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Abstract
Introduction
Appendicitis is the most common cause of abdominal pain and a prevalent reason for emergency surgery. Laparoscopic appendectomy is the method of choice, owing to its many advantages, less invasiveness, faster recovery and adequate exploration of the entire abdominal cavity than to observation in unequivocal cases. Laparoscopic surgery can serve as a diagnostic tool for patients with suspected acute appendicitis(AA), specially for female because of its low associated morbidity and mortality and  it affords a direct diagnosis of the problem, allowing determination of the appropriate treatment. It is concluded that laparoscopic appendectomy should be offered as the method of choice in any patient population with suspicion of acute appendicitis. This study aim 
to evaluate the outcome and complications of laparoscopic appendectomies in Almak Nimir University Hospital Shendi University  single centre experience.
Material and methods
This is a prospective observational hospital base study on patients who underwent laparoscopic appendectomy  for acute appendicitis from January to June 2019  in Almak Nimir University Hospital Shendi University,  Sudan. 143 patients underwent laparoscopic appendectomies for acute appendicitis or suspected acute appendicitis.
Results
Out of the 143 patients analyzed, female predominant 124(86.7%) and  male were 19 (13.3%). 5 cases (3.5%) were converted to open surgery,  intraabdominal abscess encountered in 2 patients 1.4%. Surgical-site infection was observed in 6 patients (4.2%). The study showed statistically significant negative-positive appendectomy (normal appendix but another pathology found). 
Conclusions
Laparoscopic surgery can serve as a diagnostic tool for patients with suspected  (AA) specially for female because of its low associated morbidity and mortality and  it affords a direct diagnosis of the problem, allowing determination of the appropriate treatment. It is concluded that laparoscopic appendectomy should be offered as the method of choice in any patient population with suspicion of acute appendicitis.
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Introduction
Appendicitis is the most common cause of abdominal pain and a prevalent reason for emergency surgery. The risks of developing appendicitis through lifetime is approximately 8.6% for male and 6.7% for female(1)(2). The incidence of (AA) is highest in the second to forth decade of life, but this condition can occur at any age(1).
Appendectomy has remained the standard approach for the treatment of most types of appendicitis (3), (4); however, the question of the best operative approach has attracted consistent controversy. Since 1983, after the initial description by Semm(5), laparoscopic appendectomy(LA) has been shown to offer superior benefits to open appendectomy(OA), and it has been used for various types of appendicitis. Faster recovery, reduced the rates of surgical site infections (SSIs), a quicker return to work, etc., have been the main advantages demonstrated by some studies(6),(7), (8).
Although the first laparoscopic appendectomy (LA) was performed in 1983, the debate continues on which surgical approach provides better management of this condition (9).
Each time, the laparoscopic approach facilitated the determination of the cause of illness without the need to modify the number or the size of trocar ports; thus, the method was a sufficient diagnostic tool in cases with pain of the lower right hypogastrium and suspected appendicitis.
This method is especially recommended for obese patients as it avoids extensive wounds that are difficult to heal after the open appendectomy (OA) (10).
Study done  by Pogorelic  et al, (2019), state that, Laparoscopic appendectomy was safe and effective in children. Advantages of laparoscopic approach were shorter hospital stay, lower number of wound infections and lower usage of analgesics (11).
While surgeons are increasingly interested in minimally invasive methods, the open approach (OA) is preferred worldwide. Initially, the limitations for wider use of this technique were a consequence of surgeons' fear of intra-abdominal abscesses, longer operative time, and higher costs associated with laparoscopy (12).  However, popularization of minimally invasive techniques and access to instrumentation in a number of centers have removed economic and logistical obstacles(13).  Moreover, subsequent studies reported that operative times for the open and laparoscopic approaches are similar for experienced surgeons(12),(14).
The major benefits of (LA) include potential reductions in hospitalization time, wound infections, postoperative hernias, pain level, and perioperative trauma and improvements in cosmetic results (12),(14),(15). 
Applying the rules of good laparoscopic technique, such as careful dissection, use of the tool only in the visual range, avoiding contact of the coagulation instrument's tip with intestinal serosa, irrigation only in the infected area without contamination of the entire peritoneal cavity, draining purulent focal sites, and use of drainage in cases of abundant effusions, minimizes the risk of abscesses (16).
The rate of conversion to open in the literature  was  3.3% in one  study (17) to 4.4% in another study (18) and may reach up to 6.3% (19) or  (14.7%) (20).
Many studies comparing LA and OA with respect to treatment and follow-up have been conducted. These studies have reported less postoperative surgical-site infection, decreased need for analgesics, much greater visualization, rapid healing, shorter hospital stay times, and earlier return to normal activity (RTNA) rates associated with LA (21),(22). However, because of the high costs related to endostaplers, endoclips, and knottings, LA is not the most efficient operation technique (23), (24).
Surgical-site infection can be seen after appendectomy. Deep surgical-site infection is more common in patients who undergo LA than in patients who undergo OA. In a study on LA conducted by Ay et al. (2015) (25), 10.7% surgical-site infection and 7.1% small bowel obstruction rates were reported. Another  a study on LA conducted by Katsuno et al, (2009) (26), 6.4% surgical-site infection, 4.3% intraabdominal abscess, and 2.1% small bowel obstruction rates were reported.
Study done in United state of America 2014, conclude that, the overall conversion rate of LA to OA was 6.3 %. Compared with OA, LA had a significantly lower complication rate, a lower mortality rate, a shorter mean hospital stay, and lower mean total hospital charges in both nonperforated and perforated appendices. LA has become an established procedure for appendectomy in nonperforated and perforated appendicitis in all rates exceeding OA (19).

