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Abstract

Introduction

Ultrasound-guided (UG) technique is the recommended procedure for ceatrals
catheterization (CVC). However, as ultrasound may not be avaifablaergency situation
guidelines also propose that physicians remain skilled in landhdik placement. We
conducted this prospective observational study to determine thentpammive of the LM
technique in residents only learning the UG technique.
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Methods

During the first three months of their rotation in our ICU, ressleméxperienced in CVC
used only the real-time UG technique. During the following threaths, residents wefe




allowed to place CVC by means of the LM techniqgue when authobyetthe attending
physician.

Results

A total of 172 procedures (84 UG and 88 LM) were performed by theenexced residents
during the study. The success rate was lower (72% versus B4%;0.05) and th
complication rate was higher (22% versus 10Po= 0.04) for LM compared to U
procedures. Comparison between the five last UG procedures andrghdive LM
procedures performed demonstrated that the transition between theedwoques wa
associated with a marked decrease of the success rate (65% 98%;P = 0.01) and a
increase of the complication rate (33% versus 8%; 0.01). After 10 LM procedure
residents achieved a success rate and a complication rate of 81% and 6%ye&spec
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Conclusions

Residents who only learn the UG technique will not be immediabdéyta perform the LM
technique, but require specific training based on at least 10 LMdunese The question
whether or not the LM technique should still be taught when an altndsdevice is ng
available must therefore be addressed.
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Introduction

In teaching hospitals in many countries, central vein cannulationirgtevenous catheters
(CVC) or dialysis catheters) is usually performed bydesis. The real-time ultrasound-
guided (UG) technique has become the recommended procedure for oegitral
catheterization in ICU and emergencies whenever possible bdatanseases the success
rate and decreases the complication rate, the procedure time anudttfie-5]. According to
guidelines, novice residents should start by learning the UG teshnigowever, the
American Society of Echocardiography, the Society of CardioNasénesthesiologists, the
National Institute for Clinical Excellence and the Americani&gof Anesthesiologists all
recognize that, in certain circumstances such as emergeuoatiasis the use of ultrasound
may be impossible (because unavailable) and that operators muesorienaintain their
skills by placing central catheters according to the lankinfaM) technique for these
specific situations [1-3]. Some authors have suggested that the arathnuwledge gained
by using the ultrasound technique improves the operators’ skills wegm#ed to use the
landmark technique in an emergency [6]. However, this opinion is basedsigrty on
personal experience and not on any clinical data. It could also b&uh#&yma physician who
has only learned the UG technique to consider himself sufficiskilied to attempt a LM
procedure in an emergency situation. In our experience, residentsnpegoonly UG
catheterization are not able to achieve the landmark techniquethanefore require
additional training. In our ICU, inexperienced residents exclusileayn the UG technique
during the first 3 months of their rotation and are then allowed tm ldee landmark
technique during the following 3 months under the supervision of the attepidysgeian.
The objective of this study was to determine the learning aufrtlee landmark technique in
residents who have only been trained in the UG technique.



Methods

In accordance with French legislation, the local institutioegiew board (CPP Nord-Ouest
I, Amiens University Hospital, France) approved the study protacal considered no
written informed consent was required as teaching LM technigeeasnmended and part of
our regular practice. Information was given and oral consentnalokdrom patients or their
relatives about the purpose of this prospective observational study aadotigmously use
of the parameter recorded for scientific publication. Over a 3pe@od (May 2008 to April
2011), all residents with no experience of catheter placementililmss3 attempts) working
in our medical ICU (Amiens University Hospital, France) wereluded in this study. All
residents included in the study were followed during their 6-monthiagotan our unit.
During the first 3 months, the residents were only allowed tohes&G technique. During
the following 3 months, residents were allowed to perform ceveralcatheter placement by
the LM technique under the supervision of the attending physician. Treoteto allow the
resident to use the LM procedure was based on the risk of complicatidnthe patient’s
condition, as assessed by the attending physician. All CVC orsidiadatheters, femoral or
jugular procedures performed by these residents were prospgcteerded during this 6-
month period (except for UG procedures performed during the LM per&djclavian
catheter placement is rarely performed in our department awer by trainee residents
because of the high risk of pleural puncture and because many patients in opatGd the
nephrology department) require careful preservation of their veitata case a fistula is
subsequently required. The central catheter placement-learninguprag our department
was established according to guidelines [1]. Before stattieig first procedure, all residents
received theoretical training on ultrasound, the ultrasound apparatusceatcl line
placement using the UG technique. For that purpose they alsoeddtwhvideo provided by
the New England Journal of Medicine named “placement of a femoralusecatheter”
available online. Because we don’'t have any inanimate modelsgsidemts learned on
patients how to manipulate the probe to correctly visualize tlierelit vessels and than
performed a four hands procedure with the attending physician. tiiereducational
training program (including the four hands procedure), they were edldw perform their
first procedure. At the beginning of th& #nonth, when residents started to perform LM
procedures, they received an additional tutorial on the anterior lakdewmnique. All UG
and LM procedures were performed under the direct supervision of a senior physician.

