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Hwéng dan cay day tao nhip tam th&i véi bong khéng dung x-quang
Copyright 2007 Northwest Signal Processing, Inc.
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Catheter. NEJM 1971; 284(4): 220.
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e Instruction for Use — Vascor. Day dai 110 cm, v&i khodng cach dién cwc 1 cm, va voi
dau hinh chi» S. Ngoai ra con cé day hinh chir J. Dau ndi vao may la loai kim 2mm @
(khdng phai nhw trong hinh trang bia, trong hinh la loai phich touch proof)

Bé dai day dién cuc da dwec danh dau nhw dudi day dé bac si co thé kiém tra bé dai day
da dwoc ludn vao tinh mach:
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Lwong hoi téi da ding dé phong bong 1én la 1,0 cc! Thuong ding khoang 0,5 dén 0,75 cc.
Neéu s¢ bj air embolus (nghén mach do bot khi) thi ding CO- thay vi hoi khong khi. Triét dé
khéng dung nwédc dé bom bong!

Trwéde khi dung hay kiém tra bong bang cach bom béng 1én va ngam trong nwéc v tring.
Néu thay bot thoét ra tlr bong, thi béng nay khéng con c6 thé ding duwoc va day dién cuc
nay nén bo di vi mdt khi béng khéng con toan ven, mau cé thé ndm trong béng & noi ma
chét khir trung khéng dén duoc.

Trén nguyén tac day dién cwc chi dung mét 1an. O Viét Nam, day thwong dwoc diung nhiéu
lan. Sau khi rira sach, can khi trung lai bang cach ngam trong Cidex Plus 24 tiéng. Nh&
thao éng chich ra. Vi cai bong, nhé khda valve lai trwéc khi ngdm Cidex dé tranh chéat
lo&ng vao trong béng. Sau d6 ngam thém trong nwéc mudi vo tring khodng 1 gidr. Xong rbi
bd cat trong mot hop sat/nhém da dwoc khir trung. Trwde khi dung day lai, hay ngam lai
trong oxy gia (hydrogen peroxide) khoang 1 gio. Trwdc khi ding lai hdy tht bong bang
cach bom vao 0,5 cc hoi. Réi hit xep bong va kiém tra la d& hat da 0,5 cc tré lai. Néu hat
thiéu hay dw nhiéu, thi bong nay khéng con dung dwoc vi khéng biét 1a cé Cidex trong
béng hay khéng! ... khéng thé dwa vao ngwdi bénh nhan duorc!

Day dién cwe nay c6 kich c& 5 French (1 French= 1/3 mm @). D& c6 thé dung lai, nén ding
introducer khoang 7 French dé dirng lam ton hai cai béng & dau.

Vi day dién cwc dwa vao tan tim, can phai sat tring xung quanh diém dwa day dién
cwc vao tinh mach, va bac si can phai tuan theo tha tuc phong mé. Ngoai ra vi day
dién cwc dai, nén can phai pha bénh nhan véi khan vo trung, dé c6 ché dé thao tac
day bén ngoai.
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Tha thuat gidbng nhw khi dwa éng thong Swan-Ganz, nhwng khéng dwa lén déng mach
phéi. Bwdng vao tinh mach dwéi don (subclavian) trai cé ty 1& thanh céng cao. Pwdng vao
tinh mach cd ndi (internal jugular) phai it bj tai bién tran khi man phdi (pneumothorax).
Ngoai ra con cé thé dung tinh mach canh tay (brachial), hoac tinh mach dui (femoral) (dé bi
nhi&m tring). Xem phu luc vé wu diém va nhwoc diém céac 16i vao.

Chéng chi dinh: dung thudc khang déng hay ngwdi bénh thwdng chdy mau 1a chéng chi

dinh vao dwdng tinh mach. Bénh phdi hay dung may hé hap la chéng chi dinh dwéng

subclavian va jugular.

N Sau khi dwa introducer vao tinh mach, nén
\/ wéce lwong khodng céach tr diém choc tinh

-. mach dén nhi phai (xem bang trong Phu

,[ Luc).
Superior | F Sau khi dwa day dién cyc khoang ¥
vena cavo & khoang céach wéc lwgng trén thi noi dién

Pulmonary artery

cwc dau (phich den) vao kénh V1 cGa may
dién tam dd 12 kénh. Vi an toan cua bénh
nhan may dién tdm d6 can phai dwoc
kiém tra thwéng xuyén 1a kénh V1 an
toan dé dung v&i dién cwec trong tim!

