The Uptake and Release of Norepinephrine:
Effects of Cyclopropane and Halothane
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The uptake and release of norepinephrine (NE)
by the peripheral sympathetic nerve endings were
studied in cico. A tracer dosc of DLH-NE was
injected intravenously into rats to measure the up-
take of *H.NE by the heart. In comparison with

Is, cyclop did not ch: the myo-
cardial NE levels or specific activity. Halothane
decreased initial uptake, probably owing to circu-
latory depression. In dogs myocardial NE stores
were labelled by intracoronary *H-NE infusion.
The A-V difference in tritium activity across the
heart indicated “H-NE release. Cyclopropane did
not appear to alter the release pattern when ar-
terial pressure was maintained. NE release in-
creased with significant hypotension. Halothane
decreased arterial pressure but did not affect NE
release. NE stores in the cat iris were labelled by
intracarotid *H-NE injection. Tritium activity in
the anterior chamber perfusate during and after
cervical sy h timulation reflected indi-
rectly NE uptake by the iris. Again, cyclopro-
pane had no apparent effect.

ic

DirrFeRexcES in the circulatory effects of sev-
eral inhalational anesthetics have been attrib-
uted to their actions on the sympathetic ner-
vous system.! In man cyclopropane causes
minimal changes in the arterial pressure and
pulse rate with an increase in plasma norepi-
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nephrine (NE) levels. Halothane depresses o
cardiovascular function; plasma NE levels re- §
main normal. While controversy still exists S
concerning the action of these anesthetics on £
neural regulatory mechanisms of circulation,?-¢ 8
plasma NE increases during cyclopropane anes-

thesia presumably because NE is being re-
leased from peripheral sympathetic nerve end-
ings. Alternatively, anesthetics could alter the §
biechemical processes in synthesis, release, up- g
take or degradation of NE, reflected in changes$
of tissue and plasma levels as well as cardio- 5\’
vascular function. In the present study \veg
examined the effects of cyclopropane and halo-
thane on the uptake and release of norepineph-
rine by peripheral sympathetic nerves in vivo. <
Tritiated NE was used in tracer doses to fol-X
low the movement of endogenous NE. The S
effects of anesthetics on NE biosynthesis in%
the heart and the brain will be reported in a §
subsequent paper.”

Methods

Male Sprague-Dawley rats weighing 200 g
each were used to study the uptake of nor-
epinephrine by the heart. Animals wereg
placed in individual chambers, each with an8
inlet for gas mixtures (Medical Instrumentn-g
tion Laboratory, Columbia University CollegeS
of Physicians and Surgeons). The chamber 2
has a capacity of about 500 ml (or 300 mlR
with the rat in place). The anesthetic mix-g
ture from an Ohio series 3,000 kinetometer wasg
distributed through a manifold at a flow of 5
300 ml/min to each chamber. Twenty-five
per cent oxygen—75 per cent nitrogen was used >
as the diluent gas to avoid the possible effect 2
of high concentrations of oxygen on the NE
system.® Light anesthesia as evidenced by aS
Joss of righting reflexes was produced with 138
per cent cyclopropane or 1 per cent halothane. X
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Rats used as controls breathed a mixture of 25
per cent oxygen and 75 per cent nitrogen.

After one hour of anesthesia, DL-3H-nerepi-
nephrine,§ 10 pe/kg (equivalent to 0.34 pg/kg
base) in one ml of 0.9 per cent saline, was rap-
idly injected into the tail vein of the rat. Anes-
thesia was continued. Groups of four or more
animals were killed by decapitation at ten, 30
and 60 minutes after isotope injection. The
hearts were immediately removed, rinsed in
water, blotted, and frozen until assayed for
stable and radioactive NE.

