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Abstract Objective: A case-control
comparison of Doppler guidance on
the success rate of central venous
cannulation in patients with normal
or reduced intracranial compliance.
Design: A single operator performed
central venous access procedures
with continuous wave Doppler guid-
ance. It was used on patients on a
ventilator. The position of patients
with reduced intracranial complian-
ce (RIC) was not changed for the 
procedure. Patients with normal in-
tracranial compliance (NIC) were
put in the Trendelenburg position.
Setting: We prospectively evaluated
249 Doppler-guided central venous
access procedures performed over a
12-month period at our 10-bed neu-
ro-intensive care unit at a university
hospital. Patients and participants:
The group with RIC included 26
males and 35 females (n=61) aged
16–79 years. In this group 155
Doppler-guided cannulation proce-
dures (62%) were performed. The
group with NIC (n=52) comprised
29 males and 23 females aged
34–76 years; 94 Doppler-guided 
cannulation procedures (38%) 
were carried out. Measurements and
results: The veins cannulated in RIC

and NIC, respectively, were: right in-
nominate vein: 24/18, left innomi-
nate vein 26/12, right subclavian
vein 12/7, left subclavian vein 25/14,
and right internal jugular vein 33/18
and left internal jugular vein 35/24.
The absence of one left internal jug-
ular vein was identified in the NIC
group. The success rate of first nee-
dle pass in patients with RIC was
92% and in patients with NIC 89%.
Conclusions: This study showed that
Doppler guidance allows the cannu-
lation of central veins in patients
with RIC placed in head-up position.
Cannulation can be ensured and
first-pass needle placement maximi-
sed.
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Introduction

The indications, techniques and complications of central
venous access are well documented [1, 2]. The majority
of central venous access procedures are performed utili-

sing anatomic surface landmarks alone. However, ob-
scured or pathologically altered anatomy can make pro-
cedures more difficult. Multiple attempts and inexperi-
enced operators have been shown to be associated with
an increased risk of complications during central venous
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access procedures [1, 2]. Ultrasound-guided punctures
improve the success rate and minimise complication
rates of central venous access procedures [3]. In this
context imaging techniques represent the ideal, due to
their visualisation of the vessel. However, nearly the
same success rates can be obtained with conventional
Doppler devices [4].

Many patients in a neurological intensive care unit suf-
fer from reduced intracranial compliance (RIC). In these
patients, a head-down position could be deleterious by in-
creasing intracranial pressure (ICP). They are therefore of-
ten nursed in a head-up position. In this position Doppler
guidance could be thought to facilitate venous cannula-
tion, but no report has been previously published. We
therefore performed this case-control comparison of
Doppler guidance on the success rate of central venous
cannulation of the internal jugular vein (IJV), subclavian
vein (SV) and innominate (brachiocephalic) vein (IV) in
patients with normal and reduced intracranial compliance.

Methods

Setting

The Neurological Intensive Care Unit (NICU) is a 10-bed ICU for
neurological patients referred from hospitals in northern Germany.
It provides speciality services to patients predominately suffering
from specific disorders in critical care neurology (e.g. subarach-
noidal haemorrhage, intraparenchymal haemorrhage, cerebral ve-
nous thrombosis, acute basilar artery occlusion, traumatic brain in-
jury etc.) as well as acute postoperative and post-interventional
management of neurosurgical/ neuroradiological patients. The
clinical activity in the NICU averages 400 admissions per year
with an average length of stay of 9 days.

Patients

Patients on a ventilator, admitted to our NICU during the 12-month
study interval from October 2000 to September 2001 who needed
central venous access for cardiovascular support or total parenteral
nutrition were included in this case-control comparison of Doppler-
guided central venous cannulation. Inclusion was further dependent
on the operator and Doppler device being available and approval
being given. Conscious patients were asked for approval, while the
respective legal guardian had to approve for unconscious patients.
Formal approval of a local ethics committee was not required be-
cause (a) Doppler sonography is an acknowledged method, (b) the
data provides striking evidence for ultrasound-assisted cannulation
and (c) vascular sonography is not associated with any known risks.

The patients were divided into two groups according to the
measurements of ICP: normal intracranial compliance (NIC) and
reduced intracranial compliance (RIC). Reduced intracranial com-
pliance is found in patients with increased ICP (>20 mmHg) and
with ICP that rises significantly (>5 mmHg from a baseline ICP of
>15 mmHg) when the patient is put in the supine position from
10–15° head-up (see also definitions). There was no control group,
patients who were not on a ventilator were excluded.

