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OBJECTIVE. We evaluated the usefulness of graded compression sonography with the
adjuvant use of a posterior manual compression technique for detection of the vermiform ap-
pendix and the diagnosis of acute appendicitis.

SUBJECTS AND METHODS. Five hundred seventy consecutive patients referred for sus-
pected acute appendicitis were prospectively examined by original, graded compression sonogra-
phy with a’5- or a 7.5-MHz linear transducer. A posterior manual compression technique was
added for 85 patients whose vermiform appendix was not identified with graded compression
sonography. For consensus, another experienced radiologist or a resident observer was in atten-
dance throughout the examination. The detection rate for the vermiform appendix and the diag-
nostic accuracy for acute appendicitis before and after the adjuvant use of a posterior manual
compression technique were obtained, respectively, and final diagnoses were established with the
officia radiology reports, surgical results, and clinical follow-up.

RESULTS. Graded compression sonography enabled visualization of the vermiform ap-
pendix in 485 (85%) of 570 patients. After the adjuvant use of a posterior manual compres-
sion technique, the vermiform appendix was found in an additional 57 of 85 patients, with
the number of identified vermiform appendicesincreasing to 542 (95%) of 570 patients. The
57 patients with an additionally found appendix included 11 patients with acute appendicitis.
The sonographic diagnosis of acute appendicitis was determined in 312 of 542 patients.
Acute appendicitis was proven by surgery in 311 of 332 patients. Sonography was used to
establish the diagnosis in 302 of the 311 patients with proven appendicitis; there were 10
false-positive diagnoses and nine fal se-negative diagnoses. One fal se-positive diagnosis was
acquired after use of the posterior manual compression technique. These results showed
more improvement than those of the probabilities for acute appendicitis with single use of
graded compression sonography.

CONCLUSION. Graded compression sonography with adjuvant use of a posterior man-
ual compression technique seems to be useful for detecting the vermiform appendix and for
diagnosing acute appendicitis.

major imaging moddity for con-

firming or excluding acute appen-
dicitis [1]. After Puylaert [1] emphasized that
sonographic visudization of the vermiform ap-
pendix was the sole indicator for diagnosis of
acute appendicitis in the original description of
graded compression sonography, many studies
have used graded compresson sonography.
Earlier reports show varying detection rates for
the vermiform appendix with varying sensitivi-
ties of 76-96% and specificities of 91-100%
[2-12] for acute appendicitis. The detection
rate for the normal appendix as described by
Rioux [8] was 82%, but in other reportstherate
was lower [1-11, 13]. A difficulty in accurately

G raded compression sonography isa

diagnosing or excluding acute gppendicitis is
that the vermiform gppendix cannot aways be
detected on gray-scale sonographic scans be-
cause of limiting factors such as the operator-
dependent technique, the retroceca location of
the appendix, and patient obesity [14]. CT and
MR imaging have been used in cases of low-
quality sonographic images, and more recently,
thin-section helical CT has been used initidly
for examining patients with suspected acute ap-
pendicitis[14-21].

In our experience, the most frequent causes
for the decreasing quality of sonographic imag-
ing using a high-frequency linear transducer in
the detection of vermiform appendix were
poorly compressible right lower quadrant bowel
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sructures and poor definition of the posterior
agpects of theright colon in the obese or muscu-
lar body habitus, as well as a retrocecd gppen-
diced location in which the pertinent structures
were located off the depth of view of the sono-
gram. We present a podterior manua compres-
sion technique using the left hand in an attempt
to reduce the number of low-qudity sono-
graphic images. The background for this tech-
nique is forced extrinsic compression of the
posterior aspects of the cecum and periceca
space or forced displacement of the right lower
quadrant bowel structures onto the psoas mus-
cle using the fingers of the left hand to obtain
anterior and posterior simultaneous compres-
sion effects. The purpose of our study was to
evauate the usefulness of graded compression
sonography with adjuvant use of a posterior
manua compression technique for detection of
the norma or abnorma vermiform appendix
and for the diagnosis of acute appendicitis.

