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guided procedures. This study is descriptive 
and we did not attempt to identify underlying 
risk factors for infectious complications.

Subjects and Methods
Patients

We performed 13,534 percutaneous ultrasound-
guided procedures in 8,419 patients over a 2-year pe-
riod (January 1, 2006, through December 31, 2007). 
All patients who underwent an ultrasound-guided 
procedure were included. The patients ranged in age 
from 2 months to 99 years, with a mean age of 57 
years. There were 4,300 females and 4,119 males.

Procedures and Technique
The procedures performed included ultra-

sound-guided biopsy, fine-needle aspiration 
(FNA), (paracentesis, thoracentesis, aspiration of 
subcutaneous fluid collections), and pseudoaneu-
rysm thrombin injection (Table 1).
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U
ltrasound-guided interventions 
are safe, effective, and accurate 
owing to the lack of ionizing ra-
diation and dynamic visualiza-

tion in multiple axial, sagittal, and oblique 
planes [1–3]. Numerous articles have de-
scribed the techniques and complications of 
ultrasound-guided interventions [1–6].

Although infectious complications of spe-
cific procedures have been studied [7, 8], we 
are unaware of a study that has investigated 
the incidence of infection after a variety of 
common ultrasound-guided procedures. The 
studies that do exist are limited by the lack 
of dynamic ultrasound guidance, the use of 
older equipment, or both.

We therefore decided to conduct a large 
review of prospectively identified infectious 
complications to determine the incidence of in-
fectious complications of common ultrasound-
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CU

S 
O

N
:

OBJECTIVE. The objective of our study was to determine the incidence of infectious com-
plications of common ultrasound-guided procedures including fine-needle aspiration (FNA), 
drain placement, biopsy, pseudoaneurysm thrombin injection, thoracentesis, and paracentesis.

SUBJECTS AND METHODS. The infection prevention and control (IPAC) committee at 
the Mayo Clinic, Rochester, MN, conducts surveillance of selected infections including radiology 
procedures. When a positive culture, hospital admission, or operating room visit for infection is 
identified, the patient’s electronic records are thoroughly reviewed by an infection control practitio-
ner looking for information about prior interventions. Similarly, the department of radiology pro-
spectively follows all patients who have undergone ultrasound-guided hepatic, renal, and pancreatic 
biopsies for complications 24 hours, 3 months, and 12 months after biopsy. We reviewed 2 years of 
these data to determine the incidence of infections after common ultrasound-guided procedures.

RESULTS. We performed 13,534 ultrasound-guided procedures from January 2006 to De-
cember 2007. There were 11 likely and three possible procedure-related infections for an overall 
incidence of 0.1% (14/13,534). The infections consisted of five abscesses, four bloodstream infec-
tions, four cases of peritonitis, and one urinary tract infection. The highest incidence of infections 
occurred after ultrasound-guided biopsy (0.2%, 10/5,487), with biopsy of a hepatic transplant 
having the highest incidence (1.0%, 2/192). No infections occurred after thoracentesis and FNA 
despite the large number of procedures performed (2,489 and 2,340, respectively). Nearly all pa-
tients improved on antibiotics. One patient died 5 days after paracentesis; however, death was like-
ly due to multiorgan failure in the setting of fulminant liver failure with hepatorenal syndrome.

CONCLUSION. The incidence of a serious infectious complication after ultrasound-
guided intervention is low. Radiologists can use these data to provide more accurate informa-
tion to patients when asking for consent before procedures and to reassure their patients.
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Sonographic guidance was provided by an Acu-
son unit (Siemens Healthcare). Prepackaged ster-
ile kits were used. The patient was prepared with 
either iodine or an alcohol-based antiseptic solu-
tion. Sterile disposable drapes were then placed 
surrounding the interventional field. Lidocaine 
was used as a local anesthetic. For abdominal pro-
cedures, transgression of the small and large bow-
el was avoided. All procedures were performed by 
radiologists using techniques standardized across 
our institution with very little variation.

FNA was performed using a small-gauge nee-
dle (18- to 25-gauge) and capillary technique. 
Core biopsy devices (Disposable Bard Monop-
ty, Bard; or Temno Evolution, Cardinal Health) 
were used for percutaneous biopsy. Paracentesis 
and thoracentesis were performed using a Yueh 
Centesis Catheter (Cook Medical). Thrombin in-
jection was performed under real-time ultrasound 
observation. A 25-gauge needle was used to inject 
0.1-mL aliquots of 1,000 U/mL of bovine throm-
bin (Thrombin: JMI, King Pharmaceuticals) un-
til the pseudoaneurysm had thrombosed or until 1 
mL has been injected.

