Yi et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol) 2012 13(1):43-48 43

Journal of Zhejiang University-SCIENCE B (Biomedicine & Biotechnology)
ISSN 1673-1581 (Print); ISSN 1862-1783 (Online)

www.zju.edu.cn/jzus; www.springerlink.com

E-mail: jzus@zju.edu.cn

JZUS

Management of traumatic hemothorax by closed thoracic

drainage using a central venous catheter

Jian-hua YIl, Hua-bo LIUZ, Mao ZHANGI, Jun-song WUI, Jian-xin YANGI,
Jin-ming CHEN', Shan-xiang XU', Jian-an WANG'*!
(‘Department of Emergency, the Second Affiliated Hospital, School of Medicine, Zhejiang University, Hangzhou 310009, China)
(*Department of Emergency, Zhoushan Hospital of Zhejiang Province, Zhoushan 316004, China)
"E-mail: wang_jian_an@tom.com
Received May 18, 2011; Revision accepted Nov. 30, 2011; Crosschecked Dec. 13,2011

Abstract: Objective: To evaluate the efficacy and safety of the treatment of traumatic hemothorax by closed pleural
drainage using a central venous catheter (CVC), compared with using a conventional chest tube. Methods: A pro-
spective controlled study with the Ethics Committee approval was undertaken. A total of 407 patients with traumatic
hemothorax were involved and they were randomly assigned to undergo closed pleural drainage with CVCs (n=214) or
conventional chest tubes (n=193). The Seldinger technique was used for drainage by CVC, and the conventional
technique for drainage by chest tube. If the residual volume of the hemothorax was less than 200 ml after the daily
volume of drainage decreased to below 100 ml for two consecutive days, the treatment was considered successful.
The correlative data of efficacy and safety between the two groups were analyzed using ¢ or chi-squared tests with
SPSS 13.0. A P value of less than 0.05 was taken as indicating statistical significance. Results: Compared with the
chest tube group, the operation time, fraction of analgesic treatment, time of surgical wound healing, and infection rate
of surgical wounds were significantly decreased (P<0.05) in the CVC group. There were no significant differences
between the two groups in the success rate of treatment and the incidence of serious complications (P>0.05), or in the
mean catheter/tube indwelling time and mean medical costs of patients treated successfully (P>0.05). Conclusions:
Management of medium or large traumatic hemothoraxes by closed thoracic drainage using CVC is minimally invasive
and as effective as using a conventional large-bore chest tube. lts complications can be prevented and it has the
potential to replace the large-bore chest tube.
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1 Introduction chest tube, however, are painful procedures. Parker et

al. (1989) introduced the use of small-caliber (2.66—

Traumatic hemothorax commonly occurs after
trauma. Medium or large traumatic hemothoraxes are
treated primarily by closed thoracic drainage, tradi-
tionally by inserting a large-caliber chest tube (in
China, a 2-cm diameter stiff silicone tube is typically
used) through an incision along the sixth or seventh
spatium intercostale around the midaxillary line on
the affected side. The insertion and indwelling of the
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4.66 mm diameter) pig-tail catheters to replace the
traditional large-caliber chest tubes for the manage-
ment of large malignant pleural effusions. They found
that these small-caliber catheters had a performance
similar to large-caliber tubes, but with substantially
reduced pain levels. The advantages of small-caliber
catheters have subsequently been confirmed in nu-
merous studies (Grodzin and Balk, 1997; Clementsen
et al., 1998; Putnam et al., 2000; Parulekar et al.,
2001) and the British Thoracic Society (BTS)
guidelines for the management of malignant pleural
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effusions (Antunes et al., 2003) recommend the use of
small-caliber catheters in lieu of larger-caliber chest
tubes.

Inspired by the success of small-caliber catheters,
we recently investigated the treatment of traumatic
hemothorax by closed thoracic drainage using central
venous catheters (CVCs) instead of traditional chest
tubes. In this study, we compared the efficacy and
safety of CVCs with those of traditional chest tubes.

2 Subjects and methods
2.1 Subjects and groups

This randomized prospective study, approved by
the local Ethics Committee, recruited subjects from
patients admitted to the emergency center of the
Second Affiliated Hospital, School of Medicine,
Zhejiang University between July 2003 and Decem-
ber 2009. All patients were confirmed by ultrasono-
graphy or computed tomography (CT) to have
hemothorax caused by blunt trauma, with bleeding
volumes of over 500 ml in the thoracic cavity, meas-
ured according to our reported method (Zhang et al.,
2007; 2011). Patients with any of the following con-
ditions were excluded from the study: coma, being
prescribed sedative or anodyne within 2 d, coagulated
hemothorax, infectious hemothorax, hemopneumotho-
rax, bilateral hemothorax, euplastic hemothorax, or
coagulation dysfunction. Patients with a history of
tumor, pleurisy, or pleural effusion were also excluded.

