T3



GSN 1A,0F(1);2%



T4



2A,0F(2);4%



T9/10



3A,1F(4);8%



Nil



T4/5



2A,1F(3);6%



T10



7A,6F(13);26%



1A,0F(1);2%



T5



5A,3F(8);16%



T10/11



8A,1F(9);18%



1A,1F(2);4%



T5/6



4A,0F(4);8%



T11



16A,10F(26);52% 11A,7F(18);36%



T6



18A,12F(30);60%



T11/12



2A,2F(4);8%



1A,2F(3);6%



T6/7



4A,1F(5);10%



T12



2A,2F(4);8%



5A,3F(8);16%



T7



17A,9F(26);52%



T12/L1



1A,0F(1);2%



5A,2F(7);14%



T7/8



6A,2F(8);16%



T8



21A,15F(36);72%



T8/9



8A,5F(13);26%



T9



14A,9F(23);46%



T9/10



7A,3F(10);20%



T10



12A,9F(21);42%



T10/11



0A,1F(1);2%



T11



1A,0F(1); 2%



T12



Nil



No of : adults(A),fetuses(F)(Total);% LSN lSN 1A,4F(5);10% 1A,0F(1);2% T9
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TABLE-6:COMPARATIVE INCIDENCE OF THE SPLANCHNIC NERVES.



Author



Race/Year



Sample size **



GSN



Incidence (%) LSN l SN ASN



100



100



98.3



-



Matsui*



Japanese/1925



de Sousa Pareira



Portugese/1929



200



100



99



46



4



Edwards and Baker



American/1940



200



100



95.5



92.5



-



Näätänen*



German/1947



100



94



16



-



Contu and Mattioli*



Italian /1953



100



99



17



-



de Sousa*



Brazilian



100



100



80



18



Negros/1955 Jit and Mukerjee



Punjabees/1960



100



100



86



37



-



Naidoo,Partab,



South



38



100



92.1



55.2



-



50



100



100



80



-



Pather,Moodley,Singh, Africans/2001 Satyapal Present study



South Indians/2004



*Cited by Jit and Mukerjee (1960);** No of



sides studied



93 TABLE-7:COMPARISON OF RANGE OF ROOT ORIGIN OF THE SPLANCHNIC NERVES IN ADULT AND FETAL SPECIMENS



GSN



Naidoo etal



LSN



lSN



Right



Left



Right



Left



Right



Left



Adult



T3-T10/11



T3-T12



T9-T12



T10/11-T12



T11-12



T11-12



Fetus



T4-L1



T4-T10



T9-T12



T9-T11/L1



T12



T10/11-T12



Combined T3-L1



T3-T12



T9-T12



T9-T11/L1



T11-T12



T10/11-T12



(2001)



Present



Adult



T3-T10



T4-T11



T9/10-T12



T10-T12



T11-L1



T10-T12/L1



Fetus



T5-T10/11



T4/5-T10



T9-T11/12



T9-T12/L1



T10/11-T12/L1



T11-T12



T4-T11



T9—T12



T9-T12/L1



T10/11-L1



T10-T12/L1



study (2005)



Combined T3-T10/11



94 TABLE-8:COMPARISON OF THE NUMBER OF ROOTS OF ORIGIN OF THE GREATER SPLANCHNIC NERVE AS REPORTED BY VARIOUS WORKERS Range of Author/Year



number of roots



Common number of roots -



Matsui/1925*



1-6



Rossi/1927*



1-7



4



1-7



3



Monteiro,Rodrigues and Periera/1933*



3 Edwards and Baker/1940



1-7



Näätänen/1947*



2-5



(3 roots 32.5%,4 roots 29%)



3(43%) 3



Contu and Mattioli/1953*



1-7



(36% in adults and 47% in new born)



Toni and Frignani/1955a*



1-5



4(new born)



Toni and Frignani/1955b*



-



3(44 % adults)



1-8



4(3 roots 29%,4 roots 31%)



Jit and Mukerjee/1960 Naidoo,Partab, Pather,Moodley,Singh,



3-10



Satyapal/2001



Present study/2004



1-7



4(30%);3(26%);5(20%)
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TABLE-9:COMPARISON OF THE HIGHEST ROOT OF ORIGIN OF THE GREATER SPLANCHNIC NERVE



Root



Jit and Mukerjee(1960)



Naidoo etal (2001)



Present study



Right



Righ Left



Right



Left



Total (%)



Total (%)



Left



t



Total (%)



T3



1



1



2(5%)



1



-



1(2%)



T3/4



-



-



-



-



-



-



T4



1



2



3 (3%)



4



2



6(16%)



-



1



1(2%)



T4/5



0



1



1(1%)



1



-



1(3%)