Assay for NE was done according to the
method of Neff and Costa.® Briefly, the hearts
were homogenized in 6 volumes of 0.4 N per-
chloric acid. After centrifugation, 3 ml of
the supernatant was brought to a pH of about
S.3 with 6 ml of 0.5 M tris buffer (pH 9).
About 1 g of alumina (\Woelm Neutral, grade
1, prepared according to Crout 10) was added
and the mixture land-shaken gently for ten
minutes for catechol adsorption. The alumina
was washed twice with distilled water and the
adsorbed catechols eluted with 3 ml of 0.25 N
acetic acid. A 0.75-ml aliquot of the cluate
was used for fluorometric assay of NE.1* A
separate 1.5-ml portion was transferred to
Bray’s mixture ! for counting with a liquid
scintillation spectrometer (Packard Instrument
Co.). Specific activity was expressed as counts
per minute (CPM) per pg of NE. Appropri-
ate standards were carried through the entire
procedure.  Recovery of NE ranged from 50
to 60 per cent.

Twenty-four mongrel dogs weighing 15 to
35 kg were used to study NE release from the
heart. Basal anesthesia consisted of 100 mg
/kg of a-chloralose, given intravenously. The
trachea was intubated with a cuffed tube. A
modified Frumin respirator provided constant-
volume ventilation through a nonrebreathing
system. The chest was opened through a mid-
line sternotomy and the heart suspended in
its pericardial cradle. A small catheter (PE
50) was introduced retrograde through a small
branch of the anterior descending coronary
artery, with the tip placed at or near the left
main coronary artery. After heparinization,
coronary sinus outflow was diverted with a

§ New England Nuclear Corporation, specific
activity 5 ¢/mM.
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modified Morawitz cannula, measured with an
clectromagnetic flowmeter (Biotronex Labora-g
tory, Silver Springs, Md.), and returned to2
the right atrium. Arterial pressure was trans=2
duced with a Statham gauge (P 23d). Bothd
pressure and coronary sinus outflow were red
corded on a Grass polygraph. g
DL-3H-norepinephrine, 100 gc (34 ,‘gg_
base) in 20 ml 0.9 per cent saline solutionZ
was infused through the intraarterial catheters:
over a period of 20 minutes. Upon completion:
of infusion, samples of arterial and coronary,
sinus blood were obtained at 13-minute inter<
vals. After centrifugation, two volumes of 0.45.
N perchloric acid were added to the plasma2.
to precipitate the proteins. The mixture wasg
centrifuged again and 0.5 ml of the super3
natant (plasma water) was put into Bray'sB:
mixture, then placed in the liquid scintillationZ
spectrometer.  Activity in the plasma is ex-J
pressed as CPM/ml. g
In control experiments the animals were ven
tilated with oxvgen only. Cyclopropane (1@
per cent, inspired) or halothane (0.75-1 per
cent, inspired) in oxvgen was administered fo:g
60 minutes preceded and followed by appro%
priate control and recovery periods. Destrans
and Ringer’s solution were given intravenouslys
to replace blood loss. Body temperature wasy
maintained at 38-39 C with heating blankets$
In a third series of experiments NE relcas%
from the iris was studied in 15 cats. Undens
diethy] ether ancsthesia, tracheotomy and mid§
collicular decercbration were performed. AfQ
ter these procedures the animals breathed il
for at least one hour. DL-*H-NE, 30 pc (1.7
ng base) in 10 ml 0.9 per cent saline, was in§
jected into one of the common carotid arteriesg
The anterior chamber of the ipsilateral ey%
was perfused with Ringer’s solution through 48
96-gauge needle at a rate of 1.6 ml/min. Th&
cfffuent perfusate, flowing through anothe]
needle, was collected at intervals directly inté—"
counting vials, cach receiving the perfusate fon
15 scconds. Radioactivity was measured a;'i
above. o
The cervical sympathetic trunk was sepaz,
rated from the vagus nerve and cut at théé
lower cervical level. A bipolar electrode wa®
placed around the cephalic part for periodi&
electrical stimulation (one minute at 15-minutd>
intervals). Square-wave currents were deX
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Number §

