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Background: Peripheral venous catheterization (PVC) is a less invasive and time consuming technique than central venous catheter-
ization (CVC); however, for patients in circulatory collapse or receiving cardiopulmonary resuscitation (CPR), PVC cannot be achieved
easily. CVC can provide not only a more effective administration route for medication, but also important hemodynamic information.
Owing to the possibility of CPR interruptions and complications, CVC is recommended only after the failure of PVC. This ob-
servational study is aimed to evaluate the risks and benefits of CVC during CPR.

Methods: This retrospective observational study was performed in the emergency department (ED) of a university hospital. Adult pa-
tients without a pulse on arrival were consecutively enrolled if subclavian CVC was performed at the beginning of CPR. Patients who
already had an established intravenous route or had severe chest injuries on arrival were excluded. Closed-circuit television was used to
evaluate the frequency of compression interruption. The incidence of iatrogenic pneumothorax, an acute mechanical complication asso-
ciated with subclavian CVC, was investigated using chest X-ray after CPR.

Results: During a 6-month period, 35 patients underwent CPR and 31 of these received subclavian CVC. Among the patients, one pa-
tient experienced iatrogenic pneumothorax (3.8%), and 13 CPR interruptions occurred in 10 subjects during subclavian CVC.
Conclusions: During CPR in 31 patients, one iatrogenic pneumothorax was caused by subclavian CVC, and CPR interruptions were ob-

served in approximately 30% of cases.
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Introduction

During CPR, central venous catheterization (CVC) is not rec-
ommended for drug delivery route, even if peripheral venous
catheterization (PVC) cannot be achieved.[1] Because CVC may
interrupt cardiopulmonary resuscitation (CPR), it does not have

higher priority.[2] In addition, more than 15% of patients who un-
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dergo CVC experience complications such as pneumothorax.[3]
For these reasons, CVC have not been considered as emergent
vascular route. However, the PVC in emergent patients is not
easy. The success rate of PVC was reported about 76%.[4] If
CVC could be achieved in this case, the medication could be de-
livered, and the better quality of CPR could be possible rather
than without any vascular route, and any medications.

Moreover, the central venous route has some unique advan-
tages, though CVC can be associated with CPR interruption and
complications. Compared with the peripheral venous route or the
intraosseous route, higher peak drug concentrations are achieved
with the central venous route, that is to say drug circulation time
is shorter.[5,6] In addition, central venous oxygen saturation and
coronary perfusion pressure can be monitored with a central line

extending into the superior vena cava during CPR. These bio-
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chemical and hemodynamic information are useful for predicting
return of spontaneous circulation, and for evaluating the success
of the CPR.[7,8]

Unfortunately, it is not known yet how often the CVC inter-
rupts chest compressions, and whether subclavian CVC increases
the frequency of iatrogenic pneumothorax. These questions
should be answered to compare the risk and benefit of performing
CVC during CPR.

Meterials and Methods

This study was a retrospective single-blind observational study,
conducted in the emergency department (ED) of an urban teach-
ing hospital with approximately 35,000 presentations a year. The
study period was 6 months, from April to September 2011.
During the period, patients who visited the ED without pulse and
underwent CPR were consecutively enrolled. Patients, who al-
ready had intravascular catheter before arriving to the ED, were
excluded from this study. The Patients with penetrating or blunt
chest injuries might have induced hemothorax or pneumothorax,
were excluded from evaluation for the frequency of iatrogenic
pneumothorax.

All the cardiac arrest patients without obvious signs of death
(e.g., decapitation, rigor mortis, or dependent lividity) were
brought to the ED by paramedics in this local area. These para-
medics were able to provide basic life support with advanced air-
way management and automated external defibrillation, but were
not certified to administer any intravenous medications except
hydration fluids. Usually, vascular access for delivery of CPR
medication was provided for the arrest patients after ED arrival.

