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4

Abstract5

Central venous catheterization consists of the insertion of a catheter into the central vascular6

space for diagnostic or therapeutic purposes. Current evidence recommends the use of7

ultrasound guidance for the insertion of central venous catheters (CVCs), enabling real-time8

visualization of the procedure while increasing safety and probability of success. It also9

reduces intervention time and complications. This literature review article presents the10

advantages, contraindications, procedure technique and most frequent complications of11

Doppler ultrasoundguided central venous catheterization.12

13

Index terms— central venous catheters. ultrasonography, interventional.14

1 Introduction15

entral venous catheterization is a frequent procedure in medical practice performed in image-guided intervention-16
ism services, emergency services, surgical, intensive care units, and hemodialysis units, among others. Venous17
catheterization is the technique whereby a catheter is inserted into the central vascular space for diagnostic or18
therapeutic purposes (1)(2)(3)(4). The international recommendation today is the insertion of central venous19
catheters (CVCs) using Doppler ultrasound to guide the procedure (5)(6)(7)(8)(9)(10)(11)(12). In addition to the20
advantages for elective procedures, the use of Doppler ultrasoundguided CVC implantation in cases of difficult21
venous access is widely known and recommended (13)(14)(15)(16)(17).22

CVCs are placed in large venous vessels such as the internal jugular vein, subclavian vein, common femoral23
vein or superficial femoral vein, vena cava or suprahepatic veins, and for each of these structures the advantages24
of ultrasound guidance have been extensively studied (18,19). Likewise, peripherally inserted central catheters25
(PICCs) can be selected when there are no prothrombotic states present, since the latter increase thrombosis26
cases caused by the length and the vein-catheter relationship, increasing venous stasis (1,3).27

2 II.28

3 Indications29

The most frequent indications include hemodynamic monitoring (measurement of central venous pressure30
or pulmonary artery wedge pressure), administration of medications or parenteral nutrition, impossibility of31
peripheral venous access, hemodialysis, plasmapheresis, potassium replacement at large doses and implantation32
of cardiac pacemakers (1,(20)(21)(22)(23).33

4 Contraindications (absolute and relative).34

Absolute: infection at the puncture site, venous thrombosis. Relative: Coagulopathy, poor patient cooperation35
(24,25).36
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9 A) SELDINGER TECHNIQUE, MODIFIED SELDINGER AND PROCESS
DESCRIPTION

5 III.37

6 Types of Catheters38

7 IV. Technical Considerations Prior to39

Conducting the Process Knowledge of the technical aspects of ultrasound and the characteristics of the equipment40
optimizes assessment prior to conducting the procedure as well as its correct display (26). High-frequency Bmode41
ultrasound serves to evaluate structures displayed on a gray-scale image, in real time and in different anatomical42
planes. Venous vessels are visualized as anechoic structures with echogenic thin and regular walls, most of the43
time exhibiting a greater diameter than their accompanying arteries. In some locations, with excellent image44
quality, it is possible to identify the venous valves which should be avoided when inserting catheters (27,28).45
Depending on transducer orientation, the venous vessels and the catheter are identified as tubular structures (in46
a longitudinal plane of the transducer with the vessel) or oval structures (if the transducer is placed transverse47
or axial to the axis of the vessel) (Image 1) (6). However, in some special cases, such as the catheterization48
of the internal jugular vein, it is possible to perform oblique orientations, where the vessel is projected in the49
axial plane and the needle in the longitudinal plane (scheme 1) (29). Under normal conditions the venous vessels50
collapse with gentle compression with the transducer and, increase their caliber with the Valsalva maneuvers51
(Image 2). Knowledge of normal vascular anatomy, anatomical variants and possible pathological conditions that52
may hinder the correct characterization of venous vessels is essential (30,31). In most cases, the internal jugular53
vein is located anterolateral to the common carotid artery (image 3) presenting a diameter that varies between54
5 and 11.5 mm. The right vein diameter is relatively greater than the left, in up to 65% of cases (32), and the55
right is also generally preferred as the first option for catheter placement.56