Subjects and Methods
Patients

From July 1998 to June 2000, 570 consecutive
patients (age range, 2-85 years, mean age, 34 years),
who were suspected of having acute appendicitis on
the basis of the clinical judgment of their referring
physician, were prospectively examined with sonog-
raphy in our department. There was no anagesia
given to patients before performing the sonographic
examination. Two hundred seventy-eight males and
292 females of all ages were included in our study.
There were 157 children less than 16 years old
(28%). The mean weight of patients admitted to the
hospital was 36 kg (range, 1272 kg) for those less
than 16 years old and 64 kg (range, 48-90 kg) for
those 16 years old or older. Patients in whom geni-
tourinary diseases were identified were included in
this study because we routinely examined the vermi-
form appendix of patients with all other dternative
conditions in our ingtitute. Pregnant patients were
excluded from this study because a posterior manual
compression technigue was not possible.

Sonographic Techniques

All examinations were performed using either a
5- or 7.5-MHz linear transducer (128X P 10; Acuson,
Mountain View, CA). All patients were examined in
the supine position. A foot switch was used to freeze
and print the images when a posterior manua com-
pression technique was used as an adjuvant tech-
nique. All sonographic studies were initially
performed with transverse and longitudinal graded
compression sonogrgphy. Graded compression
sonography described by Puylaert [1] is composed
of anterior forced compression used to reduce the
abdominal cavity between the pathologic process
and the high-frequency transducer with a short fo-
cus. If the vermiform appendix was not visualized
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after completion of the graded compression scans,
a posterior manual compression technique was
added in an attempt to further improve detection of
the vermiform appendix. Thistechniqueis an adju-
vant to graded compression sonography and is
composed of forced extrinsic compression of the
opposite side of the right lower quadrant abdomen
in the anterior or anteromedial direction using the
palms of the four fingers of the left hand (Fig. 1),
thereby allowing compression of the posterior as-
pects of the cecum or pericecal space with or with-
out anteromedial displacement of the right lower
quadrant bowel structures onto the psoas muscle.
Therefore, the force of compression and the loca-
tion of the left hand would be dynamically changed
according to suspected colonic parts. This helps to
obtain a sufficient depth to be reached by a high-fre-
quency transducer with anterior and posterior smul-
taneous graded compression, thereby increasing the
Spatial resolution.

The sonographic approach to the vermiform ap-
pendix included sequentia visudization of the termi-

na ileum, ileoceca vave, ceca pole, and orifice of
the vermiform appendix. After detecting the orifice
of the vermiform appendix, we found that scrupu-
loudly tracing the tubular structure of the vermi-
form appendix to its definite or suspected blind
ending was necessary. Sometimes the vermiform
appendix is not prone for enough morphologic
identification because of poor imaging quality.
With these conditions, we tried first to find small,
strong reflections adequately made in the appen-
diceal lumen by gas or feces, which iswithout peri-
staltic activity and located in the retroileal or
retrocecal area or in other areas. Focused graded
compression sonography was performed after con-
tinuous or discontinuous strong reflections to help
verify the morphology of the vermiform. Axial ap-
pendiceal sections were imaged to differentiate the
appendix from other compressible bowel loops.

Sonographic Interpretation

One of two gastrointesting radiol ogists indepen-
dently performed the graded compression sono-

Fig. 1.—Photograph shows tech-
nique of anterior graded compres-
sion sonography with adjuvant use
of posterior manual compression
technique.

Fig. 2—51-year-old man with right
lower quadrant pain. Graded com-
pression sonogram with adjuvant
use of posterior manual compres-
sion technique shows compressible
tubular structure of normal vermi-
form appendix (arrows) with inner
echogenic portion and outer hypo-
echoic line on iliopsoas muscle (P).
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graphic examinations through a region of the right
lower quadrant of the abdomen. When it was neces-
sary to obtain consensus for sonographic interpreta-
tion after adjuvant use of a posterior manual
compression technique, another gastrointestina ra-
diologist or a resident observer was in attendance
throughout the examination.

