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Abstract

Purpose: The purpose of the study was to evaluate
diagnostic yield and the added value of culture results on
the clinical management of patients empirically treated
with antibiotics prior to CT-guided drainage.
Methods: This retrospective, HIPAA-compliant, IRB-
approved study reviewed records of 300 consecutive
patients who underwent CT-guided aspiration or drai-
nage for suspected infected fluid collection while on
empiric antibiotics (11/2011 to 9/2013) at a single
institution. Patient imaging and clinical characteristics
were evaluated by an abdominal imaging fellow and
culture results, and patient management were evaluated
by an infectious diseases fellow.
Results: After exclusion of 14/300 (4.6%) patients who
were not on empiric antibiotics and 8/300 (2.6%) patients
inwhichno culturewas acquired, 278 patients (average age
55 ± 16 years;M:F ratio 54:46) constituted the final study
cohort. Leukocytosis was present in 163/278 (59%), and
fever in 65/278 (24%). The average collection size was
8.5 ± 4.2 cm with gas present in 140/278 (50%) of collec-
tions; median amount drained was 35 mL, and visibly
purulent material was obtained in 172/278 (63%). 236/278
(85%) received drains and the remainder were aspirated
only. Average time between initiation of antibiotics and
start of the drainage procedure was 4.1 ± 6.4 days (me-
dian 1.7 days). Cultures were positive in 205/278 (74%)
patients with a resulting change inmanagement in 181/278

(65%) cases. The change in management included change
of antibiotics in 71/278 (26%), narrowing the antibiotic
regimen in 94/278 (34%), and cessation of antibiotics in
16/278 (6%).Multidrug-resistant bacteria were cultured in
53/278 (19%). Several factors were found to be statistically
significant predictors of positive cultures: patient leuko-
cytosis (sens 62%, spec 53%), gas in the collection on CT
(sens 59%, spec 77%), purulent material aspiration (sens
76%, spec 76%), and presence of polymorphonuclear cells
in the specimen.
Conclusions: Despite predrainage antibiotic therapy, CT-
guided drainage demonstrates a high yield of positive
cultures and influences clinical management in the major-
ity of patients.
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Hospitalized patients with infectious symptoms are often
placed on empiric antibiotic therapy in accordance with
accepted clinical guidelines, particularly at-risk popula-
tions such as those who are postoperative, neutropenic,
or who have presumed hospital-acquired infections [1–3].
Fluid collections later discovered in patients who have
been empirically treated with antibiotics for other clini-
cally diagnosed infections present a diagnostic dilemma
as to whether the fluid collection was a source of the
patient’s infectious symptoms or was an incidental
finding such as seroma, loculated ascites, or other sterile
fluid collection. Where fluid collections are infectious,
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percutaneous drainage offers direct therapeutic benefit
[4], and diagnostic sampling can also help to improve the
antibiotic regimen. Note that in cases of sterile fluid
collections, drainage may be an unwarranted interven-
tion, adding unnecessary risk for the patient and cost for
the health care system [5, 6].

In several retrospective studies [7–9], the imaging
characteristics alone of fluid collections have not proven
to reliably predict the presence of infection, with variable
rates of sterility found in clinically suspected infected
collections in the liver (15%) [10], during fine needle lung
aspiration (18%) [11], in cholecystectomy tubes (56%) [9],
and hip aspirations (83%) [7]. Thus, although percuta-
neous drainage has low morbidity and mortality [8, 12,
13], some clinicians may be hesitant to submit patients
who are on empiric antibiotics to a semi-invasive pro-
cedure as the collection could be presumed to have been
sterilized by the antibiotics, therefore neither therapeutic
drainage nor diagnostic specimen gathering would be
required.

In cases with an elevated procedural risk due to the
small size or location of the collection, the benefit of
tailoring antibiotic therapy must be incorporated into the
risk to benefit assessment.

At present, only two studies [5, 14] have evaluated the
diagnostic yield of CT-guided drainage in patients with
previous antibiotic treatment and reported a positivity
rate of 63% [5] and 85% [14]. However, only 38 and 33
patients, respectively, were included and the added value
of acquiring cultures from fluid collections in patients
pretreated with antibiotics on changes to the antibiotic
regime remains unknown.

