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Drainage of cerebrospinal fluid directly into the 
blood stream has been used with increasing fre- 
quency in the surgical therapy of hydrocephalus. 
Experience in our clinic, as well as that  reported 
by others, has indicated that  if the cerebrospinal 
fluid is to be shunted successfully from the ventric- 
ular system into the blood stream, the tip of the 
catheter delivering the fluid must be within the 
right atr ium of the heart. LS,G This was predicted 
by Pudenz who demonstrated by observations in 
animals tha t  if the catheter remained within the 
jugular vein or superior vena cava, it became 
surrounded by a fibrous capsule which frequently 
led to occlusion of the vein and blockage of the tip 
of the catheter. 5'G Clinical application has shown 
that  these mechanical problems are minimal when 
the tip of the catheter is placed precisely in the 
mid-atrium. 

Until recently this has proven difficult to carry 
out consistently. Measurements of the distance 
from the mid-cervical region or the sternoclavicu- 
lar junction to the level of the right atr ium have 
been estimated at  different ages based on pre- 
operative roentgenograms. Subsequently, an 
opaque medium (Hypaque) has been injected into 
the lumen of the silicone rubber catheter after it 
had been placed at the estimated depth, and 
portable roentgenograms have been made on the 
operating table. Even then it has been difficult to 
be certain just where the tip of the Hypaque-filled 
catheter actually was in the cardiac silhouette, as 
the tip apparently moves considerably in the 
heart and has not always allowed a sharp picture. 
Additional objections to roentgen-ray localization 
of the catheter include: (1) the usual portable 
operative roentgen-ray facilities do not always 
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provide clear, diagnostic films; (~) technical errors 
in making the films frequently prolong the opera- 
tive procedure; (3) the patient and operating 
personnel may be exposed to radiation; (4) mak- 
ing numerous operative films increases the risk of 
contamination of the wound; (5) making addi- 
tional roentgenograms involves added expense. In  
very young infants the right atr ium is so small 
that  incorrect placement of the catheter too far 
proximally or distally is indeed a common error. 

I t  is the purpose of the present communication 
to describe a new method for accurate placement 
of the cardiac end of a ventriculo-atrial shunt 
which has had limited but  most satisfactory trial 
to date in our clinic. This method involves use of 
the cardiac silicone rubber catheter filled with 
saline solution as a unipolar electrocardiographic 
lead. Tracings are made from this lead as the 
catheter is advanced down the internal jugular 
vein until accurate placement of the tip within the 
mid-atrium is assured. 

ELECTROPHYSIOLOGY 
This method utilizes well-established intra- 

cardiac electrocardiographic tracings for localiza- 
tion. 2-4 The normal cardiac impulse originates in 
the nodal region of the heart near the entrance of 
the superior vena cava. The electrocardiographic 
apparatus is arranged so that  an impulse moving 
from the recording electrode is recorded as a 
downward deflection on the tracing and vice 
versa. Accordingly, in the proximal great veins 
and high right atrium the atrial complex is pre- 
dominantly a downward deflection. I t  becomes 
biphasic in the mid-atrium and an upward deflec- 
tion in the low atrium as the ventricle is ap- 
proached (Fig. 1). Concomitantly the ventricular 
complex tends to deepen, then develop an increas- 
ingly prominent R wave with varying S-T eleva- 
tion. The atrial wave change is constant and most 
significant. The downward atrial deflection is 
notched slightly in recordings from an electrode in 
the superior vena cava just  before it enters the 
right atrium. If the catheter slips into the right or 
left subclavian vein, patterns characteristic for 
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FIG. 1. Typical normal iutracardiac and intravascular 
electrocardiographic tracings. (1) Right internal jugu- 
lar vein. (~2) Superior vena eava. (3) Mid right atrium. 
(4) Low right atrium. (5) Left subclavian vein. 

these  locat ions  a p p e a r  and  the  a m p l i t u d e  de- 
creases as tile e lectrode moves  a w a y  f rom tile 
tmart .  I f  t he  e lect rode is in the  inferior v e n a  cava,  
a cha rac te r i s t i c  t r ac ing  for th is  locat ion can  be 
recognized a t  once. 

P r e m a t u r e  a t r i a l  con t rac t ions  occur  c o m m o n l y  
whereas  v e n t r i c u l a r  p r e m a t u r e  con t r ac t i ons  are  
unusua l .  

I t  is no t  necessary  to obta in  p reope ra t ive  elec- 
t r o c a r d i o g r a m s  or to  employ a ny  o the r  leads for 
accu ra t e  i n t r aca rd i ac  p l acemen t  of the  clectro<te 
to  be recognized.  

METHOD 
The internal jugular vein is exposed in tim neck as 

usual. The electroeardi<)graph is then set u t) to record 
from a unipolar lead. Although various combinations 
have been tried, satisfactory tracings may be obtained 

by utilizing the components of standard lead I. The 
left-arm electrode is connected to an autoclaved Teflon- 
covered wire whose distal tip is connected to the side 
of a lS-gauge 1)luut intravenous needle (Fig. ~2). The 
right-arm electrode and patient are both grounded. By 
using only these leads the sensitivity of the nmchine is 
easily regulated to minimize 60-cycle interference. 

