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Laparoscopic Splenectomy Eric C. Poulin, MD, MSc, FRCSC, Christopher M. Schlachta, MD, FRCSC, and Joseph Mamazza, MD, FRCSC



ost laparoscopic surgeons would agree that one of the least stated features of minimally invasive surgery is that it has brought anatomy back to the forefront of the craft of surgery. The optical resolution and magnification offered by the endoscopic equipment has permitted the proper identification and appreciation of fine anatomical detail often overlooked in open surgery. Simplification of difficult advanced laparoscopic surgery is often driven by the appreciation of subtle anatomy. Nowhere is this more evident than in laparoscopic splenectomy. Detailed knowledge of splenic anatomy to avoid potential complications and serious intraoperative mishaps is essential to the successful performance of laparoscopic splenectomy. Successful laparoscopic splenectomy should follow a
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strategic plan that includes an initial assessment of the anatomy, appropriate port placement once the patient position has been chosen, an early search for accessory splenic tissue, opening of the asplenic tent, reviewing options as to an anterior, posterior, or mixed approach to the hilum, and finally securing and extracting the spleen.



THE INITIAL ANATOMICAL ASSESSMENT Because of the many variations in anatomy, it is a mistake for surgeons to assume that the conduct of laparoscopic splenectomy will be the same in every patient. Early observation of the anatomical clues available at the initial assessment will help determine the operative strategy (Table 1). Whereas most anatomy texts imply that the splenic artery is constant in its course and branches, the classic essay of Michels demonstrates the fact that each spleen has its own peculiar pattern of terminal artery branches. The splenic branches exhibit so many variations in number, length, size, and origin that no two spleens have the same anatomy. Michels divides splenic artery topography into two types: distributed and bundled (magistral). He reports that the distributed type is found in 70% of dis-



