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Abstract. Background and aim: Ensuring vascular access in emergency conditions is critical. Peripheral venous 
catheters (CVP) are the most used devices in clinical practice, even though their positioning can result dif-
ficult, causing delay in life-support treatments with possible critical results. Ultrasounds allow you to view 
blood vessel in real time, for this reason they could result helpful during use. Another option for the vascular 
access can be intraosseous access (I.O.), by introducing a needle directly in the bone marrow cavity. This re-
view aim is to examine what typology of vascular access is best for the drug delivery in emergency/urgency 
in international and national literature. Methods: Bibliographical research was conducted by consulting the 
main biomedical databases through keywords and MESH terminology. In this review 21 articles published 
in the last 7 years have been included. They were published in English, Italian and French. Results: Con-
traindications and complications of I.O and of ultrasound-guided CVP positioning are limited. I.O access 
finding attempts are as fast as CVP positioning attempts but with a higher chance of success. Furthermore, 
ultrasound-guided CVP insertion is more comfortable for patients, it minimizes delays in medical treatment 
and it guarantees a better healthcare, with high percentage of right venous catheter placement. Conclusions: 
Intraosseous access is recommended for severely compromised patients; the ultrasound guide is a very useful 
tool when peripheral vascular areas are difficult to detect with only the palpation, it would be more appropri-
ate in situations of urgency than that of emergency.  

Key words: Ultrasound-guided, peripheral venous catheter, peripheral venous access, vascular access devices, 
emergency, intraosseous, intraosseous vascular access, catheterization

Introduction

Prompt action is the first factor that affects the 
result, in medical emergency/urgency. Moreover, it is 
also important the quality of the assistance, since the 
importance of golden rule is amplified in treatment 
and inspection of patients in impending danger of 
death. This rule prevents wasting of time with useless 
and ineffective operations, while it implements suc-
cessful interventions in a really short time, by follow-
ing a based-on-adequacy priority order (1). 

At this point, it is important to make a difference 
between emergency and urgency.  “Emergency” is the 
condition in which survival is at stake and immediate 
actions are needed within minutes, in order to support 
and restore patients’ vitals (1). 

“Urgency” is the condition in which prompt ac-
tions are required within a few hours, therefore not as 
immediate as in case of emergency, (1). 

It is essential to ensure a vascular access in or-
der to act/take action in urgency-emergency. Periph-
eral venous catheter (CVP) are the most used vascular 
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access devices in medical practice for parenteral ad-
ministration of liquids and nutrients, drugs and blood 
products (2). 

However, finding a peripheral vascular access 
could be difficult, in order to deal with medical emer-
gency, because it could waste medical staff precious 
time. Literature data report that, in certain instances, 
it takes from 3 to 12 minutes and failure rates range 
between 10 and 40%. The causes of such failure could 
be related to a state of shock (with peripheral veins 
collapse), the peculiarity of each patient (such as obe-
sity) or difficulties linked to environmental situation 
(for instance a patient locked inside a vehicle) (3). 
When peripheral venous access is delayed or failed, 
central venous catheterization proves to be the tra-
ditional alternative. Nevertheless, obtaining a central 
venous access can require a lot of time and can lead 
to serious complications, including pneumothorax and 
accidental arterial catheterization (4). Ultrasounds is a 
non-invasive procedure, which allow the professional 
to view organs, tissues and blood flow images in real 
time, using high-frequency ultrasound waves (5).

For these reasons, the aid of ultrasounds for find-
ing a peripheral venous access could be helpful in 
emergency/urgency, a tool already used by nurses for 
PICC (Peripherally Inserted Central Catheter) cath-
eters positioning. 

According to the latest European Resuscitation 
Council (ERC) and Advanced life support (ALS) 
guidelines of 2015, another option could be intraos-
seous access (I.O). Despite the suggestions in its use, 
I.O. access continues to be vastly underutilized (6).

Intraosseous access was first introduced in 1922, 
in the military field, during the Second World War 
and later progressively less used with venous catheter 
introduction (7). It is obtained by introducing a needle 
directly in the bone marrow cavity, highly vascularized. 
The robustness of the bone makes this cavity a non-
collapsing system also in the presence of shock. For 
this purpose, specially designed devices are used with 
the availability of manual and semi-automatic equip-
ment (6). 

