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ABSTRACT 

Background: an early preoperative diagnosis of acute appendicitis is ocasionally very challenging. 

Clinical examination and Ultrasonography (USG) are very useful tools to confirm early preoperative 

diagnosis of acute appendicitis.  

Objective: Evaluation of MASS and USG in preoperative diagnosis of acute appendicitis. 

Design and Setting: This is a prospective Cohort study performed in AL-Karama Teaching Hospital/ 

Medical College / University of Wasit /Iraq. 

Patients and Methods: A total of 110 patients complaining of Right Lower Quadrant (RLQ) acute 

abdominal pain with high suspicion of acute appendicitis ,were included in this study during the period 

from September 2015 to June 2016.They were preoperatively assessd by Modified Alvarado Scoring system 

(MASS) and abdominal USG. They were appendectomised. The removed appendicies were 

histopathologically examined. MASS, USG and histopathologic results were statistically analysied. 

Results: They were 67 males (60.1%) and 43 females (9.1%). Mean±SD of patients' age was 23.3±11.9 

years. The post-operative histopathologic examination proved that 98 (89 %) out of 110 patients had acute 

appendicites while the remaining 12 (11%) patients had normal appendices. Sensitivity, specificity, Positive 

Predictive (PPV) ,Negative Predictive Value (NPV) and accuracy rate of  MASS with cutoff point 6 were : 

89%, 33%, 91%, 28% and 83 % respectively, P-value = 0.04 .When MASS with cutoff point 7, they were 

66.3%, 12.8%, 94.2%, 19.5% and 66 % respectively, P-value=0.03.Sensitivity, specificity,  PPV, NPV and 

accuracy rate of USG were :62%, 91%, 98%, 22% and 65 % respectively, P-value=0.01. 

Conclusion and Clinical Significane: MASS with cutoff point 6 has high sensitivity and accuracy rate 

.Despite MASS has a slight increase in negative appendectomies but it improves the early diagnosis and 

treatment preventing complications of delayed diagnosis such as appendiceal perforation. USG gives 

dependable findings for early diagnosis of acute appendicitis but, it is an operater dependent needing 

perfect training.  

Keywords: Diagnosis of Acute Appendicitis, Modified Alvarado Scoring System (MASS), Ultrasonography,  

 

www.jmscr.igmpublication.org                                                                                              

                                                                                                                                                  Impact Factor 5.244 

Index Copernicus Value: 83.27 

ISSN (e)-2347-176x  ISSN (p) 2455-0450 

 DOI:  http://dx.doi.org/10.18535/jmscr/v4i8.28 

 

 

http://dx.doi.org/10.18535/jmscr/v3i8.01


 
 

Dr Jawad Kadhim S. Al-Dhahiry. MD el al JMSCR Volume 04 Issue 08 August 11863 

 

||August11869-11862 Vol||04||Issue||08||Page RJMSC 6102 

INTRODUCTION  

Acute appendicitis is the most common surgical disease that needs an emergency surgical intervention 

worldwide .It's incidence rate is 0.12 %. It's incidence rate is highest among teenagers and young adults, but 

incidence rate of complications of acute appendicitis demonstrates little variation among different age 

groups 
[1]

. If the surgical decision to perform an appendectomy depends only on the patient’s symptoms and 

signs ,this may result in resection of normal appendices (negative appendectomy) in 15% to 30% of cases or 

missing true acute appendicitis leading to an appendiceal perforation 
[2,3,4]

. 

The main objective of most studies is to reduce both, negative appendectomy rate and complication rate of 

delayed diagnosis such as appendiceal perforation. A reduction in the negative appendectomy rate must not 

cause increase in the complication rate 
[5]

. Therefore, many diagnostic techniques have been recommended 

including; clinical scoring systems, USG, CT scans, MRI and laparoscopy 
[1]

. World recent diagnostic 

modalities have demonstrated a reduction in the negative appendectomy rate from 12–29 % to 3–11%. 