1



1



2(4%)



T5



7



9



16(16%)



3



4



7(18%)



6



2



8(16%)



T5/6



6



5



11(11%)



3



1



4(10.5%)



1



1



2(4%)



T6



14



14



28 (28%)



3



5



8(21%)



10



11



21(42%)



T6/7



4



2



6(6%)



3



-



3(8%)



1



2



3(6%)



T7



10



12



22(22%)



1



3



4(10.5%)



4



4



8(16%)



T7/8



2



2



4(4%)



-



3



3(8%)



-



1



1(2%)



T8



5



3



8(8%)



-



-



-



1



2



3(6%)



T8/9



-



-



-



-



-



-



-



1



1(2%)



T9



1



0



1(1%)



-



-



-



-



-



-



96 TABLE-10:COMPARISON OF THE REPORTED INCIDENCE OF THE SPLANCHNIC GANGLION.



Author



Year



Incidence of the splanchnic ganglion



Lobstein*



1823



2 cases



Cunningham



1875



20/26(77%)



Mitchell



1953



22/60(36.6%)



Toni and Frignani *



1955a



18/40(45%)



de sousa Pereira *



1929



62%



Rosselli *



1943



16.6%



Näätänen *



1947



18%



Contu and Mattioli *



1953



63%



De Sousa *



1955



41%



Jit and Mukerjee



1960



41%



Naidoo et al



2000



17/38 (44.7%)



Present study



2004



11/50 (22%)



*Cited by Jit and Mukerjee (1960)



97 DISCUSSION : Incidence and variations in the formation of the splanchnic nerves among the several races has been recorded by a number of workers across the world. These studies span the period between 1925-1960 : Japanese (Matsui – 1925) ; Americans (Edwards & Baker – 1940; Brooker-1951;Reed1951); Germans (Nätäänen-1947); Italians (Rossi-1927. Contu & Mattioli- 1953; Toni & Frignani-1955 a and 1955 b) Portuguese (de Souza Pereira -1929 ; Monteiro, Rodrigues & Periera-1933). Brazilian Negros (de Souza-1955) Punjabis (Jit & Mukerjee 1960) 28-39. After a gap several decades the interest in this subject has been rekindled on the grounds of its importance



in thoracoscopic splanchnicectomy by Naidoo, Partab,



Pather, Moodly, Singh and Satyapal (2001)4. As can be seen from the above list of studies only one study of Indian subjects exists in the literature till date. INCIDENCE OF SPLANCHNIC NERVES : The Incidence of the Splanchnic nerves as quoted by various workers is shown in the Table-6. Almost all the studies including the present GSN was found in 100% of the dissections. Whereas the incidence of the LSN and lSN vary: Matsui (1925)28 and de Souza (1955)37 have quoted 100% incidence of LSN but Jit and Mukerjee39 show an incidence of LSN as low as 86% in other studies it varies between 92% (Naidoo et al2001) 4 to 99% (de Souza Pereira –1929)30. Incidence of lSN can be as low as 16% as in the study of Näätänen (1947)33,and as high as 98.3% quoted in the study of Matsui (1925) 28. In the present study the LSN was also found in 100% of the dissections where as the lSN was found to be absent in 10 cases (20%; found in 80%). THE GREATER SPLANCHNIC NERVE: Number of roots of Origin: Highest number of roots of origin of the GSN has been observed by Naido etal (2001)4 i.e., ten roots in only one case of the left side. In all the other studies the highest number of roots ranged from 5-8.



The most frequently



98 occurring number of roots of origin of the GSN



in almost in all the studies were



either 3 or 4 (See the Table.) In the present study the highest numbers of roots of origin of the GSN was 7 (3 cases), the range of number of roots of origin of the GSN was 1-6. Most frequently occurring number of roots was 4 (30%) followed by 3 (26%) and 5 (20%). Incidence of the origin of Upper most root and the lowermost root GSN : (See Table-9) Highest root of origin of the GSN as observed by Jit and Mukerjee(1960)



39



was 4th



ganglion (2% right, 4% left, total 3%). On the right side the origin from the 4th ganglion was in the form of a loop which joined the root from the 5th ganglion near the origin of the latter.