Thegoal of our studywas toquantify thediagnostic yield
of microbiologic cultures obtained during CT-guided drai-
nage in patients on empiric antibiotics and subsequently the
clinical impact on patient antibiotic management.

Materials and methods

Study inclusion criteria

In this retrospective, HIPAA-compliant, IRB-approved
study with a waiver of informed consent, we reviewed the
records of 300 consecutive adult patients who underwent
successful CT-guided aspiration or drainage for clinically
suspected infection from November 1, 2011 through
September 9, 2013 at a single tertiary care center.
Inclusion criteria were as follows: CT-guided aspiration
or drainage of a fluid collection in the chest, abdomen, or
pelvis performed on both inpatients and outpatients.
Aspirations that yielded no fluid, cholecystectomy tubes,
superficial fluid collections (defined as external to the
abdominal or pelvic fascia or outside of the chest pleural
cavity), and joint aspirations were not included. Super-
ficial collections were excluded as it was thought that
these caused less diagnostic dilemma to their etiology
(overlying cellulitis, known postoperative seroma from a

superficial surgery, etc.), were relatively low risk, and
routinely collected under ultrasound guidance. All pa-
tients without preinterventional antibiotic treatment
were excluded from the study. Antibiotic treatment was
initiated based on clinical presentation, as the patients
presented with suspected infection.

Data collection

The patient’s imaging, CT reports, clinical characteris-
tics, and culture results were reviewed by an abdominal
imaging fellow (KLM), while the antibiotic treatments
and patient management were evaluated by an infectious
diseases fellow (RN). The images reviewed for data col-
lection included the diagnostic CT leading to the identi-
fication of the targeted fluid collection, if performed
within 24 h of the procedure; otherwise, the preproce-
dural, noncontrast, limited CT scan that was performed
immediately prior to the procedure was evaluated.

Collected data from the CT images included mea-
surement of the largest diameter of the targeted collec-
tion, whether the collection contained gas, the collection
location (abdomen, pelvis, gallbladder fossa, liver, or
pleura), as well as the date and time of the procedure.
The differentiation of abdomen versus pelvis for the
purposes of data collection was defined by the level of the
iliac crests—below the crests was considered to be in the
pelvis. By standard interventional radiology protocol in
our institution, fluid collections smaller than 3 cm in size
or those that contain clear serous fluid are aspirated,
while drain is placed in the collections larger than 3 cm
or in the collection with nonclear contents.

The following features were collected from the CT
report: volume of aspirate, presence of visibly purulent-
appearing fluid in the aspirate, and whether a drain was
placed in addition to aspiration. Several dictations were
incomplete and did not document the amount of fluid
aspirated (n = 20) or the presence or absence of purulent
material in the aspirate (n = 5). However, as the rest of
the data were available, these patients were otherwise
included in the analysis.

The following data were collected from the medical
records: patient’s gender, age at the time of procedure,
white blood cell count (WBC) prior to and during the
3 days following the procedure, and temperature. WBC
trends were defined as an increase or decrease of 2
thousand white blood cells. If the patient was febrile, the
following day’s temperature was also recorded. Leuko-
cytosis was defined as greater than 11,000 cells per
microliter, while fever was defined as body temperature
greater than 100.4 degrees Fahrenheit. Defervescence
was defined as a decrease in previously reported fever to
below 100.4 degrees Fahrenheit on the day after the
procedure. Additional culture data collected included the
number of polymorphonuclear cells seen on Gram stain
and the presence and type of organism growth.
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Clinical data included the time and date of antibiotic
coverage initiation, relevant patient comorbidities, and
the reason, if known, for the fluid collection occurrence.
The patient’s discharge date, whether the patient re-
quired further drainage procedures during the hospital-
ization, and subsequent ICU transfers for further
treatment were also noted. To provide additional infor-
mation in regards to patients that underwent aspiration
only, additional detailed analysis was performed in this
subgroup.

The infectious diseases fellow (yy) reviewed the
medical record for culture results, including evaluation
for the presence of multidrug-resistant organisms (de-
fined as microorganisms nonsusceptible to at least 1
agent in 3 or more antimicrobial categories [15]),
antibiotics that the patient was taking in the 24 h prior to
the procedure, and for a change in antibiotic manage-
ment based on the culture results. ‘‘Management
change’’ was defined as a change in therapy (specifically,
the addition of or a change to a different antibiotic),
narrowing of the therapy (change from broad spectrum
antibiotic to a specific narrow spectrum antibiotic, tai-
lored for treatment of the specific detected pathogen), or
the cessation of antibiotic therapy. ‘‘No change’’ to prior
antibiotic therapy was also recorded.