Material

The Doppler appliance used in this study was a SonoGuide2® with
a SonoGuide2®—5.0 MHz probe (Ultrasound technologies, Caldi-

cot, UK). It is suitable for an 18-gauge cannula. The ultrasound
probe has to be sterilised after each usage. Unfortunately this took
2 days due to logistic problems. The SonoGuide2 is supplied com-
plete with the following accessories: a footswitch and SonoCup
disposable coupling gel, enabling a single operator to perform the
procedure (Fig. 1a, b, 2).

Documentation

In each patient information regarding age, gender, height and
weight, body mass index, underlying disease, Multiple Organ
Dysfunction Score (MODS) [5], the site of venipuncture, position-
ing during cannulation procedure and number of needle passes,
and all complications, were recorded. Data were collected anony-
mously.

Procedure

The puncture sites were chosen by the operator according to clini-
cal necessities. In order to minimise thrombotic risk with its detri-
mental consequences on cerebral venous outflow, the puncture
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Fig. 1a, b a Cannula perforating SonoCup® disposable coupling
gel, which is inserted in the SonoGuide2®-probe. b SonoCup®

Doppler-probe with inserted cannula during cannulation of RIV



sites of successive cannulations were alternated. To avoid opera-
tor-linked variances, all catheterisations were performed by the
same physician.

In patients with RIC, the position was not changed and the
cannulation procedures were performed in head-up position
(10–15° head-up). The cannulation procedures in patients with
NIC could be performed in the Trendelenburg (10–15° head-
down) position. In all patients the head was left in a neutral posi-
tion during cannulation and intradermal 1% lidocaine provided lo-
cal anaesthesia. The Doppler device was used to identify the vein
and to facilitate the cannulation under sterile conditions. The
probe was put on the skin at the respective landmarks. The IJVs
were punctured at a mid-cervical position, the IVs behind the
junction of the sternocleidomastoid muscle and medial clavicle,
and the SVs at the point where they enter the thoracic inlet. Then
the probe was moved and angled to receive the best Doppler sig-
nal. When the signal was clear and modulated by respiration, it
was considered adequate. While the Doppler signal was continu-
ously listened to during the venipuncture, the cannula was passed
into the probe and introduced through the skin. A different typical
Doppler signal could be heard when blood was aspirated. Then the
guide wire was inserted through the cannula. Thereafter the proce-
dure was identical to a standard central venous cannulation. A
chest film obtained within 24 h after the procedure was evaluated
for the presence of pneumothorax, haemothorax, mediastinal hae-
matoma and malposition of the catheter.

Definitions

– Reduced intracranial compliance (∆V/∆P): the slope at any
given point on the pressure-volume curve characterises the in-
tracranial volume-pressure relationship. The relationship be-
tween ∆P and ∆V reflects both the viscoelastic properties, or
stiffness, of the intracranial contents and the functioning of
compensatory mechanisms available to reduce ICP at any giv-
en point on the curve [6]. There is no doubt that the intracrani-
al compliance is reduced in patients with increased ICP. In pa-
tients with normal ICP, this becomes evident if the ICP rises
significantly when putting the patient in a supine position from
10–15° head-up.

– One needle pass: “just one advancement of the cannula”. The
protocol limited the Doppler-guided needle passes to three.
Thereafter a conventional puncture technique was applied
without Doppler probe.

– Complications: arterial puncture, nerve injuries, pneumotho-
rax, haematothorax, local or mediastinal haematoma, difficul-
ties or even inability in advancing the guide wire, malposi-
tioned catheters.

– Failures of Doppler-guided central venous cannulation: the in-
ability to cannulate the respective vein.

Statistics

The aim of this study was a case-control comparison of Doppler-
guided central vein cannulation in patients with RIC and NIC. The
inhomogeneous groups and small numbers do not allow the per-
formance of complicated statistical tests to prove that this method
is the same for the two groups. To show that there is no significant
difference between the success rate in the two groups, a chi-
squared test was performed.

Results

We prospectively evaluated 249 Doppler-guided central
venous access procedures performed over a 12-month
period at our 10-bed neuro-intensive care unit at a uni-
versity hospital.

Patients and participants

The group with RIC included 26 males and 35 females
(n=61), aged 16–79 years. In this group 155 Doppler-
guided cannulation procedures (62%) were performed.
The group with NIC (n=52) comprised 29 males and 23
females aged 34–76 years; 94 Doppler guided cannula-
tion procedures (38%) were performed. Demographic
data and clinical characteristics and diagnoses on admis-
sion are shown in Table 1.

The veins cannulated in RIC were: right innominate
vein (RIV): 24, left innominate vein (LIV): 26, right sub-
clavian vein (RSV): 12, left subclavian vein (LSV): 25,
and right internal jugular vein (RIJV): 33 and left inter-
nal jugular vein (LIJV): 35. The success rate of first nee-
dle pass in patients with RIC was 92%. The veins cannu-
lated in NIC were: RIV: 18, LIV: 12, RSV: 7, LSV: 14,
RIJV: 18 and LIJV: 24. The absence of one LIJV was
identified. The success rate of first needle pass in pa-
tients with NIC was 89%. Procedure characteristics are
shown in Table 2. Figure 3 illustrates the first needle
pass success rate with respect to puncture sites in NIC
and in RIC.