Graded compression USG is cheap, quick and noninvasive diagnostic technique with an accuracy rate of 71– 

90 % for diagnosis of acute appendicitis
[6]

. Diagnosis of acute appendicitis can some time be ascertained by 

clinical examination
[7]

. Absolute and confirmed diagnosis is only possible at surgical exploration and 

histopathologic examination of the removed appendix 
[8]

.  

During the last two decades many clinical scoring systems for early diagnosis of acute appendicitis have 

been introduced and reevaluated by different researchers .These clinical scoring systems include: Lidverg, 

Fenyo, Christian, Ohman and Alvarado scoring systems 
[9]

. Alvarado introduced his scoring system in 1986. 

This scoring system is composed of, migrating abdominal pain, nausea and /or vomiting, loss of appetite, 

RLQ abdominal tenderness, rebound tenderness, fever, leukocytosis and a left shift in the leukocyte count. 

Patients with scores of 7 to 10 will be appendectomised, patients with scores 5 or 6 are advised to be sent for 

a CT scan to confirm the diagnosis of acute appendicitis 
[10]

. Patients with scores 1- 4 are conservatively 

treated 
[11]

.  

Despite of using recent diagnostic modalities, diagnosis of acute appendicitis is mostly clinically determined 
[12]

. Because white blood cell (WBC) differential count is not usually performed in many hospitals, Kalan et 

al omitted the left shift of neutrophil count and produced a Modified Alvarado Scoring System (MASS). 

MASS is a 9 point scoring system helping in increasing the accuracy of preoperative diagnosis of acute 

appendicitis and decreasing negative appendicectomy rate. MASS with cutoff point 7 was recommended for 

appendectomy by some researchers 
[1,10 ,11,13]

. 

This study evaluated diagnostic values of both; MASS and USG in the preoperative diagnosis of acute 

appendicitis. 

 

PATIENTS AND METHODS 

Scientific (Ethics) committee of Medical College/Wasit University /Iraq approved this study proposal. 

During the period from September 2015 to June 2016, one hundred and ten patients presented to Emergency 

Unit in AL-Krama Teaching Hospital /Medical College /Wasit University /Iraq complaining of RLQ acute 

abdominal pain with suspicion of acute appendicitis were enrolled in this study. These patients were 

clinically evaluated using MASS with cutoff point 6, then MASS with cutoff point 7. Then, they were 

ultrasonically evaluated. had clinically and ultrasonographically high suspicion of acute appendicitis. All 

patients were appendectomised by open technique. All removed appendicies were sent for histopathologic 

examination .MASS, USG and histopathologic results were statistically analysed.  

Exclusion criteria were: clinically and ultrasonically proved appendiceal mass, evidence of generalized 

peritonitis and acute RLQ abdominal pain with pregnancy.  

Ultrasonography was performed by specified radiologists, some of them were recently specified .Non-

compressible blind loop in right lower abdominal quadrent ≥ 6 mm in anteroposterior diameter was 
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ultrasonographic sign of acute appendicitis 
[14 ,15]

. MASS criteria were fulfilled for each patient. MASS parts 

were: migrating abdominal pain, loss of appetite, nausea and/or vomiting, RLQ abdominal tenderness, 

rebound tenderness, fever ≥ 37.5 
0
C and leukocytosis (>10,000 WBCs) 

[1]  
RLQ abdominal tenderness

.
 and 

leukocytosis scored two points for each while other parts scored one point for each (Table. 1.) 
[1,11]

. USG, 

MASS and histopathologic results were statistically analysed using SPSS version 20. All patients scored 1-4 

points according  to MASS and had ultrasonically negative acute appendicitis, were conservatively treated 

and discharged home after being improved .No one of them needed appendectomy during follow-up period.  