8 Scheme by William Prada.57

Image 2: transverse image of the internal jugular vein at rest (A), during the Valsalva maneuver (B), there is58
an increase in caliber. The common femoral vein is made up of its tributaries: the deep femoral vein and the59
femoral vein (previously known as the superficial femoral vein), is located approximately 9 cm from the inguinal60
ligament and medial to the common femoral artery (Image 4). Proximally, the femoral vein runs medially to the61
artery, but, distally, it crosses over it and is located laterally (33). In some percentages and especially in the62
pediatric population, the femoral artery may adopt an anterior location to the vein (34).63

The subclavian vein is the continuation of the axillary vein, delimited at the superior edge of the first rib64
(where the axillary vein receives its tributary, the cephalic vein) to the sternoclavicular joint at its junction65
with the internal jugular vein, forming the jugulo-subclavian confluent. It presents an arched path towards the66
cephalic region, its anterior wall is related to the posterior facet of the clavicle and its posterior wall is related to67
the subclavian artery, anterior scalene muscle, first rib and pleura (27).68

Examination with color Doppler and pulsedwave Doppler facilitates differentiation between arterial and venous69
structures, as well as the assessment of their patency. The veins have spontaneous and phasic flow (which vary70
with the respiratory and cardiac cycle) (27) (Image 4).71

9 a) Seldinger Technique, Modified Seldinger and Process De-72

scription73

The Seldinger technique, described by Radiologist Sven Ivar Seldinger in 1953, is used for percutaneous vascular74
catheterization with needle puncture and blood return (35)(36)(37). The advent of ultrasound and its use as a75
guide for procedures prompted a modification of the Seldinger technique, resulting its use in many interventional76
radiology procedures (biliary and urinary tract intervention, collection drainage, etc.).77

Once the vessel has been channeled, a guide is inserted through the needle, the needle is withdrawn and78
a catheter is inserted through the guide, after path dilation. Central venous catheterization requires a linear79
transducer with a 10 MHz frequency or more, ideally narrow band for better maneuverability. Before starting80
the procedure, it is necessary to have all the requisite supplies, check the status of the catheter, permeabilize it81
with saline solution and keep in mind the length to be introduced for proper location of its distal end.82

The skin must be prepared using an aseptic and antiseptic technique, setting up a sterile field, and the83
transducer must be covered with a sterile drape. Sterile gel should be used between the transducer cover and84
the patient’s skin, and non-sterile gel between the cover and the transducer, facilitating the transmission of the85
ultrasound beam. The transducer shall be located according to the anatomical landmarks mentioned below and86
the vessel insonated in transverse and longitudinal planes. Local anesthetic is injected into soft tissues using87
ultrasound guidance with two objectives: to avoid intravascular injection and to verify the catheter’s access88
route. Subsequently, the vessel is located in the center of the screen of the equipment obtaining a longitudinal89
axis, taking into account that catheterization in the longitudinal axis avoids accidental arterial puncture (7,38).90

The puncture should be done with a Seldinger needle, with the bevel facing up and ideally at an angle of91
45° to the skin. The needle is identified as a linear echogenic structure, which projects an acoustic shadow, and92
its movement (”ballotment” technique) displaces the adjacent tissues, enabling its location (6). The needle is93
visualized continuously, entering through the anterior wall of the vessel and aspiration is performed with a syringe94
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attached to it. Obtaining blood confirms its correct location and patency. The insertion of the guide should be95
visualized in the longitudinal axis of the vessel, demonstrating correct direction (39-41) (Figure 5). The use of96
the vessel in the axial axis should be considered in cases where the longitudinal axis is not possible, such as in97
jugular access in patients with a short neck. Progression of the guide, the dilator or the catheter should not put98
up resistance; if so, the process should not continue, since it may cause vascular dissection. The performance of99
these steps should be observed under ultrasound guidance (Figure ??). The ultrasound can show the cause of100
resistance, such as vascular stenosis, vascular thrombosis or insertion towards the opposite wall of the vessel (6).101
In addition, the trajectory of the guidewire toward distal should be verified and it should not move cephalad.102