Additional routes of drug administration are also 
the sublingual, intranasal, endotracheal, subcutaneous 
and intramuscular pathway. Although, the latter are 
scarcely usable in emergencies/urgencies: only some 

drugs can be administered and it is impossible to in-
fuse fluids or transfuse blood products (3).

Aim

The aim of the study is to examine what kind of 
vascular access is best for the drug delivery in emer-
gency/urgency in international and national literature.

The research questions are the following:
- What are the most utilized administration pathways 

in emergency/urgency? 
- What typology of medicines can be used throw these 

routes of administration?
- In what circumstances intraosseous access or ultra-

sound-guided peripheral venous access is used?
- What are the outcomes of intraosseous access and of 

ultrasound-guided peripheral venous access on the 
patient?

Method

The present literature review is focused on medi-
cine administration pathways in emergency/urgency, 
through intraosseous access or ultrasound-guided pe-
ripheral venous access. 

Literature review of scientific papers was con-
ducted by developing a specific strategy for the main 
biomedical databases, of systematic review and Ran-
domized control trials (RCT). The research strategy 
employed for documents retrieval involves the use of 
keywords/MESH terminology for each database com-
bined. 

The search for evidence was conducted by consid-
ering the publication time frame that is from January 
2014 to November 2021. In the bibliographical re-
search was included both primary sources (RCT) and 
secondary sources (literature systematic review, meta-
analysis), without limiting the typology of sources. 
Consulted sources: bibliographic databases for prima-
ry or RCT studies (PubMed, Cinhal).

It was decided to consider the article relevant to 
the purpose of the research taking into account an 
adult population (older than 18 years old), without 
distinguishing gender, medical condition, surgical and 
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medical typology and hospitalization. Article used in 
the original language: Italian, English, French. The 
following keywords has been used in various combi-
nations: Ultrasound-guided, peripheral venous cath-
eter, peripheral venous access, vascular access devices, 
emergency, intraosseous, intraosseous vascular access, 
catheterization.

Results

The first study analyzed was a bibliographic re-
view carried out by Aida Kordalli in 2015 in Italy, 
which showed that the positioning of a vascular access 
for the administration of drugs was one of the pivotal 
points of the patient’s rescue. This is a priority that is 
applied both in intra- and inter-hospital area. ALS 
(Advanced Life Support) and ATLS (Advanced Trau-
ma Life Support) guidelines stated that it was planned 
to find a venous access, in the C-Circulation phase. 
The most commonly used device was the peripheral 
venous catheter (CVP) (3). 

A research conducted by Nicotera in 2014 in Italy, 
demonstrated that peripheral venous access allows the 
connection between the skin surface and a vein of the 
peripheral circle. There are various types of devices for 
peripheral administration of drugs including butterfly 
and cannula (short-stay catheters) and medium per-
manence catheters such as the Midline (2). 

Another significant contribution in literature was 
given by the systematic review and meta-analysis car-
ried out by Van Loon and colleagues (2018). From this 
study emerged that peripheral venous catheters (CVP), 
as well as drugs’ administration, allowed the adminis-
tration of liquids, nutrients and blood products. In the 
same survey conducted by Van Loon emerged that the 
traditional approach for an insertion of a peripheral 
venous access provided visual inspection and palpation 
of the extremities to locate a vein, followed by a needle 
puncture and by a catheter insertion (8).

A study conducted by Joseph D. and Tobias 
showed that many factors among them obesity, pro-
longed hospitalization and other co-morbidity condi-
tions such as shock and dehydration could cause in-
creased difficulties in finding a traditional peripheral 
venous access (9). Another survey led by Courtney and 

Jody in 2018 in USA (by interviewing 57 students) 
confirmed this thesis. They reiterated that if periph-
eral venous access could not be easily obtained, it could 
cause serious complications, including delays in diag-
nosis and medical treatment. Other disadvantages of 
the traditional peripheral venous access are the addi-
tional costs from the use of medical supplies, riskier 
vascular procedures with increased pain and suffering 
of the patient. Ultrasound guidance could be used to 
support traditional peripheral venous access for the 
positioning of a CVP (5). 