Doppler-guidance associated failures occurred in
three cases (1.2%) (Table 2). The total failure rate of
Doppler guidance in patients with NIC was 2.2% (2/93)
and in patients with RIC 0.6% (1/155). No venous Dopp-
ler signal, due to absence of the respective vein, could be
obtained in one case. There was a technical failure of the
Doppler device in another case. The venous catheterisat-
ion was twice complicated by arterial puncture in the
NIC group. Difficulties advancing the guide wire and
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Fig. 2 SonoGuide2®



malpositioned central venous catheters, respectively, oc-
curred in each group once. The complications rate in
NIC was 4.3% (4/94), in RIC 1.3% (2/155).

Discussion

We examined the feasibility of Doppler guidance to fa-
cilitate central venous cannulation in patients with RIC
and with NIC. As veins are easily compressible and vary

in size with respiration, the Valsalva manoeuvre and
head-down tilt [7], the Trendelenburg position is fa-
voured for central venous cannulation due to venous en-
gorgement [8, 9].

Patients with reduced intracranial compliance in the
head-up position provide far from optimal cannulation
conditions. The Trendelenburg position puts them at risk
for ischaemic brain damage. The emphasis in the treat-
ment of RIC is on reducing the mass of the cranial con-
tents [10]. Therefore these patients are nursed in a head-
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Table 2 Procedure characteristics: allocation of puncture sites and first pass success rate in patients with normal (NIC) and reduced
(RIC) intracranial compliance. Failures and complications of Doppler-guided central venous cannulation according to our definitions

Puncture site Total Success on Success after Failure Complication
1st attempt 3 attempts

RIC
Right internal jugular vein 33 30 (91%) 33 (100%)
Left internal jugular vein 35 32 (91%) 35 (100%) 1
Right subclavian vein 12 11 (92%) 12 (100%)
Left subclavian vein 25 22 (88%) 25 (100%)
Right innominate vein 24 22 (92%) 24 (100%) 1
Left innominate vein 26 25 (96%) 25 (96%) 1a,b

Sum 155 142 (92%) 154 (99%) 1 2

NIC
Right internal jugular vein 18 15 (83%) 17 (94%) 1a 2
Left internal jugular veinc 25* 23 (96%) 24 (100%)
Right subclavian vein 7 5 (71%) 6 (86%) 1a

Left subclavian vein 14 13 (93%) 14 (100%)
Right innominate vein 18 17 (94%) 18 (100%) 1
Left innominate vein 12 10 (83%) 12(100%) 1
Sum 94* 83 (89%)* 91 (98%)* 2 4

* Thrombosis identified by Doppler, no cannulation procedure
performed
a Conventional technique successful

b Technical failure
c Change of puncture site with successful cannulation

Table 1 Demographic data and
clinical characteristics (NIC
normal intracranial compliance,
RIC reduced intracranial com-
pliance, MODS Multiple Organ
Dysfunction Score, BMI body
mass index)

Variable NIC RIC

Patients (male/female) 52 (29/23) 61 (26/35)
Age (years (range)) 60.6 (34–76) 53.7 (16–79)
MODS (mean (range)) 7.8 (3–15) 7.3 (5–13)
BMI (kg/m2 (range)) 25.9 (17.8–55.5) 25.4 (15.5–42.5)
Catheterisations 94 155

Diagnosis on admission
Acute subarachnoidal haemorrhage – 16
Infarction of medial cerebral artery 2 14
Intracranial haemorrhage 9 10
Encephalitis 5 3
Severe traumatic brain injury – 5
Acute respiratory distress syndrome 3 –
Septic shock 5 –
Acute basilar artery occlusion 5 –
Myasthenia gravis 3 –
Brain stem infarction 2 –
Guillain-Barré syndrome/ polyneuropathy 9 –
Multiple system trauma 2 –
Others 7 13



up position to prevent an increase of intracranial pres-
sure and a decrease of cerebral perfusion pressure, re-
spectively. These measures would be negated by the
head-down position, due to the impairment of cerebral
venous drainage [10]. Patients with RIC were therefore
cannulated under Doppler guidance in an anti-Trendelen-
burg position.