Tabste 1. Effects of Cyclopropane and Halothane on the Heart Norepinephrine o
Level and Specific Activity Following iv Injection of 3H-NE in Rats* 2
3
Control (25 per cent oxygen) Cyclopropane (15 per cent) Halothane (1 per cent) gl_
g‘""m of .‘"r!"lll!-ez']:f:“cr ‘DD_
posure Injection NE Level Specific. NE Level Specific. NE Level Specific =
Gefd! | Ao | R | S | e | iR S
=
1 10 1.00 =+ 0.03 | 3,407 = 88 | 0.91 == 0.08 | 3,339 & 187 | 1.12 & 0.03 2,533 = (i:')"-_c'?.’
(16) (10) @ =
1.5 30 1.04 = 0.04 | 2,382 &+ 123 | 1.03 3= 0.08 | 2,219 £ 156 | 1.11 == 0.05 12,086 = 127 2
an (10) ) N
2 60 0.97 = 0.02 | 1,691 = 100 | 1.04 = 0.04| 1,566 == §9 |1.09 = 0.07 1,790 =72 2
an (10} O] 3
g
* DL-*H-NE, 10 g¢ kg, was injected after one hour of exposure to anesthesia or 25 per cent oxygen. 2
Values are means == S.E. Q
Numbers of animals are indicated in parentheses. g
** Different from control, P < 0.0L. Ny
3
@
12

rived from a laboratory stimulator (American
Electronic Laboratorics, Model 104) through
its stimulus-isolation transformer, having an
intensity of 3 volts, a pulse duration of 2 sec,
and a frequency of 40 Hz.

Cyclopropane (10-15 per cent, inspired)—
oxygen was administered through a nonre-
breathing valve connected to the tracheal can-
nula. These concentrations of cyclapropane
had been shown to abolish corneal and mas-
scter reflexes in decerebrate cats.2* Before and
after cyclopropane administration the animal
breathed room air. Body temperature was
maintained at 38 = 1 C with a heating blanket.

Student’s t test was used to assess the sig-
nificance of difference between control and ex-
perimental values where applicable.

Results

UPTAKE AND RELEASE OF NOREPINEPHRINE
By THE HEART 1IN Rats

The heart NE levels and specific activity
(8.A.) in rats breathing 25 per cent oxygen
(controls) or anesthetic mixtures are sum-
marized in table 1. The mean level for all
control animals was 1.00 = 0.02 pg/g (mean
+SE). The group anesthetized with eyclo-
propane for one to two hours had a mean level
of 0.99=0.04 pg/g, and thosc anesthetized
with halothane, 1.11%=0.03 pg/g, slightly
higher than the controls (P < 0.01).

Following an intravenous injection of 3H-NE,
specific activity of the heart NE at carlier times
reflects the NE uptake by sympathetic nerve

endings in the myocardium. In control ani-g
mals the mean specific activity declined rapidly &
from about 3,400 CPM/pg at ten minutes toQ
1,700 CPM/ug at 60 minutes. As shown in‘ﬁ
table 1, NE specific activities at ten, 30 andZ:
60 minutes in animals anesthetized with cyclo-®
propane closely approximated the contml&
values.

During halothane anesthesia the heart NEZ
specific activity at ten minutes after *H-NEQ
injection averaged 2,500 CPM/pg, much lowcr§
than that of control at the corresponding time. §
Subsequently there was no significant differ-2