Real-time ultrasound-guided procedure

An ultrasound device designed for ultrasound-guided puncture was useRi{&if-Dymax
Corp., USA). Prior to cannulation, various sites (right and left jugaihl femoral veins)
were rapidly examined to determine the optimal approach for eatpltcement. The skin
was cleaned with povidone-iodine (Betadine) with alcohol before platevhsterile drapes.
The operators wore a gown, cap, mask and sterile gloves.

A 7.5 MHz linear array probe was covered by a sterile sheathvasdonnected to a two-
dimensional image display. The real-time ultrasound technique has ééensively
described elsewhere [7]. Briefly, transverse ultrasound irgagiiows identification of the
carotid and femoral arteries and internal jugular and femonas \®y their relative position,
compressibility, and expansion during inspiration and visible pulsatioheofrtery. After
anesthetizing the skin (1% lidocaine), a 19 Gauge, 6.35 cm long reeediected to a 10 ml



syringe was advanced through the skin, using a needle guidkedlterxthe transducer, as
described elsewhere, under real-time ultrasound guidance [7].

Landmark procedure

The operator and attending physician decided on the site of placantleott ultrasound
guidance. The skin was cleaned with povidone-iodine (Betadine) with aldwmdfore
placement of sterile drapes. The operators wore a gown, cap,amasiterile gloves. 1%
lidocaine infiltration was performed at the puncture site befasirsg the procedure. The
right (or left) internal jugular or femoral vein was punctuvgth a 19 gauge, 6.35 cm long
needle connected to a 10 ml syringe. For jugular cannulation, subjemtsplaced in the
supine position with the head rotated 30°. The usual puncture site weesllotéhe neck, 4
cm below the angle of the mandible at the level of the thyraillagge and at the medial
border of the sternocleidomastoid muscle, lateral to the commotidcartery. The needle
was then inserted under the sternocleidomastoid muscle, aiming for the junctiomaddies
and medial thirds of the clavicle, with a 45° posterior angleerdafy with the skin. For
femoral access, the external landmark-guided technique was peatfobypemanual
localization of the femoral artery in the femoral triangleiidr to the inguinal ligament with
needle insertion medial to the artery.

Data collection

Patient characteristics (body mass index, blood pressure raggrttype of catheter (central
venous catheter or dialysis catheter), site of catheterizégamoral or jugular), Simplified
Acute Physiologic Score 2 (SAPS2), prothrombin time, activatethptiromboplastin time
and platelet count were recorded.

A puncture attempt was defined as separate skin punctures. Suicgdasement was
defined when the catheter was fully inserted within a maxinafirthree punctures. The
venous return time was the time between the first penetratidreskin and aspiration of
venous blood into the syringe allowing insertion of the guide wire. Toeedure time was
the interval between first penetration of the skin and completdiorsef the device into the
vein (before connecting lines and before fixation). Mechanical coatits included

hematoma (visible or palpable modification of the skin relief bylad collection) and

arterial puncture (aspiration of pulsatile arterial blood).

Statistical analysis

Results are expressed as mean £ SD or number (proportionpprapraate. As the same
residents performed both the UG and LM procedures, the two groups bancaisidered to
be independent. Moreover, all residents did not perform the same nomb& and LM
procedures. Proportions and means were therefore compared by usiagemliged
estimating equations procedure (GEE). GEE is an extension oétteeadjzed linear model,
which allows analysis of repeated measurements (in this tes@rocedures performed by
the same resident). A moving average method was used to analyredecurves. A moving
average of 3 was used to attenuate variations and accentuate $tatidscal analysis was
performed using IBM SPSS (version 15, IBM, USA). The limit ghgicance was set atP
0.05.