Material and methods
This is a prospective observational hospital base study on patients who underwent laparoscopic appendectomy  for acute appendicitis from January to June 2019  in Almak Nimir University Hospital Shendi University,  Sudan. The operations performed by a three surgeons,  two surgeons with fellowship training in minimal invasive surgery (able to perform basic and advanced laparoscopic procedures unsupervised and manage complications; attended a formal laparoscopy course) performed a total of 103 procedures and one surgeon (able to perform basic laparoscopic procedures with minimal occasional supervision especially in the presence of complications; no formal laparoscopy course). The three-port technique was used on all patients. Prior to inserting the trocar, a Foley catheter was inserted into the bladder. A 10 mm trocar was then inserted under the umbilicus using the open or close technique. Pneumoperitoneum was applied with carbon dioxide (CO2), and intraabdominal pressure was fixed at 12–14 mmHg. Next, a 5 mm trocar was inserted into the suprapubic area before applying another 5 mm trocar to the left iliac fossa under direct vision. The possibility of hemorrhaging or organ injury occurring in connection with the trocar was controlled prior to performing the appendectomy. After the appendix became visible, it was lifted from the mesoappendix. A vessel sealing with monpolar diathermy was used for the mesoappendix dissection. Once the base of the appendix was revealed, it was ligated with 2/0 vicryl (10–12 cm) using the extracorporeal knotting technique. The appendectomy specimen was then removed with a 10 mm trocar of the umbilicus the abdomen visualized by using zero telescope introduced through one of the 5 mm trocar. The specimen send for histopathology, the patients received injectable antibiotics according to guidelines. Data were analyzed using SPSS Statistical Software version 16.0

Study area
Almak Nimir university hospital contain 300 beds located in Shendi city, which was in northern Sudan, situated on the east bank of the River nile 150 km northeast of Khartoum, inhabitants mainly by farmers and labors.
 Ethics approval: The study was approved by the university  research committee.