Most commonly the highest root was derived from 6th ganglion



(28%). In his dissection of 100 cadavers, Reed (1951)35 found the highest root of GSN from 4th ganglion in 2%, 5th ganglion in 32%, 6th ganglion in 42.5%, 7th Ganglion in 20.5% and 8th ganglion in 3% of the specimens. He has not mentioned of any inter ganglionic roots. Naidoo etal (2001)4 in their series found the highest root of origin of the GSN as high as T3 (2 of 38 sides – 5%) and as low as T7/8 (3 of 38 Sides – 8%). The most frequent origins of the uppermost root of GSN was from T6 (8 of 38 sides 21%), T5 (7 of 38 Sides 18%) and T4 (6 of 38 sides 16%). Edwards and Baker (1940)32 found the origin of the uppermost root of GSN from 4th ganglion in 5% of the cases. Highest percentage of ganglia from which roots of the GSN originated was from



7, 8, 9 thoracic ganglia (69.5%, 78% and 77.5%



respectively.) In the present study the highest root of origin was found 3rd thoracic ganglion in only one case(right side of an adult female cadaver), other were most frequently level of origin of the highest root was T6 (42%) followed by T5 and T7 (16% each). Frequency of contribution of the roots from the specific thoracic ganglion: (see table)



99 In the present series the most frequent contribution of the root was from T8 (72%) followed by T6 (60%), T7 (52%), T9 (46%). Roots originating by interganglionic chain varied from 6-26 %. Naidoo et al.,4 have mentioned of



additional direct lower thoracic contributions



(ganglionic and inter ganglionic)to the GSN in 6 out of 38 sides(16%) in the absence of LSN and lSN. No such roots were noticed in the present study. In some instances in the present series the highest root of the GSN was found to form a loop before it joined the subsequent root( see figs-) LESSER SPLANCHNIC NERVE : Jit & Mukerjee(1960)39 found the LSN in 86% of the cases in their study and the number of roots varying from 1-4 the most common origin of the roots from T10 and T11 ganglia. Howard et. al., (1987) and Wittmoser (1995) 48,49 recorded that branches formed by the thoracic ganglia found in 9th and 10th intercostals spaces were destined



for the upper



abdomen in general and pancreas in particular. Groen et al (1987)42 observed in their fetal series LSN originating via 1-2 rami



from



thoracic segments T10 and T11 (range T10 and T12). Naidoo et al 4 have reported ten range for the LSN with the most common ganglion of origin being T10 (9 out of 38 sides - 23%). In the present study highest number of roots origin of LSN was only three in both adult cadavers and fetal specimens. Excepting five cases where the highest root was contributed by the T9, the origin of the LSN in all other cases was from T10 – T11. Only in 4 cases (8%) LSN originated from T12 and in one case of adult cadaver from the interval between T12 and L1. LEAST SPLANCHNIC NERVE: lSN is usually described in the text books as arising from last thoracic ganglion which may be the T10 or T11 (Mitchell, 1953)7. Incidence of this nerve is recorded to vary from 16% to 98.3%. Jit and Mukerjee(1960)39 in their series of dissections found the lSN in 37% of the specimen. It may receive the communicating twig from the lesser splanchnic nerve but usually it is considered to have only one root of origin.



100 Edwards and Baker, and Baker (1940)32 found in 94.6% of the cases the nerve arising from a single root and by two roots in 5.4% of the specimens in which it was detected. In 88.5% of the specimen the nerve arose from T12 ganglion. Instances of two roots of origin have been reported by Rossi (1927)29 de sousa Pereira (1929), Reed (1951) and Brooker (1951)



29,30,34,35



. Even three roots of origin have been observed by de sousa



(1955)37. Jit and Mukerjee (1960)39 found lSN arising from single root in 25 specimens. This root took origin from the last thoracic ganglion in 11 instances (from T11 in 6, T12 in 4, T13 in 1). In six instances the single root was derived from the cord just above and in eight from the cord below the last thoracic ganglion. When the nerve arose from two roots ( 9 instances) their origin varied from T11 to L1. Jit and Mukerjee(1960) 39 observed that in 66.6% of the cases lSN arose from single root, according to them it is not rare to find lSN arising by 2 or 3 roots. Naidoo et al(2001)



4



found five ranges of the origin of the lSN with the T12 (20 of 38



sides - 53%) being the most common. In the present study the least splanchnic nerve was found to arise from most commonly from single root (36 cases – 72%). In only a few cases (3 cases -6%) arose by two roots, there were no cases of lSN arising from more than two roots. Most frequent origin of the lSN was from T11 (18 cases -36%) followed by T12 (8 cases-16%). In seven instances the least splanchnic nerve also arose from cord below the T12 ganglion. In the present study the least splanchnic nerve was found to occur in 80% of cases which is higher than that of the series by Jit and Mukerjee and Naidoo et al 4,39. ACCESSORY SPLANCHNIC NERVE (4TH SPLANCHNIC NERVE) de Sousa Pereira (1929)30 reported the presence of accessory splanchnic nerve in 4% of their specimens. de Souza (1955) 37 in his dissection of 50 cadavers (33 males and 17 females)found this nerve to be present in 18% of the specimens. According to him nerve usually arises by one root, from T12 ganglion or the interval between T12 and L1 vertebrae. Some times this nerve may have two roots. On entering the abdomen, it terminated in aortic plexus below the renal artery or in the renal plexus. Jit and Mukerjee(1960) and Naidoo et