10 VEIN ADVANTAGES DISADVANTAGES103

Internal104

11 Image 6:105

The ultrasound allows to corroborate guide progress inside the vessel.106

12 Ultrasound-Guided Central Venous Catheterization. Study107

Guide108

Once the catheter has been inserted, ultrasound can be used to identify the mildly echogenic swirling with a109
rapid saline flush through the catheter ports. The use of pulmonary ultrasound can be recommended as well, to110
verify immediate complications such as pneumothorax and focused cardiac ultrasound to verify flushing of the111
solution and the distal location of the catheter.112

13 b) Anatomical Repairs and Procedure Specifications for113

Central Venous Catheterization i. Internal Jugular Vein114

The patient must be positioned supine, in the Trendelenburg position and with the head rotated to the contra115
lateral side by 45° (Image 7). The transducer must be placed parallel to the clavicle in the space formed between116
the sternal and clavicular heads of the sternocleidomastoid muscle (Sedillot’s triangle) (3,6). This way, the117
internal jugular vein, carotid artery and sternocleidomastoid muscle are identified (scheme 2b). The patient118
should be positioned supine, in the Trendelenburg position with the head rotated to the contra lateral side. A119
supraclavicular or infraclavicular approach can be performed (42). In the supraclavicular approach, the transducer120
is positioned parallel (or slightly oblique) to the medial clavicle, above it, directing the transducer beam caudally,121
in order to identify the jugulo-subclavian confluent (6,27). In the infraclavicular approach, the transducer is122
positioned parallel to the clavicle, under it, at its junction of the external third and the middle third (scheme 2a).123
The puncture must be delivered by directing the needle towards the sternal notch and horizontally, with respect124
to the chest wall. ??42.43). The subclavian artery and the lung are identified below the vein, thus avoiding125
accidental puncture.126

Scheme by William Prada. iii127

14 . Femoral Vein128

The patient should be positioned supine, in reverse Trendelenburg position (semifowler), with the hip in external129
rotation. The transducer should be placed longitudinally, in the medial half of an imaginary line that joins130
the anterior superior iliac spine and the pubic symphysis (Inguinal ligament pathway), identifying the femoral131
vein medial to the artery (scheme 3). The puncture should be performed below the inguinal ligament, since it132
facilitates control of bleeding and avoids accidental puncture of intra-abdominal structures. However, the more133
distal, the greater the risk of arterial puncture (42). V.134

15 Location of the Distal end of Catheter135

With the exception of catheters for measurement of pulmonary artery pressure, it is recommended that the end of136
the catheter be located in the lower third of the superior vena cava (SVC) or the caval atrial junction and choosing137
a position parallel to the longitudinal axis of the vessel. The most widely used method to check the location138
of the end of the catheter is chest radiography, ensuring the location of the catheter in the extrapericardial139
SVC. For hemodialysis catheters, localization in the upper third of the right atrium is recommended, considering140
it offers specific advantages (better flow rates, reduced thrombus formation and stenosis venous) and minimal141
complications (44,45). The formulas established by Czepizak et al. in adult patients report an efficacy of 95% for142
the placement of the catheter in the superior vena cava for punctures in the internal jugular and subclavian veins143
(Table 2). The optimal positioning of the distal end of femoral central venous catheters has not been extensively144
studied. It is recommended in the inferior vena cava below the arrival of the renal veins for administration or145
extraction of fluids, but not for measurement of central venous pressure (35).146
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19 CONCLUSIONS

16 VI.147

17 Complications148

Up to 15% of CVCs present complications, which can be classified into mechanical, infectious and thrombotic,149
and in turn, into acute or chronic depending on the onset. The most frequent are those related to mechanical150
complications that occur between 5% and 19%, thrombotic complications between 2% and 26%, and infectious151
between 2% and 6% (5,42,46) (Table 3). Taken from (42,47,48).( D D D D ) K152

Pneumothorax is most often associated with catheterization of the subclavian vein, especially with the153
infraclavicular approach and less frequently with the catheterization of the internal jugular vein (49,50). Patients154
with pneumothorax who require pleural drainage present dyspnoea, tachypnea, coughing and/or desaturation.155
When this is suspected, radiographic and ultrasound monitoring should be performed (35). Hemothorax can be156
caused by arterial puncture or be one of the presentations of vascular perforation. It is one of the most feared157
complications, which occurs in 0.25% of cases and more frequently in left access, possibly due to the acute angle158
formed between the guide or the catheter and the wall of the SVC.159

