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        Abstract



        
          Background:


          Appendicitis has a high occurrence and is frequently indicated in pediatric abdominal surgery. However, up to 33% of affected children may not present with distinct symptoms, and young children may be a typical or show delayed presentation of symptoms. Appendectomy is one of the most common emergent surgeries to treat appendicitis. After an appendectomy, prophylaxis antibiotics are required to abate infections at the location of surgery and have been shown to reduce postoperative surgical complications significantly.

        


        
          Objective:


          The purpose of this investigation was to determine the most cost-effective prophylactic antibiotic combination between ceftriaxone-metronidazole and cefotaxime-metronidazole following appendectomy.

        


        
          Methods:


          A retrospective observational study was conducted using investigations with a similar design and pediatric medical records from 2011 until 2013 from a referral hospital in Bandung City. All direct medical costs related to pediatric appendectomy were collected and discounted. Independent Student’s t-test and chi-square analysis were used.

        


        
          Results:


          The average total cost of ceftriaxone-metronidazole was USD 393.83/patient and that of cefotaxime-metronidazole was USD 397.89/patient. There were no significant differences in average direct medical costs between treatments with ceftriaxone-metronidazole and cefotaxime-metronidazole (p=0.383). The analysis suggests that both antibiotic combinations have the same effectiveness and cost. For the combinations of ceftriaxone-metronidazole and cefotaxime-metronidazole, approximately USD 1.88 and USD 2.28 were required, respectively, to reduce one day of hospitalization after an appendectomy. Additionally, to increase one percent of cure rate, an amount of USD 19.70 and USD 24.89 was required for ceftriaxone-metronidazole and cefotaxime-metronidazole, respectively.

        


        
          Conclusion:


          Both therapies investigated were effective as a postoperative antibiotic. However, the combination of ceftriaxone and metronidazole may be more cost-efficient.
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      1. INTRODUCTION


      World Health Organization mentioned that the incidence of appendicitis in Asia and Africa in 2004 consisted of 4.8% and 2.6% of the total population [1]. According to data from the Household Health Survey in Indonesia, the incidence of appendicitis is highest when compared to other cases of the abdominal disease [2]. Approximately 80,000 children become afflicted with appendicitis in the United States each year, compared to 4 per 1,000 children under 14 years old in other countries. Perforated appendicitis often occurs in children under the age of 18 years or adults above 50 years old [1, 3].


      Appendectomy is the most common surgical procedure for treating appendicitis, and the mortality rate of appendicitis is high despite major advances in modern antibiotics. Although the mortality rate from an appendectomy is low (>1%) in high-, medium-, and low-income countries, the surgical mortality rates for appendectomy are quite high in low-middle-income countries (LMICs) (89/1000 operations). Previous studies have shown multifactorial issues related to the high mortality rate in appendectomy, especially in LMICs, and one of the common problems is the use of prophylactic antibiotics [4, 5].


      The patient management for postoperative appendicitis is associated with the antibiotic administration. Although the role of postoperative antibiotics in reducing infection is still debatable, some studies show that antimicrobial prophylaxis should be considered due to reducing the morbidity related to infections (prolonged length of stay, readmission, and reoperation) [6]. Clinical practice guidelines of the American Society of Health-System Pharmacists (ASHP) stated that antimicrobial prophylaxis should be given before and after appendectomy. The antibiotic prophylaxis was identified as an effective intervention to prevent surgical site infections (SSIs) compared with placebo for patients who received appendectomy [7]. Several investigations have showed that preoperative prophylactic antibiotics are recommended for reducing postoperative infections or complications. Furthermore, it is strongly suggested to use broad-spectrum postoperative antibiotics, especially for appendicitis with perforation, for at least 3-5 days to reduce SSIs rate [8]. There are several antibiotics recommended for appendectomy, such as second or third-generation cephalosporins. To prevent the infection related to appendicitis, a third-generation cephalosporin antibiotic (ceftriaxone, cefotaxime) can be administered alone or in combination with metronidazole [6].