101 al(2001) 4,39could not find this nerve in their series. In the present study also this nerve could not be detected. INTERSPLANCHNIC CONNECTIONS: Naidoo etal4 observed intersplanchnic connections in 15 out of 38 cases (39%) in their series. Out of these 13 of 38 occurred between the GSN and LSN and 2 of



38 between the LSN and lSN. The inter



connections were observed on the bodies of lower thoracic and upper lumbar vertebrae(T10-L2).In the present series intersplanchnic connections between GSN & LSN was observed, in 4 sides of adult cadavers and two sides of fetal specimens(12%); in one of the fetal specimens intersplanchnic connections between LSN and lSN was also noticed. INTERMEDIATE SPLANCHNIC GANGLION:(See Table-10) The Splanchnic ganglion has been identified macroscopically in all the previous studies. It is usually found in the lower part of the GSN. Lobstein (1823)50 is credited with the first description of this ganglion which he found in two instances of his dissections. Cunningham (1875)51 has observed the presence of the ganglion in 20 out of 26 cases of his series (77%), Mitchell (1953)7 has reported the presence of ganglion in 22 out of 60 specimens (36.6%). Mitchell (1953) 7 has also traced in his dissections a few filaments traversing from this ganglion to the suprarenal gland and the kidney. According to Mitchell 7the position of the ganglion is variable. It may be found to be present not on the nerve but adjacent to it between the nerve and the aorta or interval between GSN and LSN. Toni and Frignani (1955 a)43 in their dissection of 40 new born fetuses found the splanchnic ganglion in 45% specimens. Other authors including de Sousa (1929-62%), Rosselli (1943 -16.6%), Näätänen (1947 -18%), Contu and Mattioli (1952 -68%) and de Sousa (1955 -41%) 30 , 33 , 36 , 37 , 52



have also recorded the incidence of this ganglion in



their series. Jit and Mukerjee39 in their series detected macroscopically in 41% of the specimens. The position of the ganglion was found to be variable as follows: Junction of the lower root or combined lower two roots with GSN (25 cases), in eight sides it was present on the GSN below the junction of the lowest roots at varying levels.



102 It was present at a level higher than the point of attachment of the lowest root in 14 instances. Naidoo et al (2001)4found in their series in 60% of the adult cadavers (6 of ten sides) and 39% of the fetuses (11 of 28 sides). In the present series splanchnic ganglion was found in 22% of the specimens all were from adult cadavers, no instance of splanchnic ganglion was detected in fetal specimens. Mitchell (1953) 7detected the ganglion microscopically even in specimen where it was not visible through the naked eye. Jit and Mukerjee(1960) 39 identified the splanchnic ganglion microscopically in three places along the course of GSN in the body of a new born child. Jit and Mukerjee



39



have also described the varying shape of the ganglion as circular,



oblong, elongated or irregular in their series; the size of the ganglion in their study varied from size of a pin head to 25x4x4 mm. In the present series in most of the cases the ganglion was oval in shape and maximum size observed was 15x5x3 mm. COMPARISON OF THE FETAL DISSECTIONS: Groen et al (1987)42 found the GSN to arise from 1-4 large branches, most frequently from the T8-9 ganglia, with the highest origin being T6 and the lowest being T11;LSN originating via 1-2 rami from thoracic segments T10 and T11 (range T10-T12). A thickening in the GSN near suprarenal glands (The suprarenal ganglion) in all fetal specimens was also observed. The of findings Naidoo et al (2001)4 in their series of 14 fetal dissections are as follows: The GSN was found in 100% of the specimens; the LSN was found in 26 out of 28 sides( 12 right;14left sides-92.87%);lSN was found in 16 out of 28 sides( 7right;9 left sides-57.14%.Absent in 7 right and 5 left sides -42.87%).Range of origin of the roots of GSN was T4-L1 on right side and T4-T10 on left side. Highest number of root of origin for the GSN was 8 ( in only one specimen on right side) and the lowest