The establishment of the diagnosis of acute appen-
dicitis was based on the finding of a positive sono-
graphic McBurney sign, a blind-ending tubular
structure gregter than 6 mm in outer diameter, the
noncompressibility of the appendix, the increased
flow signas in the appendiced wall or perigppen-
diced space using color Doppler sonography, and the
echogenic perigppendiceal inflammatory fat change.
The criteria for a norma appendix were based on a
compressible, tubular, blind-ending structure filled
with fluid, gas, or feces (Fig. 2). When detecting the
vermiform appendix, the following characteristics
were noted in the officid radiology reports immedi-
ately after sonography: the location of the vermiform
gppendix; the maximum outer gppendiceal diameter;
the sonographic diagnosis of the appendicitis or ater-
ative diagnoses; and the presence or absence of gross
perforation with free gases, phlegmon, or abscess.

Norvisudization of the appendix wasinterpreted as a
negative result.

The sonographic dternative diagnosis in patients
with the normal-appearing vermiform appendix was
aso evaluated, including acute right colonic diverticu-
litis, mesenteric adenitis, enterocolitis, right uretera or
ureterovesical junction stones, epiploic gppendagitis,
and acute gynecol ogic conditions [22-24].

We reviewed the official radiology reports, surgi-
cal results, and medical records of 570 patients who
underwent surgery for appendicitis or were hospital-
ized or received clinical follow-up for anonappendi-
citis condition.

We calculated the detection rate for the vermi-
form appendix, sensitivity, specificity, positive and
negative predictive values, and diagnostic accuracy
for acute appendicitis on graded compression
sonography with adjuvant use of a posterior man-
ual compression technique. Probabilities for acute
appendicitis with only graded compression sonog-
raphy were also calculated.

Results
The usud graded compression sonography
enabled visudization of the vermiform appen-

dix in 485 (85%) of 570 patients. We then added
a pogterior manual compresson technique to
the graded compression sonography in 85
(15%) of 570 patients in whom the vermiform
appendix could not be depicted. Graded com-
pression with the adjuvant use of a pogerior
manua compression technique enabled visual-
ization of the vermiform appendix in an addi-
tiond 57 (67%) of 85 patients. The number of
identified vermiform appendices was increased
to 542 (95%) of 570 patients. Locations of the
visudized vermiform gppendices were ret-
roiled (53%, 287 patients), subceca (33%, 179
patients), retrocecal—etrocolic (7%, 37 pa
tients), pelvic (5%, 28 patients), preiled, and
other (2%, 11 patients). The 57 patients with an
additionally identified appendix included 11 pa-
tients with acute gppendicitis (including Six pa:
tients with retrocecal appendicitis [Fig. 3] and
one patient with a combined ascending colonic
diverticulitis and agppendicitis) and three pa
tients with a norma vermiform gppendix and
retrocecal diverticulitis (Fig. 4). Twenty-five of

Fig. 3.—21-year-old man with right
lower quadrant pain.

A, Graded compression sonogram
shows no detectable appendix
around cecum (C, arrowheads). P =
iliopsoas muscle.

B, Graded compression sonogram
after adjuvant use of posterior man-
ual compression technique shows
clearly visible thickened appendix
(arrows) at retrocecal location with
forced compression of retrocecal
space with forced medial displace-
ment of cecum (C, arrowheads).
Acute appendicitis is surgically con-
firmed. P = iliopsoas muscle.

Fig. 4—b52-year-old man with right
lower quadrant pain.

A, Graded compression sonogram
shows irregular inflammatory wall
thickening of cecum (c, arrows).