A 10-cc. syringe filled with isotonic saline is attached 
to the needle inserted into the shunt tube. The tube is 
filled with saline, introduced into the vein for about 
4-5 cm. and an initial tracing is made. 

Saline may be injected intermittently; continuous 
slow injection is necessary only when the Heyer valve 
is used. Tracings are made every 1.0 em. as the tubing 
is advanced. The atrial complex becomes progressively 
deeper, then notched, and finally the biphasic pattern 
of the mid-atriuut appears (Fig. 1). This nmy be ehecke<t 
by withdrawing and re-introducing the catheter if de- 
sired. The tubing is then anchored to the jugular vein in 
this position and the operative procednre is completed 
in the usual manner. 

RESULTS 
Th i s  m e t h o d  has  been  used to place the  cardiac  

c a t h e t e r  d is ta l  to  a H o l t e r  va lve  in 38 pa t i en t s  
r ang ing  in age f rom 1 m o n t h  to 14 years.  I n t r a -  
ope ra t ive  a n d  p o s t o p e r a t i v e  roen tgenograms  of 
tile cimst h a v e  conf i rmed p l a c e m e n t  of the  t ip  of 
the  c a t h e t e r  wi th in  the  a t r i u m  in each pa t ien t .  
I n  ~ p a t i e n t s  the  ca t imte r  was  passed via  the  left 
j ugn la r  route ,  a n d  in the  o the r s  on tile r igh t  side. 
T r i b u t a r y  veins  were ut i l ized wllen avai lable .  A 
Heye r  va lve  has  been  used w i th  s imilar  recordings 
on one occasion. 

1) [SCUSSION 

T h e  silicone rul)l)er t u b i n g  filled wi th  isotonic 
sal ine func t ions  sa t i s fac tor i ly  as a n  in t raca rd iac  
electrode.  Th i s  m e t h o d  of p l a c e m e n t  of the  
c a t h e t e r  requires  m i n i m a l  p r e p a r a t i o n  an d  only a 
few mi n u t e s  of record ing  d u r i n g  opera t ion .  The  
charac te r i s t i c  b iphas ic  a t r i a l  wave  mark i n g  cor- 
rec t  p l a c e m e n t  of t he  c a t h e t e r  is easily recognized. 

H y p e r t o n i c  sal ine (3 pe r  cent)  has  been  used 
several  t imes  a n d  cons t i t u t e s  a b e t t e r  electrode 
t h a n  does a n  i so tonic  solut ion.  A l t h o u g h  we have  
h ad  no  exper ience  w i t h  a meta l l i c  e lectrode passed 
the  l eng th  of the  shun t ,  a smal l  wire bu i l t  w i th in  
the  wall  of the  t u b i n g  m i g h t  well s impl i fy  the  
procedm'e  even  fu r ther .  C e r t a i n l y  the  me thod ,  as 
descr ihed,  has  p r o v e n  simple,  a d a p t a b l e  a n d  
sa t i s fac tory .  

] ) resent  p lans  inc lude  t he  use of a n  oscilloscope 
which  shouht  m a k e  i t  easier  for t he  surgeon to see 
t he  t racings .  

Fro. o. Equipment used for accurate placement of 
shunt tube under electrocardiographic guidance. (A) 
Silicone rubber catheter. (B) 15-gauge needle. (C) 10-co. 
syringe with saline. (D) Teflon-covered wire with 
clamps (rubber sheaths are placed over clamps during 
recording). 

SUMMARY 

A m e t h o d  of p lac ing  t he  ca rd iac  end  of a ven-  
t r i cu lo-a t r i a l  s h u n t  w i th  t h e  a id  of the  electro-  
ca r t l iogram is descr ibed  ant i  t he  a d v a n t a g e s  are  
s ta ted .  
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FIG. 1. Typical normal iutracardiac and intravascular 
electrocardiographic tracings. (1) Right internal jugu- 
lar vein. (~2) Superior vena eava. (3) Mid right atrium. 
(4) Low right atrium. (5) Left subclavian vein. 
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Drainage of cerebrospinal fluid directly into the 
blood stream has been used with increasing fre- 
quency in the surgical therapy of hydrocephalus. 
Experience in our clinic, as well as that  reported 
by others, has indicated that  if the cerebrospinal 
fluid is to be shunted successfully from the ventric- 
ular system into the blood stream, the tip of the 
catheter delivering the fluid must be within the 
right atr ium of the heart. LS,G This was predicted 
by Pudenz who demonstrated by observations in 
animals tha t  if the catheter remained within the 
jugular vein or superior vena cava, it became 
surrounded by a fibrous capsule which frequently 
led to occlusion of the vein and blockage of the tip 
of the catheter. 5'G Clinical application has shown 
that  these mechanical problems are minimal when 
the tip of the catheter is placed precisely in the 
mid-atrium. 