Due to the proximity of the internal jugular vein to the common carotid artery, arterial puncture is a frequent160
complication, which can be managed with extrinsic compression. Complications secondary to arterial puncture161
such as hematomas, pseudoaneurysms with or without neural compression, arterial thrombosis or dissection,162
cerebrovascular disease, arteriovenous fistulas, hemothorax or hemomediastinum have occurred.163

Venous air embolism has an incidence of 0.8% and it can occur with the insertion, extraction or exchange of164
a CVC (44). It can be identified by direct observation of air bubbles in the catheter or sudden desaturation and165
may be reduced with the patient in Trendelenburg position (35). Benign and-to a lesser extent-malignant cardiac166
arrhythmias have been reported, caused by the guide or the catheter in the atrium or ventricle. If persistent,167
they require pharmacological or electrical intervention, and repositioning. Malposition or kinking of the device168
is associated with local vascular complications (phlebitis, perforation, thrombosis or occlusion), which can be169
suspected during catheterization with the absence of venous return and can be detected real time on fluoroscopy170
(50).171

Puncture of the left subclavian vein is rarely associated with injury to the thoracic duct (50). Retroperitoneal172
hematoma is one of the most fatal complications in femoral vein catheterization, which occurs in 1.3% of patients173
without the use of ultrasound guidance (50).174

Catheter-associated vascular infection has a significant effect on morbidity, mortality and health costs. Risk175
factors include poor insertion technique, emergency placement and long-term use of the catheter (49,50). Given176
its proximity to the perineal area, femoral vein catheterization is the one that is most associated with infectious177
complications, while subclavian catheterization is the least (8,49). Nevertheless, Timsit et al. published an178
analysis in 2013 of two clinical trials involving 2,128 patients, showing no differences in the rate of infection179
or colonization in the jugular and femoral catheters (P=0.34), presenting infection in 1 versus 1.1 per 1,000180
catheters, respectively (50).181

18 VII.182

19 Conclusions183

The use of Doppler ultrasound guidance for central venous catheterization is becoming increasingly popular184
in medical practice. The known advantages widely recommend its use to the point that, if not performed, it185
is considered bad clinical practice. Knowledge of venous anatomy and its features, the procedure technique186
and the physical properties of ultrasound are very useful to conduct a successful procedure. It is important to187
have experience in all the anatomical routes of ultrasound-guided venous catheterization and with the different188
techniques in order to deliver better results when facing vascular access. 1 2

11
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Figure 2: Image 3 :
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Figure 3: Image 4 :
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Figure 4: Image 5 :
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Figure 5: Image 7 :
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Figure 6: Scheme 2 :
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Figure 7: Scheme 3 :
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Figure 8:

Figure 9: Table

1
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Figure 10: Table 1 :

2

Insertion Site Formula
Right Subclavian Vein (Height/10) -2 cm.
Left Subclavian Vein (Height/10) + 2 cm.
Right Internal Jugular Vein Height/10
Left Internal Jugular Vein (Height/10) + 4 cm.

Figure 11: Table 2 :

3
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Figure 12: Table 3 :

9



19 CONCLUSIONS

10



[] , 10.1056/NEJMoa1109071. http://www.nejm.org/doi/abs/10.1056/NEJMoa1109071 355 p. .190

[Felipe et al. ()] , Imigo Felipe , Elgueta Alvaro , Castillo Erick . Accesos venosos centrales. Cuad Cir 2011. 25191
p. .192

[ Nature Publishing Group ()] , Nature Publishing Group 2014. 86 (5) p. .193

[Pronovost and Needham ()] ‘An Intervention to Decrease Catheter-Related Bloodstream Infections in the ICU’.194
P Pronovost , D Needham . N Engl J Med 2006. (Internet)195

[Bannon et al. ()] ‘Anatomic considerations for central venous cannulation’. M P Bannon , S F Heller , M Rivera196
. Risk Manag Healthc Policy 2011. 4 p. .197