The Da Ros, Ponzo and Kordalli’s bibliographical 
research showed how the Centrally Inserted Central 
Catheter (CICC) proved to be a useful alternative for 
drugs’ administration in emergency/urgency. Biblio-
graphical research portrayed CICC device such as a 
biocompatible-material tube (third generation silicone 
or polyurethane) through which it is possible to access 
the nervous system. 

The positioning of this device make possible the 
intermittent or continuous infusion of medications 
and/or drips, the administration of nutritional thera-
pies, blood transfusions, etc. We can consider central 
a catheter whose tip was projected into the joint caval 
atrium, or at the lower third of the upper hollow seam 
(10). On the other hand, the CICC device needs ex-
perienced staff for its insertion and often X-ray con-
trol. This device has a high cost and procurement time, 
which is not different from that of a CVP, on the con-
trary, is usually higher. Even the complications are not 
negligible: venous thrombosis, artery injury, infection 
and pneumothorax (3). 

Intraosseous access
An alternative to the CVP and the CICC devices 

is intraosseous access (I.O) which is usable in emergen-
cy/urgency. The last ALS and ERC guidelines of 2015 
and evidences in literature recommend using the I.O. 
access early if finding a venous access is difficult or im-
possible. I.O. access is described in literature as a rapid 
and safe method and, even though there are evidences 
at international level, this is still a little-known and 
underused practice. Petitpas and colleagues’ systematic 
review verified the points mentioned above, which ex-
plained that I.O. allowed resuscitation through liquids 
and high volume drugs with similar effectiveness to ve-
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nous access. In adults, I.O. access was necessary, in case 
of emergency when accessing the peripheral veins was 
not easy to obtain. It can be used for the administra-
tion of medicine, for infusions and blood samples col-
lection. The most frequent clinical situation, which re-
quire such type of vascular access, were situations that 
occurred during cardiopulmonary resuscitation for the 
administration of adrenaline and in the case of trauma 
for the ease in finding a vascular access (6). 

An epidemiological investigation carried out by 
Zorgati in Italy, in 2015, provides a further contribu-
tion about bone anatomy. The essential part of the bone 
is the osteon: it has a cylindrical shape, which is com-
posed of bone tissue and is crossed by a central canal, 
called Hivers, where there are a blood vessel and a nerve. 
Around the Havers Canal, the arrangement of bone tis-
sue forms multiple lamellae, which together form the 
so-called “Havers System”. Between the lamellae, spaces 
are formed called gaps, and within them small blood 
vessels radiate, which connect to the Havers System it-
self. This structure is present in the compact tissue, in 
which the vessels are well thickened. In the Havers ca-
nals, finally, we find some channels called Volkmann’s 
that cross the bone from the bone marrow to the peri-
osteum. The difference between these channels is the 
direction: the Havers channels run through the bones 
along their entire length, while the Volkmann channels 
make a transverse path to the bone. When drugs are 
infused into the medullary canal, they can reach the tis-
sues thanks to the system just described. The infusion 
of drugs through intraosseous access is well protected 
by the compact tissue of the bone, as this prevents the 
compression or obstruction of the vessel. In addition, 
the study shows the existence of several devices able to 
ensure the placement of an intraosseous access. Regard-
less of the device used, removal should take place within 
24 hours of insertion (11).

In an another review of the literature conducted 
by Bradburn and colleagues, were shown the major 
anatomical sites that allowed the finding of an intra-
osseous access. They were proximal tibia, distal tibia, 
distal femur, humeral and sternal (12). 

As already mentioned, for the infusion of drugs is 
possible to use intraosseous access. Several studies has 
been carried out in this regard including the research of 
A. Kordalli. It holds primary significance from which 

it emerged that most of the drugs that were infused 
safely, through peripheral venous catheters, could also 
be infused safely through I.O pathway, except for 
chemotherapeutic (3). 