A total of 417 subjects (151 females and 266
males, 14-86 years old with a mean age of 36.4 years)
were recruited, including 283 with traffic injuries, 89
with fall injuries, 21 with crush injuries, and 24 with
other injuries. Their injury severity scores (ISSs)
ranged from 14-41 (mean 23.4+10.4). They were
assigned to undergo the treatment with CVCs (n=220)
or chest tubes (n=197), according to whether their
dates of admission were even- or odd-numbered. The
two groups were similar in terms of age, sex ratio, and
ISS (all P>0.05).

2.2 Treatments
2.2.1 Drainage with a central venous catheter

The position, direction, and depth of puncture
were planned with the assistance of type-B ultrason-

ics. Most of the puncture points were located at the
fifth or sixth spatium intercostale along the midax-
illary line. A CVC (1.7-mm diameter, 16-gauge;
Arrow International, Reading, PA, USA) was then
inserted at the puncture point using the Seldinger
technique to a depth of 8—15 cm. The external end of
the CVC was connected to a drainage bag and the
CVC was rinsed with 20 ml of physiological saline
once every 8 h.

2.2.2 Drainage with a chest tube

The skin was incised along the sixth or seventh
spatium intercostale around the midaxillary line on
the affected side. A silicone chest tube (about 2 cm
external diameter) was inserted through the incision
according to BTS guidelines for the insertion of a
chest drain (Laws et al., 2003). The external end of
the tube was connected to a water-sealed drainage
bottle, which was replaced once daily.

2.3 Clinical observations

When the 24-h drainage volume was <100 ml on
two consecutive days, the residual volume of blood in
the thoracic cavity was determined by ultrasonogra-
phy, as described in our reports (Zhang et al., 2007,
2011). If the residual volume was <200 ml, the
treatment was considered to have been successful and
the study was completed. The catheter/tube was then
removed. If the residual volume was >200 ml, the
treatment was regarded as unsuccessful, and the study
was also terminated. Further treatment was needed
after termination of the study in the latter cases; e.g.,
the depth and direction of the catheter/tube might
have needed adjustment, or closed thoracic drainage
might have needed to be performed again. Thora-
cotomy or video-assisted thoracoscopic surgery was
also performed if required.

The following conditions were considered to be
severe complications of the procedure: intraoperative
pneumothorax, stabbing of organs in the thoracic or
abdominal cavities by puncture needle, severe pleural
reaction (respiratory rate >30 min ', systolic blood
pressure <90 mmHg), postoperative reexpansion
pulmonary edema, infectious hemothorax, or coagu-
lated hemothorax. A euplastic hemothorax considered
by the thoracic surgeon to require thoracotomy or
video-assisted thoracoscopic surgery was also classed
as a severe complication.
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Data from every patient in the two groups were
monitored, including drainage volumes throughout
the study, operation time, wound healing time, inci-
dence of severe complications, requirement of post-
operative analgesia, infection of surgical wounds, and
treatment efficacy (success or failure). Moreover, the
catheter/tube indwelling time and medical cost were
recorded in the successfully treated patients.

2.4 Statistical analyses

The ratios and incidences were compared using
chi-squared tests, and mean values were analyzed by
two independent sample ¢-tests. A P value of <0.05
was considered statistically significant.

3 Results

Six patients in the CVC group and four patients
in the chest tube group developed progressive
hemothorax during clinical observations. They were
immediately assigned to undergo emergency chest
surgery, and were excluded from this study. The other
407 patients completed the study, and their outcomes
are listed in Table 1.

The CVC group had significantly shorter opera-
tion time and wound healing time compared with the
chest tube group; moreover, a significantly smaller
fraction of patients required postoperative analgesia
and developed postoperative wound infections (all
P<0.05). However, there was no statistical signifi-
cance between the two groups in the mean drainage
volume throughout the drainage period (P>0.05), or
in the ratio of treatment success (P>0.05). The suc-
cessfully treated patients in both groups had similar
catheter/tube indwelling time and medical costs (both

P>0.05). Furthermore, the two groups showed a
similar incidence of severe complications (P>0.05),
as shown in Table 2.

