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Background: There has been little data reporting the usefulness of intensivist-performed bedside drainage of pleural effusion via ultra-
sound (US)-guided pigtail catheter. The objective of this study is to clarify the usefulness and safety of these methods in comparison
with radiologist-performed procedures.

Methods: Data of patients with pleural effusion treated with US-guided pigtail catheter drainage were analyzed. All procedures were
performed from September 2012 to September. 2013 by a well-trained intensivist or radiologist.

Results: Pleural effusion was drained in 25 patients in 33 sessions. A radiologist performed 21 sessions, and an intensivist performed 12
sessions. Procedures during mechanical ventilation were performed in 15 (71.4%) patients by a radiologist and in 10 (83.3%) by an in-
tensivist (p = 0.678). The success rate was not significantly different in radiologist- and intensivist-performed procedures, 95.2%
(20/21) and 83.3% (10/12), respectively (p = 0.538). The average duration for procedures (including in-hospital transfer) was longer in
radiologist-performed cases (p = 0.001). Although the results are limited because of the small population size, aggravation of oxygen-
ation, CO, retention, and decrease of mean arterial blood pressure were not statistically different in the groups. Pigtail-associated com-
plications including hemothorax, pneumothorax, hepatic perforation, empyema, kink in the catheter, and subcutaneous hematoma were
not found.

Conclusions: Intensivist-performed bedside drainage of pleural effusion via ultrasound (US)-guided pigtail catheter is useful and safe
and may be recommended in some patients in an intensive care unit.
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Introduction

Pleural effusion (PE) is caused by many different diseases and
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classified as exudate or transudate, depending on the cause of the
effusion to be formed. Malignancy, pneumonia, tuberculosis are
common cause of exudative PE while heart failure is largely re-
sponsible for transudative PE.[1] PE commonly occurs in crit-
ically ill patients although the incidence varies in the range of 8%
to 60%,[2-4] and ultrasound (US) of the chest is commonly used
to diagnose PE.[5]

Percutaneous drainage of PE via pigtail catheters has been
widely used to improve oxygenation and facilitate mechanical
ventilation[6-8] although the evidence was controversial among
many researchers.[9,10] In 2009, a Taiwanese study of 133 crit-

ically ill patients reported a 58% of success rate in the drainage
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procedure of PE.[11] However, no Korean studies have ever been
done about the US-guided drainage by intensivists in ICU be-
cause few ICUs were equipped with US units in Korea. Because
the transfer of patients for drainage procedures can cause un-
desirable problems of patients' safety,[12] especially in patients
with mechanical ventilation or continuous renal replacement
therapy, it would be helpful to drain PE in ICU by intensivist-
performed procedures.

This study aimed to investigate the effectiveness and safety of
the US-guided effusion drainage via pigtail-catheter insertion by
an intensivist, and compare clinical outcomes between intensivist-

and interventional radiologist-performed procedures.

Materials and Methods

1) Data collection

Retrospective analysis was performed using the medical re-
cords of ICU patients who underwent US-guided pigtail catheter
drainage of PE at the Chungnam National University Hospital
from September 2012 to September 2013. The drainage proce-
dures were performed by either an ICU intensivist or an interven-
tional radiologist. This study was approved by institutional re-
view board and research ethics committee (IRB No. CNUH
2013-12-027).

2) Catheterization process

Procedures by a radiologist were performed in an interven-
tional radiology suite like other radiological procedures. In me-
chanically ventilated patients, Bag-mask ventilation was used for
temporary ventilation during the catheter insertion. All catheter
insertions by an intensivist were conducted at the bedside of ICU.
During the procedures of mechanically ventilated patients, each
patient was placed in semi flower position with or without an op-
posite side decubitus elevated by 15 degrees, on the physiologic
positive end-expiratory pressure (PEEP) level.

Full sterile barrier precautions were followed in all procedures.
An 8.5F pigtail catheter (Cook, Bloomington, IN, USA) was in-
serted using the modified Seldinger technique for each patient.

US-guided catheter insertion was performed by a radiologist as
follows: 1) a suspected PE by chest X-ray or CT scan was exam-
ined using ultrasound for further analysis, 2) an insertion site was
marked and sterilized with betadine, 3) the chest wall was pierced
with a 16- or 18-gauge angiocath needle or a 22-gauge Chia nee-
dle with the guidance of ultrasound, 4) a 0.035 inch induction

guide wire was then advanced to the appropriate pleural space us-

ing fluoroscopy, 5) after the insertion site was enlarged with an
8.5F dilator, an 8.5F catheter was inserted into the pleural space,
and 6) the catheter was fixed to the skin. Catheter insertions by an
intensivist were performed using the same techniques in the ICU
setting except the step for the use of fluoroscopy.