Comorbidities such as malignancy, diabetes,
immunocompromised status, intravenous drug abuse, or
no known comorbidity (Table 1) were obtained. Etiology
was determined by the location of the collection, pa-
tient’s diagnosis, and the recent surgical history and in-
cluded gastrointestinal (all bowel-related etiologies such
as postsurgical, inflammatory bowel disease, and diver-
ticulitis), pancreas (pancreatic surgery and pancreatitis)
and vascular (postendovascular interventions, encom-
passing both surgical and interventional radiology).
Additional categories were postcholecystectomy, trauma,
urologic, pleural, bacteremia, gynecologic, spinal sur-
gery, miscellaneous, and unknown. Complications dur-
ing the procedure and complications related to the

procedure during the week after the intervention (such as
bleeding, infection, and clogging of the drain) were re-
viewed in all patients that were admitted to the intensive
care unit.

Statistical analysis

Statistical analysis was performed on Matlab (Math-
works, Natick, MA). Descriptive statistics were used to
describe the study group. Kruskal–Wallis and ANOVA
tests were used to evaluate the differences for medians
and averages of the continuous variables such as age,
collection size, and time interval between the initiation of
antibiotic treatment and procedure. Difference in cate-
gorical variables such as gender, presence of visibly
purulent material, presence of polymorphonuclear cells
on Gram stain, presence of gas, fever, leukocytosis, and
multidrug-resistant organisms were evaluated with Chi-
square test. The statistical significance level was set at
alpha = 0.05.

Results

Patient characteristics

300 consecutive patients underwent CT-guided aspira-
tion or drainage for a suspected infectious collection
during the study period. Twenty-two patients were sub-
sequently excluded as they were either not on preproce-
dure antibiotics (14/300, 5%), or samples for culture were
not sent from the procedure (8/300, 3%). A total of 278
patients constituted the final study cohort, with a mean
age of 55 ± 16 years (range 18–92 years of age), all of
which were on preprocedure antibiotics. There were 150
male and 128 female patients with a male to female ratio
of 54–46 (Table 2). Leukocytosis was present in 163/278
(59%) and fever in 65/278 patients (24%) (Table 2). The
average time between the initiation of antibiotics and the
start of the drainage procedure was 4.1 ± 6.4 days (me-
dian of 1.7 days with a range of 0.01 days to 52.9 days)
(Table 2). In 236/278 (85%) patients, a drainage catheter
was placed whereas the remainder 42/278 (15%) were
aspirated only. Clinical follow-up was available for
277/278 (99.6%) patients. One 83-year-old female patient
with multiple comorbidities (celiac stenosis with chronic
mesenteric ischemia, Crohn’s disease, and high blood
pressure) and complicated postsurgical clinical course
with ileus and admission to intensive care unit presented
30 days after bypass surgery with abdominal fluid col-
lection of 9.9 cm. The procedure was uneventful; how-
ever, during transfer to the bed after the procedure, the
patient became unresponsive and code was called.
Pulseless electrical activity was recorded during the
resuscitation efforts; however, no specific cause for death
was identified. Despite full code, the patient expired.

Table 1. Patient comorbidity categories and their rate of positive cul-
tures and of multidrug-resistant organisms (MDRO) cultured

Comorbidity N Positive cul-
ture

MDRO (%
of positive
cultures)

None 160 118 74% 26 22%
Malignancy 56 44 79% 13 30%
Diabetes 44 31 71% 6 19%
Immunocompromised 23 15 65% 11 73%
IV drug abuse 3 2 67% 0 0%

Eight patients had two comorbidities. Several patients with more than
one comorbidity grew MDRO, therefore MDRO were counted in each
category. There is no significant difference in culture positivity rate
when organized by comorbidity. MDRO are also similar except in
immunocompromised patients who grew a significant number of
resistant organisms
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Indication for CT guided intervention