 

RESULTS AND DISCUSSION 

Table. 2. Shows this study's patients were; 67 (60.1% ) males , 43 (39.1 %) females. The total was 110 

patients. Mean±SD of patients' age was 23.3±11.9 years (5 to 75 years old). Ramachandra. J, et al 
[11]

 and 

Abdelrahim. M,et al 
[4]

 reported similar demographic results. This study had no mortality. 

 

 I .Histopathologic Results 

Table 3 shows that the histopatholoic examination  proved that 98 (89 %) out of 110 patients had acute 

appendicites while the remaining 12 (11%) patients had normal appendices (negative appendectomy). Sahim 

Qusous, et al 
[16]

 reported 68 patients (80,9 %) out of 84 patients, who underwent appendiectomy, had 

histopathologically proved acute appendicitis. The histopathologic results of the twelve patients with normal 

appendicies were: 4 children had acute mesenteric lymphadenitis, 3 females had Mittelschmerz,3 females 

had small ruptured right ovarian cysts, one patient had perforated chronic doudinal ulcer and one patient had 

no clear pathology. 

 

II .MASS versus Histopathologic Results  

Table .3 shows that 96 patients out of 110 had MASS scores ≥ 6 and the remaining 14 patients had MASS 

scores < 6. Eight patients out of these 96 patients with MASS scores ≥ 6, had histopathologically normal 

appendix (negative appendectomy). Ten patients with MASS scores < 6 had histopathologically true acute 

appendicitis (They scored 5). Thus, this study had sensitivity 89 %, specificity 33 %, PPV 91%, NPV 28 % 

and accuracy rate 83 % when MASS cutoff point was 6 .These results were statistically significant, P-value 

was 0.04. 

Table .4 compares statistical results of this study with those of other studies when using MASS with cutoff 

point 6. The sensitivity of this study was comparable with sensitivities of these studies. Regarding 

specificity, PPV and NPV of this study results were comparable with results of some of these studies. The 

accuracy rate of this study was the highest when compared with those of studies above.  

Table 5. Shows that 65 patients out of 110 had MASS scores ≥ 7 while the remaining 33 patients had MASS 

scores < 7. Four patients out of these 65 patients with MASS scores ≥ 7, had histopathologically normal 

appendix (negative appendectomy). Thirty three patients with MASS scores <7 had histopathologically true 

acute appendicitis (They scored 5 according to MASS) .Thus, this study had sensitivity  66.3 %, specificity 

12.8 % , PPV 94.2% , NPV  19.5 % and accuracy 66 %  when MASS with cutoff point 7. These results were 

statistically significant, P-value was 0.03. 

Table .6. compares  statistical results of this study with those of other studies when  MASS with cutoff point 

7.The sensitivity, specificity, NPV and accuracy rate of this study are the lowest when compared with those 

of the studies above, but PPV of this study is high.  

Acute appendicitis is a worldwide diagnostic challenge even with the advances of surgical technology and 

reduction of it's mortality rate 
[21]

. Because of occasional difficulties of preoperative diagnosis of acute 

appendicitis, worldwide negative appendectomy rates range from 15% to 30% 
[12]

. This can economically 
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effect the health system. For example, 39,901 patients underwent negative appendectomies in the United 

States of America in 1997, which resulted in unnecessary cost of 741.5 million dollars 
[22]

.  

Alvarado Scoring System is composed of, symptoms, signs and laboratory investigations (White Blood Cell 

(WBC) total and differential counts). It is clinically very important tool to classify patients with suspected 

acute appendicitis 
[17]

 .WBC differential counting is not usually performed in many hospitals, thus Alvarado 

Scoring System has been modified to MASS by omitting the neutrophil count. MASS is a quick and cost-

effective diagnostic tool in patients suspected to complain of acute appendicitis.  