Catheterization was performed in cases with classic indications
for catheter insertion such as empyema and malignant PE. Even
in patients without typical indications, effusion was drained by
the pigtail catheter to facilitate mechanical ventilation if
necessary. The results of procedures were classified into 'success'
if the volume of PE was reduced on Chest X-rays after procedures
or 'failure' if the volume was not reduced. If the large amount of
remaining fluid did not drain out easily even when the procedure
was successful, the position of catheter tip was examined by ul-
trasound and adjusted. However, if no fluid still drained out, the
case was regarded as catheter malfunction. Complications of cath-
eter insertions such as hemothorax, pneumothorax, liver perfo-
ration, empyema, damage to internal organs by a kink of catheter,
and severe subcutaneous hematoma were checked after each

procedure.

3) Data analysis

We compared the outcomes of US-guided pigtail catheter in-
sertions performed by an intensivist at the bedside of ICU and
that by a radiologist for patients transferred to the interventional
radiology suite. Outcomes of procedures were evaluated accord-
ing to in-ICU mortality, procedural success rate, the amount of
PE drained until one day and three days after catheter insertion,
and the duration of procedures. Also clinical parameters were an-
alyzed to identify procedure-related complications, intra-hospital
transport complication, especially in patients undergoing me-
chanical ventilation and continuous renal replacement therapy.
These complications included deteriorated oxygenation, accumu-
lation of carbon dioxide, and low blood pressure caused by the
accidental cessation of vasopressor infusion.

The independent sample t-test was used for comparisons of
continuous variables (the Mann-Whitney test for nonparametric
variables), and the Chi-square test or Fisher's exact test was used
for categorical data. Statistical analysis was performed using
SPSS 18.0 (SPSS Inc., Chicago, IL, USA).

Results

1) Clinical parameters associated with baseline
characteristics



A total of 25 ICU patients underwent US-guided pigtail cathe-
ter drainage of PE, and the number of procedures was 33. Of
those, 21 sessions were performed by a radiologist and 12 were
by an intensivist. Of total patients, eight underwent the drainage
procedure twice, and seven of them underwentd the procedures at
least 4-day interval. Because the procedures were performed in
variable clinical settings, this study was analyzed based on the
number of procedure. There were no differences between patients
in both groups with respect to main diagnosis and disease dis-

tribution (Table 1) except for a greater rate of respiratory failure

Table 1. Underlying disease of analyzed 25 patients

Intervention by

Radiologist Intensivist p value
(n=15) (n=10)

Diabetes mellitus 6 (40.0) 2(20.0) 0.402
Cardiovascular diseases 8(53.3) 5(50.0) >0.999
Respiratory failure 6 (40.0) 8(80.0) 0.099
Septic shock 4(26.7) 0(0.0) 0.125
Neurologic diseases 1(6.7) 2 (20.0) 0.543
Malignant diseases 4(26.7) 3(30.00 >0.999
Renal diseases 5(33.3) 5(50.0) 0.442
Liver cirrhosis 2(13.3) 0 0.500
After intraabdominal surgery 5(33.3) 2 (20.0) 0.659

Values are presented as number (%).

Table 2. Clinical parameters associated with 33 procedures in 25 patients
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in the intensivist-performed group, which was not statistically
significant (p = 0.099).

Clinical parameters associated with procedures were presented
in Table 2. A larger number of patients had effusion in right side,
and exudate was dominant. In 18 cases, because the catheter
drainage was performed to facilitate weaning from mechanical
ventilator or improve symptom and sign associated with critical
care, the characteristics of effusion was not analyzed in most pa-
tients (transudate in some patients).

The cases of mechanically ventilated patients constituted
71.4% (15/21) of the radiologist-performed group and 83.3%
(10/12) of the intensivist-performed group, showing no statistical
difference. The patients undergoing continuous renal replacement
therapy comprised 25.0% (3/12) of the intensivist-performed
group, but no patient was found in the radiologist-performed group
(p=10.040). There were no differences between both groups in se-
verity of diseases (APACHE-II score), the proportion of patients
with large amount of effusion (> 50% of lung field in simple
X-ray), and the proportion of patients using vasopressors.
Although the parameters associated with difficulties of proce-
dures such as coagulation disorder (e.g., abnormalities of platelet