Table 1. Using Anatomical Clues to Determine Operative Strategy General 1. No two spleens have the same anatomy 2. The size of the spleen can influence operative strategy 3. The size of the spleen does not determine the number of entering arteries 4. The presence of notches and tubercles correlates with a greater number of entering arteries 5. Determining how much (%) of the hilar surface of the spleen is penetrated by vessels determines the type of blood supply and gives a good clue to operative strategy Splenic blood supply 1. The splenic artery usually arises from the celiac artery, but can also come from the aorta, the superior mesenteric, the middle colic, the left gastric, and other arteries. The splenic artery tends to be more tortuous with age 2. The patterns of splenic blood supply fall into two types: the distributed type (70%) and the magistral or bundled type (30%) 3. The arteries outside the spleen are divided in first, second, and third terminal divisions, and collaterals 4. There is no collateral circulation within the spleen (terminal blood supply) 5. However, transverse anastomoses exist between the splenic artery branches 6. Veins are usually posterior to arteries except at the ultimate division level inside the spleen Accessory spleens 1. The search for accessory spleens should be performed early in the operation, as most are easier to find and remove at that time 2. Finding and removing accessory splenic tissue is crucial is some hematological disorders, such as ITP 3. Most accessory spleens are situated close to the hilum of the spleen and the tail of the pancreas Suspensory ligaments of the spleen 1. The gastrosplenic ligament contains short gastric and gastroepiploic vessels 2. The lienorenal ligament contains the hilar vessels and the tail of the pancreas 3. The other suspensory ligaments of the spleen are avascular except in portal hypertension and in myeloproliferative disorders The tails of the pancreas 1. The tail of the pancreas lies within 1 cm of the splenic hilum in 73% of patients 2. The tail of the pancreas is in direct contact with the spleen in 30% of patients
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Distributed type of vascularization. AO ⫽ aorta, PM ⫽ pancreatic magna. By definition, the splenic trunk is short, and many long branches (6-12) enter over three-fourths (75%) of the medial surface of the spleen. The branches originate between 3 to 13 cm from the hilum. Outside the spleen, the arteries also present frequent transverse anastomoses with each other which, according to Testud, arise at a 90° angle between the involved arteries, as with most collaterals. This means that the application of hemostatic clips or the embolization of coils occluding a branch of the splenic artery before such an anastomosis may fail to devascularize the corresponding splenic segment.1,2,15 (“The anatomical basis for laparoscopic splenectomy”—Reprinted from: Can J Surg 36:484-488, 1993, by permission of the publisher. © 1993 Canadian Medical Association.)
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Bundled (magistral) type of vascularization. AO ⫽ aorta, PM ⫽ pancreatic magna. The bundle type is characterized by the presence of a long main splenic artery that divides into short terminal branches near the hilum. In this type, the splenic branches enter over only a fourth to a third (25-33%) of the medial surface of the spleen. These branches are large, few (3-4) originate 3.5 cm on average from the spleen, and reach the center of the organ as a compact bundle.1,15 (“The anatomical basis for laparoscopic splenectomy”—Reprinted from: Can J Surg 36:484-488, 1993, by permission of the publisher. © 1993 Canadian Medical Association.)
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General scheme of splenic artery branches. * ⫽ present in only 20% of cases. The splenic artery in the hilum can include up to seven branches at various division levels and in various anatomic arrangements; they are the superior terminal artery, the inferior terminal artery, the medial terminal artery, the superior polar artery, the inferior polar artery, the left gastroepiploic artery, and the short gastric arteries. Veins usually lie behind arteries except at the ultimate division level, where they may be anterior or posterior. According to Lipshutz, 72% of spleens have three terminal branches (superior polar, superior and inferior terminal) and 28% have two, the other remaining branches being collaterals. When the superior terminal is excessively large, the inferior terminal is rudimentary, and more blood supply often comes from the left gastroepiploic and polar vessels. Up to six short gastric arteries may arise from the fundus of the stomach, but usually only those (1-3) opening into the superior polar artery of the spleen need to be ligated during laparoscopic splenectomy.15,16 (“The anatomical basis for laparoscopic splenectomy”—Reprinted from: Can J Surg 36:484-488, 1993, by permission of the publisher. © 1993 Canadian Medical Association.)



sections (Fig 1); the bundled type present in the remaining 30% of specimens (Fig 2).1 Before it divides, the splenic trunk usually gives off a few slender branches to the tail of the pancreas. The most important, called the pancreatica magna, is familiar to vascular radiologists. It is an important landmark in selective angiography of the splenic artery. Severe pancreatitis has been reported following its occlusion during embolization procedures or while attempting to ligate the splenic artery in the lesser sac.2 The number of arteries entering the spleen is not determined by its size, but the presence of notches and tubercles usually correlates well with a greater number of entering arteries. What is important to know is that despite the fact that no two spleens have the same anatomy, most specimens have two or three terminal branches entering the hilum (superior polar, superior, and inferior terminal). Two-colored corrosion casting and anatomic dissection have defined splenic lobes and segments that correspond to the entering terminal arteries, confirming the terminal nature of splenic blood supply. Relative avascular planes are identified between lobes and segments. When one considers the superior pole fed by the short gastric vessels and the inferior pole by the gastroepiploic branches, there can be anywhere from three to five splenic lobes for most patients. The simple fact is that the surgical unit of the spleen is based on surgically accessible vessels at the hilum.3,4