In the study conducted by Anson in 2014, the 
bioequivalence of morphine administered intraosse-
ously and intravenously in adult cancer patients is dem-
onstrated. Each patient had both an intravenous and 
an intraosseous line and received 5 mg of morphine 
through one route, followed by 5 mg of morphine in 
the other route 24 hours later. No statistically signifi-
cant differences were observed between intravenous 
and intraosseous pathways in calculated pharmacoki-
netic data, including peak concentration and maximum 
concentration time (7). Another study dealing with the 
pharmacokinetics of intraosseous drugs was the struc-
tured and retrospective review conducted by Clemency 
and colleagues, from November 2013 to April 2015. 
The study identified 1429 subjects who had received 
adrenaline during cardiac arrest. Adrenaline was admin-
istered venomously in 674 subjects (51.5%), while it was 
administered intraosseously in 636 subjects (48.6%). 
the study examined even if it had compared these two 
methods, had not highlighted any particular differences 
in the outcome of the ROSC at the time of arrival in the 
emergency room (13). Further confirmation to this the-
sis comes from a study conducted in 2015 in the United 
Kingdom by Bradburn and colleagues, which found 
that vasoactive medicinal products, which were usually 
administered through the central access, could be ad-
ministered intraosseously; furthermore, cases where the 
contrast agent was administered successfully through 
the tibial seat were reported. In conclusion, the study 
stressed that I.O proved reliable for the administration 
of all anesthetic and resuscitation drugs. The study ana-
lyzed revealed a further clarification, namely that the 
infusion of drugs though I.O. device caused more pain 
than the insertion itself, since the insertion involved 
only a small cutaneous and bony site, while the active 
infusion caused intense pain. 2 % lidocaine was used to 
overcome this problem (12). 

In Anson’s review, USA, 2014, it was examined 
the existence of a possible role for intraosseous access. 
This review highlighted that I.O was a time-tested 
procedure which could fully be a part of patient care 
during the emergency, in crictical patients (7).



Acta Biomed 2021; Vol. 92, Supplement 2: e2021334 5

The systemic review of Petitpas and colleagues is 
a further confirmation of the thesis above. The review 
showed it took two decades before recommendations 
for I.O access were included in the guidelines of the 
American Heart Association of 2005, relating to the 
cases of cardiopulmonary resuscitation and emergency 
cardiovascular assistance for adults. The last guidelines 
published in 2015 showed that I.O access was to be lo-
cated when venous access was not readily available (6). 
A study conducted in Italy in 2015 by Zorgati high-
lights the different circumstances where the insertion 
of intraosseous access (I.O) is an excellent alternative: 
•	 cardiac	arrest;
•	 severe	hypovolemic	shock	with	altered	state	of	con-

sciousness;
•	 need	to	infuse	fluids	or	drugs	without	being	able	to	

find a venous access;
•	 unstable	hemodynamics;
•	 severe	respiratory	failure;	
•	 Glasgow	Coma	Scale	score	<8	(11).
The systemic review concluded by Petitpas gives a con-
tribution in the literature aims to analyze intraosseous 
access outcomes and lists the main contraindications 
of intraosseous access:
− Infection at the insertion site (which was to lead to 

the choice of an alternative site to avoid the spread 
of sepsis or osteitis);

− A fractured bone led directly to the extravason of 
fluids and infused drugs and therefore ineffective;

− I.O access was not to be used in severe genetic or 
acquired diseases, osteogenesis imperfecta, osteopo-
rosis and osteomyelitis.

The review highlighted that the contraindications 
are limited and compensated by the different sites of 
inclusion available (6). In addition to the contraindica-
tions for intraosseous finding, studies could derive the 
existence of post-placement complications as done in 
Zorgati’s study:
- Needle displacement; 
- needle obstruction after insertion; 
- extravason of liquid; 
- site infection; 
- bone fractures (11). 