count, international normalized ratio (INR), and activated partial

Intervention by

Radiologist (n = 21) Intensivist (n = 12) p value
Age, yr (range) 78 (46-90) 71.5(43-91) 0.368
Site >0.999
Right 15(71.4) 9(75.0)
Left 6(28.6) 3(25.0)
Fluid analysis
Transudate 4(19.0) 1(8.3)
Exudate other than malignant effusion 6(28.6) 7(58.3)
Malignant effusion 2(9.5) 0
Not analyzed 9 (42.9) 4(33.3)
Life saving devices
Mechanical ventilation 15(71.4) 10 (83.3) 0.678
Pa0,/FiO, before procedure (mean + SD) 214.31 £ 86.09 (n=15) 171.46 £ 91.79 (n=9) 0.262
Renal replacement therapy 0 3(25.0) 0.040
APACHE II score (mean + SD) 19.48 +7.15 20.83 £ 8.62 0.652
Large amount of effusion (= 50% of lung ﬁeld*) 15(71.4) 9 (75.0) >0.999
Use of inotropic agents/vasopressor 3(14.3) 2 (16.7) >0.999
Coagulation abnormality
Platelet count < 100,000/mm’ 7(33.3) 4(33.3) >0.999
INR>1.5 3(14.3) 2(20.0;n=10) >0.999
aPTT > 60 sec 3 (15.0;n=20) 2(20.0,n=10) >0.999
Drugs affecting ineffective bleeding control 0.030
Antiplatelet agents 0(0.0) 3(25.0)
Anticoagulation 2(9.5) 2(16.7)
Body mass index > 25 2(10.5) 2(18.2) 0.611

Values are presented as number (%) unless otherwise indicated. *Amount of effusion was evaluated with simple X-ray. APACHE: acute physiology

and chronic health evaluation; INR: international normalized ratio; aPTT: activated partial thromboplastin time.
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Table 3. Outcomes of intervention

Intervention by

Radiologist (n = 21) Intensivist (n = 12) p value

In-ICU mortality 8(38.1) 7 (58.3) 0.261
Successful intervention 20 (95.2) 10 (83.3) 0.538
Amount of drainage, ml

-1st day 840.45 = 330.01 852.92 £279.85 0.969

-3rd day 1424.55 +£722.23 1666.50 = 678.30 0.333
Duration of procedure (including transfer), min 4475 + 14.65 23.75+11.26 0.001
Major comp]ications* 0 0 >0.999
Physiologic changes after intervention

PaO; (after)-PaO; (before), nmHg 3.38 +47.64 15.82 +23.58 0.424

Deterioration of oxygenation 8 (40.0; n =20) 1(9.1;n=11) 0.106

PaCO; (after)-PaCO, (before), mmHg 2.15+8.51 0.00 £ 7.40 0.488

CO; retention after intervention = 10 mmHg 3 (15.0;n=20) 2(18.2;n=11) >0.999

MABP (after)-MABP (before), mmHg -9.20 £ 15.59 -11.83 £19.39 0.676

MABP < 70 mmHg (after intervention) 3 (15.0; n=20) 1(8.3) >0.999

Values are presented as mean + SD or number (%). “hemothorax, pneumothorax, hepatic perforation, empyema, a kink in the catheter, and subcutaneous
hematoma. "Pa0/FiO; (after procedure) - PaO,/FiO; (before procedure) < 0. ICU: intensive care unit; MABP: mean arterial blood pressure.

thromboplastin time) and obesity (body mass index, BMI) were
not different between two groups, the number of cases with anti-
platelet or anticoagulation therapy was greater in intensivist-
performed group (2/21 vs. 5/12, p = 0.030).

2) The results of US-guided pigtail catheter drainage
US-guided pigtail catheter drainage had success rate of 95.2%
(20/21) and 83.3% (10/12), respectively, in the radiologist- and
intensivist-performed groups, and in-ICU mortality was 38.1%
(8/21) in the radiologist-performed group and 58.3% (7/12) in the
intensivist-performed group (Table 3). Both success rate and
in-ICU mortality showed no significant differences between two
groups. Three cases had procedural failures, and two of them
were conducted by an intensivist. Procedures were not successful
in short and overweight patients with BMI of 22.9 kg/m” and 23.0
kg/m’, respectively, because their intercostal space was too nar-
row for the insertion of catheter. In these patients, simple pleuro-
centesis was carried out and the volume of manually drained effu-
sion was 645 ml and 415 ml, respectively. One procedural failure
was performed by a radiologist, and no PE was drained in this
case. The radiologist pursued no alternative but used a wait-and-
see approach in this case because the volume of PE was not large.
The volume of drained effusion until one day or three days af-
ter the procedures was not significantly different in both groups.
However, the radiologist-performed procedures took a sig-
nificantly longer time because the time taken for intra-hospital
transport was included (p = 0.001). We also compared changes in
mean arterial blood pressure (MABP), partial pressure of arterial
oxygen (PaO,) and carbon dioxide (PaCO,). There were no

changes of PaO; in both groups. Deterioration of oxygenation

(increase of PaO,/FiO, ratio) after procedures was found in
40.0% (8/20) of the radiologist-performed group and in 9.1%
(1/11) of the intensivist-performed group. But the difference was
not statistically significant (p = 0.106). Changes of PaCO, after
the procedures and the proportion of patients showing > 10
mmHg rise in PaCO, were not different between two groups. And
the significant differences were also not found in changes of
MABP after the procedures and the proportion of patients show-
ing <70 mmHg decrease in MABP.