Scoson-Javoschewitsch found the tail of the pancreas to be in direct contact with the spleen in 30% of cadavers. Baronfsky confirmed this finding and added that the distance was less than 1 cm in 73% of their patients.5,6 The surgeon should appreciate the infinite variability of the anatomy because of differences in the characteristics of the blood supply, the presence of notches or a smooth spleen surface and the relationship of the splenic hilum to the tail of the pancreas. On seeing the spleen and its hilum, the surgeon can usually predict its type of vascularization (Fig 3). A notched spleen with a wide hilum will have a more complicated type of blood supply. Henschen drew attention to the fact that a lobulated and unevenly contoured spleen has a more complicated distributed type of anatomy and more vessels as opposed to a spleen that has a more even inner surface.7 Early observation of the percentage of the hilar surface penetrated by blood vessels is the best clue to determine the type of blood supply. If splenic branches enter the hilum over 25% to 33% of the medial surface of the spleen, a magistral or bundled pattern of blood supply exists. If many branches enter over 75% of the medial surface of the spleen, a distributed pattern is present. Understanding the ligament infrastructure of the spleen is another prerequisite to safe laparoscopic splenectomy (Fig 4).1 The preoperative determination of spleen size by ultrasound or computed tomography (CT) also helps to plan
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Suspensory ligaments of the spleen. Duplications of the peritoneum form the many suspensory ligaments of the spleen. On the medial side, posteriorly, the lienorenal ligament contains that tail of the pancreas and the splenic vessels. Anteriorly, the gastrosplenic ligament contains the short gastric and the gastroepiploic arteries. The remaining ligaments are usually avascular except in patients with portal hypertension or myeloid metaplasia. The longest is the phrenocolic ligament, which courses laterally from the diaphragm to the splenic flexure of the colon; its top end is called the phrenosplenic ligament. The attachment of the lower pole on the internal side is called the splenocolic ligament. Between the phrenocolic and the splenocolic ligaments, a horizontal shelf of areolar tissue is formed on which rests the inferior pole of the spleen. It is often modeled into a sac that opens cranially called the sustentaculum lienis, acting as a brassiere to the lower pole of the spleen.15 (“The anatomical basis for laparoscopic splenectomy”— Reprinted from: Can J Surg 36:484-488, 1993, by permission of the publisher. © 1993 Canadian Medical Association.)



the operation. An ultrasound or CT examination is obtained to assess spleen size (maximum pole length), measured as the joining line between the two organ poles and divided into three categories: (a) normal spleen (⬍11 cm long), (b) moderate splenomegaly (11-20 cm), and (c) severe or massive splenomegaly (⬎20 cm).8 Because spleens greater than 30 cm long present special technical problems currently testing the limits of laparoscopic surgery, we have used a fourth category called mega-spleens. In practical terms, surgery on a spleen with a distributed type of blood supply will usually mean dissection of more blood vessels that are, however, spread over a wider area of the splenic hilum. Operation on a spleen with a bundled-type blood supply will usually mean fewer vessels; the hilum will be more compact and narrow, making dissection and separation of the vessels more difficult.



The surgeon will then have to decide whether clips or linear staplers are appropriate for vascular control.



OPERATIVE TECHNIQUE Placing Ports Laparoscopic splenectomy can be performed through either a lateral or an anterior approach. By far, the lateral approach is preferred because it makes the operation much simpler (Table 2). However, no matter what approach is used, the first trocar is always inserted through an open technique. If an anterior approach is used, the patient is placed in a modified lithotomy position to allow the surgeon to operate between the legs and the assistants to be on each side (Fig 5).