[Mathers et al. ()] ‘Anatomic considerations in placement of central venous catheters’. L Mathers , D Smith , L198
Frankel . Clin Anat 1992. 5 p. .199

[Zwiebel ()] Anatomía de las venas de las extremidades: terminología y características ecográficas de las venas200
normales. Zwiebel’s Doppler General, W Zwiebel . 2008. p. .201

[Barr et al.] ‘Basic Ultrasound-guided Procedures’. L Barr , N Hatch , P J Roque , T S Wu . Crit Care Clin202
(Internet)203

[Barr et al.] ‘Basic Ultrasound-guided Procedures’. L Barr , N Hatch , P J Roque , T S Wu . Crit Care Clin204
(Internet)205

[Tan and Gibson ()] ‘Central venous catheters: The role of radiology’. P L Tan , M Gibson . Clin Radiol 2006.206
61 (1) p. .207

[Frykholm et al. ()] ‘Clinical guidelines on central venous catheterisation’. P Frykholm , Pikwer A Hammarskjöld208
, F , Larsson A T Lindgren , S Lindwall , R . Acta Anaesthesiol Scand 2014. 58 (5) p. .209

[Mansfield et al. ()] ‘Complications and failures ofsubclavian vein catheterisation’. P Mansfield , D Hohn , B210
Fornag , M Gregurich , D Ota . N Engl J Med 1994. 331 p. .211

[Patel et al.] ‘Consensus guidelines for periprocedural management of coagulation status and hemostasis risk212
in percutaneous image-guided interventions’. I J Patel , J C Davidson , B Nikolic , G M Salazar , M S213
Schwartzberg , T G Walker . J Vasc Interv Radiol (Internet)214

[Kessel and Robertson] En: Interventional Radiology: A Survival Guide Fourt Edition, D Kessel , I Robertson .215
p. . (Pre-procedure safety check)216

[Kessel and Robertson] En: Interventional Radiology: A Survival Guide Fourt Edition, D Kessel , I Robertson .217
p. . (Principles of vascular access)218

[Aouad et al. ()] ‘Femoral vein cannulation performed by residents: A comparison between ultrasound-guided219
and landmark technique in infants and children undergoing cardiac surgery’. M T Aouad , G E Kanazi , F220
W Abdallah , F H Moukaddem , M J Turbay , M Y Obeid . Anesth Analg 2010. 111 (3) p. .221

[Guidance on the use of ultrasound locating devices for placing central venous catheters. Technol Apprais Guid No 49 (2002)]222
Guidance on the use of ultrasound locating devices for placing central venous catheters. Technol Apprais223
Guid No 49, 2002. September. p. 21. National Institute for Clinical Excellence224

[Nayeemuddin and Asquith ()] ‘Imaging and management of complications of central venous catheters’. M225
Nayeemuddin , Pherwani A D Asquith , JR . The Royal College of Radiologists 2013. 68 (5) p. . (Clin226
Radiol)227

[Lamperti et al. ()] ‘International evidence-based recommendations on ultrasoundguided vascular access’. M228
Lamperti , A R Bodenham , M Pittiruti , M Blaivas , J G Augoustides , M Elbarbary . Intensive Care229
Med 2012. 38 (7) p. .230

[Parienti et al. ()] ‘Intravascular complications of central venous catheterization by insertion site’. J J Parienti ,231
N Mongardon , B Megarbane . J Vasc Surg 2016. 63 (3) p. 846.232

[Timsit et al. (2013)] ‘Jugular versus femoral shortterm catheterization and risk of infection in intensive care233
unit patients. Causal analysis of two randomized trials’. J F Timsit , L Bouadma , O Mimoz , J J Parienti ,234
M Garrouste-Orgeas , S Alfandari , G Plantefeve , R Bronchard , G Troche , R Gauzit , M Antona , E Canet235
, J Bohe , M C Herrault , C Schwebel , S Ruckly , B Souweine , J C Lucet . Am J Respir Crit Care Med236
2013 Nov 15. 188 (10) p. .237