In both groups, hemothorax, pneumothorax, liver perforation,
empyema, damage to internal organs by a kink of catheter, and

severe subcutaneous hematoma were not found.

Discussion

This study ascertains the issues involved in radiologist-performed
procedures for ICU patients transferred to the radiology suite. In
most of Korean general hospitals (even in tertiary teaching cen-
ters), it is hard to assign radiologists temporarily to the ICU for
interventional procedures, and it is uncertain whether they can pro-
vide the required procedure on a timely manner like intensivists.
Transport of critically ill patients out of the ICU is also discourag-
ing because their diminished physiologic reserve increases the
risk of critical complications threatening patients’ safety, thus out-
of-ICU procedures and treatment should be decided according to
the patients clinical status. For this reason, we investigated the ef-
fectiveness and safety of US-guided catheter drainage performed
by an intensivist on a timely manner instead of transport to inter-

vention room. The outcome of procedures by an intensivist was



then compared with those by a radiologist, and no statistical dif-
ferences were observed in the comparisons.

In addition, although undesirable conditions such as con-
tinuous renal replacement therapy (p = 0.040), drugs affecting in-
effective bleeding control (p = 0.030) were observed in the in-
tensivist-performed group, no major complications were found
and the procedural success rate reached 83.3%, which was similar
to that of radiologist-performed procedures (p = 0.538). Despite
the concerns about transport related complications outside of ICU,
cases in the radiologist-performed group did not significantly de-
velop any significant complications such as low blood pressure by
the accidental cessation of vasopressor infusion, deteriorated
oxygenation or accumulation of carbon dioxide as a result of ven-
tilator disconnection during transfer to the radiology suite.

In the intensivist-performed group, the proportion of cases
whose oxygenation levels (PaO»/FiO, ratio) deteriorated after
procedures was seemed to be lower, compared with the radiol-
ogist-performed group (9.1% vs. 40.0%), and the patients whose
MABP < 70 mmHg were also seemed to be less (8.3% vs.
15.0%). Moreover, an intensivist required far less procedure time
than a radiologist (23.75 £ 11.26 min vs. 44.75 + 14.65 min; p =
0.001), increasing the safety of the procedures. Because two
failed intensivist-performed procedures were attributable to the
narrow intercostal space of patients, intensivists need to take ex-
tra caution to perform procedures in this type of patients.

As the safety of US-guided procedures is increasingly proven,
[13] the attempts of PE drainage have been made in the ER and
ICU settings without the help of radiologists. A study reported
successful drainage in 72.9% of 276 patients with PE when the
drainage procedure was performed by emergency physicians or
ICU intensivists,[ 14] and another study claimed the success rate
of intensivist-performed drainage was 58% in 133 patients.[11]
Although their success rates were lower than that of this study,
the simple comparison may be inappropriate given that the suc-
cess rate is also affected by clinical factors such as the character-
istics of PE and the inner diameter of catheter. For the fibrotic
septation or organization of pleural fluid, which is not detected by
chest CT, increases the risk of procedural failure, these would be
important factors influencing the success rate of procedures.

No major complications associated with catheterization were
developed. Local infection was reported in several previous stud-
ies,[14] but it was not found in this study. Although there could
be several unrecorded complications, there was no way to con-
firm them in a retrospective study.

This is the first Korean study to clarifying the effectiveness and
safety of US-guided pigtail catheter drainage performed by an in-
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tensivist by comparing the outcomes of procedures with those of
radiologist-performed procedures. This study found no statistical
differences between the two groups in baseline conditions of each
case and clinical outcomes after procedures. And, it was con-
firmed that intensivists might be in a noninferior position to carry
out procedures safely without the need for patient transport. This
study however has limitations, including its retrospective design
and sample size, which is too small for statistical tests of significance.
Further limitations include the difficulty in comparing malfunc-
tion-free period between the two groups because the timing of
catheter removal varied among involved physicians. Further pro-
spective studies are needed to address this issue. Because inex-
perience of the intensivist could be the cause of two procedural
failures, further non-inferiority trials must be performed.

In conclusion, an intensivist-performed bedside drainage of
pleural effusion via US-guided pigtail catheter is useful and safe,
and can be considered in some patients at risk of deterioration to

be transferred from the ICU.
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