Table 2. Advantages of the Lateral Approach to Laparoscopic Splenectomy 1. Allows dissection of the splenic vessels in the relatively avascular areolar tissue of the retroperitoneum 2. Almost eliminates inadvertent trauma from instruments usually held by assistants to lift the lower pole of the spleen. Little force is necessary to retract the spleen. Gravity is almost all that is required as the spleen naturally will fall toward the left lobe of the liver and out of the way 3. Easy access to the phrenocolic ligament allowing early dissection, leaving a generous portion of the splenic side that can be grasped easily to manipulate the spleen 4. Greater ability to separate the gastrosplenic and lienorenal ligaments to identify the anatomic structures they contain 5. Easier identification of the tail of the pancreas, especially in its superior and posterior aspect 6. More room in this position to insert the spleen in a plastic bag before extraction 7. If blood loss occurs, it will tend to flow away from the hilum and not obscure dissection. In the anterior approach, blood will pool in the hilum
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Port placement anterior approach. Position of the operating team and the trocars: (S) surgeon, (A) assistant, (1) 5-mm trocar, (2) 12-mm trocar, (3) 10 or 12 mm trocar. For the anterior approach, a 12-mm trocar is introduced through an umbilical incision using an open approach under direct vision. A 10-mm laparoscope (0-degree or 30-degree) is connected to a video system and three or four 5 and 12-mm trocars are placed in a half-circle away from the left upper quadrant. Placement of trocars is essentially dictated by body habitus and the size of the spleen. Careful selection of all trocar sites is made to optimize work angles. As needed, the 12-mm ports are used to allow introduction of clip appliers, staplers, or the laparoscope from a variety of angles. The anterior approach is probably better suited to a situation where concomitant surgery is needed, such as cholecystectomy. Moreover, dealing with a very large spleen is probably safer with an anterior approach and HALS techniques or possibly prior splenic artery embolization.
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Port placement lateral approach. Three 12-mm trocars are used anteriorly along the left costal margin. The fourth (5-mm or 12-mm) trocar is placed posterior to the iliac crest. The patient is put on a beanbag in the right lateral decubitus position. The operating table is flexed and the bolster is raised to increase the distance between the lower rib and the iliac crest. Usually four 12-mm trocars are used around the costal margin to allow maximum flexibility for the interchange of cameral, clip applier, linear stapler, and other instruments. Three trocars are located anteriorly along the rib margin, and one is located in the left flank. Enough distance between trocars is required to preserve good working angles and easy triangulation. There is some advantage in slightly tilting the patient backward, as to do so allows more freedom to move the instruments placed along the left costal margin, especially for lifting movements, when the instrument handles can come too close to the operating table. For the same reason, it is advantageous to place the anterior or abdominal side of the patient closer to the edge of the operating table. Using some reverse Trendelenburg positioning also allows the spleen to move away from the diaphragm. Usually the fourth posterior trocar cannot be inserted until the splenic flexure of the colon or sometimes the left kidney is mobilized. With experience, the number of 12 mm trocars can be reduced and replaced with 5 mm trocars to gain a cosmetic advantage.



48



Poulin et al



7



Port placement needlescopic technique. For maximal cosmetic advantage, needlescopic techniques can be used where the 12-mm trocar is placed in the umbilicus (the escape hatch) and two or three 3-mm trocars are used subcostally. The vertical umbilical incision and the three 3-mm port sites leave virtually no visible scars. This requires the sequential use of a 10 mm and a 3 mm laparoscope (double set up). Because the smallest clip applier is a 5-mm instrument, a 5 mm trocar can also be placed posteriorly in the flank for more flexibility if safety is a concern. A 5-mm flank incision is not as apparent. Whether it is justifiable to pursue pushing the limits of minimally invasive surgery to this level for mostly cosmetic reasons remains debatable.



The lateral approach to laparoscopic splenectomy was first described for laparoscopic adrenalectomy and has become the approach of choice for most patients (Table 2; Figs 6 and 7).9



Looking for Accessory Splenic Tissue When splenectomy is undertaken for hematological disorders, it is important for the surgeon to identify and remove accessory splenic tissue to avoid disease recurrence. This is particularly important in immune thrombocytopenic purpura (ITP), which constitutes the most frequent indication of elective splenectomy in most clinical reports. Whether a lateral or anterior approach is used for laparoscopic splenectomy, identification and excision of accessory splenic tissue should be performed at the beginning of the procedure when little dissection or blood staining has obscured the operative field (Fig 8).10-12



Opening the Splenic “Tent” With so much possible variation, it is important at the start of the operation to be able to display the anatomy so as to adapt operative strategy to each patient. This is done by the demonstration of the splenic “tent.” In essence, this is the surgeon’s consistent entrance into the lesser sac, enabling easy separation of the gastrosplenic and the lienorenal ligaments and their anatomical structures (Fig