In the CVC group, one patient developed severe
pleural reactions and two developed reexpansion
pulmonary edema. In the chest tube group, three and
two patients, respectively, experienced these two
complications. All eight cases were identified
promptly and relieved completely after standard
treatment procedures. Seven patients in the CVC
group and six in the chest tube group underwent chest
surgery (thoracotomy or video-assisted thoracoscopic
surgery) because of coagulated or euplastic
hemothorax. Three patients in the CVC group who
developed pneumothoraxes were switched to con-
tinuous negative-pressure suction treatment and their
conditions improved after 3—4 d. In comparison, the
three patients in the chest tube group who developed
infectious hemothoraxes were treated with additional
antibiotics and thoracic cavity rinsing, and their con-
ditions improved within four weeks. Two patients in
the CVC group experienced puncture damage to their
hearts during puncturing of their left thoracic cavities.
Both patients developed arrhythmia and low systolic
blood pressure (<90 mmHg) immediately, and peri-
cardial effusion was detected by subsequent bedside
ultrasonography. They were treated by immediate
bedside thoracotomy followed by cardiac massage.
After incising the pericardium, a 1.5-cm-long rupture
and a 1.1-cm-long rupture, respectively, were found
on the external wall of the left ventricle in the two
patients. The patients’ hemodynamic conditions
gradually stabilized after repair of the ruptures.
However, the first patient died of subsequent cardiac
arrest 2 d after cardiac repair, and the other patient
died of multiple organ failure 5 d after cardiac repair.

Table 1 Comparison of correlative data between the CVC group and the chest tube group

Value
Variable CVC group Chest tube group P value
(n=214) (n=193)
Drainage volume throughout the study (ml) 890+150 840+110 >0.05
Operation time (min) 4.5£1.5 9.4+3.0 <0.05
Surgical wound healing time (d) 2.9+0.4 8.245.0 <0.05
Patients with analgesic treatment 8 (3.7%) 44 (22.8%) <0.05
Patients with wound infection 0 (0%) 15 (7.8%) <0.05
Patients with severe complications 15 (7.0%) 14 (7.3%) >0.05
Success rate by the first thoracic drainage 175 (81.8%) 154 (79.8%) >0.05
Catheter/tube indwelling time of successfully treated patients (d) 4.6£2.5 5.0+1.7 >0.05
Medical costs of successfully treated patients (CNY) 158.2+18.0 168.0+20.4 >0.05
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Table 2 Comparison of the incidence of severe compli-
cations between the CVC group and the chest tube
group

Number
Complication CvVC Chest tube
group group
(n=214) (1=193)
Severe pleural reaction 1 3
Reexpansion pulmonary edema 2 2
Organ wound by puncture needle 2 0
Pneumothorax 3 0
Coagulated or euplastic hemothorax,
chest surgery performed 7 6
Infectious hemothorax 0 3
Sum 15 14
(7.0%) (7.3%)

4 Discussion

This study suggests that the results from the
treatment of traumatic hemothorax by closed thoracic
drainage using a CVC are similar to those from using
a traditional chest tube, in terms of efficacy and
medical cost. Additionally, CVCs offer the major
advantages of a simpler operation, minimal invasion,
less interference with patients’ activities and sleep,
and no remaining scars. CVCs are therefore more
acceptable to both clinicians and patients.

The limitations of this study should be ac-
knowledged before we consider its implications and
possible explanations for the outcomes. First, we used
a new method to measure pleural effusion volume

based on measuring the area of effusion by ultrasound.

The method is more efficient and reliable than tradi-
tional methods, but its accuracy cannot be confirmed
(Zhang et al., 2007; 2011) as it is very difficult to
measure pleural effusion volume. Second, because
there has not been an accepted standard up to now, we
created our own standard for the successful treatment
of traumatic hemothorax based on our clinical ex-
periences, which may not be accepted by other clini-
cians. Despite these limitations, the study’s outcomes
should not be affected because identical methods and
standards were applied to the two groups.

CVCs are characterized by their small caliber,
and clinicians may therefore be concerned about the
possibility of obstruction, and that their slow drainage
speed could negatively affect the identification of
‘progressive hemothorax’ during drainage. Although

considerably thinner than chest tubes, CVCs are made
from second-generation polyurethane with excellent
biocompatibility. In this study, CVCs had a similar
success rate to regular chest tubes, and were no more
susceptible to obstruction. Moreover, the indwelling
time was similar in successfully treated patients in
both groups. If catheter obstruction does occur, it can
be cleared by simply rinsing with physiological saline
or, even more effectively, by using the guide wire
supplied with the catheter (Shang and Lou, 2001;
Singh et al., 2003). In contrast, obstructed chest tubes
are difficult to clear, and patients can be treated only
by replacing the catheter/tube or by repeated puncture
tapping.

