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Abstract Ultrasound (US) is a new method for imaging acute colonic
Background:Recent studies have documented the feasibildiverticulitis (ACD) [10, 14, 16]. If performed by an expert
ity of ultrasonography (US) to diagnose acute colonic di-sonographer, it can be very accurate in establishing the d
verticulitis (ACD). This prospective observational trial de- agnosis [13]. However the diagnostic sonomorphology o
termined the sonomorphology of ACD and evaluated theACD is not yet fully established. Moreover, it is unclear
diagnostic accuracy of routine US performed on admissionwhether surgeons trained in US imaging can successfull
by surgeons in training. utilize the method to diagnose ACD. We therefore studiec
Methods:Fifty-seven consecutive patients with a confirmedthe sonomorphology as well as the overall diagnostic accL
episode of ACD were entered into this study, and the sonoracy of routine ultrasonography performed by surgeons it
morphology of the involved colon was assessed. US findtraining in patients with confirmed episodes of ACD.
ings were compared to the results of the clinical evaluation
and correlated to the clinicopathological outcome.
ResultsThe sonomorphology of ACD was characterized by patients and methods
segmental inflammatory transformation of the colon aver-
aging 9.9 + 3.2 cm (range, 6-20) in length and visualized A%yver a 4-year period, all patients admitted to the surgical clinic with a
target phenomena of a mean 3.5+ 0.8 cm (range, 2-4—4-%))ssible diagnosis of acute colonic diverticulitis underwent US evaluatior
width. Targets were caused by hypoechogenic thickening adnd were entered into this study. Patients with generalized peritonitis re
the colonic wall of an average 7.7 + 2.6 mm (range 4_18)_quiring emergent surgery were excluded. Only those patients in whom th
0 . . liagnosis of ACD was proven by either surgery or at least one establishe
Ir! 40 ./0 O.f.cases’ a hypereChOgemc hE.iIO representing pelﬁjiagnostic modality other than US were accepted for analysis. Ultrasoun
diverticulitis (average width, 2.3 * 0.6; range, 1.2—3 CM)was performed on admission, after the physical examination.
was noted. Diverticula were seen in almost half of the cases. Eleven surgeons in training (2nd- to 6th-year residents) were involve
Of the 57 cases with confirmed ACD, the diagnosis wagh this study; all of them had received standardized training in abdomina
made by US in 48, for a global accuracy of 84.2%. US Wagjltrasound, as described in detail elsewhere [6]. Training included an av
fal oL ; . f ; d erage of 400 supervised investigations of the abdomen, as well as &
6_‘ Se n,eg"?‘t've In nine patients, SqueS,t'ng p_er orate appemtroduction to the method of graded compression [6]. “Graded compres
dicitis in five cases and acute appendicitis in one (the finakion” refers to a technique of handling the ultrasound probe in a way
diagnoses were perforated sigmoid diverticulitis in five closely resembling that of a surgeon’s palpating hands during physice

cases and cecal diverticulitis in one case). In three patient§xamination: Gentle compression graded by the patients tolerance for pa
US was nondiagnostic is appllgd with the probe, Wh|ch is then slowly moved. Compression of the

. ’ . . abdominal wall reduces the distance between the transducer and bow:
Conclusion:In the hands of sonographically trained sur- gispiaces gas and intraluminal residue, interposing bowel or mesentery ai
geons, ultrasound is a useful modality to image acute coeliminates (or at least reduces) interfaces. Graded compression was al

lonic diverticulitis. US reveals diagnostic sonomorphologyused in the area of greatest abdominal tenderness. S
in most cases of ACD and therefore facilitates early confir- The US investigator was chosen arbitrarily and had supplied with the

ti f the di . d t of . details of the clinical indications for the study. For the purpose of this
mation o e diagnosis and assessment ot severity. study, individual investigators were asked to deliver a definite diagnosis

L o Sonograms were interpreted immediately at the time of the procedure, ar

Key words: Ultrasound — Acute colonic diverticulitis there was no supervision until a definite ultrasonographic diagnosis wa
established.