9). Only when the anatomy is well displayed will the surgeon be able to determine which operative strategy will simplify the procedure and lead to the shortest operative time. At this point, it is important to emphasize the need for precise and delicate surgical technique to avoid any capsular breach during dissection or extraction. This can lead to splenosis and recurrent disease, especially in immune purpura.11



Reviewing the Options Once the anatomy has been defined by opening the lesser sac, a number of options become apparent. The surgeon can approach dissection of the blood supply from the front or the back of the spleen. Occasionally it is easier to alternate from front to back. Depending on the number of vessels entering the splenic hilum, how easy they are to dissect apart and for cost considerations, clips or a linear stapler will be used for vessel control. The surgeon should also assess how easy it is to create a window above the tail of the pancreas. When this is possible, a simple bundled blood supply can be entirely divided with a single application of the linear stapler with a vascular cartridge. Short gastric vessels can be clipped, stapled or controlled with an ultrasonic dissector. There are new and promising tissue welding devices that have enabled control of all splenic vessels in certain conditions without the use of clips or staples. This has the potential to simplify the operation even more (Figs 10 and 11).
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Accessory spleens. Sites where accessory spleens are found in order of importance. (From Curtis GH, Movitz D: Ann Surg 123: 276-298, 1946, with permission.) A number of studies have determined the most likely and unlikely locations for accessory spleens. The majority of accessory spleens (87%) are located within a short distance of the splenic hilum: hilar region (54%), pedicle (25%), tail of the pancreas (6%), splenocolic ligament (2%). The surgeon should look for and remove accessory spleens at the beginning of the operation because it is more easily done when the field has not been fully dissected and stained with blood.10



Extracting the Specimen After achieving control of the blood supply, the spleen is inserted in a plastic bag, and this is often simplified by preserving the upper portion of the phrenocolic ligament during its initial dissection. After final transection of the phrenocolic ligament and lysis of diaphragmatic adhesions when they are present, extraction is performed through one of the anterior ports. Extraction through the posterior port is made more difficult by the thickness of the muscle mass at this level and will usually require opening the incision and fulgurating more muscle than is necessary. For specimen bagging purposes, a medium or large, heavy-duty plastic home freezer bag that has been sterilized is folded and introduced into the abdominal cavity through one of the 12-mm trocars. The bag is unfolded and the spleen slipped inside to avoid splenosis from the manipulations necessary for extraction. Grasping forceps