Results

Patient characteristics

The characteristics of the 172 procedures (84 UG and 88 LM) recorded the study are
presented in Table 1. No significant difference in SAPS2, BMI,thress, blood pressure,
prothrombin time, activated partial thromboplastin time, platelet candt proportion of
CVCldialysis catheters was observed between the 2 groups. A pigipartion of femoral
procedures was observed in the LM group compared to the UG group (52 (59%) vs 35 (42%),
p = 0.05, respectively).

Table 1Baseline characteristics

Parameters UG population Landmark population p value
n=_84 n =288
SAPS2 55+18 55+ 20 0.8
BMI, kg/m? 30+10 28+6 0.2
Heart rate, bpm 92+ 20 98 + 23 0.07
SBP, mmHg 113 £ 30 116 £ 30 0.3
DBP, mmHg 60 + 17 59 +17 0.6
Prothrombin time,% 63+21 64 +19 0.1
Activated partial thromboplastin 33+8 36 +17 0.2
time, sec
Platelet count, Fomm? 186 + 120 188 + 122 0.9
Type of catheter (Central venous 49 (58) / 35 (42) 41 (47) 1 47 (53) 0.3
Catheter / Dialysis catheter)
Site (Jugular/femoral) 49 (58) / 35 (42) 36 (45p/(59) 0.05

BMI, body mass index; SBP, systolic blood pressDi&P, diastolic blood pressure.
Operators and procedures

Eight residents, all in their 4th or 5th year of medical resigewere included in this study.
Each resident performed an average of 11 + 2 procedures accordimg st technique
during the first 3 months and 11 + 2 procedures according to the LM technique during the last
3 months. They also performed 2 + 2 additional UG procedures duringsth8 months
(either because the attending physician contraindicated the thvhitgie or as a rescue
technique after failure of the LM technique), but these proceduees mot included in the
statistical analysis. Comparisons of outcome measures betwetgvottechniques are shown
in Table 2. LM procedures were associated with a lower success rate$@%0; p = 0.01),
a higher complication rate (22% vs 10%; p = 0.01) and a higher mean nafrdtéempts
(1.8+0.9vs 1.6 +0.8; p =0.001) compared to the UG technique, but venouginetuwas
similar (1.7 £ 3.2 vs 1.4 £ 2.5 min; p = 0.5) between the two groups. Thedprecgme was
significantly shorter in the LM technique compared to the UG tecien(5.1 = 3.4 vs 6.7 *
5.0; p = 0.02). The success rate (72% vs 71%; p = 0.9, respectivelypmpication rate
(22% vs 21%; p = 0.9, respectively) between jugular and femoralirsites LM group were
similar. The higher proportion of femoral procedures in the LM grdaplé 1) therefore did
not constitute a drawback for this technique.



Table 2 Comparison of outcome measures in the ultrasound-guided and landmark
procedures

Ultrasound-guided Landmark p value
n =384 n =388

Success rate, n (%)
All 71 (84) 63 (72) 0.01
Jugular 40 (82) 26 (72) 0.1
Femoral 31(82) 37 (71) 0.01
Complication rate (hematoma and
arterial puncture), n (%)
All 8 (10) 19 (22) 0.01
Jugular 5 (10) 8 (22) 0.04
Femoral 3(9) 11 (21) 0.07
Arterial puncture, n (%)
All 6 (7) 16 (18) 0.05
Jugular 4 (8) 6 (17) 0.4
Femoral 2 (6) 10 (19) 0.1
Procedure time, min (n = 71/63) 6.7+5.0 51+34 0.02
Venous return time, min (n = 14+25 1.7+32 0.5
74/71)
Average number of attempts 16+0.8 1.8+0.9 D.00

To analyze the transition between UG and LM procedures in mord, detacompared the

outcomes of the last 5 UG procedures and the first 5 LM proegduerformed by the
residents (Table 3). Individual results for each resident aceshlown in Table 3. The global
success rate at the end of the UG period was 93% and the coroplicag was 8%. The
success rate was significantly lower (65% vs 93%; p = 0.01) ancbthplication rate was
significantly higher (33% vs 8%; p = 0.01) for the first 5 LM proceduiThe venous return
time and the number of attempts were also increased durinfiréhés LM procedures

compared to the last 5 UG procedures (2.7 £ 4.4 vs 1.0 £ 1.8 min; p = 0.05 an@.2.0st

1.5 £ 0.7; p = 0.01, respectively) although the procedure times weitargim9 + 3.8 vs 6.1

+3.8; p=0.8).