[Gime?ez and Oleaga ()] Manual de te?nicas intervencionistas guiadas por ima?enes, Guimaraes Gime?ez , Sierre238
Oleaga . 2011. 4.239

[Gibson and Mahajan ()] ‘Misplaced central venous catheters: Applied anatomy and practical management’. F240
Gibson , Bodenham A Mahajan , RP . Br J Anaesth 2013. 110 (3) p. .241

[Mozes and Gloviczki ()] G Mozes , P Gloviczki . New Discoveries in Anatomy and New Terminology of Leg242
Veins: Clinical Implications. Vasc Endovascular Surg, 2004. 38 p. . (Internet)243

[Stone et al.] ‘Needle tip visualization during ultrasound-guided vascular access: short-axis vs long-axis ap-244
proach’. M B Stone , C Moon , D Sutijono , M Blaivas . Am J Emerg Med (Internet)245

11

http://dx.doi.org/10.1056/NEJMoa1109071
http://www.nejm.org/doi/abs/10.1056/NEJMoa1109071


19 CONCLUSIONS

[Kaufman and Pena ()] Noninvasive Vascular Imaging. En: Vascular and Interventional Radiology: The246
Requisites, J A Kaufman , C Pena . 2014. Saunders.247

[Hatfield and Bodenham ()] ‘Portable ultrasound for difficult central venous access’. A Hatfield , A Bodenham .248
Br J Anaesth 1999. 82 p. .249

[Cristobal et al. ()] ‘Posición ideal de la punta del cateter venoso central’. J Cristobal , T Pedemonte , C Carvajal250
. Rev Chil Anest 2006. 70 p. .251

[Mcgee and Gould ()] ‘Preventing Complications of Central Venous Catheterization’. D C Mcgee , M K Gould .252
N Engl J Med [Internet] 2003. 348 (12) p. .253

[Frasca et al. ()] ‘Prevention of central venous catheter-related infection in the intensive care unit’. D Frasca , C254
Dahyot-Fizelier , O Mimoz . Crit Care 2010. 14 (2) p. 212.255

[Journal et al. ()] Revista Colombiana de Anestesiología seguridad podemos llegar a ofrecer ?, C Journal , F256
Raffán , C Ni , W F Amaya , E Hermida , J A Sánchez . 2016. 3 p. .257

[Mehta et al. ()] ‘Systematic review: is real-time ultrasonic-guided central line placement by ED physicians more258
successful than the traditional landmark approach’. N Mehta , W W Valesky , A Guy , R Sinert . Emerg Med259
J [Internet 2013. 30 (5) p. .260

[Clark and Barsuk] ‘Temporary hemodialysis catheters: recent advances’. E G Clark , J H Barsuk . Kidney Int261
(Internet)262

[Dilisio and Mittnacht] ‘The ”medial-oblique” approach to ultrasound-guided central venous cannulation-263
Maximize the view, minimize the risk’. R Dilisio , Ajc Mittnacht . J Cardiothorac Vasc Anesth (Internet)264

[Higgs et al. ()] ‘The Seldinger technique: 50 Years on’. Zcj Higgs , Dal Macafee , B D Braithwaite , Maxwell-265
Armstrong Ca . Lancet 2005. 366 (9494) p. .266

[Saul et al. ()] ‘The Ultrasound-Only Central Venous Catheter Placement and Confirmation Procedure’. T Saul267
, M Doctor , N L Kaban , N C Avitabile , S D Siadecki , R E Lewiss . 10.7863/ultra.34.7.1301. http://268
www.jultrasoundmed.org//cgi/doi/10.7863/ultra.34.7.1301 J Ultrasound Med [Internet] 2015.269
34 (7) p. .270

[Khoo and Han] ‘The Use of Ultrasound in Vascular Procedures’. S W Khoo , D C Han . Surg Clin North Am271
(Internet)272

[Hind ()] ‘Ultrasonic locating devices for central venous cannulation: meta-analysis’. D Hind . Bmj [Internet]273
2003. 327 (7411) p. 361.274

[Vezzani et al. ()] ‘Ultrasonography as a guide during vascular access procedures and in the diagnosis of275
complications’. A Vezzani , T Manca , A Vercelli , A Braghieri , A Magnacavallo . J Ultrasound 2013.276
16 (4) p. .277

