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10-2, or C, 1 61 x 10-2 (Pitman's test for comparison of correlated variances).3
Expressing the findings in practical terms, we found that 552', of 114
patients given an intuitive dose achieved concentrations within the desired
range, 1-28 to 2 56 nmol/l (1 00 to 2 00 ,ug/l), as compared with an expected
52 6 0,, using method A, 59 7 "I using B, and 76-3 UO using C. Methods B and
C would have the additional advantage of fewer patients exceeding this
range (method B 11-4 00 and C 7-9 °/o as against intuitive dosing 21-1 %O and
A 202).

Start with a score of zero The table shows the mainten-
ance dose corresponding to
a given score

For a patient Total Tablets
score prescribed

nIot in hospital add 17 0-13 One 0 0625 mg daily

male add 7 14-24 One 0 0625 mg/two
0 0625 mg on alternate days

aged less than 70 years add 8
25-37 One 0 125 mg daily

of weight 55 to 64 kg add 5
of weight 65 to 74 kg add 10 38-49 Three 0 0625 mg daily
of weight 75 kg and above add 15

50-61 One 0 25 mg daily
?iot housebound or confined __

to wheelchair add 12 62-73 Three 0 125 mg daily

in sinus rhythm add 4 74-85 Two 0 25 mg daily*

tiot receiving diuretic 86-100 Three 0-25 mg daily*
therapy add 4

*Doses should be divided between
with a serum creatinine two or three administration times

below 70 yimoll1 add 33 to avoid early gastrointestinal
with a serum creatinine symptoms.

70 to 99 pmol l add 11
with a serum creatinine

100 to 199 ,umol/l add 4

Total score for the patient

A score for prescribing digoxin. This was derivedt from data on the 129
patients described

Comment

We have presumed that no doctor intended to exceed a mean
steady state serum digoxin concentration of 2 56 nmol/l (2 sLg/l).4
If heart failure or atrial fibrillation remains uncontrolled at this con-
centration, a diuretic in the first case or a beta-blocker in the second
should be added rather than risk cardiotoxicity by increasing the dose
of digoxin. Concentrations below 1 28 nmol/l (1 Lg/l) may be beneficial
in heart failure and are indicated in those with slow heart rates or
symptoms of toxicity at higher concentrations.5 Such patients were
excluded from the comparison.
Our results show that doctors with access to patients and their

case records were unable to select a dose to give a concentration
between 1 28 and 2 56 nmol/l (1-2 [kg/l) any more frequently than
if they had simply prescribed 0 25 mg daily to all. The relative value
of a conventional pharmacokinetic model in prescribing digoxin and
the potential of an empirically derived score are shown. A multi-
centre trial to evaluate the score in other groups of patients is in
progress.

SMD carried out the clinical work at the University of Manchester as a
Wellcome Research Fellow.
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Management of embolised central
venous catheters
The infraclavicular subclavian vein has become the favoured site for
inserting central venous lines for pressure monitoring, drug
administration, and parenteral feeding since its introduction in
1952.1 With the increasing use of central lines has developed the
problem of polyethylene catheter embolism.2-5 The infraclavicular
approach is easy to learn and quick to perform because of the
constancy of the subclavian vein anatomy. Operators should be
aware of the potential for catheter embolism especially when poly-
ethylene catheters are inserted infraclavicularly through a metal
needle. This report follows the referral of five patients to this depart-
ment in a period of six months with catheter fracture or embolism
and describes the commonest technique of removal.

Patients and mangement

Three patients were referred within a week of open heart surgery. Each
had an infraclavicular subclavian venous catheter inserted preoperatively.
Two patients had catheters inserted after major abdominal surgery. A
standard approach between the clavicle and the first rib was employed in
each case. A needle catheter intravenous placement unit* was used in
which, after percutaneous insertion of a 14 gauge needle into the vein, a
polyethylene catheter was passed through the needle which was then with-
drawn leaving the catheter in situ. At the time of removal some three to ten
days later the catheters had fractured and either embolised (2) or remained
fixed in the subclavian vein (3).
A Seldinger puncture of the femoral vein was performed under local

anaesthetic. The venotomy was dilated through a 8 mm skin incision with
a 9F gauge dilator. A 9F gauge grey Kifa cathetert (l10 cm long, internal
diameter 2 80 mm) was then advanced under fluoroscopic control over a
Teflon guide wire to the inferior vena cava. The catheter was manufactured
without a tapered tip. A 260 cm long spring guide wire: (0-635 mm diameter)
was then doubled over and preshaped so that on insertion through the
distal end of the catheter a snare would unfold2 3 (figure). The snare was
then manipulated over the distal catheter fragment and drawn tight. The
Kifa catheter, snare, and catheter fragment were then withdrawn as an
entity through the puncture site and pressure applied for ten minutes. All
fragments were easily removed with less than 15 minutes of snare manipula-
tion required.

Kifa catheter and snare assembly.