Many studies reported different accuracy rates of MASS 
[6]

. In 2008, Sun, et al. suggested that MASS with 

cutoff point of 6 gives a high sensitivity NPV. Also it is more appropriate than conventional cutoff point of 7 
[23]

. Nasiri, et al 
[17]

 recommended MASS with a cutoff point 6 that gave him sensitivity 85.1%, specificity of 

25%, PPV 90.5%, NPV 16.7 % and accuracy rate 78.7 %. Regarding these findings, it appears that MASS, 

with cutoff point 6, is very appropriate. 

Dissimilarity of results of different studies may be due to variations of clinician experience, design of the 

study, size of the sample and applied statistical techniques 
[17]

. 

 

III .Ultrasonographic Versus Histopathologic Results 

All patients enrolled in this study were ultrasonographically examined by a group of radiologists most of 

them were recently specified. Table 7. showes the statistical analysis of ultrasonographic results of this 

study. Histopathologic examination, which the gold standred, showed  98 out of 110 patients had true acute 

appendicitis . USG showed only 61 patients out of these 98 patients had acute appendicites (true positive ) 

while the remaining 37 patients had  ultrasonographically normal  appedicies (false negative).The remaining 

12 patients had histopathologically normal appendicies, one of them had ultrasonographically acute 

appendicitis  (false positive) while the remaining 11patients had ultrasonographically normal appedicies 

(true negative). Thus, USG of this study had sensitivity 62 %, specificity 91 %, PPV 98 % , NPV 22% and 

accuracy rate 65%; high spicificity and PPV but low sensitivity, NPV and accuracy rate .These results were 

statistically significant, P-value is 0.01. 

Table 8. Compares USG statistical results of this study with USG statistical results of other studies. The 

sensitivity ,NPV and accuracy rate of this study are the lowest when  compared with those of the studies 

above ,but  specificity and PPV of this study are high .USG is an operator-dependent technique ,therefore 

the results vary due to radiologist experience. Also variations in these USG results may be attributed to 

differences in design of the study, extent of sample or applied statistical analysis techniques. However, a 

negative USG does not exclude acute appendicitis and the clinical examination remains as a gold standred 

diagnostic tool. 

Table 9. shows MASS with cutoff point 6, has sensitivity and accuracy rate higher than those of MASS with 

cutoff point of 7 & USG .Also, MASS with cutoff point 6, has highest NPV (slight increase of negative 

appendectomy rate) but the lowest PPV (low rate of missed true acute appendicities).Thus, MASS with 

cutoff point 6 reduces complications of delayed diagnosis of acute appendicitis such as appendicular 

perforation. 

Results of this study indicate that for diagnosis of acute appendicitis, using MASS with cutoff point 6 is 

superior to both, MASS with cutoff point 7 and USG. 
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Table .1. Modified Alvarado Scoring System (MASS ) 

Manifestations  Value 

yes no 

 Symptoms 

 

Migrating abdominal pain .    

Loss of appetite .                                                                                                                     

Nausea and/or vomiting . 

1 

1 

1 

0 

0 

0 

 Signs 

 

RLQ abdominal tenderness . 

Rebound  abdominal tenderness . 

Fever  ≥ 37.5 C .   

2 

1 

1 

0 

0 

0 

 Laboratory 

 values  

Leukocytosis (> 10000 WBCs / ml ) . 

 

2 0 

 Total  9 

Table .2. Demographic results . 

   Sex No= %         Age Mean±SD /Year Age range 

 /year 

   Male 67 60.9 % 21±8.9 5-45 

   Female 43 39.1 % 27±14 6-75 

  Total 110 100 % 23.3±11.9 5-75 

Table .3. MASS versus Histopathologic Results ( MASS with cutoff point 6 ) . 

 

Histopathologic 

Results 

MASS 

with cutoff point 6 

 

Statistical Analysis 

Acute 

appendicitis 

Normal 

appendix 

Total P- 

Value 

Sensitivity 

 % 

Specificity 

 % 

PPV 

% 

NPV 

% 

Accuracy  

Rate % 

Acute  

Appendicitis 

True +ve False -ve 98 0.04 89 33 91 28 83 

88 10 

Normal appendix False +ve True  -ve 12 

8 4 

Total 96 14 110 

Table .4.Comparison between this study results and results of other studies when MASS cutoff 

point was 6 . 