are used to hold the two rigid edges of the bag and effect partial closure. One should note that it is difficult to insert the spleen into the plastic bag before unfolding and opening the bag completely. Bagging the resected spleen requires patience and imagination and at first can be a frustrating experience (Fig 12). The 10-mm jaw forceps holding the edges of the lower end of the bag inside the abdomen is pushed through one of the mid anterior trocar sites, and the tip of the bag is grasped and brought out of the wound. Gentle traction on the bag from the outside brings the spleen close to the peritoneal surface of the extracting incision. It is important during this maneuver to pull out only the ridged edges of the plastic bag while keeping a finger inside; otherwise it is easy for the spleen to flip out of the bag, and the maneuver has to be repeated again. The use of sterilized home freezer bags is the most cost-effective means of bagging and extracting the spleen. The thick freezer bags should not be confused with other
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Opening the splenic “tent.” Separation of the gastrosplenic and lienorenal ligaments demonstrates all of the anatomic elements as seen in the lateral approach after incision of the ligaments attached to the lower pole of the spleen. The splenic flexure is mobilized by incising its peritoneal attachments. How much mobilization of the splenic flexure is required is patient dependent. The lower part of the phrenocolic, the sustentaculum lienis, and the splenocolic ligament are incised at the lower pole of the spleen along with the left portion of the gastrocolic ligament. The branches of the left gastroepiploic artery encountered during this dissection around the lower pole of the spleen are taken with cautery or clips, depending on their size. This portion of the operation can be tedious as there can be up to five branches of the gastroepiploic artery of various sizes going to the lower pole of the spleen. This will open the lesser sac. It will allow access to the gastrosplenic ligament, which can be readily separated from the lienorenal ligament in this position. Incising the splenocolic ligament, the sustentaculum lienis, and the lateral portion of the gastrocolic ligament is the most productive move of this approach. Gentle upward retraction of the lower pole of the spleen then creates a “tent-like” structure with the gastrosplenic ligament making up the left and the lienorenal ligament the right panels of the tent. The stomach makes up the “floor” of the tent. All the pertinent splenic anatomy is then readily seen in one exposure. Surgeons performing laparoscopic splenectomy through the lateral approach should always try to reproduce this maneuver to separate the gastrosplenic from the lienorenal ligament and clearly demonstrate all the noteworthy anatomic structures. The vessels contained in each ligament and the tail of the pancreas are easily identified and dissected. The avascular portion of the gastrosplenic ligament is then incised sufficiently to allow exposure of the hilar structures in the lienorenal ligament; this is done with gentle elevation of the lower pole. One should note that with the patient in the lateral position, the spleen almost retracts itself as it naturally falls toward the left lobe of the liver. The role of the assistant retracting the spleen is, therefore, much less critical in this approach. At this point, the surgeon can usually assess the geography of the hilum and have an idea of the degree of difficulty of the operation. Then if a fourth trocar is required, it is placed posteriorly under direct vision, taking care to avoid the left kidney. Care must also be taken in the choice of placement for the trocars situated immediately anterior and posterior to the iliac crest. The iliac crest can impede movements to mobilize structures upward if the trocars are placed over it rather than in front and behind it.
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Approaching the hilum from the front. Peeking in the splenic tent in front of the splenic hilum allows the surgeon to survey for a number of technical options. First, a tortuous main splenic artery may be observed above the tail of the pancreas and distal to the pancreatic magna artery. It can be clipped early and control most of the arterial splenic supply, except for the collateral vessels (short gastric vessels and branches of the gastroepiploic artery to the lower pole). Second, the short gastric vessels may be found to be easily accessible and taken early, thus exposing the superior pole. Third, the branching pattern at the hilum (two, three, or more branches) can be assessed. For example, a bundled blood supply with two main branches can allow safe creation of a window above the tail of the pancreas allowing stapling of the entire arterial and venous blood supply with a single stapler application.



plastic bags that are thinner and too prone to tearing during fragmentation and other manipulations, making them improper for extraction purposes. Commercially available retrieval bags are easier to use but are far more expensive and limited to smaller spleens. A biopsy of a size suitable for pathological identification is obtained by incising the splenic tip. Subsequently, the spleen is fragmented with finger fracture and the resulting blood is suctioned. The remaining stromal tissue of the spleen is then extracted through the small incision, hemostasis again verified, and all trocars removed. Trocar sites are closed with resorbable sutures and paper strips. No drains are used.



Hand-Assisted Laparoscopic Splenectomy Hand-assisted laparoscopic surgery (HALS) refers to laparoscopic procedures performed with the aid of a plastic device inserted in a 7.5 to 10 cm wound. Al-