A gastrointestinal cause was the most common etiology
135/278 (49%), followed by pancreatic etiology 47/278
(17%) (Table 3). Most of the patients (160/278 [58%])
had not known comorbidity at the time of the procedure
(Table 1). The most common comorbidity present was
malignancy 56/278 (20%), followed by diabetes 44/278
(16%). 161/278 (57.9%) of the patients had prior surgery
including 90/278 (32.3%) gastrointestinal surgeries,
26/278 (9.4%) pancreatic surgeries, 18/278 (6.5%) chole-
cystectomies, 5/278 (1.8%) of gynecological, vascular,
liver, and trauma surgeries, respectively, 2/278 (0.7%)
urologic and spinal surgeries, respectively, and 3/278
(1.1%) surgeries for other indications.

Fluid collection characteristics

121/278 (44%) of the collections were located in the
pelvis, 115/278 (41%) in the abdomen, 18/278 (7%) in the
iliopsoas musculature, 12/278 (5%) in the liver, 9/278
(3%) within the pleura, and 3/278 (1%) in the gallbladder
fossa. The average greatest dimension of the targeted
fluid collection was 8.5 ± 4.2 cm (range 2.1–24.8 cm),

with gas present in the collection in 140/278 patients
(50%). The average amount of fluid removed per col-
lection was 109 ± 211 mL (range of 1–1700 mL; median
of 35 mL). Purulent material was obtained in the aspi-
rated fluid in 172/278 patients (63%) (Table 2). 236/278
(85%) received drains, and the remaining fluid collections
(42/278, 15%) were aspirated only.

Results of the cultures

Cultures were positive for growth (bacterial or yeast) in
205/278 (74%). The most frequent culture outcome was
polymicrobial growth 81/278 (29%), followed by E. coli
53/278 (19%), and B. fragilis 50/278 (18%). Multidrug-
resistant organisms were cultured in 53 patients, repre-
senting 19% of the entire cohort of 278 patients, and 26%
of the 205 positive cultures.

Positive cultures were related to polymorphonuclear
cells on the Gram stain of the fluid collection material
(0 = 37/69, 54% positive cultures and 7/37, 19%
MDRO; 1 = 43/59, 73% of positive cultures and 16/43,
37% of MDRO; 2 = 32/46, 70% of positive cultures and
8/32, 25% of MDRO; 3 = 32/40, 80 of positive cultures

Table 2. Culture results with clinical, imaging, and procedure-related patient factors

+ culture - culture p Sensitivity (%) Specificity (%)

Male (n = 150) 111 (74%) 39 (26%) 0.92
Female (n = 128) 94 (73%) 34 (27%) 0.92
Age (years) (mean) 55 ± 15 55 ± 18 0.92
Fever (n = 65) 49 (75%) 16 (25%) 0.74 24 78
Leukocytosis (n = 163) 128 (79%) 35 (21%) 0.03 62 52
Interval between antibiotics and procedure (days)

Mean 3.3 ± 5.3 6.4 ± 8.4 <0.005
Median 1.5 ± 2.8 3.7 ± 7 <0.005

Collection size (mL) (mean) 7.2 ± 4.8 8.4 ± 5.9 0.02
Gas in collection (n = 138) 122 (88%) 16 (12%) <0.005 60 78
Amount drained (mL)

Mean 105 ± 191 119 ± 261 0.65
Median 40 ± 89 30 ± 90 0.48

Purulence (n = 172) 154 (90%) 18 (11%) <0.005 77 75

Percentages listed are calculated from the total number of patients in that category

Table 3. Etiology of the fluid collections, their rate of positive cultures and resultant change in management

Etiology n Positive culture Change in antibiotics Narrowed antibiotics Stopped antibiotics Unchanged antibiotics