B, Graded compression sonogram
after adjuvant use of posterior man-
ual compression technique shows
well-defined outpouching of acute di-
verticulitis (D) at retrocecal location
with hyperechoic peridiverticular infil-
tration (white arrows). Black arrows
point to cecum (c).
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the 57 appendices that were detected after the
posterior manual compression technique were
located in the retroceca—retrocolic region, 18
werein theretroileal region, and 14 werein the
subceca region. The sonographic diagnos's of
acute appendicitis was determined in 312 of 542
patients. In the remaining 230 of 542 patients
with a normal-gppearing vermiform appendix,
dternative diagnoses were  sonographicaly
made in 37 patients with acute right colonic di-
verticulitis, 122 patients with mesenteric adeni-
tis or enterocolitis, 11 patients with right lower
ureteral or ureterovesical junction stones, one
patient with epiploic appendagitis, and five
patients with right ovarian cystic rupture or
hemorrhage. A definite diagnosis for acute
appendicitis was confirmed both surgically
and higtologically in 332 patients. Thetimein-
terva between the sonographic examination
and the surgery was amean of 5 hr (range, 3-9
hr). Acute appendicitis was proven in 311 of
332 patients. Sonography established the diag-
nosis in 302 of the 311 patients with proven
appendicitis; there were 10 patients with false-
positive results and nine patients with false-
negative results. One fa se-positive result was
acquired after use of the posterior manua
compression technique.

Graded compression sonography with adju-
vant use of a posterior manua compression
technique yielded a detection rate of 95% (542/
570) for the vermiform appendix (norma ver-
miform appendix, 87%) and a senstivity of

Diagnostic Accuracy for
Acute Appendicitis After
Posterior Manual
Compression with Graded
Compression Sonography

TABLE |

Features Results
Detection rate of vermiform 95% (542/570)
appendix
Cases of sonographic diagnosis | 58% (312/542)
of acute appendicitis
Cases of surgical diagnosis of 311/570
acute appendicitis
True-positive results 302
False-positive results 10
True-negative results 249 (243)
False-negative results 9(43)
Sensitivity 97%
Specificity 96%
Positive predictive value 97%
Negative predictive value 97%
Diagnostic accuracy 97%

Cases with nonvisualized appendix.
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97% (302/311); a specificity of 96% (249/259);
positive and negative predictive values of 97%
(302/312) and 97%6 (249/258), respectively; and
an accuracy of 97% (551/570) for acute ap-
pendicitis (Table 1). Probabilities for acute
appendicitis with only graded compression
sonography yielded a detection rate of 85%
(485/570) for the vermiform appendix (nor-
mal vermiform appendix, 67%); a senditivity of
9% (292 /311); aspecificity of 96% (250/259);
positive and negative predictive values of 97%
(292/301) and 93% (250/269), respectively; and
an accuracy of 95% (542/570) (Table 2). There-
aults of graded compression sonography with
adjuvant use of a posterior manua compression
technique showed more improvement than
those of the probabilities for acute appendicitis
with sngleuse.

Discussion

Graded compression sonography primarily
consists of anterior forced compression to re-
duce the distance between the pathologic pro-
cess and the high-frequency transducer with a
short focus and to displace or compress bowel
structures to diminate gas artifacts. Reducing
the abdominal cavity enables clear visudiza
tion of the retroperitoned structures [1]. Since
Puylaert [1] emphasized that sonographic vi-
sualization of the appendix was the sole indi-
cator for diagnosis of acute appendicitisin his
origina description of graded compression

Probabilities for Acute
Appendicitis with Single Use
of Graded Compression
Sonography

TABLE 2

Features Results
Detection rate of vermiform 85% (485/570)
appendix
Cases of sonographic diagnosis 301/485
of acute appendicitis
Cases of surgical diagnosis of 311/570
acute appendicitis
True-positive results 292
False-positive results 9
True-negative results 250 (718)
False-negative results 19 (149)
Sensitivity 94%
Specificity 96%
Positive predictive value 97%
Negative predictive value 93%
Diagnostic accuracy 95%

aCases with nonvisualized appendix.