Until recently this has proven difficult to carry 
out consistently. Measurements of the distance 
from the mid-cervical region or the sternoclavicu- 
lar junction to the level of the right atr ium have 
been estimated at  different ages based on pre- 
operative roentgenograms. Subsequently, an 
opaque medium (Hypaque) has been injected into 
the lumen of the silicone rubber catheter after it 
had been placed at the estimated depth, and 
portable roentgenograms have been made on the 
operating table. Even then it has been difficult to 
be certain just where the tip of the Hypaque-filled 
catheter actually was in the cardiac silhouette, as 
the tip apparently moves considerably in the 
heart and has not always allowed a sharp picture. 
Additional objections to roentgen-ray localization 
of the catheter include: (1) the usual portable 
operative roentgen-ray facilities do not always 
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provide clear, diagnostic films; (~) technical errors 
in making the films frequently prolong the opera- 
tive procedure; (3) the patient and operating 
personnel may be exposed to radiation; (4) mak- 
ing numerous operative films increases the risk of 
contamination of the wound; (5) making addi- 
tional roentgenograms involves added expense. In  
very young infants the right atr ium is so small 
that  incorrect placement of the catheter too far 
proximally or distally is indeed a common error. 

I t  is the purpose of the present communication 
to describe a new method for accurate placement 
of the cardiac end of a ventriculo-atrial shunt 
which has had limited but  most satisfactory trial 
to date in our clinic. This method involves use of 
the cardiac silicone rubber catheter filled with 
saline solution as a unipolar electrocardiographic 
lead. Tracings are made from this lead as the 
catheter is advanced down the internal jugular 
vein until accurate placement of the tip within the 
mid-atrium is assured. 

ELECTROPHYSIOLOGY 
This method utilizes well-established intra- 

cardiac electrocardiographic tracings for localiza- 
tion. 2-4 The normal cardiac impulse originates in 
the nodal region of the heart near the entrance of 
the superior vena cava. The electrocardiographic 
apparatus is arranged so that  an impulse moving 
from the recording electrode is recorded as a 
downward deflection on the tracing and vice 
versa. Accordingly, in the proximal great veins 
and high right atrium the atrial complex is pre- 
dominantly a downward deflection. I t  becomes 
biphasic in the mid-atrium and an upward deflec- 
tion in the low atrium as the ventricle is ap- 
proached (Fig. 1). Concomitantly the ventricular 
complex tends to deepen, then develop an increas- 
ingly prominent R wave with varying S-T eleva- 
tion. The atrial wave change is constant and most 
significant. The downward atrial deflection is 
notched slightly in recordings from an electrode in 
the superior vena cava just  before it enters the 
right atrium. If the catheter slips into the right or 
left subclavian vein, patterns characteristic for 
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notification rates and reach a peak earlier.2 Also,
between epidemics the rates of statutory notification
fall proportionately much lower than those of the
RCGP (see figure). Jensen concluded that this
resulted from two factors: RCGP recorders are
recording all morbidity, including that of infectious
diseases, continuously, whereas doctors reporting
only statutorily notifiable diseases take an appreci-
able time to become aware that an epidemic exists
and then probably record more fully but still less
completely the RCGP recorders. Once the epidemic
subsides the occasional case does not consistently
trigger off completion of the statutory notification
form-hence the lower ratio of statutory to RCGP
notifications between peaks. These trends have also
been shown for influenza.3

It has been said that the differences in the RCGP
rates and statutory notifications may be due to un-
representativeness of the RCGP recording doctors
or their patients, or both. We know that the age, sex,
and social class structure of the populations of the
practices that participated in the second national
morbidity survey is very similar to that of the
population of England and Wales as a whole.4
The reporting practices are largely recruited from
those that participated in the second national mor-
bidity survey. Also, the overall consultation rates in
these practices for patients in the younger age
groups are exactly the same as those recorded in the
general household surveys. That the discrepancies
might be due to differences in the immunisation
state of the children in the RCGP practices cannot
be ruled out, but the absence of any proportionate
difference in the whooping cough attack rates by
age in the official notification and RCGP series
makes this unlikely.
The statutory notifications for whooping cough

come closest to the RCGP rates at the peaks of
epidemics-77-7° " in September 1982, for example
-and fall away rapidly as the epidemic subsides. We
would support Jensen's suggestion that this is due
to temporarily enhanced awareness of the general
practitioner in a partial recording system. In-
creased awareness resulting from increased
community anxiety mirrored and inflamed by the
media could be the reason for the gradual increase
in the ratio of statutory to RCGP reporting rates
during recent years.

If the RCGP rates have reflected national trends
in the past 15 years, then the lower half of the figure
is a visual representation of the extent to which
statutory notifications are unrepresentative of the
true trends for whooping cough.
We would suggest that the retrospectively

estimated rate of 91 4 per 100 000 based on the
estimated total of 518 reported cases of whoop-
ing cough from the Nottingham doctors does
not fit easily with any of the other data. We
would suggest that retrospective estimates of
the number of patients seen with whooping
cough or, for that matter, any other disease,
may give very inaccurate results and that most
of the differences between this estimate and the
RCGP and statutory notification rates result
from this. If this interpretation is correct, then
the main findings from the Nottingham survey
-namely that only 19%^ cases of whooping
cough are notified and that the statutory
notification of whooping cough mirrors its
incidence-remains at best unproved.
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Non-radiological recognition of
misplacement of central venous catheter

SIR,-We suggest that the technique des-
cribed by Mr J D B Miller and Dr J Broom
(9 July, p 95) may be suitable only for the
type of catheter they use, and we describe the
technique that we have been using in patients
in our operating room and intensive care unit
for the past two years.