      Ideally, each hospital has antibiogram guidelines, which should always be updated to determine empiric antibiotic therapy according to the existing germ patterns [6, 9, 10]. However, in the general practice hospital where this study was conducted, the most common antibiotics often used in postoperative pediatric appendectomy were ceftriaxone-metronidazole and cefotaxime-metronidazole. In this study, we assessed which antibiotic would be more cost-efficient as prophylaxis in postoperative appendicitis in pediatric patients.

    


    
      2. METHODS


      This was an observational study using a cross-sectional design in a referral hospital in West Java Province, Indonesia. Inclusion criteria in this study were patients aged 2-13 years, patients who were diagnosed with perforated appendicitis and who had received laparoscopic appendectomy, and patients who received antibiotic therapy ceftriaxone-metronidazole or cefotaxime-metronidazole for at least three days [8, 11]. Patients with incomplete data, referrals from other hospitals, and those exhibiting side effects of these prophylaxes were excluded from the analysis. Data were taken from patient medical records from a period of 2011-2013, and the records covered the diagnosis, length of stay, antibiotics used, and therapy outcomes. In this study, we analyzed the conditions before the implementation of National Health Insurance (NHI) for appendicitis, particularly in the costing system. Due to the changes implemented in the NHI programs in 2014 in Indonesia, the diagnosis, treatments, and costs are based entirely on Indonesian Case-Based Groups (INA-CBGs) or Indonesian Healthcare Insurance.


      Cost categories were estimated based on appendectomy protocols in this hospital, and on the total cost, while categories were based on hospital perspective. The currency units that are in Indonesian Rupiah were converted to USD using the Purchasing Power Parity exchange rates and discounted to 2018. Based on economic evaluation protocols [12], all of the costs should be discounted to the present year to adjust the present value of the cost. Then, all of the costs were classified into four groups including the cost of medicines, cost of medical or surgical supplies, cost of laboratory test, and the cost of hospitalization. This study was approved by the Health Research Ethics Committee of this referral hospital. Personal information was kept confidential by providing a numeric code for each medical record. Bivariate analysis was performed using unpaired two-tailed Student’s t-test and chi-square test. Then, a multivariable backward logistic regression analysis was conducted to determine which independent predictors have a significant association with the outcome of the prophylaxis. Probability values less than 0.05 were accepted as statistically significant. All statistical analysis was performed using SPSS 20.

    


    
      3. RESULTS


      There were 717 patients with appendicitis between January 2011 and December 2013 in this hospital. All data were screened, and only 62 patients met the criteria and were included in the analysis (Fig. 1). There were no differences in patient characteristics between the groups. Both the ceftriaxone-metronidazole group and the cefotaxime-metronidazole group showed a higher percentage of male patients by 64.7% and 67.9%, respectively (Table 1).


      The patients’ statuses after being administered antibiotics are also reported in Table 1. Chi-square analysis showed that there was no significant difference between both groups in Length Of Stay (LOS) and discharge status. These results suggest that both ceftriaxone-metronidazole and cefotaxime-metronidazole yield similar outcomes.


      In order to investigate the variables having a significant association with the outcome, multivariate analysis has been performed (Table 2) with discharge status (cure or recovery) as the outcome. It can be seen that age has the highest odds (2.625), followed by types of prophylaxis and gender.


      There were no significant differences in cost (Table 3). The higher costs were associated with surgical supplies, hospitalization, and laboratory test. The difference in total cost averages between both groups was only USD 4.06.


      [image: ]
Fig. (1)

      Medical records selection process.

      
        Table 1 Patients’ characteristics.


        
          
            
              	Characteristics

              	Combination Ceftriaxone-Metronidazole (n=34)

              	Combination Cefotaxime-Metronidazole (n=28)

              	p-value
            


            
              	Age (years)

              Mean (SD)

              Range

              	

              9.76 (2.35)

              4-13

              	

              8.14 (2.98)

              3-13

              	0.048*
            


            
              	Gender, n (%)

              Male

              Female

              	

              22 (64.7)

              12 (35.3)

              	

              19 (67.9)

              9 (32.1)

              	0.451
            


            
              	Length of Stay (day)

              ≤ 6

              > 7

              	

              20 (58.8)

              14 (41.2)

              	

              16 (57.1)

              12 (42.9)

              	0.447
            


            
              	Discharged status, n (%)

              Cure

              Recovery

              	

              20 (58.8)

              14 (41.2)

              	

              16 (57.1)

              12 (42.9)

              	0.165
            

          
        


        
          *statistically significant.
        