103 number of roots of origin of the GSN was two. The range of origin of the LSN was T9-T12 on right side and T9 – L1 on the left side; highest number of roots of origin of the LSN was three. The range of origin of the roots of lSN was T10/11-T12 on the right side and T10 –L1 on the left side. The highest number of roots of origin of the lSN was 2 only. In the present series (7male and 3female -10 ;20sides) the GSN and LSN were found in all the specimens (100%); the lSN was absent in four sides ( 20% ;found in 80%).The highest root of origin of the GSN was T4/5 and the lowest was T10/11.Highest number of roots of origin was six; in one specimen on the left side the GSN arose from a single root i.e., from T8( female fetus 1/Lt side).The highest root of origin of the LSN was T9 and that of lSN was T10/11.No intermediate splanchnic ganglia were found in the fetal specimens. Anatomy of the splanchnic nerves and its application in relief of pain originating from the upper abdominal viscera: Recent advances in surgery have made the approaches to the sympathetic nervous system more feasible than before. Indications for sympathetic nerve surgery and the results of



operations depend upon fundamental knowledge of the anatomy and



physiology of the sympathetic nervous system. The variable anatomy of the splanchnic nerves is becoming increasingly important in view of the splanchnicectomy being used more often for relief of pain originating from the upper abdominal viscera. The splanchnic nerves have been established as carriers of pain sensation from abdominal viscera developed from foregut.34



104 Splanchnicectomy as a surgical procedure has been used for a variety of conditions in the past, like malignant hypertension, pain due to peptic ulcer, cancer stomach, gall– bladder, kidney etc.,Of late splanchnicectomy has become popular procedure for relief of pain due to chronic pancreatitis and cancer of the pancreas. There are even reports of splanchnicectomy for relief of pain due to adrenal metastasis 53. Pain and exocrine and endocrine pancreatic insufficiency are classic features of chronic pancreatitis. Pain undoubtedly is the most invalidating problem in terms of



missing



work, hospitalizations, or addiction to analgesics. The causes of pancreatic pain in chronic pancreatitis are poorly understood. Pain may be related either to “acute-onchronic” pancreatic inflammation, or to a complication of chronic pancreatitis, such as an obstructed pancreatic duct, pancreatic pseudo cyst, or perineural inflammation 54. The sympathetic pancreatic innervation constitutes the main pathway for the afferent transmission of pancreatic pain. Fibers originating from the 5th to 8th thoracic sympathetic ganglia run together into the trunk of the greater splanchnic nerve. The right splanchnic nerve trunk courses dorsal to the azygos vein and downwards and medi-ally to the sympathetic chain towards the costophrenic recess. On the left side, the greater splanchnic trunk descends dorsal to the left hemi-azygos vein. Caudal splanchnic roots arising from the thoracic ganglia T9 to T11 are much finer and form the lesser splanchnic nerve, which runs parallel and dorsal to the greater splanchnic nerve. The trunks of the splanchnic nerves penetrate the diaphragm and enter the celiac ganglia, wherefrom branches distribute to the celiac plexus. Although, to a variable extent, pancreatic pain also may partially be transmitted via other pathways, such as the vagus, phrenic, or intercostal nerves, a number of reports indicate that the sympathetic



105 system is the primary pain pathway in many patients. Pain originating from other abdominal



visceral structures but situated in the supraumbilical region also is



conducted mainly via the celiac plexus and hence along the afferent sympathetic fibers to the dorsal horn of the spinal cord. Hence, blockade of these structures also may abolish pain originating from the biliary tract, the gastro duodenal structures, and the liver. Anatomical interruption of this sympathetic system can be achieved at various levels (i.e., at the level of the celiac plexus or at the level of the splanchnic nerves) and with various techniques (eg, percutaneous denervation of the celiac plexus using neurolytic agents, such as alcohol, or steroids with or without analgesics, open surgical splanchnicectomy using chemical neurolytics, or true surgical resection 54. Some authors have also tried percutaneous celiac block for relief of pain due to chronic pancreatitis in 23 patients. Effects of the procedure were unpredictable and short lived: Complete pain relief was produced only in 12/23 patients, partial relief in 6 patients and no effect in five. The pain free period lasted only for two months. According to these authors failure may have been due to inflammation and fibrosis around the celiac plexus which limits the diffusion of the alcohol 55. Recently, the development of less invasive thoracoscopic methods for performing “surgical” splanchnicectomy has caused a resurgence of interest in this method of alleviating intractable pancreatic pain due to pancreatic cancer or chronic pancreatitis. A number of



reports on thoracoscopic splanchnicectomy have been published. In all



these reports, thoracoscopy was performed by surgeons using typical surgical videoassisted thoracoscopic surgery (VATS) techniques(see Figs-54,55) such as use of 12-