All the patients have routine electrocardiographic
monitoring with the limb leads placed as follows:
the right arm lead is positioned over the right
shoulder; the left arm lead over the left shoulder;
and the left leg lead over the upper half of the
sternum. When the subclavian or internal jugular
vein is punctured and catheterised the limb leads
are arranged as follows: the left leg lead is placed
over the left shoulder and the left arm lead is
clipped on to the distal end of the guide wire.

b

Electrocardiugraphic tracing A before B after entering
the right atrium.

The catheter is advanced slowly while watching
the tracing. Initially the electrocardiographic
configuration seems normal. But when the catheter
tip enters the right atrium the "P wave" shape
changes to a peaked and bifid configuration similar
to "P mitrale." The catheter is pulled back until the
P wave returns to normal. The chest x ray film,
taken while the P wave was bifid, confirms the
position of the catheter in the right atrium. The
figure shows the electrocardiographic tracing
before and after the catheter enters the right atrium.
This technique may be modified for use

with all types of central venous catheters. A
plastic catheter with no guide wire may be
connected to a drip of normal saline. The
left shoulder lead may be clipped on to a
needle which is then inserted into the drip.

HESHAM FARAG
YAW ADU GYAMFI
MOHAMED NAGUIB

Department of Anaesthesia,
King Faisal University,
Dammam, Saudi Arabia

SIR,-It was gratifying to see my own ex-
perience with misplacement and distortion of
central venous catheters put to the test and
confirmed by Mr I D B Miller and Dr J
Broom (9 July, p 95).

In addition to the guidewire test described,
I would recommend noting the least resistance
to passage of the guidewire. In a case in which
this advice was not heeded, but in which the
guidewire remained straight, the catheter
was shown radiologically to dip caudally only
to cross to the opposite subclavian vein. The
uninterrupted stream of the solution being

infused meant no other sign of malpositioning
was present.

FELIX J TYNDEL
Toronto,
Ontario M5R 2M8

Heatstroke as a possible cause of
encephalopathy in infants

SIR,-Many babies happily survive higher
temperatures than those described by Dr C J
Bacon and Dr M H Bellman (30 July, p 328),
and it may be that the fever in their patients
was a response to their illness rather than its
cause.

Loss of water by evaporation through the
lungs or skin, or by osmosis into a gut unable
to absorb food, must unless replaced lead to a
fall in blood volume and a rise in blood
concentration. The first leads to vasoconstric-
tion, first in the skin and then in muscles and
other organs, so that the baby becomes hot
and acidaemic. The second may cause sludging
or thrombosis in small and large vessels but
also draws water from other compartments,
which buffers the blood volume and concentra-
tion changes at the expense of raised osmolarity
within the cells. There may also be a shift of
sodium into anoxic cells sufficient to mask the
expected rise in serum sodium concentration.

If such a baby is given dilute liquid too
rapidly water will be drawn into cells more
quickly than solute can leave.' The circulating
volume will not be restored, and brain, liver,
kidney, and endothelial cells will swell. The
forces of such disequilibrium are great (about
17 mm Hg per mmol/l), and osmotic injury
might account for the encephalopathy and
other features of the cases reported by Dr
Bacon and Dr Bellman and perhaps for the
similar cases reported by Dr Levin and
others.2 It would be interesting to know what
liquids the babies received before and after
admission.

T H HUGHES-DAVIES
Ealing Hospital,
Southall,
Middlesex

Hughes-Davies TH. Hypernatraemic dehydration.
Br MedJ3 1967;iii:737.

Levin M, Hjelm M,- Kay JDS, et al. Haemorrhagic
shock and encephalopathy: a new syndrome with
a high mortality in young children. Lancet 1983;ii:
64-7.

Prostheses in the management of bone
cancer

SIR,-Mr John E Nixon (23 July, p 245),
draws attention to the fact that in many cases
of bone disorders-infection excepted-where
amputation has been the accepted treatment
it is now possible to preserve the limb and
improve the quality of life by replacing a part
or the whole of a long bone and the adjacent
joint or joints. This form of treatment is
suitable not only in selected cases of primary
bone tumours but also in some cases of
secondary deposits, the primary being in
some other organ. Major prosthetic replace-
ment also offers the chance of saving the limb
in certain cases of revision of standard total
joint replacement, perhaps of repeated re-
visions, where bone stock has now become
deficient.

It is not, however, correct to assume at this time
that bone tumours "not confined to the metaphysis
of bone are quite unsuitable for prosthetic replace-
ment, and this includes most osteosarcomas,"
although prosthetic replacement for osteosarcoma
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notification rates and reach a peak earlier.2 Also,
between epidemics the rates of statutory notification
fall proportionately much lower than those of the
RCGP (see figure). Jensen concluded that this
resulted from two factors: RCGP recorders are
recording all morbidity, including that of infectious
diseases, continuously, whereas doctors reporting
only statutorily notifiable diseases take an appreci-
able time to become aware that an epidemic exists
and then probably record more fully but still less
completely the RCGP recorders. Once the epidemic
subsides the occasional case does not consistently
trigger off completion of the statutory notification
form-hence the lower ratio of statutory to RCGP
notifications between peaks. These trends have also
been shown for influenza.3