L€l

ence between control and experimental groups.S
o

o

RELEASE OF NOREPINEPHRINE FROM S
THE HearT Iy Docs °

D

After labelling the myocardial NE storesS
with intraarterial 3H-NE infusion, the mdio-é‘
activity in the plasma of coronary sinus blood®
decreased rapidly during the first hour. ThEre~§
after the decline was slow. The pattern in2
three control experiments with animals breath-g
ing oxygen is shown in figure 1. Radioactivityg
in the coronary sinus plasma 15 minutes afterg
completion of 3H-NE infusion was consideredé
as 100 per cent. At one hour the mean activ-g
ity fell to 55.4 =2.3 (SE) per cent and at2
two hours, 41.53=4.1 per cent. Further®
change was ncgligible. Radioactivity in they
arterial plasma paralleled that in the coronaryS
sinus plasma at a lower level. The coronary3
sinus—arterial difference indicated that NE wass
being released from the myocardial stores.
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Fic. 1. Radioactivity in the coronary sinus
plasma following intraarterial infusion of DL-H-
NE (100 uc, 34 pg base) into the left main coro-
nary artery. Infusion was completed at time zero.
Initial value at 15 minutes is considered 100 per
cent. Values are mean *=SE. @ ® is the
curve of control dogs ventilated with oxygen,
O——0 15 per cent cyclopropane, and A A
0.75-1 per cent halothane. Arrows indicate begin-
ning and end of anesthetic inhalation.

In 17 dogs cyclopropane (13 per cent) was
added to the inspired mixture 90 minutes after
completion of *H-NE infusion. Inhalation of
the anesthetic lasted one hour, following which
oxygen breathing was continued for another
30-45 minutes. In 13 dogs mean arterial pres-
sure just before cyclopropane inhalation aver-
aged 107 =35.8 mm Hg, the coronary sinus
blood flow, 42 % 2.1 ml/min. Corresponding
values during cyclopropane inhalation were
100 = 7.4 mm Hg (P <0.05) and 41:%17
ml/min, respectively. Cyclopropane did not
significantly change the pattern of NE release
from the myocardial stores (fig. 1). The time
course of plasma radioactivity from one experi-
ment is shown in fig. 2. Expressed in CPM
/ml, the smooth decline of activity in the ar-
terial and coronary sinus plasma was not af-
fected by cyclopropane.

However, in four other dogs the plasma
radioactivity increased during cyclopropane
inhalation. An example is shown in figure
3. The coronary sinus-arterial activity also
widened, from 20 CPA/ml immediately before
cyclopropane inhalation to 120 CPM/ml.  Ar-
terial pressure fell to a greater extent from an
average of 98+10.5 to 78 =6.3 mm Hg
(P <0.02).

Halothane (0.75-1 per cent, inspired) was
administered to five dogs 75 minutes after

NGAI, DIAZ, AND OZER

Anesthesiology

July 1969
completion of 3H-NE infusion. Arterial pre
sure decreased in each instance, avemginﬁ
116 = 4.3 mm Hg before and 96 = 6.2 mif
Hg (P <0.01) during halothane inhalatioy
Changes in coronary sinus outflow were incon%
sistent. The mean control value was 35 = 5.8
ml/min, that during halothane inhalation, 3%
#+=7.6 ml/min. In spite of the fall in arteridl
pressure, the pattern of NE release was
affected (fig. 1).

RELEASE OF NOREPINEPHRINE FROM
THE Iris ¥ CATS

.EqOJSI\“S'ZBé/

Arterial pressure in decerebrate cats aves
aged 118 6.5 (SE) mm Hg before cycl
propane inhalation. Electrical stimulation
the cervical sympathetic nerve elicited rel:racé
tion of the nictitating membrane and maxim:
dilatation of the pupil. Radioactivity in th&
effluent perfusate from the anterior chambeg
ranged between 20 and 200 CPM/ml at restg.
increasing sharply during sympathetic nerve:
stimulation. Figure 4 shows an example of
the total perfusate activity resulting from sucg
cessive periods of stimulation. 3

In 12 cats cyclopropane was administer
after three to six bouts of cervical sympathet

/
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Radioactivity in the coronary sinus,
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Fic. 2.
(® ®) and arterial (QO——O) plasma in»
CPM/ml. Dog 13, 21 kg. Cyclopropane (15 peZ
cent) was added to the inspired mixture 1.5 hours3
after completion of *H-NE infusion (1) and disS
continued one hour later (). Note the smoothy
decline of activity. A-V differences remained3
about the same during cyclopropane administra-~
tion. The mean arterial pressure was 115 before
and 105 mm Hg during cyclopropane.
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stimulation. During cyclopropane inhalation
the arterial pressure averaged 114 * 6.9 mm
Hg. not significantly different from the pre-
anesthetic levels. Responses of the nictitating
membrane and the pupil to sympathetic nerve
stimulation remained the same. Activity in
the perfusate did not appear to change either
(fig. 3).