Gastrointestinal 135 106 (79%) 33 (24%) 42 (31%) 4 (3%) 56 (42%)
Pancreas 47 39 (83%) 14 (30%) 16 (34%) 3 (6%) 14 (30%)
Unknown 19 11 (58%) 1 (5%) 9 (47%) 2 (11%) 7 (37%)
Postcholecystectomy 18 14 (78%) 5 (28%) 11 (61%) 2 (11%) 0 (0%)
Bacteremia 12 10 (83%) 5 (42%) 4 (33%) 0 (0%) 3 (25%)
Miscellaneous 11 4 (36%) 2 (18%) 4 (36%) 0 (0%) 5 (46%)
Gynecologic 9 7 (78%) 3 (33%) 3 (33%) 2 (22%) 1 (11%)
Liver 6 3 (50%) 3 (50%) 1 (17%) 1 (17%) 1 (17%)
Trauma 6 4 (67%) 2 (33%) 3 (50%) 0 (0%) 1 (17%)
Urologic 6 5 (83%) 2 (33%) 0 (0%) 1 (17%) 3 (50%)
Vascular 5 2 (40%) 0 (0%) 0 (0%) 0 (0%) 4 (100%)
Pleura 4 2 (50%) 1 (25%) 2 (0%) 0 (50%) 1 (25%)
Spinal surgery 2 0 (0%) 0 (0%) 0 (0%) 1 (50%) 1 (50%)

Two patients had 2 etiologies; therefore, the number of analyzed etiologies (280) is greater than the number of patients included in the study.
Antibiotic management numbers may not equal the total in each category as some patients had no available follow-up
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and 9/32, 28% of MDRO; 4 = 58/61, 95% of positive
cultures and 12/58, 21% of MDRO).

Impact on clinical management

One patient died soon after the intervention. In the
remaining patients, a change in antibiotic management
due to the culture results occurred in 181/277 patients
(65%, 95% CI 59–71%). A change in management was
defined as either a change in antibiotics in 71/277 pa-
tients (26%, 95% CI 21–31%), narrowing the regimen in
94/277 (34%, 95% CI 28–40%), or a cessation of antibi-
otics in 16/277 (6%, 95% CI 3–9%).

Predictors of positive cultures

Statistically significant predictors of positive cultures
(Table 2) were leukocytosis (sensitivity 62%, specificity
52%), gas in the collection (sensitivity 60%, specificity
78%), purulent material (sensitivity 77%, specificity
75%), the number of polymorphonuclear cells on the
Gram stain specimen, and a shorter time interval be-
tween initiation of antibiotics and the start of the pro-
cedure (Table 2). Size of the fluid collection was also
statistically significant, with a smaller collection associ-
ated with positive cultures. The presence of fever had
high specificity (78%), but low sensitivity (24%), for
culture positivity (Table 2).

The only statistically significant predictors for change
in management were the presence of purulent material in
the fluid collection (sensitivity 57%, specificity 30%) and
the median time difference between the initiation of
antibiotics and the start of the procedure (median
1.5 days for no change in management versus 2.1 days
for change in management) (Table 4).

Patients with aspiration only

In the 42/278 patients (15.1%, 19 male, 23 female,
58.5 ± 15.2 years) that only underwent aspiration, median

size of the fluid collection was 5.7 cm (interquartile range,
IQR 3.8–7.7 cm) and amount of drained fluid was 10 mL
(IQR 5–30 mL). Purulent material was aspirated in 17/42
(40.5%) of the patients, and air within the collection was
found in 7/42 (16.7%) patients.

14/42 (33.3%) of the patients had positive cultures
including 6/42 (14.3%) of the patients with MDROs.
Antibiotic regimen was changed in 8/42 (19.0%), un-
changed in 18/42 (42.9%), narrowed in 12/42 (28.6%),
and stopped in 4/42 (9.5%).

Repeated procedure was necessary in 5/42 (11.9%) of
the patients with a median fluid collection size of 5.7 cm
(IQR 2.9–9.2 cm). 0/5 (0%) patients had gas in the col-
lection, 3/5 (60%) had purulent material, 5/5 (100%) had
leukocytosis, and 2/5 (40%) had fever.

Clinical follow-up of patients

Data for WBC levels were available in 249/278 (90%)
patients. After the procedure, WBC levels decreased over
a 3-day trend in 136/249 (54%) patients, while WBC le-
vels increased in 33/249 patients (13%). No change in
WBC levels occurred in 80/249 patients (32%). There was
a significant correlation between decrease in WBC levels
and positive culture (p = 0.01) as well as with change in
management (p = 0.03).

