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Comparative Assessment of the Central Vein Pressure by Two Techniques:
Centrally and Peripherally Inserted Central Catheter
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Abstract

Background: The central venous pressure (CVP) is a reliable indicator used to assess intravascular status. Although this is usually
accomplished by placement of a central venous catheter (CVC), there are several situations, when a CVC may be practically difficult or even
impossible to be used.
Objectives: The present study aimed to assess the CVP and compare the techniques presently used in this regard, to confirm the
peripherally inserted central catheter (PICC), as the default choice in the case of similar findings for CVP measurement. The PICC is usually
mounted through a minor surgery, in patients who need CVC.
Patients and Methods: Through a randomized controlled clinical trial, we compared two techniques of CVP measurement, including
centrally inserted central catheter (CICC) and PICC, for the patients who were admitted in the intensive care unit, during 2013, at a referral
hospital in Tehran, Iran.
Results: There was a strong correlation between CICC and PICC in CVP measurement (P < 0.001), as shown by the Pearson’s coefficient (r
= 0.92).
Conclusions: The PICC can be advised in CVP assessment, due to lower complications, along with similar measurement results with CICC.
The PICC does not require physician expertise to be set and is also simple to apply. Although there were different measures of CVP, by the
used techniques, the strong correlation between the findings could guide us to determine the exact CVP measures, by considering that
correlation, as well.
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1. Background

Central vein cannulation/catheterization (CVC) is a
standard technique for central vein pressure (CVP) assessment, particularly in the case of vascular surgery, vasoactive medication administration, or resuscitation by fluid
therapy (1). There are several indications for CVC, such as
CVP monitoring, pulmonary artery catheterization and
study, transvenous cardiac pacing, emergency hemodialysis, medication administration, fast infusion, air emboli aspiration, recurrent blood withdrawal and limited
peripheral vascular availability (1). The CVP is a reliable
indicator, used to assess intravascular status. Although
this is usually accomplished by placement of a CVC, there
are several conditions when a CVC may be practically difficult or impossible to be used (2).
Since 1960, when CVC was tried for the first time, the
procedure has been performed through the right internal jugular vein, by anesthesiologists (1), while it could be
conducted from the left internal jugular (3), subclavian
(3), and external jugular veins (1). The peripherally in-

serted central catheter (PICC), although is not confirmed
to be an acceptable technique to be used in the place of
centrally inserted central catheter, would be a suitable
alternative (4, 5), in the case of long-term parenteral
therapy, because it is set on the patient’s bedside, with local anesthesia, does not require physician expertise to be
settled and has the least complications and scarring. Using an antecubital vein, like the basilic vein, is preferred
for PICC, rather than cephalic veins catheterization.
Usually, the CVP measured by PICC is just more than what
is reported by CICC, in the same case, although the difference is not significantly significant. When used through the
antecubital vein, in abduction position, the tip of the PICC
catheter may enter the heart, much deeper than usual, raising the risk of cardiac rupture and arrhythmia. Also, there
is a risk of PICC dislocation and its entrance into blood flow,
if is accompanied by any other central vein catheter (1).
In operating room, CVCs are used only during the operation, without radiologic imaging for checking the tip
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position. The place of the catheter is usually checked by
observing blood aspiration through the lumens, in the
above setting. This is done while the position of the tip
of the catheter has to be radiologically checked after the
surgery is finished. The multiport 20-cm seven-French is
the most used catheter, in general (1).
The risk of cardiac rupture and/or cardiac tamponade rises
if the tip of the catheter is in the heart, or below the horizontal level of the superior vena cava pericardial reflection. The
tip would be ideally in the SVC and below the inferior rim of
the clavicle, above the third rib, between T4 and T5, the azygos vein, the carina, or in the main right bronchus (1).
In terms of complications, mechanical, thromboembolic,
and infective problems account as the main categories of
consequences for CICC. Vascular damage, hemothorax, cardiac tamponade, hematoma-induced compressed airways,
laryngeal and tracheal trauma, pneumothorax, nerve damages, arrhythmias and mediastinal subcutaneous emphysema are the most known mechanical complications.
Thromboembolic consequences mainly include vein
thrombosis, pulmonary emboli, arterial thrombosis and
emboli, and catheter/guide wire-induced emboli. Infection at the site of catheterization, septicemia, and endocarditis are often named, between the infective outcomes
of CICC (1).
Yun et al. showed no difference between PICC and CICC,
in hemodynamic control, among their candidates, for liver transplantation in 2011 (6). The two techniques did not
differ in a study by Latham et al. in 2011, when used to measure CVP through PICC, via the basilic veins of left or right
upper extremities (7). Likewise, Alansari et al. in 2004, realized that the two techniques had significantly similar
results in CVP assessment, although CICC needs physician
expertise, while PICC could be set by other staff (8).
This was because consequent pneumothorax, excessive
bleeding, neck hematomas, and carotid perforation were
less encountered, while the similarity between the two
methods in terms of CVP measures was evident. However,
due to narrower lumen, while being longer, PICC sounds
to report higher measures of CVP than CICC, as Black et al.
realized, in 2000 (9).

2. Objectives

The present study aimed to assess the CVP and compare
the named techniques, in this regard, to use PICC, as the
default choice in the case of similar findings, for CVP
measurement. The PICC is usually set through a minor
surgery, in patients who need CVC.