Patients were scanned using commercially available electronic rea

time scanners (3.5- and 5.0-MHz transducers; Siemens SL100, Erlange

] Germany). Visualization of a hypoperistaltic segment with hypoechogenic

Offprint requests toC. Hasse mural thickening, presenting as a poorly compressible target in transvers

Correspondence toA. Zielke view, was considered diagnostic of acute diverticulitis and thus recorded &
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Fig. 1. Transverse section in the left lower quadrant exemplifying postin-
flammatory sigmoid diverticulosis. Note the target pattern of the sigmoid
colon, revealing marked hypoechogenicity of the wall. Five concentric
layers of the bowel wall can be readily identified: The innermost bright

Fig. 2. Transverse section in the left lower quadrant in a case of uncom
plicated acute sigmoid diverticulitis. Acute diverticulitis is characterized by
an asymmetric inflammatory target pattern of the sigmoid colon (T) cause
by hypoechogenic thickening of the wall, narrowing of the lumen, and

; : : Necreased peristalsis in dynamic view. To the right of the target, at 3 h,
(1); the next layer is representative of the mucosa (2); the next bright Iayefubular structure with a bright apical reflection represents an inflamec

represents an interface between mucosa and muscularis (3); the hypoec! Verticulum (D). It is surrounded by a hyperechogenic mass of homog
genic outer layer represents the muscularis (4); the next bright layer [(5 nous sonolucency, which is caused by inflammatory edema of the per
appreciated between 6 and 9 h] is yet another interface between muscula%IiC fat and indicatés peridiverticulitis (hyperechogenic halo, H)

and serosa. To the right of the target pattern, at 5 h, a small grape-like e
structure with a central hyperechogenic reflection and faint dorsal acoustic

shadowing represents a noninflamed diverticulum.

(14.1%). The cecum and ascending colon accounted for tw

a positive finding. Nonvisualization of such a segment was regarded as gases (3.5%). The flnal.dlagnOSI.s of ACD V\f)as Conflrmeq by
negative result. The largest diameter of the segment, its length, and murkfidio-opaque enemas in 29 patients (50.8%), surgery in 2
thickness were measured by calipers. Diverticula, peridiverticulitis, andpatients (36.9%), colonoscopy in six patients (10.5%), an
other signs of diverticulitis were recorded. computed tomography in one patient (1.8%), respectively
To assess the clinical utility of US in ACD, patients were allocated into \,argll. 28 patients underwent operative interventions dur
one of the following three clinical categories after the physical examina-. h ! h ital - ACD fi din all c
tion: group A, highly likely for diverticulitis; group B, equivocal diagnosis ing the _Same ospita s_tay, was contirme . In all cases
of acute diverticulitis pending further investigation; group C, highly un-  During US evaluation ACD was characterized by hy-
likely for diverticulitis. This allowed for a grading of the clinical suspicion poechogenic thickening of the wall of an average 7.7 + 2.¢
of ACD. US results were compared to those obtained during the clinicaljym (range, 4-18) accompanied by luminal narrowing anc
ﬁgﬁltt;atlon and correlated to the discharge diagnoses of the respective pﬁypoperistalsis of the involved colonic segment during dy-
' namic view. This region was usually appreciable as a poorl
compressible segmental target pattern in transverse vie

Results and a rigid tubular structure displaying multiple hypoecho-
genic strata in longitudinal view. The average width and

We evaluated 57 patients with a confirmed episode of ACDlength of the inflamed segments were 3.5 + 0.8 cm (range
This group was comprised of 31 female patients with a2.4-4.8) and 9.9 £ 3.2 cm (range, 6-20). In 19 of 48
mean age of 64.9 years (range, 35-89) and 26 male patient39.6%) cases of ACD with a true positive US investigation,
with a mean age of (21-81) 55.6 years (m/f ratio, 1:1.2).a hyperechogenic halo of an average width of 2.3 + 0.56 cr
The sigmoid colon was the most common site of acutgqrange, 1.2—3) was noted (Figs. 1-4). Diverticula were see
diverticulitis (47/57; 82.4%). Involvement of the descendentwith a frequency of 47.9%. Abscesses were present in 1
colon and left colonic flexure was found in eight casespatients and visualized by US in nine; they ranged from
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_Fig. 4. Transverse section in the left lower quadrant in a case of perforate:
sigmoid diverticulitis with advanced local peritonitis. Note the faintly vis-

ible, poorly defined hypoechogenic target pattern of the sigmoid colon (T)
regular hypoechogenic target with a central air reflection, visualized at 5 hich is surrounded by a noncompressible zone of increased echogenicit

represents an inflamed diverticulum (D). It is surrounded by a hypoecho- € inflammatory pseudo-tumor has attained a diameter of 7.5 cm an

genic halo (shaded area). A well-confined abscess of 2 x 1 cm can be Seapows evidence of the spr_ead of inflammation to pe_ricolic fat an_d meser
to the right of the diverticulum (A). fery. Close to the abdominal wall, the halo is divided by multiple hy-

poechogenic strata, representing fluid collections between the differer
) ] ) layers of edematous epiploic appendices, mesenteric, and pericolic fat (ol
2x4 to 12 x 3 cm (Fig. 3). Enterovesicular fistulas wereion-skin appearance).