sonography, many studies have used graded
compression sonography for adiagnosis of ap-
pendicitis with sensitivities and specificities of
more than 90% if an experienced examiner
performed the examination [2-12]. Graded
compression sonography is an established imag-
ing modality in the clinical setting of acute right
lower abdomind pain or for the diagnods of
acute gppendicitis because of its rgpidity, nonin-
vasiveness, red-time scanning, and technica im-
provements. However, a problem in accurately
diagnosng or excdluding acute appendicitis is
that the vermiform appendix cannot aways be
detected on gray-scde sonography because
graded compression sonography has limiting
factors such asiits operator-dependent technique,
retroceca location of the vermiform appendix,
and patient obesity [14]. No norma gppendices
were visudized in Puylaert's study, and the de-
tection rate of the normal appendix in most of
the earlier reports [1-7, 9-11, 13, 25] was not
mentioned or was relatively infrequent except
for the 82% rate described by Rioux [8].

In patients with retrocecal appendix or in
patients who are obese, high-frequency trans-
ducers may fail to reach the necessary depth;
this makes an accurate diagnosis difficult be-
cause of the decreased spatial resolution [15].
In an atempt to improve low-quality sono-
graphic imaging, we present a posterior man-
ual compression technique. The purpose of
this technique is forced extrinsic compression
of the posterior aspects of the colon or peri-
calic space with or without forced displace-
ment of the right lower quadrant bowel
structures onto the psoas muscle through man-
ual compression of the pogterior or posterolat-
era aspects of the right lower quadrant using
the fingers of the left hand. Subsequently,
graded compression sonography with the ad-
juvant use of posterior manual compression
attempts anterior and posterior squeezing of
the right lower quadrant bowel structures by
means of the kissing effect of the reciprocal
anterior and posterior compression tech-
niques. The depth to reach by a high-fre-
quency transducer may be approached on the
retrocecal or retrocolic spaces and on the an-
terior margin of the psoas space, increasing
the spatial resolution.

Our study with adjuvant use of a posterior
manua compression technique showed that
the detection rate of 94% for the vermiform
appendix with a positive predictive value of
97% and a negative predictive value of 96%
for the diagnosis of acute appendicitis was su-
perior to the previoudly reported vaues. If the
estimated probabilities for the diagnosis of
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acute gppendicitis after the single use of
graded compression sonography are calcu-
lated, the detection rate for the vermiform ap-
pendix, senstivity, specificity, positive and
negative predictive values, and diagnostic ac-
curacy will be decreased to 85%, 94%, 96%,
97%, 93%, and 95%, respectively. Retten-
bacher and Hollerweger [25] pointed out the
importance of sonographic detection of the
presence or absence of gas characterized by a
sharp complete reflection in the appendix as
criteriato rule out or confirm acute appendici-
tis. We have a so used a sonographic technique
considering such small or linear strong echoes
or reflections adequately made in the appendix
by gas or feces, which are without peristaltic
activity and located in the retroileal or retroce-
cal areas or in other areas, for those whose ap-
pendix is not prone for enough morphologic
identification as a result of poor imaging qual-
ity. The sonographic detection rate (83%) of
the vermiform appendix in patients clinicaly
suspected of having acute appendicitis as cal-
culated by Rottenbacher and Hollerweger is
similar to that of our study before adjuvant ap-
plication of a posterior manual compression
technique. A high detection rate of the norma
gppendix with a high negative predictive vaue
will give surgeons much grester confidence be-
cause the clear identification of a normd vermi-
form gppendix may be the Sngle most important
criterion, excluding acute appendicitis, for deter-
mining whether surgery isindicated. The detection
rate of the norma gppendix was 87% (226/259)
in our study. After excluding acute gopendicitis,
sonographers can concentrate on dternative ap-
pendicitismimickers in the right lower quadrant
abdomen, such as right colonic diverticulitis,
right ssgmenta omentd infarction, acute entero-
calitis, mesenteric lymphadenitis, epiploic ap-
pendagitis, and ureterd calculi [22-24)].