106 mm trocars ,creation of pleural windows, scissor or electrosurgical hook or scissor dissection and resection of the splanchnic nerves, use of double-lumen intubation ,etc 25,57-60. A group of pneumologists have reported their experience with a simplified thoracoscopic splanchnicolysis technique for relief of pain due to chronic pancreatitis 54: All interventions were performed in the operating room with strictly aseptic conditions. In every patient, a left-sided intervention was initially performed since unilateral (preferably left-sided) splanchnicectomy may be adequate to control intractable pancreatic pain. Following intravenous anesthesia and single-lumen intubation, using high-frequency jet ventilation, interventional thoracoscopy was performed. The patients were placed in the right lateral decubitus position with the left arm elevated at a 90° angle. The patients were fixed with support-arms and bandages, and the table was then tilted 30°anteriorly in the longitudinal axis (thus, after induction of a pneumothorax the lung would “fall” away from the costovertebral gutter). A pneumothorax was induced using a Ku¨ ss needle and a manual balloon. A 10-mm trocar was introduced in the 6th or 7th intercostal space, in the midaxillary line, and a 0° optical angle thoracoscope,coupled with a video camera to a color television display and VHS video recorder, was introduced. After inspection of the thoracic cavity, two 5-mm trocars were introduced in the 7th or 8th intercostal space in the anterior and posterior axillary lines. Through one “working” port, the electrocautery forceps for splanchnicolysis was introduced, coupled to a unipolar coagulation unit set at 60 W. Through the second working port, a retractor



107 was introduced. While retracting the left lung cephalad and anteriorly, the posterior costovertebral region can be visualized. The fifth thoracic ganglion is identified in the fifth intercostal space or at the sixth rib head. In non obese patients (and chronic pancreatitis patients almost always are thin), the major splanchnic roots most often can easily be visualized through the parietal pleura, which is not opened. Rather, the electrocautery forceps is used to cauterize and destroy visible nerves on top of the rib necks. Since there are many nerve branches, and a wide interindividual variability, wider transverse cauterization for complete fiber transection is performed. Electrocautery is performed from the 5th to the 11th rib heads (the 12th is very difficult to reach). Special caution is needed in order to avoid injury to the left hemi-azygos vein, the intercostal arteries, and the aorta as well as to avoid accidental lung laceration. After the splanchnicolysis,the two 5-mm trocars are withdrawn and the skin is closed with a simple nylon suture. Thereafter, the pneumothorax is exsufflated via the 10-mm trocar, which thereafter is withdrawn. No chest drain is left in place. In 5 of 8 patients with intractable pancreatic (7 patients) or epigastric (1 patient) pain, significant and persistent pain relief could be obtained (62.5%), using a unilateral procedure in 3 and a bilateral procedure in 2 patients. In the remaining three patients, only temporary pain relief after a unilateral (left-sided) intervention could be achieved. Moodley ,Singh ,Shaik,Haffejee and Rubin



26



consider that achieving adequate pain



control in chronic pancreatitis remains a surgical challenge. The frustration with procuring a consistently effective procedure is complicated by the inability to determine the genesis of the pain in chronic pancreatitis.These authors performed thoracoscopic splanchnicectomy in 17 patients over a 30 month period. The mean operating time was



108 16.6 minutes for the left side and 11.4 minutes for the right side. No complications of the procedure was noted. The patients were pain free during a follow up period of 6 to 30 months. Pancreatic cancer



61,62



remains a significant clinical challenge world wide. Pancreatic



cancer is an important health problem, it is the 4th cause of cancer death in USA and the incidence is 10 per 100000 per year. An estimated 31800 patients in the united states . 50,000 in Europe and more than 210000 worldwide are diagnosed pancreatic cancer each year. Despite advance in surgical technique and new chemotherapy drugs for gastrointestinal cancers the mortality rate for pancreatic cancer remains high. Only 20% of patients survive past one year an less than 1% of all patients survive past 5 years. Palliation for the patients with the cancer of pancreas or periampullary region if focused on maximizing quality of life by receiving the most common symptoms like obstructive Jaundice , duodenal obstruction and pain. To retrieve symptoms both surgical and non surgical techniques are used . Unrelenting epigastric abdominal pain and back pain are some of the most common reported symptoms at the time of pancreatic cancer diagnosis in 40-80% of the patients. The presence of pain at the time of diagnosis is often a sign of advanced pancreatic cancer with extra pancreatic tumor extension. Pancreatic cancer causes pain through tumor invasion of the celiac and mesenteric plexus . Palliation of pain for patients with unresectable pancreatic cancer is often best accomplished through a combination of pharmacologic and non pharmacologic techniques. Several invasive techniques are also available including surgery. Surgical or