Discussion

Cyclopropane and halothane were used in
these studies because of their diverse circula-
tory effects. Controversial results concerning
their action on the central vasomotor mecha-
nisms have been reported.-® Anesthetic ef-
fects on the peripheral adrenergic mechanisms
could perhaps offer some bases to explain the
diversity of circulatory actions. For instance,
the rise in plasma NE level during cyclopro-
pane anesthesia could result from NE release
from increased sympathetic activity, as has
been assumed. Or, cyclopropane could inter-
fere with the reuptake of NE, allowing a
greater portion of released NE to enter the
circulation, without a change in efferent sym-
pathetic activity. Anesthetics could also in-
hibit the enzymes, monoamine oxidase and
catechol-O-methyltransferase, which degradate
NE. (See reviews by Kopin2* Crout,** and
Wurtzman and Zigmond * on the synthesis
and fate of catecholamines.)

The present study examined the effects of
cyclopropane and halothane on the uptake and
release of NE by peripheral sympathetic nerve
endings in vivo. The target organ, the heart,
had intact innervation. Presumably any sig-
nificant change in the sympathetic activity
would have been reflected in NE release. NE
uptake may be estimated whether the target
organ is innervatd (rat heart) or decentralized
(cat iris). ‘The specific activity of tissue NE
in the rat heart shorly after H-NE injection
indicated NE uptake. In the cat iris, assay
of activity in the anterior chamber perfusate
gives a measure of NE released upon sympa-
thetic stimulation, the NE store being previ-
ously labelled with 2H-NE. With a stimulus
frequency of 40 Hz, much of the released NE
escaped recapture, and presumably part of it
diffused into the anterior chamber. Activity
in the perfusate may also indirectly indicate
NE uptake by the iris. A decreased NE up-
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Fic. 3. Radioactivity in the y sinus and3

added to the inspired mixture. Note the increasedS
activity and widened A-V difference.

take could be reflected as an increase in activ-?
ity, as more NE would be available for diffu-8
sion immediately after stimulation. *?
Tracer doses of *H-NE were injected intog
each of three experimental preparations todJ
Iabel tissue NE stores. This is an important®
consideration, because larger amounts of NEX
may change the steady level of tissue NE.S
Tncreased tissue stores of NE may alter theS
subsequent release pattern.
Data on NE uptake by the rat heart show™
that cyclopropane has no apparent effect on$
this mechanism. The early rapid decline ofS
NE specific activity (from ten to 60 minutes)é‘
in animals anesthetized with cyclopropane par-g
alleled that in control animals. The rapid de-S
crease of specific activity probably reflects theX
loss of the dextroisomer. D-NE can penetrateg
(or be adsorbed to) merve endings but is nou;§
capable of being stored. Q
Tn animals anesthetized with halothane, the
NE specific activity in the heart at ten minutesg
was lower than that of controls. This finding™.
could be interpreted as an anesthetic action;
on NE uptake. But, at 30 and 60 minutes®
after *H-NE injection, specific activity in theS
experimental group approximated that in cun%
trol animals. Therefore, a more likely expla-®
nation for the lower value at ten minutes

/1€,
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would be the depressed circulatory function
observed during halothane anesthesia, leading
to some delay in NE uptake.