In our ED, not only PVC but also the subclavian CVC were
performed independently and simultaneously for to prevent the
delay or the failure to achieve vascular route during CPR. All
physicians who performed CVC were emergency medicine resi-
dents over second grade, and had previously over than 20 times
of CVC after book review and bedside teaching by faculty in the
ED. All the nurses who performed PVC during CPR had an aver-
age of 4 years of work experience in ED. Other CPR procedures
were performed according to established guidelines.[9]

The frequency of iatrogenic pneumothorax and hemothorax
associated with subclavian CVC was the first primary outcome. A
chest radiograph was obtained after CPR, and reviewed for the
presence of pneumothorax and hemothorax. The frequency of
CPR interruption, defined as greater than 10 seconds of com-

pression interval time during procedures or interventions, was the

Yong-Oh Kim, et al. Subclavian Catheterization during CPR 173

second primary outcome.[10] Because the CPR registry and med-
ical records did not contain the information needed to evaluate
the chest compression pause, closed-circuit television (CCTV,
WCS-0030, LevelOne, Taiwan) was utilized to evaluate the fre-
quency of CPR interruptions.[11] The CCTV recording of the
first 10 minutes in the ED was reviewed by two physicians who
were not involved in the CPR. Each cause of interruption was al-
so noted from the video, and reported as a secondary outcome.

All data were collected and managed with Microsoft Excel
2007 software (Microsoft Corporation, Santa Rosa, CA, USA).
The median and interquartile ranges (IQR) of each outcome were
statistically analyzed.

The Institutional Review Board of the hospital approved the
study. Medical personnel, who were involved in the CPR, were not
informed about the specific study purpose and design. The informed
patient and medical personnel consent requirement was waived by
the board (DKUH 2012-05-002). CCTV recording performed in the

hospital was approved by the hospital quality assurance committee.

Results

During the study period, 35 cardiac arrest patients presented to
the ED and underwent CPR. The mean age of patients was 55.3
years (SD = 20.4 years), and 23 patients (65.7%) were male. (Fig. 1)
Before ED arrival, four patients had undergone intravascular
catheterization, and excluded from this study. The rest 31 patients
underwent subclavian CVC in initial CPR. The five patients who
had been related with severe chest injury were excluded from the
evaluation of subclavian CVC related pneumothorax (Table 1).

Among 31 trials, subclavian CVC were successfully inserted
in 28 patients, though in six patients more than one trial was nec-
essary for successful catheterization (CVC success rate at first tri-
al: 22/31, 71%). Despite several trails, central catheterization
failed in 3 patients (CVC failure rate 9.7%, 3/31). The median
time of catheterization were calculated from the patient arrival to

the infusion and from the skin preparation. The results were 415

Table 1. Injury mechanisms of traumatic arrest patients

Patient No.  Injury mechanism

1 Right chest penetrating injury with hemothorax

2 Seven-meter fall with multiple rib fractures; fracture of
both clavicles

3 Motor vehicle trauma with pneumothorax

Motor vehicle trauma with hemothorax and

pneumothorax

5 Motor cycle trauma with hemothorax and cardiac
tamponade
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35 OHCA patients
traumatic arrest 14 patients
non-traumatic arrest 21 patients

excluded

4 patients who had IV before arrival were

31 patients enrolled

mean ratio = 23/31 (65.7%)

Subclavian CVC in 28 | Peripheral VC in 22

67 chest compression interruptions

mean age = 55.3 y (SD: 20.4) —>{ in 10 patients (10/31, 32.2%)

(transporting patient: 28, pulse checking: 14,
subclavian CVC: 13, intubation: 7,
echocardiography: 3, and 2 others)

patients successfully patients
inserted successfully inserted

o before CVC success
(28/31,90.3%) (22/31, 72.0%)

T1: 415 sec (317-571)

T2:330 sec (271-403) T2: 38 sec (25-54)

Median catheterization time of 1st trial IQR)
T1: 118 sec (80-148)  |_3{T1: from arrival to success
T2: from skin preparation to success

Fig. 1. Results of subclavian CVC and
PVC for OHCA patient at emergency

excluded

5 patients who had severe chest injury were

department. OHCA: out of hospital car-
diac arrest; I'V: intravascular; SD: stand-

ard deviation; VC: venous catheterization;
CVC: central venous catheterization; PVC:

26 patients without chest injury > (1126, 3.8%)
, 2.067/0)

Iatrogenic pneumothorax in 1 patients

peripheral venous catheterization; IQR:
inter- quartile range.

seconds (inter-quartile range [IQR]: 317.5-571.5 seconds), and
330 seconds (IQR: 271.25-403.75 seconds). In the same way,
PVC succeeded at first trial in 17 patients (17/31, 54.8%), and did
not achieved before the success of CVC in 9 patients (PVC fail-
ure rate 28.0%, 9/31). The median times of PVC procedure were
118 seconds (IQR: 8-148 seconds) and 38 seconds (IQR: 25.5-54.5
seconds) (Fig. 1).

