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Serum C-reactive protein was measured in 56 patients 
hospitalized with a suspected diagnosis of acute appen- 
dicitis. Based on these determinations, four groups of 
patients were defined: Group A = 26 patients with acute 
appendicitis who had a C-reactive protein level higher 
than 2.5 mg/dl. Group B - 4 patients with a C-reactive 
protein level lower than 2.5 mg/dl who, after surgery 
based on a presumed diagnosis of acute appendicitis, 
were found to have a normal appendix. Group C -- 22 
patients with nonspecific abdominal pain, 18 (72 per- 
cent) of whom had an elevated C-reactive protein level, 
although in only 4 (7.1 percent) were these levels higher 
than 2.5 percent mg/dl. Group D -- 4 patients who had 
diseases other than acute appendicitis. It is concluded 
that an increase in C-reactive protein levels to more than 
2.5 mgJdl is not a definite indicator of acute appendicitis. 
However, if the C-reactive protein level in blood drawn 
12 hours after the onset of symptoms is less than 2.5 mg/ 
dl, acute appendicitis can be excluded. [Key words: C- 
reactive protein; Appendicitis; Diagnosis] 
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W ithin a few hours  after exposure  to an acute 

inf lammatory  stimulus, there  is a sharp in- 

crease in the se rum concent ra t ion  of C-reactive 

protein,  an acute-phase  protein,  in the body.  1 Until 

recently,  me thods  to quantify this prote in  were  not 

available. The n e p h e l o m e t r i c  immunocy tochemis -  

try system, which  provides  exact quantif ication of 
C-reactive protein,  appears  to be  a p romis ing  aid 

in evaluating the clinical and prognost ic  signifi- 

cance of se rum concentra t ions  of  C-reactive pro- 
tein. The doubl ing  t ime of this pro te in  varies f rom 

4 to 11 hours  and peak  levels occur  two to three 
days after acute injury. 2 Serum concentra t ions  of  C- 

reactive pro te in  are higher  w h e n  inf lammat ion  and 

tissue dest ruct ion are more  extensive.  However ,  in 

the absence  of s u p e r i m p o s e d  bacterial  infection, 

C-reactive prote in  levels rarely exceed  6 to 8 m g /  

dl. It has been  p r o p o s e d  that C-reactive prote in  
levels can be used  to differentiate in f lammat ion  
f rom infection or acute myocardia l  infarction f rom 
atypical angina. 2 
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At present ,  pa thologic  conf i rmat ion of a preop-  

erative diagnosis of acute appendic i t i s  is anywhere  

f rom 25 to 85 percent .  3' 4 Negative explora t ion car- 

ries a morbid i ty  of  5 to 15 percent .  >6 The aim of 

our  study was to ascertain the diagnostic value of 

C.reactive prote in  levels in patients  suspec ted  of 

having acute appendici t is .  

P A T I E N T S  A N D  M E T H O D S  

The subjects for this double-b l ind  prospec t ive  

trial were  56 patients  b e t w e e n  the ages of  4 and 31 

(average age, 16) years who  were  admi t ted  to our 

institution with a suspec ted  diagnosis of  acute ap- 

pendicit is .  Only  patients  whose  symp toms  had per- 
sisted for more  than 12 hours  were  included.  In all 

cases, acute appendici t is  could not  be  ruled out on 

the basis of history, physical  examinat ion,  rout ine 

laboratory tests, and radiographs.  Serum C-reactive 

prote in  was measu red  by  the n e p h e l o m e t e r  (Array 

prote in  chemistry;  Beckman  Inst ruments ,  Fuller- 

ton, CA). Normal  C-reactive pro te in  levels (Bronx- 

Lebanon Hospital  Center  Laboratory) range f rom 

0.08 to 0.8 mg/d l .  The results of  the m e a s u r e m e n t s  

were  not made  available to the treating surgical 

teams at any t ime during the hospital izat ion of the 

patients. 

D e p e n d i n g  on the results of  examina t ion  by  an 

at tending surgeon,  patients  were  observed,  under-  

went  surgery for acute appendici t is ,  were  t reated 

conservatively, or were  t ransferred to a different 

special ty service. The patients  fell into the follow- 

ing groups: Group  A = 26 patients  whose  surgery 

and his topathologic  f indings conf i rmed  acute ap- 

pendicit is .  Group  B = 4 pat ients  who  unde rwen t  

surgery with a diagnosis  of  acute appendicit is;  how- 

ever, h i s topathology disc losed a normal  appendix .  
Group  C = 22 pat ients  in w h o m  symptoms  Could 
not be  at tr ibuted to any specific cause. These  pa- 

tients were  ca tegor ized  as having ben ign  nonspe-  
cific abdomina l  pain. Group  D = 4 patients  who  

were  d iagnosed  as having a defini te condi t ion 
other  than acute appendici t is .  
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There was no statistically significant age or sex 
differences among the patients in any of these 
groups (Group D excluded). Group comparisons 
were carried out using Student's t-test. Probability 
levels of less than 0.05 were taken as significant. 