Identification of Positive Cases
The infection prevention and control (IPAC) 

committee at our institution conducts prospective 
surveillance for selected positive cultures includ-
ing patients who have undergone radiology pro-
cedures. Cultures are obtained by the primary 
physician on the basis of clinical findings, labo-
ratory data, or concern for infection. In addition 
to culture data, IPAC prospectively monitors dai-
ly surgical lists and daily hospital admission data 
for visits to the hospital or operating room for 
the treatment of infection. When a case is identi-
fied by either of these methods, an infection con-
trol practitioner thoroughly reviews the patient’s 
electronic records with a specific interest in any 
preceding intervention. An infection control phy-
sician then reviews the case and assesses and de-
cides whether the infection can be attributed to the 
procedure on the basis of the timing and all other 
pertinent facts. For our study, bloodstream infec-
tions were attributed to the procedure only if the 
procedure was performed within 24 hours of the 
positive culture to ensure causality. 

Preexisting infections were not included un-
less the bloodstream infection was a new mani-
festation and was caused by manipulation of the 
infected site. The organisms cultured were also 
carefully considered. An abscess was attributed to 
the procedure if it developed in a noninfected site 
entered by the needle. Each infection identified by 
this process is reported to the department of radi-
ology as soon as possible for continuous quality 
assurance. Summaries of these data are reviewed 

jointly by IPAC and radiology department staff at 
periodic intervals.

Similarly, the department of radiology pro-
spectively follows all patients who have under-
gone hepatic, renal, and pancreatic biopsies for 
complications—specifically, for infections and 
hemorrhage. This task is performed by a radiolo-
gy nurse who places a telephone call to the patient 
24 hours after the procedure. If the patient is in the 
hospital, the nurse will perform a chart review in-
stead. A thorough chart review is also performed 
3 and 12 months after the procedure. The chart re-
view at 3 months is performed to capture any com-

plications that occurred after the 24-hour follow-
up. In addition, the nurse views the final pathology 
report to determine whether a diagnosis was made 
and whether an additional biopsy was performed. 
At 12 months after the procedure, we are interest-
ed to know whether the clinical follow-up findings 
were consistent with the biopsy results, whether 
there was tumor seeding along the biopsy tract, 
and what was the clinical outcome.

The positive cases identified by these two ap-
proaches were grouped in one of two catego-
ries: likely related to the procedure or possibly 
related to the procedure. The likely cases were 

TABLE 1: Number of Postprocedure Infections

Procedure No. of Procedures No. (%) of Infections

Biopsy

Liver

Transplant 192 2

Native 1,225 3

Subtotal liver 1,417 5 (0.35)

Kidney

Transplant 1,527 2

Native 825 0

Subtotal kidney 2,352 2 (0.09)

Pancreas

Transplant 97 1

Native 13 0

Subtotal pancreas 110 1 (0.91)

Lymph node 476 2 (0.42)

Pleura 24 0

Soft tissue or muscle 984 0

Abdominal or retroperitoneal mass 124 0

Total biopsies 5,487 10(0.18)

Fine-needle aspiration (FNA)

Thyroid 1,727 0

Lymph node 334 0

Submandibular gland 27 0

Parotid 58 0

Parathyroid 38 0

Soft tissue or muscle 156 0

Total FNA 2,340 0

Fluid aspiration/thrombin injection

Thoracentesis 2,489 0

Paracentesis 2,536 4 (0.16)

Superficial fluid aspiration 560 0

Pseudoaneurysm/thrombin injection 122 0

Total fluid aspiration/thrombin injection 5,707 4(0.07)

Overall total 13,534 14 (0.1)
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thought to be unambiguous and almost certain-
ly resulted from the ultrasound-guided proce-
dure. The possible cases were included to give 
the most conservative (highest) estimate of in-
fectious complications. These cases were ones 
in which the complication was too far removed 
from the intervention to ensure causality, cul-
tures were not available, or infection was less 
likely related to the procedure when the clinical 
history was considered.