It has been said that the differences in the RCGP
rates and statutory notifications may be due to un-
representativeness of the RCGP recording doctors
or their patients, or both. We know that the age, sex,
and social class structure of the populations of the
practices that participated in the second national
morbidity survey is very similar to that of the
population of England and Wales as a whole.4
The reporting practices are largely recruited from
those that participated in the second national mor-
bidity survey. Also, the overall consultation rates in
these practices for patients in the younger age
groups are exactly the same as those recorded in the
general household surveys. That the discrepancies
might be due to differences in the immunisation
state of the children in the RCGP practices cannot
be ruled out, but the absence of any proportionate
difference in the whooping cough attack rates by
age in the official notification and RCGP series
makes this unlikely.
The statutory notifications for whooping cough

come closest to the RCGP rates at the peaks of
epidemics-77-7° " in September 1982, for example
-and fall away rapidly as the epidemic subsides. We
would support Jensen's suggestion that this is due
to temporarily enhanced awareness of the general
practitioner in a partial recording system. In-
creased awareness resulting from increased
community anxiety mirrored and inflamed by the
media could be the reason for the gradual increase
in the ratio of statutory to RCGP reporting rates
during recent years.

If the RCGP rates have reflected national trends
in the past 15 years, then the lower half of the figure
is a visual representation of the extent to which
statutory notifications are unrepresentative of the
true trends for whooping cough.
We would suggest that the retrospectively

estimated rate of 91 4 per 100 000 based on the
estimated total of 518 reported cases of whoop-
ing cough from the Nottingham doctors does
not fit easily with any of the other data. We
would suggest that retrospective estimates of
the number of patients seen with whooping
cough or, for that matter, any other disease,
may give very inaccurate results and that most
of the differences between this estimate and the
RCGP and statutory notification rates result
from this. If this interpretation is correct, then
the main findings from the Nottingham survey
-namely that only 19%^ cases of whooping
cough are notified and that the statutory
notification of whooping cough mirrors its
incidence-remains at best unproved.
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Non-radiological recognition of
misplacement of central venous catheter

SIR,-We suggest that the technique des-
cribed by Mr J D B Miller and Dr J Broom
(9 July, p 95) may be suitable only for the
type of catheter they use, and we describe the
technique that we have been using in patients
in our operating room and intensive care unit
for the past two years.

All the patients have routine electrocardiographic
monitoring with the limb leads placed as follows:
the right arm lead is positioned over the right
shoulder; the left arm lead over the left shoulder;
and the left leg lead over the upper half of the
sternum. When the subclavian or internal jugular
vein is punctured and catheterised the limb leads
are arranged as follows: the left leg lead is placed
over the left shoulder and the left arm lead is
clipped on to the distal end of the guide wire.

b

Electrocardiugraphic tracing A before B after entering
the right atrium.

The catheter is advanced slowly while watching
the tracing. Initially the electrocardiographic
configuration seems normal. But when the catheter
tip enters the right atrium the "P wave" shape
changes to a peaked and bifid configuration similar
to "P mitrale." The catheter is pulled back until the
P wave returns to normal. The chest x ray film,
taken while the P wave was bifid, confirms the
position of the catheter in the right atrium. The
figure shows the electrocardiographic tracing
before and after the catheter enters the right atrium.
This technique may be modified for use

with all types of central venous catheters. A
plastic catheter with no guide wire may be
connected to a drip of normal saline. The
left shoulder lead may be clipped on to a
needle which is then inserted into the drip.
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also draws water from other compartments,
which buffers the blood volume and concentra-
tion changes at the expense of raised osmolarity
within the cells. There may also be a shift of
sodium into anoxic cells sufficient to mask the
expected rise in serum sodium concentration.

If such a baby is given dilute liquid too
rapidly water will be drawn into cells more
quickly than solute can leave.' The circulating
volume will not be restored, and brain, liver,
kidney, and endothelial cells will swell. The
forces of such disequilibrium are great (about
17 mm Hg per mmol/l), and osmotic injury
might account for the encephalopathy and
other features of the cases reported by Dr
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Prostheses in the management of bone
cancer

SIR,-Mr John E Nixon (23 July, p 245),
draws attention to the fact that in many cases
of bone disorders-infection excepted-where
amputation has been the accepted treatment
it is now possible to preserve the limb and
improve the quality of life by replacing a part
or the whole of a long bone and the adjacent
joint or joints. This form of treatment is
suitable not only in selected cases of primary
bone tumours but also in some cases of
secondary deposits, the primary being in
some other organ. Major prosthetic replace-
ment also offers the chance of saving the limb
in certain cases of revision of standard total
joint replacement, perhaps of repeated re-
visions, where bone stock has now become
deficient.

It is not, however, correct to assume at this time
that bone tumours "not confined to the metaphysis
of bone are quite unsuitable for prosthetic replace-
ment, and this includes most osteosarcomas,"
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ECG-Guided Placement of Sorenson CVP Catheters via Arm Veins 

Peter S. Colley, MD, and Alan A. Artru, MD 

The success rate and the time required for placing 
central venous pressure (CVP) catheters via arm veins 
and localizing the catheter tip by using the tip as an 
exploring ECG lead were reported in a recent study 
by Cucchiara et al. (1). These authors used a 36-in 
polyethylene (B-D No. 7521) catheter filled with nor- 
mal saline. Catheters were inserted into an arm vein 
via a 14-gauge Teflon Jelco needle introduced per- 
cutaneously. They reported an overall success rate of 
97% with 53% of the catheters placed within 5 min 
and 92% placed within 15 min. The only other study 
reporting success rates using this technique is by Ja- 
ma1 et al. (2). These authors used a Deseret Intracath 
inserted through a 14- or 16-gauge needle placed in 
an arm vein and used a wire stylet for conducting 
ECG signals. They reported an overall success rate of 
94% for intrathoracic catheter tip localization. In this 
latter study, however, subclavian veins were also used 
in an unspecified number of patients and the authors 
did not report how long it took them to carry out the 
procedure. 