apparent in two patients; neither was detected by US. One

enterocutaneous fistula was correctly diagnosed by U, 29 of 57 patients, for a diagnostic accuracy of 50.8%. O
(Table 1). . . . the six patients who appeared clinically very unlikely for

_US made the diagnosis of ACD in 48 of the 57 casesacp, five cases were misdiagnosed as acute appendicit
with proven diverticulitis, for an accuracy of 84.2%. False 5nq one case as nonspecific acute abdominal pain. All oth
negative results of US were recorded in nine cases (15.8%)aiients were classified as clinically equivocal cases, includ
The fa_lse_dlagn<_35|s of_ complicated acute _append|<:|t_|s Wakg five patients who eventually required emergency sur
made in five patients; in these cases, the inflamed sigmoigery for complicated ACD. Overall, of the 28 patients who
colon was found displaced to the right lower abdominalyndenvent surgery for ACD, the indication for a laparotomy
quadrant. All of these patients underwent surgery for signgyas clinically evident in 12 cases, including the five patients
of localized peritonitis. Four patients received two-stag&yno were misdiagnosed as acute appendicitis. US identifie
sigmoid colectomies and appendectomy for perforated sigy|| cases that subsequently underwent operative therapy ¢
m0|d Fj|vert|cullt|s, an_d one patient underwent one—stagethough, as already pointed out, six cases were misintel
sigmoid colectomy without appendectomy. Another case&yeted as acute appendicitis. While US and CT were alway
concerned a patient with an inflamed solitary cecal diveryerformed at the day of admission, colonoscopies were pe
ticulum and confined local peritonitis, which was also mis- 5 med after a median 3.5 days (mean, 7.7 +3.5: range
diagnosed as acute appendicitis. This patient underwent aB-28), and water-soluble contrast enemas were done at

pendectomy and local resection of the cecal diverticulum,aqian 6 days (mean, 6.7 + 5.4: range, 2—28) after admi
The remaining three cases involved a group of clinicallygjo, ’ ’ '

mildly affected patients; in these cases, diagnosis of uncom-
plicated ACD was made by water-soluble contrast enema
in two patients and CT scanning in one patient, respectively:
Based on the results of the clinical evaluation on admisUltrasound (US) is increasingly used by surgeons in the
sion, the immediate clinical diagnosis of an ACD was madenitial evaluation of the patient with acute abdominal pain

Fig. 3. Transverse section in the left lower quadrant in a case of compli
cated sigmoid diverticulitis. Note the target pattern of the sigmoid colon
with asymmetric hypoechogenic thickening of the wall (T). A small ir-

iscussion



1197

Table 1. Sonomorphology of acute colonic diverticulitis lack of experience [6, 9]. CT may be a better alternative ir

these circumstances.

Average Range P :
Finding (mm) (mm) ~ Not unexpectedly, the.accuracy fpr the clinical dlagn_o—
sis of ACD was low, but this problem is well documented in
Wall thickness 77+26 4-18 the literature [10, 16]. The clinical diagnosis is rarely more
;arget thclith - 3ggi+832 2:3164500 accurate than 75% [3, 5]. However, assessing the site ar
egment leng * —. H : H H H H
Hyperechogenic halo 23456  12-30 severity of the disease is important, particularly in compli

cated diverticulitis, since the outcome largely depends on
timely diagnosis [7, 8]. The routine use of CT is hamperec
by its own restrictions—mainly limited availability and high
[2, 6, 11]. This study establishes that surgeons trained iost [1, 9]. Use of colonoscopy and radio-opaque enema |
ultrasound imaging can effectively use this method to diagalso limited, due to the increased frequency of complica
nose acute colonic diverticulitis (ACD). tions in ACD. Therefore, they cannot always be employec
Computed tomography constitutes the current gold stanimmediately; the resulting diagnostic time lag of several
dard imaging modality in complicated diverticulitis [1, 9]. days was also found in the present study.
Like CT, US imaging allows the physician to define the  Based on the results of this study, it appears that U
extent of extramucosal inflammation and identify sequela@maging is a fast, feasible, and effective diagnostic modality
of ACD, such as perforation and abscess, without intralufor patients in whom ACD is suspected. US imaging facili-
minal procedures or contrast extravasation. The colon watates early confirmation of ACD and permits rational man-
relatively easy to access by US because of its close proxagement decisions to be made. Whether or not US will alte
imity to the abdominal wall and its size. The inflamed seg-the surgical management of these patients remains to |

ments usually attained a considerable size; they averagesten.

3.5 % 9.9 cm in this study.
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