We reviewed 2 years of data from both the 
IPAC committee and radiology department’s da-
tabases to determine the incidence of infections 
after common ultrasound-guided procedures. The 
institutional review board approved this study.

Results
Infection Rates

The department of radiology at the Mayo 
Clinic, Rochester, MN, performed 13,534 ul-

trasound-guided procedures from January 
2006 to December 2007. There were 11 like-
ly and three possible procedure-related in-
fections during that period, for an overall in-
cidence of 0.1% (14/13,534) (Table 1).

The likely infections consisted of four ab-
scesses, three cases of bacteremia, and four 
cases of peritonitis (Table 2). The cases of 
peritonitis were considered procedure-relat-
ed because the patients had sterile ascites 

TABLE 2: Procedure-Related Infections

Infection Procedure Sex
Age 
(y)

Type of Infection 
(Organisms Identified) Comments Clinical Outcome

Likely related to 
procedure

1 Biopsy of renal 
transplant

F 55 Abscess Pericecal inflammatory change with 
a fluid collection detected on 
ultrasound

Improved with antibiotics

2 Biopsy of 
lymph node

F 66 Abscess Superficial abscess at site of lymph 
node biopsy

Improved with antibiotics and FNA

3 Biopsy of lymph node F 72 Abscess Erythema, pain, and positive culture 
at site of biopsy

Improved with antibiotics

4 Biopsy of native liver M 40 Abscess Infected perihepatic collection Improved after drain insertion and 
antibiotics

5 Biopsy of liver 
transplant

M 50 Bloodstream infection 
(Escherichia coli)

Improved with antibiotics

6 Biopsy of native liver M 60 Bloodstream infection (E. coli) Biopsy of indeterminate hepatic 
lesions in a patient with pancreatic 
adenocarcinoma. The lesions were 
determined to represent abscesses

Bacteremia improved with 
antibiotics

7 Biopsy of liver 
transplant

F 4 Bloodstream infection 
(Enterobacter cloacae complex, 
E. coli, Streptococcus bovis)

Improved with antibiotics

8 Paracentesis F 53 Peritonitis (Staphylococcus 
aureus)

Paracentesis 7 d prior; positive 
cultures on second paracentesis

Died 5 d after second paracentesis 
of multiorgan failure in the setting 
of fulminant liver failure with  
hepatorenal syndrome

9 Paracentesis F 54 Peritonitis (Streptococcus 
viridans)

Paracentesis 5 d prior; positive 
cultures on second paracentesis

Improved with antibiotics

10 Paracentesis F 57 Peritonitis (E. cloacae complex, 
Enterococcus species, Klebsiella 
pneumoniae complex, 
Pseudomonas aeruginosa, 
methicillin-resistant coagulase-
negative Staphylococcus)

Paracentesis 18 d prior; positive 
cultures on second paracentesis

Improved with antibiotics

11 Paracentesis M 59 Peritonitis (S. viridans) Paracentesis 7 d prior; positive 
cultures on second paracentesis

Improved with antibiotics

Possibly related 
to procedure

12 Biopsy of native liver M 80 Abscess Leukocytosis and fever; negative 
cultures; CT showed subcapsular 
fluid collections

Improved with oral antibiotics. 
Neither FNA nor follow-up imaging 
performed

13 Biopsy of pancreas 
transplant

F 54 Bloodstream infection 
(Enterococcus faecalis)

Pancreas transplant biopsy; cultures 
were positive 3 d after procedure

Improved with antibiotics

14 Biopsy of renal 
transplant

F 40 Urine infection (E. coli) Urine cultures were positive 3 d after 
procedure

Improved with antibiotics

Note—FNA = fine-needle aspiration.
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on an ultrasound-guided paracentesis per-
formed 5–18 days earlier. After a second 
paracentesis, three of the four patients grew 
skin flora and the fourth patient, enteric or-
ganisms, the latter of which indicates infec-
tion was potentially from inadvertent trans-
gression of bowel (Table 2).

The possible infections consisted of one 
abscess, one case of bloodstream infection, 
and one urinary tract infection (Table 2). 
The case of possible abscess formation oc-
curred after liver biopsy. The patient devel-
oped leukocytosis and fever but had negative 
blood cultures. A CT examination performed 
12 days after the procedure revealed subcap-
sular fluid collections. The patient improved 
on oral antibiotics, and neither FNA nor fol-
low-up imaging was performed. The case of 
bloodstream infection was considered pos-
sible because blood cultures were positive 3 
days after biopsy of a pancreatic transplant 
and a definite cause-and-effect relationship 
to the procedure cannot be made. Similarly, 
cultures for the urinary tract infection case 
were positive 3 days after biopsy of a renal 
transplant and urinary tract infections are 
common occurrences in this population.