The success rates reported by Cucchiara et al. (1) 
and Jamal et al. (2), did not appear to correspond with 
our success rate with the procedure. We, however, 
use a Sorenson CVP kit catheter, which might account 
for the perceived difference in success rate. Accord- 
ingly, we prospectively evaluated the technique as 
employed at our institution. We determined our suc- 
cess rate and analyzed factors contributing to failed 
attempts. We also measured the time required for the 
procedure and evaluated the ability of different con- 
ductive solutions to provide a usable ECG tracing. 

Methods 
The study was conducted prospectively in 80 patients 
undergoing major neurosurgical procedures in which 
CVP monitoring was regarded as contributing to their 
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anesthetic management. The study was approved by 
the institutional Human Research Committee. All 
catheters were inserted by anesthesia residents under 
the guidance of the authors with the patients in the 
supine position and the arm abducted to 90 degrees 
or more. Because many patients had intracranial mass 
lesions, the head was not routinely rotated to prevent 
entry of catheters into neck veins. The first insertion 
attempt was via the right basilic vein, if this vein was 
judged adequate for venipuncture. If not, or if the 
first venipuncture attempt was unsuccessful, then an- 
other right or left arm vein was used. The procedure 
was abandoned if more than 20 min passed without 
successful placement. 

Successful venipuncture with the Sorenson device 
requires not only that a needle be successfully in- 
serted into the vein, but that a short 13-gauge intro- 
ducer catheter be slipped off the needle into the vein. 
The long CVP catheter is then inserted into the vein 
through the introducer. The CVP catheter filled with 
conducting solution (see below) was then attached to 
the V5 lead of a Tektronic 414 monitor using a metal 
stopcock and wire. 

In this study we measured the time for catheter 
placement from the beginning of the first venipunc- 
ture attempt to taping, and we included time for failed 
attempts. Successful venipuncture was defined as 
placing the introducer catheter within the vein. In- 
trathoracic catheter tip placement was indicated by 
the appearance of either large negative or biphasic P 
waves. Conducting solutions evaluated included nor- 
mal saline, which was used in the first 16 patients; 
8.4% NaHC03, which was used in the next 24 patients 
and in 1 patient who also received normal saline; and 
4% saline, which was used in the last 40 patients. 
Impedance ( Z )  of each solution was determined by 
measuring the impedance across a catheter filled with 
the solution using an Electrode Impedance Analyzer 
(Ohmic Instrument, model ElA-2). The quality of ECG 
trace was evaluated as "good" (sharply defined P- 
wave, score = 4), "satisfactory" (irregularly defined 
P-wave, score = 3), "poor" (ragged P-wave but height 
and depth discernible, score = 2) and "unusable" 
(score = 1). Postoperatively, venipuncture sites were 
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tion between the superior vena cava and the right atrium. 
However, it should be emphasized that the evaluation of 
the optimal site may vary significantly, depending on the 
type and function of the central venous access (for ex-
ample, the tip of a long-term access for parenteral feeding 
or chemotherapy should be positioned preferably in the 
lower third of the superior vena cava, whereas the dis-
tal end of a dialysis catheter should be positioned in the 
atrium, etc).

If the tip of the catheter is placed too “high” (in the 
middle third or the upper third of the superior vena cava, 
or in the brachiocephalic or in the internal jugular or in 
the subclavian vein), there is an increased risk of malfunc-
tion (7) and/or venous thrombosis (8). If the tip is posi-
tioned too “low” (right atrium, right ventricle or inferior 
vena cava), there is a risk of arrhythmias, heart cavity le-
sions, tricuspid valve dysfunction or lesions, or thrombo-
sis (9-11).

In detail, “primary” malpositions that occur during 
implantation (the “secondary” ones are when the catheter 
tip migrates spontaneously in the weeks or months follow-

ACCURATE CONTROL OF TIP POSITION: A MAJOR CONCERN FOR 
CENTRAL VENOUS ACCESS

There is no widespread agreement in the literature 
regarding the correct position for the tip of a central ve-
nous catheter (CVC) (1). Traditionally, most recommen-
dations from the USA such as those from the AVA (for-
merly NAVAN) and from the FDA (2-4) state that the tip 
should be positioned in the lower third of the superior 
vena cava, while European guidelines (5, 6) often con-
sider the position of the tip in the upper part of the atrium 
as acceptable.