Table 30Outcome measures in the last 5 ultrasound-guided procedures and thest 5
landmark procedures

Last 5 ultrasound-guided procedures First 5 landmark procedures
Resident Number of Succes:Complication Venous Procedure Number Succes:Complication Venous Procedure Number
procedures rate rate return time of rate rate return time of
(UG/LM) time attempts time attempts
1 10/9 80% 20% 13+£2565+35 1609 40% 0% 16+0877+25 2010
2 11/9 60% 0% 0.3+0.51.8+0.3 18%1.1 60% 60% 6.0+7.987+81 24+09
3 8/9 100% 20% 3.0+28.4+38 16+05 40% 40% 0.1+0.175+0.7 1.6+0.9
4 9/11 100% 0% 05+0.68.1+33 1.2x04 60% 40% 26+3.735+09 2010
5 9/9 100% 0% 05+0.243+14 1.0+0.1 80% 20% 17+2231+26 14+05
6 14/11 100% 0% 02+0.28.4+50 16%0.9 80% 20% 1.0+2.056+09 20+1.0
7 12/13 100% 0% 11+1.73.9+23 14+0.9 100% 0% 06+0340+17 1808
8 11/15 100% 20% 12+280+46 1405 60% 80% 8.3+7.510.0+5.0 2.4+0.9
Al 11+2/11+2 93% 8% 10+£186.1+3.8 15+0.7 65% 33% 27+ 59+38 20+03
4.4

% p<0.05 versus last 5 ultrasound-guided procedures.

The course of success rates and complication rates accoodihg humber of procedures
performed is represented in Figure 1. These curves represent tteeliue learning curve
followed by a dramatic decrease in the success rate andraase in the complication rate
when residents performed their first LM procedures. It also tifites that residents
subsequently improved their catheterization skills when usinghé&thnique, achieving a
success rate of 81% and a complication rate of 6% after 10 procedures.

Figure 1 Time-course of (A) success rate and (B) complication rate @arding to the
number of procedures performed by each residentResults are presented as mean and
SEM.

Interestingly, the venous return time decreased progressiviéilyngreasing experience with
the UG technique followed by a dramatic increase when resigimted to perform the LM
technique (Figure 2). Venous return time subsequently improved with theenwh LM
procedures performed. Inversely, procedure time did not increaseg dime first LM
procedures and continued to decrease at the same rate as duringttBenfonths of
exclusive UG technique (Figure 2). Transition from the UG techniguket LM technique
therefore altered the residents’ capacity to find the devgma, but not their capacity to place
the device in the vein once the vein had been found.

Figure 2 Time-course of (A) venous return time and (B) procedure time accding to the
number of procedures performed by each residentResults are presented as mean and
SEM.

Discussion

The UG technique has been shown to improve the safety and effit&WyC placement in
ICU patients compared to the LM technique and is now the most broecttynmended
procedure [1-5]. However, in some emergency situations, an ultrasouneé desycnot be
available. Physicians must therefore be able to perform C\@mlent according to the LM
technique. It is unclear whether residents who have only learnedGhedbnique are also
able to perform the LM technique. The present study clearly deratassthat residents who
had only learned the UG technique were not immediately able to metfier LM technique,
but required specific training in this technique, comprising at least 10 LM pre@sedur



Previous studies by our team and other authors have already dexteshsite benefits of the
UG technique for physicians inexperienced in central vein catipddeement, especially
during the first procedures when UG can markedly decrease theicatnopl rate [8-10]. The

UG learning curve is steeper than the LM learning curve. In otbeds, residents achieve
success earlier with the UG technique with fewer complicatibhserefore, by exclusively

teaching the UG technique, patients would be managed by theo$dFfer two procedures.
However, such an approach means that young physicians may be unadfietim catheter

placement without ultrasound guidance, especially in emergency situations.

This study, confined to novice residents, addressed this issue ary steaved that training
exclusively in the UG technique does not provide sufficient skillpadorm the LM
technique. This study also showed that the residents’ skills rapigisove after they have
performed 10 procedures with success (81%) and complication (6%)ccatgmrable to
those observed in previous studies on physicians learning the LM technique [7,10].