3. Patients and Methods

Through a cross-sectional study, we compared two techniques of CVP measurement, including CICC and PICC,
for the patients who were admitted in intensive care unit
(ICU), during 2013, at a referral hospital in Tehran, Iran. The
patients enrolled in the study were randomly picked from
ICU cases with head trauma, considering the inclusion and
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exclusion criteria. The sample size was determined to a 31
total. Head injury cases, between 20 and 70 years of age,
were checked for exclusion criteria, including unknown
neck trauma, which needed collar, pulmonary edema,
acute respiratory distress syndrome, positive end-expiratory pressure > 5 mmHg, and cardiac failure, before getting the informed consent from the families.
The CICC was set through the right internal jugular
vein, under a regional anesthesia. The PICC was utilized
via the basilic vein, in the forearm, under local anesthesia. All the patients got both techniques for CVP measurement, at the same time. All the vital signs and complications were recorded during the study.

3.1. Statistics

Considering a P < 0.005 in 95% confidence interval (CI)
for statistical significance, quantitative data were reported, using central tendencies, including the mean, median and their standard deviations, while qualitative data
were checked for their frequencies, by chi-square test
or Fisher’s exact test. Because of only one studied population, for the two techniques, paired t-test was used in
quantitative matters.

3.2. Ethics

Usually, one of the named techniques is used for CVP
measurement in the ICU and the patients are often unconscious. Therefore, the patients’ families were asked to
give their informed consents, after explaining the aims
and process of the present clinical trial.
The participants were free to leave the study, at any stage,
and there was no additional cost to pay for setting the second catheter, by the patients or families. The CICC is generally the most used technique, although PICC, which was
used additionally, by the current study, has already less
complications, as many authors concluded before.

4. Results
Totally, 31 patients participated in the present study including 17 (54.9%) men and 14 (45.1%) women. There was
a strong correlation between CICC and PICC in CVP measurement (P < 0.001), as the Pearson’s coefficient showed
(r = 0.92). This means that our study could not find a significant difference between the two techniques in terms
of CVP reported amounts, as can be seen in Table 1.
Table 1. Comparative Means of Central Venous Pressure Measures by Centrally Inserted Central Catheter and Peripherally
Inserted Central Cathetera
Complications
CICC
PICC

Values b Mean Difference T-test
10.9 ± 1.2

0.2

11.14

P

0.09

11.1 ± 1.9

aAbbreviations: CICC, Centrally Inserted Central Catheter; PICC,
Peripherally Inserted Central Catheter.
bData are presented as mean ± SD.
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Table 2. Complications of the Procedure of Central Venous Pressure Measurementa,b
Complications
CICC
PICC

Pneumothorax

Carotid Perforation

Emphysema

Arrhythmia

Infection

2 (6.5)

2 (6.5)

1 (3.25)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

aAbbreviations: CICC, Centrally Inserted Central Catheter; PICC, Peripherally Inserted Central Catheter.
bValues are presented as No. (%).

Concerning the complications, pneumothorax was
seen in two cases (6.5%), which as the consequences of
CICC. As Table 2 shows, carotid perforation similarly occurred in two patients (6.5%). Emphysema was found only
in one (3.25%) case. There was no complication related to
PICC, such as local infection or arrhythmia and so on.

5. Discussion

The present study focused on the CVP measures and
the occurrence of complications of CICC and PICC and
found that there is no difference between them in CVP
measures, although CICC complications, like pneumothorax and carotid perforation, as well as subcutaneous
emphysema, were seen, although no PICC-induced problems were reported. Less complications and simple application, besides no need for medical specialist expertise,
usually make PICC more applicable in many settings.
There was a correlation between the findings of the
techniques, CICC and PICC, with a Pearson’s coefficient,
just less than 1. This is in line with Yun’s performance, in
2011, in South Korea, which was tried among liver transplantation candidates (6). In contrast to Black (9), who realized that the two factors of narrow lumen and long size
made the CVP measures higher by PICC, we found similar
measures to what Latham and colleagues reported, in
2012, in the SA (7). Separately, similar findings for the CVP
measurement, using CICC and PICC, were also reported
by Alansari et al. (8), in 2004. In 2009, Tobias explained
a study on 18 patients, which assessed CVP measures by
peripheral IV cannula (PVP) that is used in PICC. The results showed a 13 ± 4 mmHg difference between PICC and
CICC, in this regard (10), in 11% of cases, although only 2
± 1 mmHg in the rest of patients, which was significant.
Through posterior spine surgery in 40 patients, the
mean PVP was 17.55 ± 4.93 mmHg, which was also significantly higher than CVP (15.52 ± 4.77 mmHg), as reported
by Memtsoudis et al. (11). The difference between the
measures was 10 times ours. The Pearson’s coefficient, in
their work, was also similar to ours, for the correlation
between PICC and CICC findings. Likely, with the rather
lower measures by CICC and PICC than what we found,
Choi et al. reported a 1.16 mmHg difference between the
mean measures, by the two techniques, with a high correlation (r = 0.89) (4). They concluded that PVP could be
an alternative to predict CVP, because of the strong correlation, as other authors like Cox et al. realized before.
Through the current trial, we aimed to achieve a conclusion to make a decision to either use PICC, instead of
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CICC, or not. Therefore, we tried to assess the main objective of the techniques, as CVP measurement and the
complications resulting from them. Regarding complications, CICC had its problems, including pneumothorax,
carotid perforation and subcutaneous emphysema, in a
total of five cases (16%). On the contrary, PICC recorded no
complications and left CICC behind, in this regard.
To sum up, PICC can be advised in CVP assessment, due
to lower complications rate, along with similar measurement results, with CICC. The PICC does not need physician
expertise to be set in place and is also simple to apply. Although there are different measures of CVP, by the used
techniques, the strong correlation between the findings
could guide us to determine the exact CVP measures by
considering that correlation, as well.
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