There were no infections after thoracen-
tesis and FNA despite the large number of 
procedures performed (2,489 and 2,340, re-
spectively). The highest incidence of infec-
tions occurred after ultrasound-guided biop-
sy (0.2% 10/5,487), with hepatic transplant 
biopsy having the highest incidence of infec-
tion (1.0%, 2/192).

Infection Prevention and Control Strategy 
Versus Radiology Surveillance

The radiology department’s surveillance 
program followed all hepatic, renal, and pan-
creatic biopsies as described. Of 3,879 biopsies 
performed during the study period, only 29 bi-
opsies (0.7%) were lost to follow-up. The sur-
veillance program does not follow patients who 
have undergone FNA, thoracentesis, paracen-
tesis, subcutaneous fluid aspiration, or throm-
bin injection.

Only two cases captured by the radiolo-
gy follow-up were not identified by the IPAC 
strategy. However, both cases were only pos-
sibly procedure-related infections and were 
described earlier: One was the case of post–
liver biopsy subcapsular fluid collections in a 
febrile patient with no culture proof of infec-
tion and the other was a urinary tract infec-
tion in a patient with frequent previous uri-
nary tract infections that developed 3 days 
after renal transplant biopsy.

The IPAC surveillance identified only one 
organ biopsy complication that the radiology 
follow-up did not. This case was a bloodstream 
infection that occurred after liver biopsy.

Clinical Outcome
Nearly every patient with an infection im-

proved on antibiotics alone (Table 2). One 
patient with a perihepatic abscess required 
percutaneous drainage in addition to antibi-
otics. Another patient with a superficial ab-
scess after lymph node biopsy required as-
piration and antibiotics. One patient died 5 
days after paracentesis. The cause of death 
was likely related to the patient’s severe clin-
ical condition—multiorgan failure in the set-
ting of fulminant liver failure with hepatore-
nal syndrome—rather than to the peritonitis 
that developed after paracentesis.

Discussion
Given the large number of ultrasound-

guided procedures performed annually at 
our institution and the paucity of literature 
on the incidence of infection after an ultra-
sound-guided intervention, we decided to 
conduct a large study to supply data that can 
be used to better inform patients when ask-
ing for consent. Of 13,534 ultrasound-guided 
procedures performed over a 2-year period, 
there were only 14 procedure-related infec-
tions: 11 were likely related to the procedure 
and three, possibly.

There were no infections after thoracen-
tesis and FNA despite the large number of 
procedures performed (2,489 and 2,340, re-
spectively). The highest incidence of infec-
tions occurred after ultrasound-guided core 
organ biopsies (0.2%, 10/5,487), with hepat-
ic transplant biopsy having the highest inci-
dence (1.0%, 2/192). Although this finding 
could simply be due to the comparatively 
small numbers of hepatic transplant biopsies 
in our study, other factors are likely involved. 
Larson et al. [7] have suggested that the in-
creased incidence of infectious complications 
after liver transplant biopsy is multifactorial 
including immunosuppression; colonization 
of the biliary ducts from prior interventions, 
such as cholangiography and biopsies; and al-
tered biliary anatomy that may lead to stasis.

There were only four infections after 2,536 
paracenteses. Despite this low incidence, one 
patient died 5 days after the procedure from 
complications of fulminant liver failure and 
hepatorenal syndrome. It is unlikely that the 
bacterial peritonitis the patient developed after 
the procedure was the primary cause of death; 

however, this case highlights the importance of 
following strict antiseptic practices in critically 
ill patients requiring paracentesis.

It is informative and useful to look at our 
data using the surgical scheme of wound typ-
ing as adapted to radiology by Spies et al. [9]. 
In this classification scheme, there are four 
wound types: Type I (clean) is a sterile site, 
type II (clean-contaminated) is a colonized 
tract, and types III (contaminated) and IV 
(dirty) are infected sites. One could postu-
late that an ultrasound intervention involving 
a colonized or infected site (hepatic biopsy, 
renal biopsy, pancreatic biopsy) has a higher 
risk for infectious complication than an in-
tervention involving a sterile site (e.g., lymph 
node biopsy). This was evident in our data.