Through observation of a population of 38 pa-
tients with an average age of 30 years, the prospec-
tive observational study of Chreiman and colleagues 

showed that intraosseous access attempts were as fast 
as peripheral venous access attempts, but with more 
than twice the probability of success. In addition, at-
tempts to access the Centrally Inserted Central Cath-
eter (CICC) in critical patients presented high failure 
rates with an estimated placement time of over 3 min-
utes. I.O access could not completely replace CVP or 
CICC, but it had to be considered as a front-line tech-
nique for critically traumatized patients (14).

Ecoguided peripheral venous
In the last few years, the use of the ultrasound in 

an interventional way, for finding a peripheral venous 
access, is proving to be a useful tool for nurses. The 
use of ultrasound and ultrasound imaging by nurses is 
not intended to make a medical diagnosis, but allows 
support for clinical and welfare maneuvers, allowing 
greater safety and reliability. For this reason, the posi-
tioning of ultrasound-guided peripheral venous cath-
eters proves to be a valid choice in emergency-urgency. 
Research has shown that it is advisable to apply an 
ecoguided CVP in the following circumstances:
-  Individuals with scarce venous patrimony, in which 

even the simple introduction of a needle-cannula 
may be difficult and force to try again the puncture;

- Patients where large volumes of fluids need to be in-
fused quickly and where the cannula must have an 
adequate diameter (15). 

In the study carried out by Courtney and Jones, 
interviewing 57 medical students, it was pointed out 
that the ultrasound could prove to be a valid aid for 
the positioning of an emergency-urgency peripheral 
venous access (5). The meta-analysis conducted by 
Van Loon and colleagues was also in favour of using 
the ultrasound. It described that the first ultrasound 
cannulation study of peripheral veins was a prospec-
tive study, conducted by Keyes and other colleagues 
in 1999, concluding that the eco-guided intravenous 
catheterization allowed to be more successful than the 
traditional technique (8). 

Gottlieb	and	colleagues	(2017)	conducted	a	study	
with the aim of searching for existing data on the po-
sitioning of an eco-guided peripheral venous catheter, 
combined with suggestions to improve positioning. 
This study established the existence of different tech-
niques for finding an ecoguided CVP. The most com-
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monly used technique was the short-axis approach 
(e.g., transverse “out of plane”), where the vein was 
displayed in cross-section and the needle followed the 
path until it entered the vein. With this approach, it 
was essential that the transducer advance in synchrony 
with the tip of the needle.

The second most common technique was the long 
axis technique (e.g., “in plane”). Thanks to this tech-
nique, the entire length of the vein and needle was 
displayed. Before attaching the needle, it was neces-
sary to make sure that the entire length of the vein was 
displayed. At the time the needle advanced, it was im-
portant that the needle and vein remained on the same 
plane. The benefit of this technique was that the entire 
needle was displayed, thus reducing the risk of wall 
injury. A third more recent technique is the ‘oblique 
approach, considered by some the best method. This 
technique involves the view on the short axis with a 
rotation of the transducer of 45 degrees in an oblique 
angle to increase the area of the surface (and, conse-
quently, the visualization) of the needle. The user ben-
efits from the possibility of better visualization of the 
needle position compared to nearby structures, as well 
as improving the visualization of the needle.

Gottlieb’s	 study	 (2017)	 suggested	 the	 “short	 axis	
approach” (out of plane) in order to be faster and easier 
than the long axis technique (in plane), as the latter 
may be associated with an increased risk of injury to the 
posterior vessel wall. While, with the oblique approach, 
even if considered the most effective, the finding by in-
experienced personnel is more difficult. The results of 
the	study	by	Gottlieb	and	colleagues	also	show	that,	re-
gardless of the technique used, it was essential to avoid 
the compression of the veins during the attempt of po-
sitioning, because the veins were easily compressible and 
even slight pressure could collapse them. This can be 
avoided by using the palm of your hand or an extended 
finger to apply pressure and stop your hand in a more 
distant position. In addition, the study highlighted that 
the ultrasound machine must be placed on the counter-
side of the bed, allowing direct view by those who insert 
the	peripheral	access.	Given	the	potential	transmission	
of infections, it was important to use a sterile ultrasound 
gel or lubricant during positioning (16). 