[Calvert et al. ()] ‘Ultrasound for central venous cannulation: Economic evaluation of costeffectiveness’. N278
Calvert , D Hind , R Mcwilliams , Davidson A Beverley C A , S M Thomas . Anaesthesia 2004. 59 (11)279
p. .280

[Balls et al.] ‘Ultrasound guidance for central venous catheter placement: results from the Central Line281
Emergency Access Registry Database’. A Balls , F Lovecchio , A Kroeger , J S Stapczynski , M Mulrow282
, D Drachman . Am J Emerg Med (Internet)283

[Ayoub et al. ()] ‘Ultrasound guidance for internal jugular vein cannulation: Continuing Professional Develop-284
ment. Can J Anesth Can d’anesthésie’. C Ayoub , C Lavallée , A Denault . Internet] 2010. 57 (5) p. .285

[Randolph et al. ()] ‘Ultrasound guidance for placement of central venous catheters: a metaanalysis of the286
literature’. A Randolph , D Cook , C Gonzales , C Pribble . Crit Care Med 1996. 24 p. .287

[Abboud and Kendall ()] ‘Ultrasound guidance for vascular access’. P-Ac Abboud , J L Kendall . Emerg Med288
Clin North Am 2004. 22 (3) p. .289

[Brass et al. ()] ‘Ultrasound guidance versus anatomical landmarks for internal jugular vein catheterization’. P290
Brass , M Hellmich , L Kolodziej , G Schick , A F Smith . Cochrane Database Syst Rev 2015. (1) . (Internet)291

[Brass et al. ()] ‘Ultrasound guidance versus anatomical landmarks for subclavian or femoral vein catheteriza-292
tion’. P Brass , M Hellmich , L Kolodziej , G Schick , A F Smith . Cochrane Database Syst Rev 2015. (1) .293
(Internet)294

[Vaux et al. ()] ‘Ultrasound use for the placement of haemodialysis catheters’. E C Vaux , R Shail , K S295
Rabindranath . Cochrane Database Syst Rev 2009. (1) .296

[Lalu et al. ()] ‘Ultrasound-Guided Subclavian Vein Catheterization’. M M Lalu , A Fayad , O Ahmed , G L297
Bryson , D A Fergusson , C C Barron . Crit Care Med [Internet] 2015. 43 (7) p. .298

[Seto et al. ()] ‘Ultrasound-guided venous access for pacemakers and defibrillators’. A H Seto , A Jolly , J Salcedo299
. J Cardiovasc Electrophysiol 2013. 24 (3) p. .300

12

http://dx.doi.org/10.7863/ultra.34.7.1301
http://www.jultrasoundmed.org//cgi/doi/10.7863/ultra.34.7.1301
http://www.jultrasoundmed.org//cgi/doi/10.7863/ultra.34.7.1301
http://www.jultrasoundmed.org//cgi/doi/10.7863/ultra.34.7.1301


[Shah A et al. ()] ‘Ultrasoundguided subclavian venous catheterisation -Is this the way forward? A narrative301
review’. Shah A , Smith A , S Panchatsharam . Int J Clin Pract 2013. 67 (8) p. .302

[Bowdle ()] ‘Vascular complications of central venous catheter placement: Evidence-based methods for pre-303
vention and treatment’. A Bowdle . 10.1053/j.jvca.2013.02.027. http://dx.doi.org/10.1053/j.jvca.304
2013.02.027 J Cardiothorac Vasc Anesth 2014. Elsevier. 28 (2) p. . (Internet)305

[Chapman G A et al. ()] ‘Visualisation of needle position using ultrasonography’. Chapman G A , D Johnson ,306
R Bodenham A . Anaesthesia 2006. 61 (2) p. .307

13

http://dx.doi.org/10.1053/j.jvca.2013.02.027
http://dx.doi.org/10.1053/j.jvca.2013.02.027
http://dx.doi.org/10.1053/j.jvca.2013.02.027
http://dx.doi.org/10.1053/j.jvca.2013.02.027