The success rate of first needle pass in patients with
RIC and NIC was 92% and 89%, respectively. The over-
all Doppler-guided success rate was 99.4% and 97.8% in
patients with RIC and NIC, respectively. There was no
significant difference between the two groups (p>0.05),
which we did not anticipate. We presume that, in our set-
ting, the effects of ventilation with positive end-expirato-
ry pressure (PEEP) on venous blood flow might have in-
creased the size of the veins and facilitated the cannula-
tion procedure.

In 1984, Legler et al. published a study on Doppler-
guided central venous catheterisation of IJVs [11]. Their
success rate at first attempt was 77.3%. With regard to
the SV, Lefrant et al. had a success rate of only 64.3% at
first needle pass [12]. No literature concerning Doppler-
guided cannulation of the IV exists. The IV is a rather
large vessel, formed by the confluence of the IJV and
SV. It is easily localised by Doppler ultrasound. In our
study the first pass success rates of IV cannulation was
similar to those of the other cannulation sites (Fig. 3).
Due to the severity of possible complications associated

with this approach, the IV has not become a popular can-
nulation site. However, we feel that it is a suitable vessel
for Doppler-guided cannulation.

The strength of this study design is that, contrary to
the studies cited above, just one operator performed all
249 catheterisations. This may be reflected in our high
first pass success rate. The limitation of our study is the
lack of randomisation of the venipuncture site, which
was chosen according to clinical necessities. This might
have caused a selection bias. Therefore we propose to re-
peat this study with an improved design.

With respect to failures and complications, we made
the following observations: we were unable to cannulate
the vein by Doppler guidance, despite a positive signal,
once: this was a woman in multiple organ failure with a
BMI of 55.5. Doppler conditions were very difficult. The
operator decided on a conventional approach, which was
successful at the second pass. A further limitation of the
Doppler ultrasound is that the presence of a patent vein
does not guarantee free venous passage of the guide wire
or catheter. Obstruction or narrowing of the major veins
is more common than generally assumed. In two cases,
advancing the guide wire was accompanied by some
problems, up to ultimate failure in one case.

Surface landmark-guided central venous access is a
procedure with high success rates when performed under
optimal circumstances and normal anatomy. By using ul-
trasound, Denys and Uretsky could show that only
91.5% of 200 patients had normal anatomy: 3.5% had
small fixed veins, 1% had lateral alignment to the carotid
artery, 2% had medial alignment to the carotid artery and
in 2.5% there was a complete absence of the IJV [13]. In
one patient with a large goitre displacing normal neck
anatomy we also had difficulties advancing the guide
wire.

Thrombosis occurs in the veins of many patients in
intensive care units. Attempts to cannulate these veins
will be unsuccessful, even when the anatomy is normal
[14]. Failure to obtain any venous Doppler signal of the
left IJV in one patient was concordant with a later diag-
nosis of thrombosis of this vein. We did not count this
patient as a failure because the Doppler device correctly
indicated the absence of the target vessel. There was one
technical failure of the Doppler device, but the vein
could be cannulated by conventional landmark technique
at the first attempt.

Despite a positive Doppler signal, arterial puncture
occurred twice. In both cases, the vein was overlying the
artery. The first vein was partially thrombosed (side-di-
agnosis, established later by contrast-enhanced computed
tomography), the second was a small and fixed vein, that
did not distend during Valsalva manoeuvres or in the
Trendelenburg position (both patients of the NIC group).
This kind of complication may be caused by limitations
of our method. If the cannula is directed through the
Doppler probe, some pressure is imposed on the veins.
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Fig. 3 First pass success rate Doppler-guided central venous can-
nulation with respect to puncture sites in patients with normal
(NIC) and reduced (RIC) inracranial compliance. (RIV: right in-
nominate vein, LIV: left innominate vein, RSV: right subclavian
vein, LSV: left subclavian vein, RIJV: right internal jugular vein,
LIJV: left internal jugular vein)



With needle advancement, the lumen may collapse.
When the cannula pops through the anterior wall, the
vessel usually re-expands. When the anterior wall is
compressed against the posterior wall, the cannula will
tend to perforate both walls rather than only the anterior.
This mechanism may be intensified in spontaneously
breathing patients and explains why blood aspiration can
often be obtained only during needle withdrawal [15].

We must admit that we did not measure the cannulation
time. But we can state that the set-up time of SonoGuide2
is less than 5 min. The cannulation procedure is not obvi-

ously prolonged, but detrimental effects due to altered ce-
rebral circulation by palpation, positioning and complica-
tions are almost certainly avoided. Therefore, under elec-
tive conditions, and especially in patients with reduced in-
tracranial compliance, any extra time is properly spent.

In conclusion, using Doppler guidance, central ve-
nous cannulation—even in the head-up position—can be
ensured and first pass needle placement maximised. The
latter has been shown to reduce the risk of complications
[2, 3]. This may be particularly useful in the high-risk
patient with reduced intracranial compliance.
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