Out of the 26 patients without severe chest injury, only one pa-
tient was related with iatrogenic pneumothorax after subclavian
CVC. (1/26, 3.8%) CCTV videos of the CPRs were recorded, for
31 patients. These videos showed that there were 67 chest com-
pression interruptions greater than 10 seconds. Among these in-
terruptions there were, 13 pauses (median: 15 seconds, IQR:
13-20 seconds) in 10 patients that were associated with sub-
clavian CVC (10/31, 32.3%). Other interruptions were caused by
moving the patient from the ambulance to the CPR bed (28 paus-
es), checking the patient’s pulse with switching compressors (14
pauses), intubation (7 pauses), echocardiography (3 pauses), and
other procedures (e.g., cricothyroidostomy, undressing). On aver-

age, there were 1.9 interruptions per patient (Fig. 1).

Discussion

According to previous reports, the probabilities of pneumo-

thorax associated with subclavian CVC range from 1.5% to 3.1%

in critically ill patients, and the event with 3.0% probability has a
0.5470 (probability = 1 - Cox 0.03"x 0.97°°) chance of occurring
once or more in 26 cases.[12] Thus, it might not be significantly
different, though the comparison of the complication risk be-
tween ordinary condition and CPR is limited by the sample size.

In our study, the patient with iatrogenic pneumothorax visited
ED for hypovolemic shock caused by hematemesis. The patient
underwent more than five needle passes for CVC. According to
one clinical report describing risk factors for complications and
failures of subclavian CVC, the number of needle passes may be
strongly associated with the rate of failure and complications.
The complication rate increases from 4.3% with one pass to
24.0% with more than two passes.[13] Moreover, CPR itself can
also cause pneumothorax about 8% of the time, and we could not
distinguish from CVC induced pneumothorax in this study
design.[14] It might show needle induced pneumothorax larger
than real.

There was a report about CPR hands-off time in the ED.
According to the report, initial assessment (45 cases), pulse check
with switching compressors (45 cases), echocardiography (13
cases), defibrillation (9 cases), intubation (9 cases), X-ray (4 cas-
es), CVC (1 case), needle thoracotomy (1 case), and backboard
placement (1 cases) had interrupted the chest compression for
more than 10 seconds in a total of 45 CPR subjects.[15] During
pulse checking with switching compressors, echocardiography,

and intubation, the interruptions of chest compression also ob-



served in our study. Unlike the other interrupting causes which
are performed in the same area with the chest compression, CVC
itself did not have an influence on the chest compression. The
CCTV video recording of the CPR revealed that, persons who
were responsible for chest compressions had a tendency to stop
and help the procedures. These interruptions could be reduced by
educating and training of them not to stop compressing.

Although the supine chest x-ray has a sensitivity of only 35% to
75% for the detection pneumothorax, we inevitably reviewed chest
radiographs to determine the frequency of pneumothorax.[16,17]
Recently the chest ultrasound, which might be more useful than
radiographs to identify pneumothorax, frequently utilized, however
there were not precisely documented in the medical records.[18]

The success rate at first attempt of CVC was higher than that
of PVC, and the median time of procedure is shorter in PVC than
in CVC, however it is difficult to generalize this study results
about the procedure success rate or the procedure time with the
limited operators. The success rate and the median time may de-
pend on the skill of operators who performed the procedure. In
case of PVC, median procedure time, and the first trial success
rate of other studies with leukemia patients, and emergent pa-
tients out of hospital were 1-2 minutes, and 26-28% respectively.
In comparison with patients CPR results, which showed higher
first trial success rate and longer procedural time. The operators
who have placed > 50 central venous catheters or trained over
two years were considered to have less than half complication
rates.[19,20] The results could be improved with the training and
preparing of procedure.

Even if interruptions or complications exist, making an effort
to reduce interruptions and complications would be better than
not using the advantages of CVC. After making these efforts, we
are going to study with a large scale to show that CVC could re-
duce the failure rate of vascular access and improve without com-

plications and CPR interruptions.
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