      


      
        Table 2 Multivariate logistic regression for associations with patients’ cure rate.


        
          
            
              	–

              	Coefficient (B)

              	S.E

              	Wald

              	p-value

              	OR

              	95% CI
            


            
              	Min

              	Max
            


            
              	Type of prophylaxis

              	0.216

              	0.580

              	0.139

              	0.709

              	1.242

              	0.398

              	3.871
            


            
              	Age

              	0.965

              	0.584

              	2.728

              	0.099

              	2.625

              	0.835

              	8.251
            


            
              	Gender

              	-0.871

              	0.544

              	2.565

              	0.109

              	0.419

              	0.144

              	1.215
            


            
              	Constant

              	0.173

              	0.552

              	0.098

              	0.754

              	1.189

              	

              	
            

          
        


        
          *Note: S.E= standard errors, OR: odds ratio, CI: Confidence interval.
        


      


      There were no significant differences between each category of cost for both the combination groups (p > 0.05). The cost of medical or surgical supplies has the highest value, followed by the cost of hospitalization and laboratory test. The analysis was performed by comparing the total cost from each combination with LOS and discharge status as the outcome. In this condition, a cost-effectiveness analysis could not be conducted because the total cost and patients’ status (LOS and discharge) did not show a significant difference or quite similar. The cost analysis across patient status is reported in Table 4. Both combinations of antibiotics yielded the same cost and effectiveness. It was found that the average cost and effectiveness ratio for combination ceftriaxone-metronidazole or cefotaxime-metronidazole were USD 1.88/LOS and USD 2.28/LOS, respectively.

    


    
      4. DISCUSSION


      Perforated appendicitis is a well-described complication of acute appendicitis. Acute appendicitis is commonly undiagnosed and has no precisely defined signs or symptoms. Perforated appendicitis is characterized by a high fever and severe pain covering the entire abdomen, which typically makes the abdominal muscles tense. Acute appendicitis can become perforated appendicitis within 24–36 h, and the risk of perforation increases by 15% after 36 h. The prevalence of perforated appendicitis is higher than acute appendicitis, especially in children [13]. In this particular hospital, in 2011–2013, the number of perforated appendicitis in pediatric patients increased by 74.19%, 87.50% and 90.48%, respectively. There was no clear enlightenment related to this issue. However, previous investigations [14, 15] suggest that there are many factors related to perforated appendicitis occurrence. For example, family history of appendicitis, the timing of care (immediately or delayed), history of abdominal pain episodes, and childhood body mass index all play critical roles in the development of this condition.


      There was a significant difference in age of the patients (p=0.048) for both prophylaxis agents. This may be because the average age of the ceftriaxone-metronidazole group was 9.76 years old, compared to the 8.14 years for a group of cefotaxime-metronidazole (Table 1). Both therapies showed a higher percentage of male patients. The previous study states that male has a higher prevalence in appendicitis (8.6%) than in female (6.7%) [16]. Patients’ LOS and discharge status percentage are nearly similar for both groups.