These results also demonstrate that learning the UG technmpidgs residents with certain
skills to perform LM catheterization, as first the residemiy needed to perform 10 LM
procedures to achieve satisfactory success and complicatisnaratesecond the procedure
time was not increased when residents used the LM technique althcugls weturn time
increased. Use of UG helps the physician to puncture the centrallh& venous return time
is therefore prolonged when switching to the LM technique, but once #denis in the
vein, the catheter insertion is the same via the UG techniqudardvk technique. Figure 2
also shows that procedure time, which includes venous return ticheatheter insertion,
improved continuously with the number of procedures, even when the resrdesited to
the LM technique, demonstrating that the resident acquires ceskdis during UG
procedures that are useful for central catheter insertion.

This acquisition of skills also explains why a shorter procedore was observed in the LM
group. In our study, UG procedures were performed before LM procedoressidents had
already acquired a certain amount of experience when theyedstéot perform LM
procedures. In previously published studies that demonstrated a gaimeofvith UG
compared to LM, the two techniques were randomly assigned avoidyngiféerence of
experience between groups [3,8].

This study shows the need to teach the LM technique to resialesdsly skilled in the UG
technique so that they will be able to perform catheter placemkanh an ultrasound
machine is not immediately available. However, our study also deratassthat, even after
the resident has acquired good skills with the UG technique, déneiig phase of the LM
technique is still associated with significant complication aildre rates. The results of this
study therefore raise a more general issue. Instead chingaresidents to use the LM
technique when ultrasound is not available, which exposes patientskaécomplications,
alternative emergency approaches, such as intra-osseous linebeaaldsidered [11]. The
use of simulators, which have already been shown to improve physraiBing in
cannulation techniques, could also be a safer alternative to teacMttexhnique [12,13].
Future investigations should address these questions raised by our study.

We did not address the issue of maintenance of these landmark proskidiarenotably

whether experienced physicians should occasionally perform theetMijue in order to
maintain their skill. This study concerned various sites (fehramrd jugular) and types of
catheterization (CVC or dialysis catheter). The study could not have begnetkstherwise,



as residents are trained simultaneously in jugular and femoralcedheterization and the
learning curve depends on each procedure regardless of thewitey e LM technique
period, the attending physician was able to oblige the resident thais#s technique. This
decision was based on evaluation of the risk factors and maycbasgtuted a selection bias
in favor of the LM group, as patients in the LM group would have presdateer risk
factors for complications. However, the 2 groups presented sinsikafactors (Table 1). The
only difference between the 2 groups was a higher proportion of feproedures in the
LM group. Success rates (72% vs 71%; p = 0.9, respectively) and catigplicates (22% vs
21%; p = 0.9, respectively) were similar between jugular and @npyocedures in the
Landmark group (Table 2). We therefore consider that this selectibomadi constitute a
significant bias in our study. Our LM procedure uses the thyraidlagee as the palpation
landmark, while other teams recommend using the cricoid cartilbgehe best of our
knowledge, no data are available in the literature in favor of thefusee or other of these
cartilages and we consider the thyroid cartilage to be maily @alpable. Our results in the
UG procedure were obtained using an ultrasound machine with a needlatiaitied to the
transducer a device specifically dedicated for the placement of CVC [7].

Conclusion

The UG technique is the first technique that should be taught to spwaset is associated
with a steeper learning curve and a lower complication rateafibents. However, in order to
ensure that residents are adequately skilled in all situatispscially when an ultrasound
machine cannot be used in an extreme emergency, they mustebt gi@#rform catheter
placement by the LM technique. This study demonstrates thangaimithe UG technique
provides the resident with certain, but insufficient skills for dathplacement by the LM

technique. Residents still require a training program compragiteast 10 LM procedures to
achieve optimal skills. In view of the complication and failure sassociated with these
procedures, it is unclear whether or not the LM technique should stthught to novice

residents and which alternative method could be use in emergencyosguathen an

ultrasound machine is not available.

Key messages

» The real-time ultrasound-guided technique is the recommended pr@deduaentral vein
catheterization. However, in emergency situations ultrasound machine may béabfavai

* To ensure that physicians are adequately skilled in all mihgatthey must be able to
perform catheter placement without ultrasound.

* Training in the ultrasound-guided technique provides the resident ceitiain, but
insufficient skills for catheter placement by the landmark technique.

» A training program comprising at least 10 landmark procedwwresdguired to achieve
optimal skills.

Abbreviations

BMI: Body mass index; CVC: Central venous catheter; DBPstIi& blood pressure; GEE:
Generalized estimating equations procedure; ICU: Intensive catg LWMi Landmark;
SAPS2: Simplified Acute Physiologic Score 2; SBP: Systdllood pressure; UG:
Ultrasound guided
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