Although when approaching the veins in the region of 
the superior vena cava, regardless of the type of technique 
used (venesection or percutaneous puncture) and of the 
choice of access vein (brachial, basilic, internal jugular, 
subclavian, external jugular, etc), most US and European 
experts agree that the most suitable position for the tip of 
a CVC is anywhere between the lower third of the supe-
rior vena cava and the upper region of the right atrium. 
In particular, the optimal site might be close to the junc-

The electrocardiographic method for positioning the tip 
of central venous catheters

Mauro Pittiruti1, Antonio La Greca1, Giancarlo Scoppettuolo2

1Department of Surgery, Catholic University, Rome - Italy Department of Surgery, Catholic University, Rome - Italy

2Department of Infectious Diseases, Catholic University, Rome - Italy

ABSTRACT 
Tip position of a central venous access is of paramount importance and should be verified before starting infusion. 
Intra-procedural methods for verifying the location of the tip are to be preferred, since they avoid the risks, delays 
and costs of repositioning the tip. Among the intra-procedural methods, the electrocardiography (EKG) method has 
many advantages since it is as accurate as fluoroscopy, but simpler, more readily available, less expensive, safer and 
more cost-effective. The only contraindication to utilizing the EKG method is the difficulty in identifying the standard 
P-wave on a surface EKG (this happens - usually because of severe arrhythmias, such as atrial fibrillation - in only ap-
proximately 7% of cases: although such patients are easily identified before the procedure, and are referred to other 
methods for tip positioning). When dealing with the insertion of peripherally inserted central catheters (PICC), the EKG 
method (using the column of saline technique) virtually has no risk of false positives. The EKG method removes the need 
for the post-procedural chest x-ray, as long as there is no expected risk of pleuropulmonary damage to be ruled out 
(example: ultrasound guided central venipuncture for central venous catheter insertion or any kind of PICC insertion). 
In conclusion, evidence is mounting that the EKG method may be a valid and cost-effective alternative to the standard 
radiological control of the location of the tip of any central venous access device (VAD), and that will rapidly become 
the preferential method for confirming the tip position during PICC insertion.

Key words: Intracavitary EKG, Malposition, Tip position, Central venous catheters, Peripherally inserted central catheters 
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CRITICITA’:
• I cambiamenti dell’onda P sono più 

rapidi ed avvengono in spazi più piccoli



La vena cava superiore si impianta 
dorsalmente e non cranialmente 
sull’atrio destro, tra terzo medio e terzo 
prox. dell’atrio stesso e tangenzialmente 
ad esso (Testut, Gray, Aslamy)

L’estremità distale dei cateteri con punta 
ben posizionata all’imbocco in sede 
giunzionale appare sul radiogramma 
proiettata all’interno dell’ombra 
cardiaca.
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INCROCIO TRA SILHOUETTE CARDIACA DESTRA E LINEA MEDIASTINICA
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Nel 38% dei pazienti il profilo cardiaco destro radiologico è composto dalla opacità dell’atrio sinistro che deborda 
sull’immagine del destro nella sua porzione cranio-laterale, con il risultato che la punta di cateteri ben posizionati 
appare sul radiogramma proiettata all’interno dell’ombra cardiaca
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Abstract Purpose: To provide
clinicians with an evidence-based
overview of all topics related to
ultrasound vascular access.
Methods: An international evi-
dence-based consensus provided
definitions and recommendations.
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Table 2 Recommendations on available technology and ultrasound cannulation technique

Available technology and technique for ultrasound vascular access

Domain
code

Suggested definition Level of
evidence

Degree of
consensus

Strength of
recommendation

D2.S1 The frequencies of ultrasound transducers for vascular access range from
5 to 15 MHz. This broad range of frequencies may be incorporated
into a single broad frequency probe

B Very good Strong

D2.S2 Probes may have a linear or curvilinear scanning surface (footprint).
Small curvilinear probes may fit well within anatomically confined
areas in children or adjacent to the clavicle. The footprint of the probe
is important and typically ranges from 20 to 50 mm in length. Smaller
footprint probes may be preferable for a paediatric patient

C Very good Strong

D2.S3 2D imaging is currently the standard technology for ultrasound-guided
vascular access

B Very good Strong

D2.S4 Doppler functions during ultrasound vascular imaging require advanced
competence from the operator

B Very good Strong

D2.S5 Needle guides can be used to improve the cannulation success for novice
ultrasound users

B Very good Strong

D2.S6 The screen of the US machines should be placed in the line of sight of
the needle insertion

B Very good Strong

D2.S7 US devices should have the ability to record and save images/loops for
documentation and teaching. Ideally these should be stored on the
hospital picture archiving and communication system (PACS) or
similar along with other imaging. This is particularly important if
abnormal pathology is seen, e.g. thrombus, or if complications
have occurred

B Very good Strong

D3.S3 The utilisation of the in-plane technique, usually associated with a long-
axis visualisation of the vessel, leads to higher precision and fewer
complications. It should be used when possible, although it is more
challenging

B Very good Strong

Table 3 Recommendations on ultrasound vascular access in neonates and children

Ultrasound vascular access in neonates and children

Domain code Suggested definition Level of
evidence

Degree of
consensus

Strength of
recommendation

D4.SD1.S1–2 Ultrasound guidance should be routinely used for short- and long-term
central venous access in children and neonates

A Very good Strong

D4.SD1.S3 Ultrasound vessel imaging with ultrasound assistance as ‘‘a minimum’’
should be routinely performed before internal jugular vein puncture in
neonates

A Very good Strong

D4.SD1.S4 In neonates, ultrasound screening should be used before subclavian vein
puncture. Ultrasound-guided puncture should be considered for
catheterization using the supra-clavicular route, but this technique
requires experienced operators