      This hospital does not have official guideline for antimicrobial prophylaxis. Therefore, the physicians used many antibiotics (single or combination) as prophylaxis following a postoperative appendectomy based on literatures and experience. For instance, cefotaxime, ceftriaxone, gentamycin, cefotaxime-metronidazole-ceftazidime, cefotaxime-metronidazole-ampicillin, cefotaxime-erythromycin-ampicillin, cefo taxime-metronidazole and ceftriaxone-metronidazole. However, the most commonly prescribed antibiotic combination for pediatric patients with perforated appendicitis are cefotaxime-metronidazole and ceftriaxone-metronidazole. In this study, other prophylactic antibiotics are excluded since their costs were not comparable because of less prescription. Several RCT studies performed by Andersen [17] and Helmer [18] have evaluated antibiotic prophylaxis for appendicitis. Most commonly used antibiotics were cephalosporins, particularly third-generation cephalosporins, such as cefotaxime and ceftriaxone, which effectively reduce postoperative SSI rates by <5%. However, when cefotaxime or ceftriaxone was combined with metronidazole, the postoperative SSI rates were reduced to 3%. Previous studies also found that these combinations are effective against most aerobic and anaerobic organisms, reduce the rate of sepsis after appendectomy, and are more cost-effective compared with other regimens [8, 19]. A study about interchange program of ceftriaxone/cefotaxime showed that both ceftriaxone and cefotaxime have equal microbiological and clinical efficacy. It was also found that ceftriaxone appeared to be cost-effective alternative to cefotaxime in this hospital. However, despite their efficacy, both of these antibiotics have considerably different pharmacokinetic properties (half-life and elimination routes).


      All antibiotics in this investigation were administered intravenously. Prophylaxis antibiotic administration is typically provided no more than 24 h after surgery. However, in cases of poor sanitation and an unsupportive environment, generally, antibiotic administration is prolonged for at least three days or until clinical symptoms abate. This advice is also suggested by previous studies conducted by Bratzler [7] and Solomkin [20].


      The doses of antibiotics utilized in the present investigation were based on the clinical guideline of the hospital. Commonly, the antibiotics were given every 12-24 h for 3-5 days. The patient selection was assessed based on the clinical status of the patients (e.g., fever, pain, and infection status) [10, 21]. Generally, patients’ LOS after appendectomy was six days, and patients were sent home with status cure or recovery (Table 1). The cure status means that the patient can fully go home and there are no problems with their clinical status. Conversely, patients with a recovery status suggest that they can go home but should be followed-up after a few days or a week to make sure their medications are well tolerated.


      In Table 1, both LOS and discharge status were not significantly correlated (p>0.05) with the preference of therapy. This suggests that the combination of ceftriaxone-metronidazole and cefotaxime-metronidazole is just as effective at preventing infection after an appendectomy, at least in pediatric patients. A previous study conducted by Daskalakis [8] showed similar findings. Both combinations showed similar strength and had the lowest wound infection rate, thereby further substantiating their recommendations in pediatric patients.


      A multivariate analysis was conducted to investigate which independent variables have a significant correlation with the prophylaxis outcome. Type of prophylaxis, age, and gender as the predictors while discharge status (cure or recovery) as the response (Table 2). It can be seen that age has the highest OR (2.625), although not statistically significant (p=0.099). These results have similar findings with the previous study conducted by Singh [22], it stated that in general, the significant factors that affect the recovery process in bacterial infection especially pediatric patients are nutritional status and body weight.


      As a type of prophylaxis, we want to investigate which combination shows a better cure rate for the patients. Therefore, in the multivariate analysis, combination ceftriaxone-metronidazole is placed as the baseline and cefotaxime-metronidazole as the comparator. The results showed that there was no significant association between type of prophylaxis towards the patient’ cure rate, thus, it can be seen that both combinations have similar strengths in clinical aspects (OR 1.242 (95%CI 0.398-3.871). However, some previous studies recommend using a combination of ceftriaxone-metronidazole as surgical prophylaxis and treatment for infections because of its effectivity in reducing the risk of postoperative anaerobic infection and good clinical results [23, 24].


      Regarding the cost analysis assessment, only a direct medical cost assessment related to the appendectomy protocol of the hospital was utilized. In 2011-2013, the NHI was not conducted comprehensively in Indonesia, so that most of the patients used the out-of-pocket system for their hospital bills. Therefore, we used the hospital perspective to standardize all of the costs in this study.


      The highest cost was on medical or surgical supplies, which accounted for 55% of the total cost for appendectomy treatment in both groups (Table 3). The antibiotic cost of the cefotaxime-metronidazole group was slightly more (USD 0.33) than the ceftriaxone-metronidazole group, although the unit cost of ceftriaxone was more expensive than cefotaxime. The higher cost may be because the administration of cefotaxime was throughout 12 h, two times a day, whereas ceftriaxone was given every 24 h or once daily. This has similar results with a previous study conducted by Minotolo [25] and Aiello [26] showing that an appendectomy, in order, the highest cost for an appendectomy is for surgery, antibiotics, and laboratory test.