RESULTS 

A preoperative diagnosis of acute appendicitis 
was made in 34 (60 percent) of the 56 patients. 
Laparotomy was performed on 30 of these patients. 
In 26 (87 percent) of those patients who under- 
went surgery, histopathologic examination of the 
resected specimens confirmed acute appendicitis. 
Four patients (Group D) were subsequently diag- 
nosed as having specific pathologies other than 
acute appendicitis. Three patients had pelvic in- 
flammatory disease and One had a twisted right 
ovarian cyst. 

The mean C-reactive protein values of the four 
groups (Figs. 1 and 2) were as follows: Group A: 
mean, 12.22 mg/dl (range, 2.85-29.1 mg/dl). 
Within this group, the mean C-reactive protein 
value in the 17 patients with acute appendicitis was 
7.26 mg/dl (range, 2.85-21.6 mg/dl). The mean 
value in the 6 patients with a perforated appendix 
was 10.1 mg.dl (range, 4.74 to 19.60 mg/dl).  The 
mean value in the 3 patients with a gangrenous 
appendix was 19.3 mg/dl (range, 10.3- 29.1 rag/ 
dl) (Fig. 1). Group B: mean, 1,36 mg/dl (range, 
0.6-2.1 mg/dl). Group C: mean, 1.61 mg/dl (range, 
0.6-8.9 mg/dl). Group D: mean, 11.63 mg/dl 
(range, 6.6-18.7 mg/dl).  

After serial analyses of different C-reactive pro- 
tein levels and the correlation of these levels with 
acute inflammatory changes in the appendices, it 
was observed that patients with a C-reactive protein 
level higher than 2.5 mg/dl had an ongoing inflam- 
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Figure 2. Levels of C-reactive protein in Group A. 

matory process; they were categorized as having a 
positive test. Patients with a C-reactive protein level 
lower than 2.5 mg/dl were considered to have a 
negative C-reactive protein test. 

The sensitivity of the C-reactive protein test was 
calculated as 100 percent and the specificity was 
84.6 percent. The positive predictive value of the 
test was 86.6 percent and the negative predictive 
value was 100 percent (Table 1). 

DISCUSSION 

The value of serum C-reactive protein level as an 
indicator of acute appendicitis and, more specifi- 
cally, as a guide to surgical intervention has been 
debated.< 7-9 Previous investigations have shown 
that C-reactive protein levels are increased in pa- 
tients with acute appendicitis 7-9 and other inflam- 
matory diseases) ~ Mikaelsson and Arnbjornsson 7 
found abnormally high C-reactive protein levels in 
47 percent of their patients with acute appendicitis. 
Peltola e t  aL 8 noted elevation in 72 percent of their 
patients. 

In our study, C-reactive protein levels were sub- 

C-reactive protein levels (rag%) in different groups 
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Figure 1. Levels of C-reactive protein in the different 
groups. 

Table 1. 
Correlation Between C-Reactive Protein Levels and 

Histopathologic Findings 

Appendicitis Total No. 
CRP Test 

Present Absent of Patients 

Positive 26 4 30 
Negative 0 22 22 

Total tested 26 26 52* 

C-reactive protein test (levels > 2.5 mg/dl considered 
positive). 

* Four patients from Group D were excluded because 
they had diseases other than acute appendicitis. 
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stantially elevated in all patients with acute appen- 

dicitis. The same was found by Thimsen  e t  al .  9 and 

Ingram e t  a[. la C-reactive protein levels increase 
within 12 hours after the onset  of symptoms and 
reach a peak at 24 to 48 hours, with a mean  dou- 
bling t ime of 7.3 + 1.8 hours. It is possible, there- 
fore, that the t ime interval be tween  the appearance 

of symptoms and the actual testing for C-reactive 
protein levels had some bearing on the results of 
Mikaelsson and Ambjorsson 7 and Peltola e t  al .  8 

Four of our patients with benign nonspecif ic  
abdominal  pain (Group C) had a C-reactive protein 

level in the same range as that of patients with 

acute appendicit is  (Group A). In two of these 
patients, these elevated levels were  attributed to 
upper  respiratory infection. However ,  the cause of 
the C-reactive prote in  elevations in the other  two 
patients could not be ascertained. In Group C the 

abnormally high C-reactive protein levels may have 
been  caused by the p lacement  of intravenous lines 

and other  medical  procedures .  Previous studies 
have found elevated C-reactive protein values in 
high percentages  of patients with a normal appen- 
dix.9, 10 

Among the Group A patients with uncompl ica ted  
acute appendicitis,  the C-reactive protein levels 
were less elevated than those in patients with gan- 
grenous appendicitis.  The C-reactive prote in  values 
among patients with a perforated appendix  fell 

be tween  these two extremes,  for reasons we could 
not determine.  

Both the negative predictive value and the sen- 
sitivity of the serum C-reactive prote in  test were  
100 percent .  Thus, if this test had been  used as a 
basis for deciding whe ther  or not to perform sur- 

gery, four unnecessary  laparotomies could  have 
been  avoided. In all patients with a C-reactive 
protein level of less than 2.5 mg/d l  at 12 hours 
after the onset  of  symptoms,  the symptoms re- 
solved spontaneously.  

C O N C L U S I O N S  

C-reactive protein levels can be used as an indi- 

cator of acute appendicitis.  To be sure, the time- 
tested clinical signs must still serve their  purpose.  
However,  when  there is doubt  about the diagnosis, 
a low serum C-reactive protein level should be 

used as a basis for the decision to defer  surgery. 
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