Different articles showed the perceived benefits of 
inserting peripheral, ultrasound-guided venous cath-

eters. From the research carried out by Courtney and 
Jodi, it followed that the use of ultrasound created a 
more positive healthcare experience for patients, a re-
duction of delays in medical treatment, a better quality 
of care, greater autonomy for nurses (5). Furthermore, 
the review of Moore’s literature revealed that ultra-
sound was a time-tested instrument; in fact, it allowed 
increasing success and decreasing complications in a 
wide variety of vascular access procedures. Ultrasound 
guidance could achieve success in difficult peripheral 
vascular access, potentially avoiding other more inva-
sive procedures (17).

The cohort study carried out in Australia in 2017 
and completed by Vanno Sou and colleagues demon-
strated the effectiveness of the ecoguided cannulation, 
investigating a population of 379 patients. The study 
concluded that the use of the ultrasound guide for the 
insertion of the peripheral intravenous catheter by the 
health team in patients with difficult venous access was 
satisfactory; in fact, 9 out of 10 catheters were applied 
on the first attempt with significantly lower pain scores 
(18). In the research of Fuzier and colleagues, the per-
centages of finding peripheral venous access ecogu-
ided, compared to the standard technique, were ana-
lyzed. It has been shown that, compared to traditional 
puncture, the use of ultrasound increased the success 
rate (97% vs. 33%) by requiring less time (13 minutes 
vs. 30 minutes), reducing the number of percutaneous 
perforations (1,7 vs. 3,7) and improving patient satis-
faction (19).

Conclusions

The literature review revealed that the use of in-
traosseous access is a technique underused by health 
professionals, although easy to learn and simple to use 
in emergencies, presenting complications and limited 
contraindications (20). 

From the various articles analyzed, the I.O proves 
to be perfectly comparable to venous access in terms 
of efficiency, but particularly advantageous when the 
latter is difficult to obtain and it is necessary to infuse 
liquids or drugs quickly and safely (3). The time taken 
to find a vascular access using intraosseous access, is 
equal to that taken in attempts of peripheral venous 
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access, and in addition, we have more than twice the 
probability of success (14). The I.O turns out to be in-
dispensable in the treatment to the traumatized pa-
tient and, in particular, in the patient in cardiac arrest, 
considering the few minutes available to intervene be-
yond which important neurological consequences oc-
cur (11). Another advantage of intraosseous access is 
the ability to perform laboratory tests and determine 
blood type (21).  Of course, I.O does not completely 
replace CVP or CICC, but it must be considered a key 
tool in life-threatening situations (14). 

Given	 the	 approval	 and	 positive	 results	 of	 this	
technique, although it is still little known and wide-
spread, we could act through awareness works in pro-
fessionals illustrating the advantages and the tech-
niques. 

Articles about the use of the ultrasound, during 
the introduction of a peripheral venous catheter, show 
that ultrasounds are time-tested, able to reduce com-
plications in a wide variety of vascular access proce-
dures (17). Ultrasonic guided peripheral venous access 
is a simple technique with proven advantages (22). In 
circumstances where peripheral vascular areas are dif-
ficult to find, the ultrasound guide should be the first-
line choice, excluding the traditional technique of pal-
pation and direct visualization of peripheral veins (8). 

Also for this technique, the establishment of an 
effective theoretical and practical program is essential 
for the training of experienced professionals in the use 
of ultrasounds, allowing a timely and optimal care to 
the patient (5). 

From the analysis of the studies carried out it 
would appear that the two vascular access systems 
are both effective and safe. Intraosseous access, con-
sidering its high success rate, would be more suitable 
in critical patients, in imminent danger of life, where 
timely vascular access should be guaranteed if the find-
ing of a CVP is not easily reachable. The peripheral 
and guided venous access, on the other hand, would be 
more appropriate in situations of urgency than that of 
emergency, since the first requires prompt but not as 
immediate interventions.

We believe that professionalism and knowledge are 
the cornerstone of our profession, therefore, encourag-
ing the training of these two techniques would make it 
possible to be more effective in the administration of 

medicines and life-saving fluids in emergency and ur-
gency, ensuring vascular access as quickly as possible.
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