      The cost and effectiveness ratio was conducted using an average of the direct medical cost with LOS and discharge status as the outcome (Table 4). From this study, it can be concluded that there is no difference in effectiveness for both combinations. Both groups showed the same effectiveness and the same cost. To reduce the one day of hospitalization after an appendectomy, USD 1.88 is needed if we use a combination of ceftriaxone-metronidazole as a postoperative antibiotic after an appendectomy. Otherwise, a combination of cefotaxime-metronidazole at the cost of USD 2.28 is suggested to reduce one day of hospitalization. On the other hand, it can be said that to increase one percent cure rate, we have to spend USD 19.70 and USD 24.89 for ceftriaxone-metronidazole and cefotaxime-metronidazole, respectively. These results suggest that a combination of ceftriaxone-metronidazole is more efficient than cefotaxime-metronidazole.


      Regarding total cost (Table 3), there was a difference in the treatment cost of USD 4.06 but it was not significant. It means that the saving for postoperative treatment after appendectomy was approximately USD 4.06 by using combination ceftriaxone-metronidazole as prophylaxis after an appendectomy. Furthermore, since it is no cost-effectiveness study, the incremental cost-effectiveness ratio was not performed because both of the combinations have the same cost and effectiveness. A previous study shows that the same generation of antibiotics is not significantly different [19].


      Although in this study, we have verified all the data from the clinicians, nurses and pharmacists to avoid missing data related to side effects and patients’ medical histories, our study has limitations. These include the limitations to collect patient's data on clinical outcomes for cost analysis, such as time taken for symptoms, the incidence of generalized peritonitis, the incidence of hypotension, the incidence of fever, admission to high-dependency or critical care unit, and comorbid illnesses. Furthermore, other patient outcomes should be considered, such as blood tests, the rate of infections following surgery, and several other clinical parameters.


      
        Table 3 Average direct medical costs (USD).


        
          
            
              	Type of Costs

              	Combination Ceftriaxone-Metronidazole (SD)

              (n=34)

              	Combination Cefotaxime-Metronidazole (SD)

              (n=28)

              	p-value

              	95% CI
            


            
              	Cost of antibiotics

              	35.80 (10.7)

              	36.14 (19.3)

              	0.467

              	-0.33 (-8.07-7.42)
            


            
              	Cost of medical or surgical supplies

              	212.94 (19.3)

              	211.26 (22.1)

              	0.375

              	1.68 (-8.83-12.02)
            


            
              	Cost of Laboratory Test

              	66.92 (27)

              	75.74 (22.9)

              	0.088

              	-8.82 (-21.71-4.07)
            


            
              	Cost of Hospitalization

              	76 (19.9)

              	74.75 (18.5)

              	0.400

              	1.25 (-8.59-11.09)
            


            
              	Total cost

              	393.83 (48.6)

              	397.89 (57.9)

              	0.383

              	-4.06 (-31.12-23.0)
            

          
        


      


      
        Table 4 Cost andeffectiveness ratio of ceftriaxone-metronidazole and cefotaxime-metronidazole utilization as postoperative prophylaxis.


        
          
            
              	Variable

              	Combination Ceftriaxone-Metronidazole (SD)

              (n=34)

              	Combination Cefotaxime-Metronidazole (SD)

              (n=28)
            


            
              	Average total cost (USD)

              	11.58

              	14.21
            


            
              	The average length of stay (days)

              	6.15

              	6.21
            


            
              	Cure rate (%)

              	58.8

              	57.1
            


            
              	Cost/LOS (USD/day)

              	1.88

              	2.28
            


            
              	Cost/cure rate (USD/cure rate)

              	19.70

              	24.89
            

          
        


      

    


    
      CONCLUSION


      Both antibiotic therapies studied herein showed the same cost and effectiveness and prophylactic capabilities, but the cost of ceftriaxone-metronidazole may be lower in certain circumstances.
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