Results
A total of 143 patients underwent appendectomy during the study with female predominant 124(86.7%) and  male were 19 (13.3%) (table 1).
Second decade of life was the most common affected age group 11 – 20 years which was 79 patients (55.2%), followed by age between 21 – 30 years old, 40 patients(28%), while 5 patients (3.5%) below the age of 10 years and rarely above the age of 60 just 2 patients(1.4%) (table 2).  66 (46.2%) of the patient operated on had average body mass index, while 41patients(28%) were thin,  28 patients (19.6%) were overweight, 8 patients were obese  (5.6%)(table3).
The majority of the patients 128 (89.5%) required simple analgesia to alleviate postoperative pain, while 11 (7.7%) patients did not require analgesia,  4 patients (2.8%) had intractable pain needs opiod  for pain (table 4).   
93.7% of the patients (134) had no intraoperative complications, one patients (0.7%) had  bladder injury, while 3 (2.1%) patients had preperitoneal insufflations and 5 patients (3.5%) were converted to open approach (table 4).  
(134) of the patients (93.7) had no postoperative complications, 6 (4.2%) patients had superficial wound infections and 2 (1.4%)  patients had intraabdominal abscess 1 (0.7%) patient had postoperative internal bleeding (figure 1). 
128 (89.5%) patients  had inflamed appendix, while 12(8.4%)  patients had negative-positive appendectomy (normal appendix but another pathology found ) only 3(2.1%)  patients had negative-negative appendectomy (normal appendix and no other pathology found) (table 5).
Majority of the patients 133 (93%) were stay in the hospital  less than 24 hours, 5 (3.5%) patients stay less than 3 days, while another 5 (3.5%) patient stay more than 3 in the hospital (table 5).      
Table 1 show the gender
	Gender 
	                        %

	Female
	                     86.7

	male
	                    13.3


Table 2 show age group
	  Age group 
	                                             %

	                     0 – 10 
	                                           3.5

	                    11 – 20
	                                          55.2

	                    21 – 30
	                                          28

	                    31 – 40
	                                           6.3

	                     41 – 50 
	                                            4.2

	                    51 - 60
	                                            1.4

	                    61 - 70
	                                             1.4


Table 3 show body mass index
	                                 Body mass index
	                                        %

	                                Thin 
	                                      28.7

	                                 Average 
	                                      46.2

	                                 Over weight 
	                                       19.6

	                                 Obese 
	                                       5.6



Table 4 show postoperative analgesia & the intraoperative complications
	Analgesia 
	             %
	Complications 
	              %

	No need 
	           7.7
	No complications
	              93.7

	Simple analgesia
	           89.5
	Conversion 
	              3.5

	Opioids 
	           2,8
	Preperitoneal 
	              2.1

	
	
	Bladder injury 
	              0.7


Table 5 show the pathological state of the appendix & hospital stay
	Status of the appendex
	             %
	Hospital stay 
	                 %

	inflammed
	            89.5
	Less than 24 hour
	               93 

	Negative in positive
	             8.4
	1 – 3 days 
	               3.5

	Negative in negative
	             2,1
	More than 3 days
	                3.5









              
 
                                       


                                                                    