Study year  no= 

  

Sensi 

tivity % 

Speci 

ficity % 

PPV % NPV % Accuracy 

Rate % 

  Nasiriet, et al [17] 2012 75 85.1 25 90. 16.7 78.8 

Caren Dsouza  

,et al [18] 

2013 60 90 50 69 80 55 

Mohamed  

Samir ,et al [3] 

2015 100 87 49 49 69 55 

J.P.Dave1 ,et al [19] 2016 100 89 60 97 23 * 

Our study 2016 110 89 33 91 28 83 
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Table .5. MASS versus Histopathologic results ( MASS with cutoff point 7 ) 

Histopath 

ologic  

Results 

MASS 

with cutoff point 7 

 

Statistical Analysis 

Acute 

appendicitis 

Normal 

appendix 

To 

tal 

P- 

Value 

Sensitivity  

% 

Specificity 

 % 

PPV 

% 

NPV 

% 

Accuracy 

Rate % 

Acute  

Appendicitis 

True +ve False -ve 98 0.03 66.3 12.8 94.2 19.5 66 

65 33 

Normal appendix False +ve True  -ve 12 

4 8 

Total 69 41 110 

 

 

 

 

 

 

 

 

 

 

Table .7. USG versus Histopathologic Results. 

Histopath 

ologic  

Results 

USG Results Statistical Analysis 

Acute 

Appendicitis 

Normal 

appendix 

Tot 

al 

P- 

Value 

Sensitivity % Specificity 

 % 

PPV 

% 

NPV 

% 

Accuracy  

Rate % 

Acute 

Appendicitis 

True +ve False -ve 98 0.01 62 91 98 22 65 

61 37 

Normal appendix False +ve True -ve 12 

1 11 

Total 62 48 110 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table .6. Comparison between this study results and results of other studies when MASS cutoff point was 7.                            

Study year  no=  Sensi 

tivity % 

Speci 

ficity % 

PPV % NPV % Accuracy 

Rate % 

Kanumba ,et al [20] 2011 127 94.1 90.4 95.2 88.4 92.9 

Caren Dsouza 

,et al [18]   

2013 60 97 67 95 80 87 

Mohamed Samir a ,e  t al [3] 2015 100 76 59 76 57 70 

J.P.Dave1, et al [19] 2016 100 72 83 98 16 * 

This study 2016 110 66.3 12.8 94.2 19.5 66 

Table .8.Comparison between USG results of this study and USG results of other studies . 

Studies year  no=  Sensi 

tivity % 

Speci 

ficity % 

PPV % NPV % Accuracy 

Rate % 

SatyajeetK.S ,et al 
 
[13] 

2014 55 84 50 80 57 71 

Caren Dsouza  

,et al [18]   

2013 60 92 89 97 66 85 

Mohamed Samir 

  et al 
[3]

 

2015 100 73 100 100 69 83 

Peixoto RO,  

et al  [24]
 

2011 156 65 72 92 28 * 

 Cha S-W,et al
 

   [25] 

2014  100 82 94 100 * 

 Our study  2016 110 62 91 98 22 65 
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CONCLUSION  

USG and MASS are both essential tools in diagnosis of acute appendicitis. MASS with a cutoff point of 6 

has high sensitivity and accuracy rate. It has a slight increase in negative appendectomies but it helps in 

early management of acute appendicitis. MASS with a cutoff point of 6 prevents serious complications of 

delayed diagnosis of acute appendicitis such as appendiceal perforation .USG gives reliable results for early 

diagnosis of acute appendicitis but, it is an operater dependent, needing perfect training.  
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