C Some Weak

D4.SD1.S5 Ultrasound vessel screening should be routinely used before femoral vein
puncture. Ultrasound-guided femoral puncture is recommended to
decrease inadvertent arterial puncture

B Very good Strong

D4.SD1.S6 Ultrasound guidance can be considered when difficult peripheral venous
access is required in areas such as the antecubital fossa and ankle.
Blind deep antecubital fossa puncture should disappear

C Very good Strong

D4.SD1.S7 Ultrasound-guided arterial catheterization improves first-pass success
and should be used routinely in children and neonates

A Very good Strong

D4.SD1.S8 After central venous catheter placement in paediatric patients including
neonates, the ultrasound equipment should remain easily accessible at
the patient’s bedside to detect early life-threatening catheter-related
complications such as pneumothorax, cardiac tamponade and
hemothorax

B Very good Strong

D4.SD1.S9 There is no ideal site for cannulation in children; the best site should be
determined after ultrasound examination

A Very good Strong
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Evidence have shown that ultrasound-
based tip navigation coupled together with 
an intra-procedural tip location may 
virtually cancel the occurrence of primary 
malposition 
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operator with more than basic knowledge in the field of 
vascular ultrasound and echocardiography. Thus, training 
is the main open question, and we suggest that more evi-
dence should be published about the proper training 
required for achieving appropriate skills of real-time ultra-
sound for CVAD insertion in children.
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Table 2. Summary of ECHOTIP-Ped.

CVC Protocol Probe Windows

CICC Tip 
navigation

Linear “hockey stick” probe, 10–14 
MHz

Same acoustic windows as RaCeVA

Tip location Micro-convex probe, 4–8 MHz, or small 
sectorial probe, 3–7 MHz

Subcostal bi-caval view (recommended) or four-
chambers apical view (as alternative option)

PICC Tip 
navigation

Linear “hockey stick” probe, 10–14 
MHz

Same acoustic windows as RaPeVA and RaCeVA

Tip location Micro-convex probe, 4–8 MHz, or small 
sectorial probe, 3–7 MHz

Subcostal bi-caval view (recommended) or four-
chambers apical view (as alternative option)

FICC Tip 
navigation

Linear “hockey stick” probe, 10–14 
MHz, or micro-convex probe, 4–8 MHz

Short + long axis views of the femoral vein and 
external iliac vein; and short + long axis views of IVC

Tip location Micro-convex probe, 4–8 MHz Subcostal longitudinal view of the IVC

PICC: peripherally inserted central catheter; RaCeVA: rapid central vein assessment; RaPeVA: rapid peripheral vein assessment; CICC: centrally 
inserted central catheter; FICC: femoral inserted central catheter; IVC: inferior vena cava.
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Ultrasound use
Ultrasound can be immensely helpful in accurate vascular access, and the American
College of Surgeons recommends use of real-time ultrasound for central venous cath-
eter placement.14 Like any technical skill, however, ultrasound-guided line placement
requires training and practice. With enough experience, ultrasound increases the
safety, accuracy, and success of central venous catheter placement.
Ultrasound displays 3-D structures in 2 dimensions. Therefore, when trying to ac-

cess a vessel, the operator must choose to view the vessel transversely (as a cross-
section or circle) or longitudinally (as a line). The third dimension can be obtained by
moving the transducer perpendicular to its linear axis. This requires constant spatial
reconstruction, however, within an operator’s mind and complicates needle place-
ment for anyone but an experienced surgeon. The procedure is simplified by using ul-
trasound in 1 of 2 orientations: transverse or in-line.

Transverse orientation The transducer head is oriented perpendicular to the vessel
and needle axis, producing a cross-sectional view of both. The needle is inserted at
a 45o angle at the midpoint of the transducer, producing excellent left-right resolution.
Because the needle is seen in cross-section, however, it appears as only a small point
on the display, with the location/depth of the needle tip unknown. This can be reme-
died by regularly sliding the transducer down the trajectory of the needle past the tip
until it disappears and then back until it reappears, so that the tip location is known as
the needle is walked down into the vessel. Use of the transverse orientation for IJ ac-
cess is seen in Fig. 3A, B and for PICC placement in a neonate in Fig. 3C.

Fig. 2. Femoral access. (A) Ultrasound view of femoral vessels in a neonate. (B) Unlike in adults
in whom the femoral vein (FV) lies medial to the femoral artery (FA), the femoral vein in the
neonate tends to lie directlydeepto theartery. (C) The femoral vein canbeaccessed inneonates
by inserting the needle just medial to the femoral artery under ultrasound guidance. Once the
tip of the needle is just deep to the artery, the needle can bemoved laterally to push the artery
aside and align the tip over the femoral vein.
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https://pedecho.org/library/normal/echocardiogram/sub-short-svc-and-ivc-p4d



ECHOTIP-Ped Apical 4 C

https://pedecho.org/library/normal/echocardiogram/sub-short-svc-and-ivc-p4d
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«Some of these maneuvers are easy and require only a minimal training, while some 
others imply a well-trained operator with more than basic knowledge in the field of 
vascular ultrasound and echocardiography. 

Thus, training is the main open question, and we suggest that more evidence should 
be published about the proper training required for achieving appropriate skills of 
real-time ultrasound for CVAD insertion in children.»