Figure 1 show the postoperative complications


Discussion 
This is prospective observational hospital base study done in Almak Nimir University Hospital, 143 patients were enrolled in the study, with female predominant 124(86.7%) and  male were 19 (13.3%), there is big variation between our study and the literature in the incidence of appendicitis between male and female (1)(2)(27) which was due to our tendency to operate on female by laparoscopic approach, There are two issues here. The first is that diagnostic workup of clinical presentation indicative of acute appendicitis, in a certain percentage cannot exclude or confirm intra-abdominal pathology. In such cases, due to unclear diagnosis, especially in women of generative age, exploration is indicated, with laparoscopy as the best approach because of two basic advantages, i.e. more detailed exploration of all four quadrants of the peritoneal cavity and less abdominal wall trauma. Secondly, patients with acute gynecologic conditions excluded whose clinical presentation indicates exploration are referred to the emergency surgeon. However, in a certain percentage, it is a gynecologic pathology.
Second decade of life was the most common affected age group(55.2%),followed by 20 to 30 years age group finding completely consistent with the literature (1)(28), Storm-Dickerson TL  and his colleague state that, as world demographics trend towards an increasing number of the elderly, the absolute number of elderly requiring treatment for AA will also increase. Unlike in younger patients, diagnosing AA in the elderly may be challenging. In our study patient above 60 years old just 2 patients. 
Concerning the body mass index , fortunately most of our patients had average weight 46.2%, while 19.6% of the patients were obese and 5.6% overweight, This method is especially recommended for obese patients as it avoids extensive wounds that are difficult to heal after the open appendectomy(10). 
Postoperative pain can be assessed quantitatively by the requirements for analgesics and by means of VAS scores after surgery. However, the various types of analgesics and routes of administration make it difficult to estimate the degree and relief of pain(29), in our study we assessed the pain according to the complain of the patients, The majority of the patients 128 (89.5%) required simple analgesia in to alleviate postoperative pain, while 11 patients (7.7%) did not require analgesia, only 4 patients (2.8%) had intractable pain needs opiod  for pain relief, finding were completely consistent with literature(11)(30)(31).The results of our study indicate that decreased need for postoperative narcotic analgesics. In our study, fortunately 93.7% of the patients had no intraoperative complications, while 3 patients (2.1%) had preperitoneal insufflations one patient  had  bladder injury during the access by verres needle and patient developed bleeding from the port site, after investigations the patient had hematological disease.
Complicated appendicitis, for example, periappendiceal abscess, perforation, and difficult appendix stump for obvious reasons are risk factors for conversion (32)(33) . 5 patients (3.5%) were converted to open approach, 4 patients due to difficult appendix stump manipulation and one patient due to perforated appendix.  It should be emphasized that conversion is usually inevitable and should not be considered an inferior treatment. In a previous analysis by Kim et al,[34] conversion after attempted laparoscopic appendectomy was associated with a longer operative time but it did not affect postoperative morbidity and length of stay when compared with an initially open surgery (35).					
  Although some studies have shown that laparoscopic treatment has a higher incidence of intra-abdominal abscess (36)(37)(38)(39), in our study intraabdominal abscess encountered in 2 patients 1.4%. in some study was (12.5%) (40). Applying the rules of good laparoscopic technique, such as careful dissection, use of the tool only in the visual range, avoiding contact of the coagulation instrument's tip with intestinal serosa, irrigation only in the infected area without contamination of the entire peritoneal cavity, draining purulent focal sites, and use of drainage in cases of abundant effusions, minimizes the risk of abscesses (41)(figure1).
[bookmark: bbib41][bookmark: bbib42]Some authors have shown that LA is safe and leads to faster recovery with decreasing wound infection (38)(42). The infectious complications, especially SSIs and IAA, are the most common complications of appendectomy, and they are considered significant indicators of a procedure's safety [43]. Generally, it was shown that the overall incidence of SSIs was lower in LA patients [44], [45], most likely because LA extracts the appendix via a bag or trocar and open appendectomy removes it directly via the wound, and the wounds in laparoscopic appendectomy  are smaller than the wounds in OA [46].Surgical-site infection was observed in 6 patients (4.2%), which was goes with literature (1.3%) in one study (47), 6.4% in other study (26).
Some believe that because of laparoscopy less invasiveness and better exploration of the entire peritoneal cavity, which is impossible through McBurney’s incision, laparoscopic surgeons replace observation in unclear cases with early exploration. The group submitted to early laparoscopic exploration also includes women with acute or chronic pain in the lower right quadrant, which could lead to a higher rate of negative appendectomy but also to the high rate of positive other intra-abdominal pathology (48), in our study 128 patients (89.5%) had inflamed appendix, while 12 patients (8.4%) had negative-positive appendectomy (normal appendix but another pathology found), mainly female patients, the other pathology was gynecological. 3 patients (2.1%) had negative-negative appendectomy (normal appendix and no other pathology found).
Most of the studies pointing towards the advantage of laparoscopic approach was shorter hospital(11)(21)(22). Our series show that majority of the patients 133 (93%) were stay in the hospital  less than 24 hours, 5 patients (3.5%) stay less than 3 days, while other 5 patient stay more than 3 in the hospital, figure was comparable with literature.   
Laparoscopic appendectomy was newly adopted advance services in our hospital, in the beginning we struggle a lot to convince the patients and co-patients with advantages and benefits of laparoscopic surgery, with time and practice the number of surgeries increases steadily, in males they wants to take the benefit of reduce the hospital stay and early return to their work specially  they are farmers and in dire need for time and early return to their full  activities, for females, the cosmetic benefit and the diagnostic accuracy  of gynecological pathologies were both justify the switch toward  laparoscopic surgery.
Conclusions
Laparoscopic appendectomy is the method of choice, owing to its many advantages, less invasiveness, faster recovery and adequate exploration of the entire abdominal cavity than to observation in unequivocal cases. Laparoscopic surgery can serve as a diagnostic tool for patients with suspected AA specially for female because of its low associated morbidity and mortality and  it affords a direct diagnosis of the problem. The study showed statistically significant negative-positive appendectomy (normal appendix but another pathology found).
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