The occurrence of ‘progressive hemothorax’ is
indicated by an accelerated pulse rate, reduced sys-
tolic blood pressure, and decreased hemoglobin
concentration. It can also be effectively identified by
the important criterion of a closed thoracic drainage
volume of >200 ml/h for three consecutive hours (Wu
and Wu, 2003). Although the drainage speed of a
CVC is slower than that of a chest tube, we found that
a CVC was still able to drain >1000 ml of effusion
fluid per hour in large hemothorax cases. Singh et al.
(2003) used CVCs to drain pleural effusions in 15
patients and recorded a mean drainage volume of
(454+241) ml in the first hour after catheterization,
substantially higher than 200 ml/h. This suggests that
use of an unobstructed CVC would not hinder the
identification of progressive hemothorax. In this
study, progressive hemothoraxes were promptly
identified on the basis of abnormal drainage speed in
six patients in the CVC group, and all these cases
were confirmed by subsequent surgery. Indeed, CVCs
can produce a high drainage speed, similar to chest
tubes, and can even induce subsequent reexpansion
pulmonary edema. We experienced two such cases
during the early phase of this study, before we became
aware of this risk. Reexpansion pulmonary edema can
pose a major risk to the patient, with a mortality of up
to 20% (Trachiotis et al., 1997). The CVC should
therefore be clamped intermittently to control the
drainage speed and prevent the occurrence of reex-
pansion pulmonary edema, provided that the diagno-
sis of progressive hemothorax is not negatively
affected.

The complications associated with the insertion
of a CVC should not be ignored. Most involve the
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stabbing of organs in the thoracic or abdominal cavi-
ties during the puncture. In the first year of this study,
we experienced two cases of heart injury by puncture
needle, the most severe complication, during the op-
eration of left chest drainage. In the first case, the
sonographers in our hospital were so busy that they
could tell us only the puncture point and depth at the
beginning and did not have enough time to guide us
throughout the thoracentesis. In the second case, the
operators had not been adequately trained and ad-
vanced the puncture needle inappropriately and rap-
idly. So, ultrasound-guided puncture and a skillful
operator are the key requirements for preventing
complications. Fortunately, we mastered the tech-
nique of focused assessment with sonography for
trauma (FAST) after one year (Scalea et al., 1999;
Habib and McKenney, 2004), and could then guide
ourselves throughout a thoracentesis. With the help of
FAST and proficient operators, there were no more
severe complications from October 2005 to the end of
the study. In addition, for patients with an enlarged
left heart shadow on a chest X-ray, or if the heart is
close to the left chest wall because of pneumatothorax
or atelectasis, the planned point of the left chest
puncture should be located closer to the left posterior
axillary line; alternatively, the patient may be treated
using a traditional chest tube. Heart injury by the
puncture needle should be first suspected in the event
of cardiac arrhythmia, heart arrest, or the syndrome of
pericardial tamponade during puncture. Once the
diagnosis is confirmed, the patient should be imme-
diately managed by cardiopulmonary cerebral resus-
citation, pericardial drainage, or thoracotomy.
Infection of the surgical wound and thoracic
cavity is another potential complication after closed
thoracic drainage. A CVC is inserted by direct punc-
ture, generating a minimal gap in the adjacent soft
tissues. This relatively tight seal means that blood
cannot leak from the pleural cavity to the puncture
site during the indwelling of the CVC. After removal
of the CVC, the soft tissues can readily close the
puncture hole and prevent the effusion of blood.
Blood effusion can promote the growth of bacteria on
the body surface and even their translocation to the
thoracic cavity along the catheter/tube. Consequently,
the puncture site rarely develops infection if the CVC
indwelling time is shorter than one week. However, a
chest tube is typically inserted through an incision in

the skin, generating a larger gap in adjacent soft tis-
sues. Blood effusion can thus leak from the incision
more easily, both during the indwelling phase and
after removal of the tube, resulting in an increased
risk of wound infection, and even empyema. Ac-
cordingly, we observed no cases of wound infection
in the CVC group in the current study, while the chest
tube group had an infection rate of 7%, including two
cases of empyema. This difference was significant,
demonstrating another advantage of CVCs.

Whether by CVC or large-caliber chest tube,
closed thoracic drainage for the treatment of trau-
matic hemothorax still has some limitations. Besides
the severe complications, the success rates of the first
closed thoracic drainage in the two groups in our
study were not satisfactory, both being about 80%.
The confined body position of the traumatic patient
was the probable reason and the success rate could
perhaps be elevated by encouraging the patients to
change their body positions or, in the case of CVC
patients, even to get out of bed after sufficient anal-
gesia. In addition, about 3% of patients in each of the
two groups in our study eventually underwent chest
surgery (thoracotomy or video-assisted thoracoscopic
surgery) because of a coagulated hemothorax or a
serious euplastic hemothorax. How to prevent the
incidence of coagulated or euplastic hemothorax
during closed thoracic drainage is still an intractable
question deserving further exploration.

5 Conclusions

The use of an indwelling CVC is efficacious for
the drainage of uncomplicated medium or large
traumatic hemothoraxes, with the advantages of sim-
ple operation and minimal invasion. Although some
severe complications may occur, they can be pre-
vented by ultrasound-guided puncture and the use of
adequately trained operators. Accordingly, it has the
potential to replace the large-bore chest tube in the
drainage of such hemothoraxes.
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