109 chemical splanchnicectomy and celiac plexus block. Surgical resection of the pancreas to alleviate pain is rarely indicated or successful. With



the



advent



of



minimally



invasive



surgery



thoracoscopic



bilateral



splanchnicectomy has received increased interest. This technique involves division of the greater , lesser splanchnic sympathetic nerve afferents that convey pain sensation from the upper abdominal viscera to the central nervous system. Several small studies have indicated that there are thoracoscopic splanchnicectomy is safe and effective in alleviating pancreatic pain , in these studies more than 80% of patients who underwent thoracospopic splanchnicectomy were able to reduce their dosage of opiates and had better quality of residual life.The average pain score was reduced by more than 50% and remained stable throughout the follow up period. Unilateral left side splanchnicectomy is the preferred initial procedure although bilateral splanchnicectomy can be performed without significant adverse effect on the endocrine and exocrine functions of the pancreas. However as an initial procedure bilateral splanchnicectomy offer little additional benefit over unilateral left splanchnicectomy in pain alleviation 63-70. It is worth noting the observations of Moodley et al



26



concerning the unpredictable



surgical anatomy of the splanchnic nerves(See Fig-56) : “Despite the numerous descriptions of the greater and lesser splanchnic nerves in anatomic texts ,our exposure of these nerves revealed that aberrations in the splanchnic outflow occurred frequently. Although splanchnic nerves consistently originated from the fifth thoracic ganglion ,the arrangement of the nerves and the number of branches and their interconnexions varied among patients. As a result of this unpredictable arrangement ,we opted to perform a



110 pleurotomy from the fifth intercostal space to the diaphragmatic recess with subsequent transaction of all fibers medial to the main sympathetic trunk. The number of fibers encountered during this dissection was neither predictable nor constant, but a minimum of three main fibers were transected.” Such observations during the thoracoscopic splanchnicectomy have rekindled the interest in the variable anatomy of the splanchnic nerves and initiated some studies on the variable patterns of splanchnic nerves in cadavers. Naidoo etal 4 postulate that the inconsistent results of splanchnicectomies for the palliation of abdominal pain, for conditions such as chronic pancreatitis and pancreatic carcinoma ,may be due to the underappreciated anatomical variations in the splanchnic neural pattern. According to Naidoo etal 4, the range of splanchnic nerve origin is of greater significance than the presence or absence of consecutive nerve roots. Naidoo etal 4



further suggest that- surgical technique for splanchnicectomy for upper abdominal



pain relief involves performing a longitudinal



pleurotomy medial to the sympathetic



chain. In light of the GSN variations described , it is suggested that the procedure to effect splanchnicectomy be undertaken from the level of T3 ganglion. This technique ensures the visualization and resection of all the roots of the splanchnic nerves , including interganglionic roots and additional low contributions of the thoracic chain directly to the GSN ,LSN and lSN when present. Thus the present study supports the view of surgeons regarding the variations in the splanchnic nerve formation. Awareness and appreciation of the variant patterns of the splanchnic nerves is of



great importance to the surgeon undertaking thoracic



splanchnicectomy since this technique has been demonstrated to be of tremendous



111 potential in pain abolition or control because of its simplicity and absence of any morbidity and potential mortality associated with thoracotomy.
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Fig-54: Position and sites for access ports for thoracoscopic splanchnicectomy as described by Cuscheri etal 1994. Copied from Copied from Carter DC15



Fig-55 : Technique used to expose the T5 ganglion and tent the distal sympathetic chain (A) and then divide the splanchnic nerve roots (B). as described by Cuscheri etal 1994 copied from Carter DC15
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Fig-56. Video assisted Thoracosopic (VATS) view of the left sympathetic chain and the splanchnic nerve origin. 1-Aorta (arrow) and sympathetic chain (A) with racemose origin of the left greater splanchnic nerve(B1,B2,B3);2-Nerve arrangement following left pleurotomy. Sympathetic chain (A) , greater splanchnic nerve (B1,B2,B3), and Aorta (Arrow).Copied from Moodley etal 26
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CONCLUSIONS Incidence of occurrence of GSN & LSN was 100% in all the 50 sides dissected and incidence of lSN was 78% in present study. Bilateral symmetry was more noticed only with lSN and there was not much difference between male and female specimens. Splanchnic ganglion was not noticed in fetal specimens. But splanchnic ganglion was noticed in adult cadavers in the course of GSN. Intersplanchnic connections were seen between GSN and LSN. GSN and LSN always terminated into celiac ganglion, lSN terminated into renal plexus. Considerable variation between the data available on the splanchnic nerves and the present study was also noticed. For successful palliative surgery the sound knowledge of the variations in the formation of splanchnic nerves is necessary.Other wise any palliative surgical procedure is likely result in failure.It is desirable to explore the variant patterns of the splanchnic nerves in a large number of subjects during thoracoscopy or in embalmed cadavers so that predictable pattern of the variations of the splanchnic nerves can be established which may be of great help to the surgeon during splanchnic neurectomy.
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SUMMARY In the present study 50 sides of embalmed adult cadavers( 8 males and 7females;total15) and embalmed full term fetuses (7male and 3 female;total-10 ) were dissected . Following evisceration of