After adjuvant use of a posterior manua
compression technique, dternative diagnoses
were correctly established on the basis of sur-
gery, dlinicd follow-up, or additiona imaging
findings in 13 patients, acute appendicitisin 10
patients (retroceca type in Sx and acute com-
bined diverticulitis and appendicitisin one), and
ascending retrocolic colonic diverticulitis in
three patients. Mogt of the dternative diagnoses
are of diseases located in a deeper anatomic
area of the right lower quadrant abdomen. The
graded compression technique with adjuvant
use of a poderior manua compression tech-
nique reaches a greater depth by the high-fre-
quency transducer than does the single use of
graded compression sonography and thus in-
creases the spatid resolution of sonography.

AJR:178, April 2002

Recently, CT and MR imaging have been
used to overcome the limitations of sonogra
phy for accurately diagnosing acute appendici-
tis [14-22]. CT evauation shows relatively
high diagnostic accuracy for acute appendici-
tis, with sengtivities and specificities of 87—
99% [16, 17, 20, 21] because it accurately
evaluates suspected and unsuspected appendi-
citis and suggests other possible causes of
acute abdominal pain [14]. MR imaging isaso
reported to be a vauable technique for imag-
ing children and women of childbearing age
with acute gppendicitis because it is a nonion-
izing technique and does not necessitate ad-
ministration of |V contrast agents [15]. We
recommended CT in only six patients with
equivocal  sonographic findings during our
study. Four of these patients were diagnosed
with acute appendicitis on CT (two with retro-
cecal perforated gppendicitis, one with subce-
ca dista perforated appendicitis, and one with
ascending retroileal appendicitis). Postopera-
tive findings showed two false diagnoses of a
gagtric ulcer perforation and a ceca tuberculo-
sis with appendiced involvement. High scores
of visuaization of the entire vermiform appen-
dix on sonography a our ingtitute result in
avoidance of cogtly additional examinations
using other imaging modalities.

Our sonographic examinations were per-
formed using less than state-of-the-art equip-
ment. Perhaps, better results would be yielded
using broadband high-frequency transducers
and advanced signa processing technologies
such as tissue harmonic imaging and red-time
sonoCT (compound imaging technology). Of
course, compression techniques using state-of-
the-art equipment will, but less frequently, be
used to decrease the depth of penetration and
avoid bowel gases while sonographic waves
travel through the human body.

If the vermiform appendix is located just
inferior to the posterior iliac crest, a posterior
manua compression technique would not be
available because of the bony interference.
Therefore, the posterior manua compression
technique could help detect appendices lo-
cated superior to the posterior iliac crest. In
our data series, the most common locations of
the vermiform appendix were retroileal (53%)
and subceca (33%). Approximately two
thirds of the vermiform appendices in our
study, excluding inferiorly oriented subcecal
and pelvic ones, would be available with the
manua compression technique. And, not al
inferiorly oriented subcecal appendicesarelo-
cated inferior to theiliac crest because the lo-
cation of the cecum varies. In our study, 25 of

the 57 appendices that were detected after the
posterior manual compression technique were
in the retrocecal—retrocolic locetion, 18 were
in the retroilea location, and 14 were in the
subcecal location.

In conclusion, the adjuvant use of posterior
manual compression helps the anterior and
posterior simultaneous compressions of the
right lower quadrant during graded compres-
sion sonography to increase spatia resolution.
We consider graded compression sonography
with adjuvant use of a posterior manua com-
pression technique to be useful for detecting
the vermiform appendix and for diagnosing
and excluding acute appendicitis, especidly in
the retrocecal or retrocolic locations.
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