The highest-risk procedures would be 
drain insertions to drain an infected site (type 
III or IV). These procedures were excluded 
from our analysis. The intermediate-risk pro-
cedures would be hepatic, renal, and pancre-
atic biopsies (colonized site, type II); this rate 
in our study was 0.2% (8/3,879). Finally, the 
lowest-risk cases would be biopsy of sterile 
sites (lymph nodes, muscle, and subcutaneous 
tissues), FNAs, and fluid aspirations (para-
centesis, aspiration of seromas, and thoracen-
tesis) (type I, clean). The rate of infection for 
these low-risk cases was 0.06% (6/9,655). It 
is not surprising to note that all rates in our 
study were well below the surgical site infec-
tion rates that include an incision and the en-
tering of deeper body spaces during surgery: 
type I (1.5%) and type II (4.7%) [10].

Although numerous articles about the use 
of ultrasound to guide interventional proce-
dures have been published in the literature 
[1–6], we are unaware of a prospective study 
on procedure-related infection after an ultra-
sound-guided intervention. There are a few 
studies on the infectious complications of spe-
cific procedures, but most did not use dynam-
ic ultrasound guidance. A large multicenter 
retrospective study on the complications after 
68,276 liver biopsies described only six cas-
es of sepsis [8]. That study is an older study 
and did not use ultrasound guidance or mod-
ern core biopsy devices. A more recent study 
of infections complicating liver transplant bi-
opsy found seven infections in 1,136 proce-
dures (0.62%) [7]. In that study, ultrasound 
localization was used but the procedure was 
performed blindly. Nevertheless, these results 
are compatible with the findings of the cur-
rent study. A study on the complications of ul-
trasound-guided percutaneous renal biopsy in 
750 patients did not specifically identify any 
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cases of infection [11]. These results are com-
patible with ours because we also found no 
infections complicating native renal biopsy. 
There are several case reports about abscess 
formation after FNA of the thyroid [12, 13].

Several limitations of our study should be 
discussed. Because the prospective surveil-
lance by IPAC is based on microbiology re-
cords or complications serious enough to pre-
cipitate hospital admission or an operating 
room visit, minor infections such as celluli-
tis may have been missed. Along these same 
lines, the decision to order cultures was depen-
dent on the caregiver. However, we believe this 
strategy of identifying infections is robust and 
that most serious infections were captured. To 
prove this, we used a separate radiology data-
base compiled prospectively for all ultrasound-
guided renal, hepatic, and pancreatic biopsies. 
This database identified only two additional 
infectious complications and these cases were 
infections that were possibly, not definitely, re-
lated to the procedure. Furthermore, after a 
second review of these cases, we believe that 
they may not have been related to the proce-
dure. We included them to give the most con-
servative (highest) estimate for the incidence 
of infections. One case was a urinary tract in-
fection 5 days after renal transplant biopsy in 
a patient with frequent previous urinary tract 
infections. Another case involved a patient 
with fever and leukocytosis after liver biopsy 
who developed perihepatic fluid collections 
that were high density on CT, which suggests 
that they were hematomas. The patient im-

proved while receiving antibiotics alone with 
no aspiration or drainage. It is just as likely that 
the fluid collections were hematomas and im-
provement was unrelated to antibiotics.

Another potential limitation is the 24-hour 
cutoff that we used to define procedure-related 
bacteremia. Our institution’s experience with 
other interventions suggests that very few pro-
cedure-related cases of bacteremia occur af-
ter 24 hours. Again, the independent review 
of the radiology database identified no cases 
of bacteremia that had been missed within the 
organ biopsy subset of patients who under-
went an ultrasound-guided procedure.

Only ultrasound-guided procedures were 
evaluated in this study. Assuming similar in-
dications, techniques, and durations of inter-
ventions, it is likely that the results using CT 
or MRI guidance would be similar.

In conclusion, we found that the incidence 
of a serious infection after ultrasound-guid-
ed intervention is low. Nearly all patients 
with an infectious complication improved on 
antibiotics alone. Radiologists can use these 
data to provide more accurate information to 
patients when asking for consent before pro-
cedures and to reassure their patients.
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