Comment

Polyethylene catheter insertion through a hollow needle carries
the risk of severing the catheter at time of insertion. Often the catheter
is just "scored" and after lying in the blood for a few days it becomes
brittle and is likely to fracture on withdrawal. Catheter fracture is
even more likely using a hollow needle introducer via the infra-
clavicular approach as the catheter makes a sharp bend at the point of
entry to the subclavian vein.5
Many cases of catheter embolism have been followed with no

complication but mortality rates up to 40% have been reported for
unremoved emboli, especially in ill patients. Early deaths are related
to arrhythmias, especially with right ventricular emboli. Thrombosis,
clot embolism, cardiovascular perforation, and infection are iess
frequent. The high-risk sites for embolic fragments are the right

*Bard I-Cath, Bard International Ltd, Sunderland, England.
tKifa, Stockholm, Sweden.
tWilliam Cook, Denmark.
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ventricle and pulmonary artery. Half of all emboli to the right ventricle
cause a major complication or death.4

Before 1970 embolic fragments were either left or removed at
thorocotomy. Various less invasive techniques have been employed
using snares, hooks, forceps, and ureteric stone baskets.2-5 The
percutaneous snare technique is widely practised and has minimal
morbidity and a high success rate in the hands of a skilled cardiac
catheteriser. The femoral vein approach is preferred, as a formal
cutdown is not necessary and the risk of dislodgment of the proximal
end of the catheter is less than when an antecubital or neck vein
approach is used. Catheter fragments in the pulmonary artery may
necessitate a longer catheter or an approach from an antecubital or
neck vein.3

Catheter emboli should be removed as soon as possible by skilled
operators and, when transvenous methods fail, direct operative
intervention is advised, provided the patient's condition will tolerate
it. If the infraclavicular subclavian vein is used the catheter should
be inserted through a polyethylene introducer and not a metal
needle.
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Propranolol in hypertension
during pregnancy

The use of beta-blocking drugs during pregnancy has been questioned
for two main reasons: their possible stimulant action on uterine
muscle,1 2 and their pharmacological effects on the fetus.3 In an
earlier retrospective study of 10 hypertensive pregnant patients
propranolol was used with success.5 We report a prospective study of
nine similar high-risk pregnancies followed to term in which pro-
pranolol was used to treat hypertension.

Method and results

Three primiparous and six multiparous patients received propranolol for
hypertension. In one patient treatment had been started before pregnancy;
in five, it was started within three months of the onset of pregnancy; and in
three it was started between the fourth and fifth month. The patients' ages,
doses used, and any additional antihypertensive treatment given are shown in
the table. Patients were examined monthly until seven months, then every

two weeks until delivery. Oedema, weight changes, and proteinuria were
recorded. Supine blood pressure after five minutes' rest was recorded and
urinary oestradiol titrated. Uterine contractions and fetal heart rates were
recorded at each visit from seven months. At birth the newborn was weighed,
the Apgar index calculated, and plasma glucose concentrations recorded.
The table shows the blood pressure readings. One patient only had a final

blood pressure of > 145/95 mm Hg. No proteinuria or clinical oedema was
recorded and in no case was the weight gain over 12 kg. In seven cases urinary
oestradiol concentrations were within normal limits to the end of pregnancy.
In the other two patients, the levels stagnated at the lower limit of normal
(these two patients had caesarean sections at 35 weeks). Only one patient
showed any abnormality of uterine contractions, weak contractions occurring
at 71 months which disappeared at the next recording in spite of continuing
propranolol treatment. Labour was normal at 40 weeks.

Except in case 3, the fetal heart rates were between 120 and 150 beats/
minute. Apgar index at 1 minute was 10 in five cases, but lower in the others
(8, 7, 1); Apgars at 5 minutes were 10 in these eight cases. Blood glucose
concentrations recorded in seven of these eight infants were normal (>2-2
mmol/l (>40 mg/100 ml)) in five and at the lower limit of normal in the
remaining two. In case number 3 the infant was born at 35 weeks by caesarean
section for fetal distress (heart rate 110 beats/minute). Infant weight was
1320 g and the Apgar index was 0 at one minute and 8 at five minutes but
the plasma glucose concentration was above 2-2 mmol/l. Despite immediate
referral to intensive care this child died at three months of hyaline membrane
disease with acute on chronic distress. Of four previous pregnancies in this
patient, there had been two abortions, one premature delivery of a stillborn
child, and one premature delivery of a living child.

Comment

The blood pressure was controlled in eight of the nine patients
during pregnancy by propranolol with no effect on uterine contractions
or increased frequency of abortion and premature labour. No con-
genital malformations were seen in the six patients started before three
months and propranolol did not seem directly responsible for fetal or
maternal distress. Of the four patients who had had previous com-
plicated pregnancies including hypertension, three had a much more
satisfactory course with propranolol and in the fourth patient no
improvement over previous pregnancies was seen. These results need
confirmation but indicate that propranolol is effective in reducing
high blood pressure in pregnancy without increasing mortality in
babies already at risk.
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Blood pressure readings in nine mothers treated with propranolol

Case Dose of Additional BP before Last BP before Infant birth Onset of
No Age propranolol treatment treatment delivery weight labour Caesarean sections and reason

(mg/24 h) (mm Hg) (mm Hg) (mg) (weeks)

1 23 40-120 Triamterene 155/90 120/88 1900 35 Caesarean section for stagnation of urinary
Polythiazide oestradiol concentrations (two previous
Dihydrallazine abortions)

2 19 40-60 Spironolactone 175/105 130/85 3100 40 Caesarean section for obstetrical reasons
Dihydrallazine

3 25 60 Spironolactone 170/100 130/90 1320 35 Caesarean section for weakening of fetal
Furosemide heartbeat
Dihydrallazine

4 28 60 155/95 140/80 3200 40
5 35 40 Dihydrallazine 170/130 110/80 2950 37 Caesarean section for obstetrical reasons
6 22 60-40 160/100 135/80 4730 40
7 28 60 Alphamethyldopa 160/110 130/80 3180 41

Dihydrallazine
8 32 40-100 190/90 150/80 2800 42(?)
9 32 40-240 Spironolactone 150/105 160/110 2830 35 Caesarean section for intractable

Dihydrallazine hypertension in spite of treatment
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