Data for fever were available in 272/278 (98%) pa-
tients. Only 63/272 (23%) patients had fever within the
24 h prior to the procedure. Of those with fever, 30/63
(48%) patients remained febrile, while 33/63 patients
(52%) defervesced. One patient who did not have a fever
preprocedure developed a fever postprocedure (0.4%).
There was no statistically significant correlation of fever
with positive cultures, change in management, or post-
procedure WBC trend. Infectious diseases consultation
occurred in just under half of the patients (115/287,
40%), but statistically correlated with change in man-
agement (p = 0.0006) and was most often associated
with changing or narrowing therapy (41/115 [36%] and
36/115 [31%], respectively).

Table 4. Change in management by clinical, imaging, and procedure-related factors

Change in management No change in management p Sensitivity (%) Specificity (%)

Male (n = 143) 98 (69%) 45 (31%) 0.05
Female (n = 118) 67 (57%) 51 (43%)
Age (years) 56 55 0.5
Fever (n = 62) 44 (71%) 18 (29%) 0.14 19 73
Leukocytosis (n = 154) 103 (67%) 51 (33%) 0.14 53 38
Time between antibiotics start and procedure (days)

Mean 4.6 3.5 0.14
Median 2.1 1.5 0.01

Collection size (mL) 8.2 8.6 0.53
Gas in collection (n = 135) 93 (69%) 42 (31%) 0.05 44 44
Amount drained (mL) 99 122 0.42
Purulence (n = 167) 113 (68%) 54 (32%) 0.03 57 30

Analyzed data excluded the category of ‘‘stopped antibiotics’’ (n = 16) as these would correlate with patients who are not infected and thus would
skew the results if included. All numeric categories are listed as mean, unless otherwise indicated
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Discussion

The diagnostic yield of microbiologic cultures acquired
with CT-guided drainage in patients with previous em-
piric antibiotic treatment was 74% with a detection rate
of 19% for multidrug-resistant organisms. The culture
results changed antibiotic management in 65% of the
patients and helped to narrow antibiotic treatment in
34% of the cases. Several significant predictors of positive
cultures were found, including gas in the collection,
smaller collection size, purulent material, and polymor-
phonuclear cells on Gram stain.

Prior studies recommended obtaining a sample from
a fluid collection suspected of infection prior to
antibiotics treatment due to decreased culture yield
when performed afterwards [16–18]. We found that CT-
guided aspiration of fluid collections has a very high
yield of positive cultures of 74% despite varying dura-
tions of antibiotic therapy administered prior to the
procedure. Our findings are in the range of previously
reported values for abdominal fluid collections in pa-
tients without previous antibiotic treatment. Several
studies evaluated diagnostic yield of fluid collection
drainage and reported an infection rate of 60% [5], 62%
[19], and 81% [14] for intraabdominal fluid collections
and 85% for fluid collections in the liver [10]. The dif-
ference between reported values may be the result of the
large variety of indications and locations for CT-guided
drainage with diagnostic sampling. This is reflected by
the variation of positivity rates for the different loca-
tions found in our study. Our results are also in
accordance with a previous study [5, 14] showing a high
diagnostic yield of 65% to 85% of cultures from CT-
guided drainage in postsurgical patients on empiric
antibiotics. However, only 38 patients were included in
the Gnannt study [5] which reported a diagnostic yield
of 65%. Postsurgical fluid collections may have a lower
rate of infection than fluid collections in nonsurgical
patients as patients are more likely to have seromas or
loculated ascites. The added value for patient antibiotic
treatment was not evaluated, which limits comparability
to our study. Asai et al. [14] reported a diagnostic yield
of 85% in patients on empiric antibiotics; however, only
33 patients with prior antibiotics were included, and the
time of antibiotic treatment before drainage remains
unclear.

Our findings support previous studies [16, 18] that
found a decreased likelihood of obtaining positive cul-
tures in patients with a longer duration on antibiotic
therapy prior to sampling. However, we found that a
longer time interval between antibiotic initiation and the
procedure was associated with a higher likelihood for
clinical management change regarding the patients’
antibiotic therapy. Therefore, our results indicate that
although the likelihood for positive culture may be
lower, the possible impact on clinical management jus-

tifies diagnostic sampling in patients despite a long
duration of previous antibiotic treatment. Nevertheless,
early diagnostic sampling of probable abscesses in pa-
tients on empiric antibiotics seems favorable.