The lack of effect of cyclopropane and halo-
thane on NE uptake confirms the in vitro re-
sults of Naito and Gillies 1 and Brown et al.**
Naito and Gillies incubated cat ventricular
slices with *H-NE added to the medium. Of
four anesthetics studied (including cyclopro-
pane and halothane), only methoxyflurane ap-
peared to decrease tissue retention (or up-
take) of H-NE. From these and other data
on the atrial response to electrical stimulation,
they concluded that anesthetics have little, if
any, effect on the disposition of NE after its
release. Brown et al.37 using guinea pig atria
and L-*H-NE, also observed that cyclopropane,
halothane, diethyl ether and compound 347
(Ethrane, CHF.OCF.CHFCI) do not alter
the initial rate of “H-NE uptake.
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Fic. 4. Radioactivitys
of effluent perfusate frong
the anterior chamber o
the eye. Cat 19, 4 kg
*H-NE (50 ge, L7
base) was injected int
the carotid artery on
hour before the firs
stimulation of the cerviz
cal sympathetic nervee’
Stimulus  currents weres
square waves with an ing
tensity of 5 volts; puls@,
duration, 2 msec; frew
quency, 40 Hz Eaclg
bar represents the total
activity of 15 minut

| G BOROTeR

2.5 3 following one minute of2.
stimulation.  The cat-,

breathed air. 3

o

3

Studies in dogs show that, under the experif}
mental conditions, cyclopropane did not ap3
pear to change the pattern of NE released:
When the arterial pressure remained close tg®
the control level plasma activity declined§
smoothly during one hour of cyclopropane ing:
halation. The coronary sinus-arterial differo
ence in plasma activity stayed steady (fig. ‘7)-c
Evidence of NE release from the myomrde
stores was seen only when the arterial pres=
sure fell significantly during cyclopropane inxz
halation (fig. 3). Presumably, compensatory’\’
increase in sympathetic outflow accounts fom
the release.

These findings do not support the generallyS
accepted thesis that cyclopropane causes NE‘&
release. The use of basal anesthesia does notN
appear to be a factor since the vasomotor com-g
pensatory mechanisms are functioning. Fur-©
thermore, in a few experiments not includedy

3
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Fie. 5. RadxoactxvxtvCL
of effluent perfusate fro
the anterior chamber o
the eve. Cat 20, 3 ]\gC
*H-NE injection and svm-m
pathetic nerve stimula-g
tion were the same as in>
fiure 4. Crossed bars,o;
control and recovery with=
the cat breathing ain®
blank bars, during cy clo-g.

2.5

TIME IN HOURS

Total Perfusate Activity (CPM x10-%)

propane anesthesia 15,
T per cent, inspired). S
3 IN
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here, electrical stimulation of the left stellate
ganglion (supramaximal intensity, 3-7 Hz)
promptly and markedly increased NE activity
in coronary sinus plasma, accompanied by in-
creases in myocardial contractility and coro-
nary sinus outflow. These responses were the
same before and during cyclopropane adminis-
tration. Thercfore, any increase in sympa-
thetic activity can be (and is) reflected in NE
release. This was not observed when cyclo-
propane did not alter the arterial pressure, indi-
cating (indirectly) that sympathetic activity
likewise was not changed.

An alternative explanation for these negative
results is that the concentration of cyclopro-
pane used (15 per cent) may not be high
enough to cause NE release, if indeed it has
such an action. This question must remain
unanswered. In the presence of basal anes-
thesia and a rather extensive surgical dissec-
tion, higher concentrations of cyclopropane de-
creased the arterial pressure. An increase in
NE release could result from the hypotension
as seen in four of the 17 dogs studied.

Halothane reduced the arterial pressure, but
the pattern of NE release from the heart was
not affected. Apparently, with the concentra-
tion used (0.75-1 per cent), circulatory com-
pensation through barostatic mechanisms was
not operative. General agrcement from stud-
ies on dogs exists in this respect.> ¢ However,
it should be mentioned that Price et al. be-
lieve that the depressant action of halothane
on the circulation is mediated both centrally
and peripherally; while Wang cf al.% held that
halothane may exert its effect mostly in the
periphery.