though a number of variations exist, the hand port consists of a sealed cuff that enables insertion and withdrawal of a hand in the abdomen without loss of pneumoperitoneum during the operation, thus recovering the tactile sensation lost in conventional laparoscopic surgery. A number of models exist and use either an inflatable sleeve clipped to an O-ring, a spiral inflatable valve, or a flap valve to maintain pneumoperitoneum. In the case of laparoscopic splenectomy, there is debate as to where the incision is best placed, depending on whether the surgeon is left or right handed. It has been described in the upper midline, the right upper quadrant, the left iliac fossa, and for a very large spleen, in a Pfannenstiel position. Most surgeons agree that the nondominant hand should be used in the device. There are obvious advantages and drawbacks to this technique. The most apparent disadvantage is the cosmetic cost of a longer
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Approaching the hilum from the back. To approach the hilum from the back, the phrenocolic ligament is first incised toward the diaphragm. A 2-cm wide portion of the ligament is left attached to the spleen, making a long structure from which the spleen can be manipulated with graspers. With the camera in the lower or posterior trocar site, the tail of the pancreas is then dissected from the structures of the hilum in the areolar avascular tissue of the retroperitoneum. It is important to locate the tail of the pancreas and dissect it away from its position close to the splenic hilum to avoid injury during control of the vessels. If a distributed type of anatomy is present with its wide hilum, the splenic branches will necessitate dissection and clipping. The bundled type lends itself more to a single use of the linear stapler as long as the tail of the pancreas is identified and dissected away when required. When this is possible, a window is created above the hilar pedicle in the lienorenal ligament so that all structures can be included within the markings of the linear stapler under direct vision. The viewing angles provided by moving the camera into the various trocars make this maneuver much easier in the lateral position than in the anterior approach. The dissection is continued with individual dissection and clipping of short gastric vessels. Occasionally, these vessels can also be taken en masse with the linear stapler. Sutures are rarely necessary during laparoscopic splenectomy and have been used only occasionally to control a short gastric vessel too short to be clipped safely. This portion of the operation is performed while the spleen hangs by the upper portion of the phrenocolic ligament. The experienced surgeon also learns to move the spleen back and forth so that it can be observed both from an anterior and posterior perspective. The surgeon will then decide whether vessels are more easily approached from the back or the front for dissection and ligation.



abdominal incision, except in the Pfannenstiel position. Moreover, this technique would seem to defeat the goal of developing surgical techniques that decrease surgical trauma even further. However, comparative studies of laparoscopic splenectomy for large spleens (⬎700 g) seem to indicate outcomes similar to conventional laparoscopic techniques.



Although the final role of HALS splenectomy is still being defined, it will probably find a place in laparoscopic splenectomy for large spleens with the threshold yet to be determined. It will also probably be helpful to surgeons performing laparoscopic splenectomy during their learning curve. It has also curtailed the role of preoperative splenic embolization for most very large spleens.2,13
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Securing and extracting the spleen. Spleens removed through the anterior or lateral approach are extracted after finger fragmentation in a plastic bag from the umbilical or subcostal trocar site. It is rarely necessary to enlarge this incision to more than 2 or 3 cm. A small subcostal incision has been used as the extraction site during laparoscopic splenectomy through the anterior approach to deal better with diaphragmatic adhesions. When the lateral approach is used, extraction is more easily performed through one of the ports situated anteriorly. This extraction site also requires little or no enlargement. On occasion, for a spleen longer than 20 cm, a 7.5 to 10 cm Pfannenstiel incision is used, and the forearm is introduced into the abdomen to deliver the spleen in the pelvis for extraction in large fragments under direct vision. The surgeon can also use this incision to hand-review the hilum videoscopically to ensure that all vascular structures have been properly identified and controlled. The abdomen is copiously irrigated before closure. Special mention should be made of laparoscopic splenectomy for malignant disease. In cases where lymphoma or Hodgkin’s disease is suspected, preoperative splenic artery embolization or finger fragmentation in a plastic bag is not used for fear of making the histological diagnosis difficult to obtain. Extraction of intact spleens through a small left subcostal or median incision has also been described when it is required to preserve tissue architecture. The various techniques of fragmentation and extraction of splenic tissue during laparoscopic splenectomy should be discussed and agreed on with the pathologist to ensure that proper pathological diagnoses are not compromised by necrotic tissue in the case of preoperative splenic artery embolization or altered tissue architecture through finger fragmentation, especially if the diagnosis of malignancy is suspected but not proven. The choice of the appropriate extraction technique is, therefore, largely dependent on the type of splenic pathology and the size of the spleen.