We found that antibiotic regimen was changed due to
culture results from CT-guided drainage in 65% of pa-
tients. This is higher than Asai’s previously reported 30%
[14] however, which, only accounted for 14 patients.
Additionally, Asai et al. [14] did not report how many of
these patients were on empiric antibiotics prior to CT-
guided drainage. Our high value of 65% for change in
antibiotic management may be the result of consultation
with an infectious diseases specialist. Interestingly, con-
sulting an infectious disease specialist also significantly
correlated with change in antibiotic management sub-
stantiating the established and important role of the
infectious diseases specialist in the complicated treatment
of patients with infections. This is especially important
for the 34% of cases in which a positive culture led to
narrowing of the antibiotic regime. Widespread use of
antibiotics has led to a high number of multidrug-resis-
tant organisms, which are a common problem in the
clinical management of patients with suspected infection
[20–22]. While just over a quarter of our patients grew
multidrug-resistant organisms, the rate was significantly
higher in immunocompromised patients. This is an
important fact to consider when evaluating immuno-
compromised patients with fluid collections—the
microbiologic yield of a drainage procedure may have a
greater clinical impact in this patient population, since
the presence of multidrug-resistant organisms increases
the likelihood of a change in antibiotic management. The
greater potential benefit should be considered when
evaluating small or difficult to access fluid collections in
immunocompromised patients. Additionally, a high rate
of targeted antibiotic therapies can help to reduce the
increase of multidrug-resistant organisms in the future.

We found that several imaging and clinical charac-
teristics were associated with positive cultures. Gas
within the fluid collection was associated with positive
culture in our study. This is in accordance with previous
studies [5, 23–25] which also reported gas within a fluid
collection to be predictive of positive culture. The high
diagnostic yield of entrapped gas is reflected within the
scoring system invented by Gnannt et al. [5], in which gas
is the second most important factor. Interestingly, a
smaller collection size was also associated with positive
cultures. This could be because collections that are in-
fected may clinically present earlier, whereas a sterile
collection may grow to a larger size before becoming
clinically apparent or possibly superinfected. Not sur-
prisingly, procedure-related positive culture and change
in management predictors included the aspiration of
purulent material and a higher number of polymor-
phonuclear cells on Gram stain. However, based on our
findings, we would not recommend that nonpurulent
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aspirates be discarded. Of note, fever showed no corre-
lation with positive blood cultures or change in man-
agement in our study. Fever has been described to be an
unreliable predictor of infection in patients with fluid
collections due to its low specificity and many possible
biases such as fever-reducing drugs [5, 26].

Several limitations were present in our retrospective
study. Our study included only CT-guided aspirations
and drainages; therefore, the data regarding liver and
gallbladder fossa locations are limited, as most of these
procedures are performed under ultrasound. In most of
the patients (85%) in our study, drainage of the fluid
collection was performed; however, some fluid collec-
tions were only aspirated, as the collection was small or
contents were clear serous fluid. This may have affected
our results. To provide additional information, patients
with aspiration were analyzed separately. Additional bias
includes results acquired from a single tertiary institution
in which early empiric treatment with broad spectrum
antibiotics is frequent. Conclusions regarding specific
predictors are limited by the exploratory nature of the
study. Previously evaluated imaging features such as
attenuation and wall delineation [5, 24] were not part of
our study, and we did not perform logistic regression
analysis to implement a model of prediction. While this
has been done previously [5], the focus of our study was
the added value of diagnostic sampling via CT-guided
drainage for antibiotic treatment. Additionally, we imply
that administering a culture-appropriate antibiotics reg-
imen would benefit patients but did not provide proof of
this matter in the paper, as this issue is beyond the scope
of this study. We found that changes in antibiotic man-
agement were significantly correlated to an overall trend
of decreasing WBC count. Although this may demon-
strate the effectiveness of therapy tailoring, it can also be
the result of the removal of the offending infected col-
lection, which would coincide, but not be causally related
to, the change in antibiotic management.

In conclusion, microbiological cultures from CT-
guided drainage in patients already on antibiotics were
positive in 74% and led to a change in management in
65%. Infectious diseases consultation and multidrug-re-
sistant organisms, which were more commonly seen in
immunocompromised patients, were significantly corre-
lated with changes in therapy. Our results indicate that a
high diagnostic yield and an impact on patient treatment
in the majority of cases justify diagnostic sampling via
CT-guided drainage in patients with fluid collections,
irrespective of their previous antibiotic treatment.
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