The results of experiments on the cat iris
corroborate the view that cyclopropane does
not interfere with NE uptake, but the evidence
is indirect. During and immediately after
stimulation of the svmpathetic nerve supply-
ing the irs, the released NE can follow three
paths. With a stimulus frequency of 40 Hz,
the major portion of released NE probably
leaves the vicinity through the capillaries.
Some of it {an unknown portion) diffuses into
the anterior chamber, as indicated by the in-
crease in radioactivity in the effluent perfusate.
The third important pathway is the reuptake
of free NE by sympathetic nerve endings upon
terminating the stimulation. If the proportion

OF NOREPINEPHRINE
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of NE diffusing into the anterior chamber is
assumed to be the same before and during cy-
clopropane anesthesia, then the relative con-
stancy of activity in the perfusate can be taken
as presumptive evidence for an unchanged up-
take of NE.

From the results obtained in three experi-
mental models it may be concluded that cyelo- 2
propane and halothane do not affect the re-
lease and uptake of NE by the peripheral sym-
pathetic nerve endings. We infer from these
results that cyclopropane does not change sym-
pathetic activity either.
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Drugs

CORTICOTROPIN RELEASE After daily injections of ACTH, the administra-
tion of ether. histamine, 1 per cent formalin, or lysine-S-vasopressin produced no in-
creases in plasma corticosterone levels in rats but increased them significantly in
saline-treated control animals. Endotoxin induced nearly equal statistically-signifi-
cant elevations in ACTH-treated and saline-treated animals. Apparently the high
corticosterone levels produced by ACTH injection suppresses the corticotropin-releas-
ing factor liberated by some stressors but not those liberated by other stressors.
(Stark, E. Makara, G. B., and Mihaly, K.: Hypophyscal-Adrenocortical Response to
Various Different Stressing Procedures in ACTH-treated Rats, Canad. ]. Physiol.
Pharmacol. 46: 567 (July) 1968.)

LOCAL ANESTHETICS AND pH Lidocaine and dibucaine are more effective
in neutral than in alkaline solution when tested on the nonmyelinated fibers of the
desheathed vagus nerve of the rabbit. Procaine, however, is more effective in
alkaline solution. The activity of benzocaine is unaffected by pH. Both the
charged and the uncharged forms of local anesthetics thus seem capable of blocking
conduction.  (Ritchie, J. M., and Ritchic, B. R.: Local Anesthetics: Effect of pH on
Activity, Science 162: 1394 (Dec.) 1968.)

VENOUS CATHETERS Indwelling venous catheters were responsible for 19 of
44 hospital-acquired septicemias. The catheter was in place an average of 5.2 days
and was associated with phlebitis or infected wounds or both in 18 cases (935 per
cent). Etiologic agents were Staphylococcus aurcus, 13, gram-negative bacilli, 3,
and a nonpathogenic yeast. Neither associated diseases (12) nor inappropriate
diagnosis (12} or treatment (9) affected survival (17, or 89 per cent), provided the
catheter was removed. Both related deaths were due to S. aureus; endocarditis was
a complication in one. The septicemia rate for the 756 patients with catheters in
place more than 48 hours was 2.5 per cent. House physicians maintained 10 per
cent of the total catheters but were responsible for 17 (89 per cent) of the related
septicemias. Daily observation of the catheter and immediate removal from phle-
bitis sites is recommended. (Bentley, D. W., and Lepper, M. I1.: Septicemia Re-
lated to Indwcelling Venous Catheters, J.AM.A. 206: 1749 (Nov.) 1968.)

¥20Z Yyoie €} uo 3sanb Aq 4pd-1 L000-000L0696 L -Z7S0000/97882/SP/L/ | €/4Pd-8]0iE/ABO|OISAYISBUE/WOD JIEUDIBA|IS ZESE