POSTOPERATIVE CARE AND SURGICAL COMPLICATIONS Postoperative Care The postoperative care of a laparoscopic splenectomy patient is usually straightforward. The nasogastric tube is either removed in the recovery room after making sure that the stomach has been emptied or the next morning, depending on the duration and the difficulty of the procedure. The urinary catheter is usually removed before the patient is discharged from the recovery room. Clear fluids are permitted the next day, and when this is well tolerated, the patient is allowed to move to a diet of their choice.



Postoperative pain medication is individualized with a view of ensuring complete patient comfort. Meperidine (demerol) injections can be used during the first night, followed by an oral acetaminophen/codeine preparation or acetaminophen alone. Alternatively, when the patient has no history of ulcer or dyspepsia, a 100-mg suppository of indomethacin is inserted before induction of anesthesia and every 12 hours for three to five doses. Longacting oral anti-inflammatory medication can also be used instead of indomethacin suppositories when oral intake has been established. Then, depending on the intensity of postoperative pain, a few meperidine injections are used for the first 12 to 24 hours, followed by oral acetaminophen; this combination has produced the best results.



54 Because of side effects of nausea, vomiting, abdominal fullness, and constipation, codeine is avoided if possible. When indomethacin is used, prophylactic doses of subcutaneous heparin are avoided, especially when platelet count is low or a platelet function abnormality is present. Oral steroids are started on the first postoperative day after an overlap intravenous injection if steroid coverage is required. Thereafter, steroids are gradually decreased. Patients are allowed to shower on the day following splenectomy as long as they dry the paper strips covering the trocar sites. They are advised to keep the paper strips covering trocar incisions for 7 to 10 days. No limitation on physical activity is imposed, and the patient is allowed to tailor his activities to his degree of asthenia or discomfort, except for cases of laparoscopic partial splenectomy where empirically patients are asked to refrain from strenuous activity for 1 month.



Surgical Complications The complications of splenectomy include intraoperative and postoperative hemorrhage, left lower lobe atelectasis and pneumonia, left pleural effusion, subphrenic collection, iatrogenic pancreatic, gastric and colonic injury, and venous thrombosis. Success with laparoscopic splenectomy depends largely on proper preparation and avoiding complications and technical misadventures. Recognition of anatomic elements and their arrangement is paramount. Vascular structures should be cleanly isolated and dissected from surrounding fat. Most can then be controlled safely and cost-effectively with two clips placed proximally and distally. Staplers should be used with care and should not be applied blindly. The stapler tip should be clearly seen to be free of tissues before it is closed; otherwise, significant hemorrhage from a partial section of a major splenic branch might occur after release of the instrument. Blind application of the stapler may also result in damage to the tail of the pancreas, often lying close to the inner surface of the spleen, especially in the anterior approach. Improper use of cautery can cause iatrogenic injury to the stomach, colon, and pancreas. Structures close to the lower pole in the gastrocolic ligament can be approached aggressively with cautery, but blind fulguration of fat in the hilum can result in serious bleeding. The instrument should be activated only in proximity to the target organ to avoid arcing and spot necrosis, which may result in delayed perforation and sepsis. The role of the assistants is also important in the pre-
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vention of complications. All instruments, including those handled by assistants, should be moved only under direct vision. Retraction of the liver and stomach and elevation of the spleen require constant concentration to avoid lacerations with subsequent hemorrhage or perforation, especially when using the anterior approach. There should be no iatrogenic trauma to the spleen during the procedure to eliminate the possibility of splenosis later on. For the same reason, if splenic trauma occurs intraoperatively or intra-abdominal fragmentation is required for extraction of a large spleen, copious irrigation should be used before closure.
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potential complications and serious intraoperative mis- ..... The role of the assistant retracting the spleen is, therefore, much less critical in this approach. 
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