the thoracic cavity and stripping of pleura of posterior



thoracic wall, and thoracic sympathetic chain was identified on either side of the vertebral column. Then by fine dissection course of the splanchnic nerves and thoracic sympathetic chain were exposed and cleaned and displayed. Data was collected as follows: higher and lowest roots of origin of GSN, LSN,lSN,incidence of occurrence of GSN, LSN, lSN, and presence of splanchnic ganglion, duplication of the sympathetic chain. GSN & LSN were found in all of the adult cadavers as well as fetuses ie. (100%) incidence. Least splanchnic nerves was absent in 6 sides of adult cadavers and 4 sides of foetal specimens.Except for one side in the Adult female cadaver the more common highest root of origin of GSN was T4 onwards only.LSN arose from T9 being the highest root of origin in present study.In one case in the present study it arose from T10 otherwise it was only from T11 or T12 and occasionally interval between T12 and L1. Apart from this details other aspects i.e the bilateral symmetry of splanchnic nerves was looked for: Highest roots of origin of the GSN was the same on both sides in Five adult cadavers and in one foetal specimen.In one male and one female adult cadavers and also in one male foetus the origin of the LSN was symmetrical on both sides. Multiple Roots : Splanchnic nerves also arose from multiple roots, in present study it was ranging from 1 – 7 roots. Intersplanchnic Connections : was observed between GSN & LSN in 4 sides of adult cadavers and 2 sides of foetal specimens.
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125 ANNEXURES Proforma: Variations in the formation of the Thoracic splanchnic nerves Cadaver/Fetus No:



Type of the splanchnic nerve



1)Greater splanchnic nerve Highest root of origin Lowest root of origin Sequence of origin of the roots 1)Lesser splanchnic nerve Highest root of origin Lowest root of origin Sequence of origin of the roots 1)Least splanchnic nerve Highest root of origin Lowest root of origin Sequence of origin of the roots Date photographed:



Sex:



Date recorded:



Side:Right or Left



Remarks(any other features like intersplanchnic connexions,splanchnic ganglia, etc.,



Table-1: Roots of origin of the splanchnic nerves-1:Adults



Cad. no



GSN



LSN



Right



Left



1



6,6/7,7,8,9



6,7(2),8,9,10



2



6,7,8(2),9



5/6,7,7/8,8,9(2)



3



4/5,6,8,8/9



4



Right Males 9/10,10/11



lSN Left



Right



Left



10/11,11



11



absent



11



10/11(2),11



11,L1



12



4,5/6,7,9/10



9/10



10/11



absent



11



6,8,9



6,7,8,9



10(2)



10



11



11



5



5,7,8,9/10,10(2)



7,8,9,9/10



11



10,11



absent



12/L1



6



5,6,7/8,9,9/10



6,7,8(2),9



11,12



11/12,12



12,12/L1



12



7



7,8,8/9,10



6,8,9/10



11



10/11



12/L1



12/L1



8



6,7/8(2),8/9,9



6/7,8/9,9/10



10/11,11



10



11



11



1



5,6,7,9,10(2)



Females 5,5/6,6,7,8/9,10,11 10,11/12



11



12/L1



absent



2



3,4,4/5,6,7,9,9/10(2)



6,8,10



11



10/11



11



11



3



6,8/9,10



6,8/9



11



9



11/12



10



4



5/6,7,7/8,8,9,9/10,10(2) 6,7,8



11,L1



10



12



10/11



5



7,8,9,10



7,8



11



10



11



absent



6



5,5/6(2),7/8,8,8/9,9



6/7,8,9,10



9/10,10/11,11/12



11



12/L1



absent



7



6/7,7/8,10



7/8,8,9,10



11



11



12,L1



11



1



Table-2: Roots of origin of the splanchnic nerves-2:Fetuses GSN LSN lSN Right Left Right Left Right Males 7,8/9,10,10/11 6,8,9,10 11/12 11/12 absent



11/12



2



8,10



7,9,10



11



T12/L1



absent



absent



3



5,6/7,8,9,9/10



6,7/8,9



11



10



12/L1



11



4



6,8,9,9/10



6,7/8,8



12



10



12/L1



11



5



6,7,8(2),10



7,7/8,9/10



10



11,12



10/11



absent



6



6,8



8,10



9,11(2)



10



12(2)



11/12



7



6,7,8,8/9,10



5,6,8,10



11(2)



10,11



11



11



Cad. no



Left



Females 1



7,8,9



8/9,10(2)



10,11



11



11



12



2



5,6,7,8,8/9,9



6,8,8/9



9/10



9,10(2),11



11



12



3



6,7(2),8,9(2)



4/5,6,7,8,9



9,11



9,10/11



12



11
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