Balloon inflation Y4
in right atrivm

\!

V6&i chuyén dao Il diung dé xac dinh thoi
gian cac séng p va QRS, hay theo d&i séng dwoc phat hién & dau day dién cwc theo mo
hinh dwéi day:

Khi diu dién cuwc da vao dén phan trén nhi phai (high right atrium), véi séng p Ién va am,
thi hay bom béng 1&n. Nhé dirng cé bom quéa 1 cc! Nhé ghi lai lic d6 day da dwoc ludn
bao xa trong tinh mach. Trong truong hop can tré lai nhf, thi biét can kéo lai bao nhiéu day.
Ngoa| ra nén kiém tra la béng con tbt, bang cach bom xong, khoa van lai, 1ay 6ng chich ra
va xa hét hoan toan hoi trong dng chich, Iap vao lai, m& van, va hat ra hoi tir bong. Néu sb
lwong bom vao va hit ra cé khac biét, day la dau hiéu bong khéng con hoan chinh, vi vay
nén thay day! Ly do can kiém tra lai 1a tai vi bong c6 thé bi hw khi dwa qua introducer, nhat
la trong trwdng hop day dwoc tai st dung.
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SUP. VENA HIGH MID CAVITY ENDOCARDIUM
CAVA RIGHT ATRIUM RIGHT VENTRICLE
Tinh mach phan trén phan gita budng ndi tam mac
Cha trén nhi phai that phai

Nhé& 1a dau day c6 hinh S. Trwéc khi ludn day vao tinh mach phan trén than ngwdi, hay thir
xem néu gitr dudi day bén ngoai cudn lai theo chiéu cudn cta day, thi xoay cudn day thé
nao dé xoay dau day mét cach thuan tién hau léo lai cac tinh mach va dwa day qua van ba
la! Cac dong tac nay khac néu di tir bén phai (phai dbi hwéeng 1 1an, vi dé xudng nhi day
can phai cong vé bén phai trwdc, khi xudng dén nhi thi can cong vé hwéng tréi) hay t bén
trai (khéng can ddi huwéng vi dau day chi can cong vé bén trai).

Sau khi bom béng lén, thi tha day thém khoang 5 dén 10 cm qua van ba 14 vao that. Néu
sau khi tha day nhiéu ma khong thay séng S 1&n, thi hdy xep bong lai, rat tré lai nhi phai,
dwa theo chiéu dai day trong tinh mach da ghi lai & doan trén khi bom boéng, réi bom boéng
len va tha lai. Khi dau day vao that, thwdng sé nhan thay mét sé ngoai tam thu théat.
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Tin hiéu khi dau dién cyc di tir nhi sang that

Sau khi vao dworc that thi hay xep béng va dwa day ti tr (hau tranh thang thanh that) dén
mém that. Khi dung thanh that, thwong sé c6 cdm giac méi lan tim dap & dau day dang
cam va dién tam dd & dién cwc dau day sé co triéu ching bléc nhanh trai nhw & hinh trén.
Sau d6 cho thém chuat day vao dé tao hinh “gh“” phia trén van ba la. Birng c6 tha qua
nhiéu day va dng c6 dinh tré xep bong vi c6 thé dwa dén tinh trang day bj rdi (xem bai cha
Lipp — triéu chng 1a nhip nhanh that khi rat day tré lai tv that va dau dién cwe ghi la dang
& nhil) trong that phai! Day tam thdi can dwoc budc/dan lai & ché choc tinh mach va day
dwoc cudn lai (dé tranh doan day trong tinh mach bi 16i ra khi duéi day bj kéo vi so' y) va
budc/dan lai & mét noi gan dé.

N6i may tao nhip tam thoi vao day va kiém tra ngwdng tao nhip va sensing. Sau do lap
trinh bién d6 2-3X ngudng tao nhip. DPé kiém tra dién curc, hay kéu BN ho mot vai tleng

xem c6 mat nhip khong Nguéng can dwoc kiém tra m0| ngay va BN can phai dwoc ndi voi
may ECG 12 chuyén dao trong ca théi gian tao nhip cép ctu.
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Vi nguy co nhiém trung, khdng nén dé day dién cwc trong bénh
nhan qua 5 ngay.

Hay cho bénh nhan nam trwéc khi rat day dién cwce ra. Rat day ra hoan toan khi bénh nhan
dang thé ra dé& tranh ngh&n mach do bot khi (air embolism). Sau khi rat day khdi bénh
nhan, nén rira cho sach rdi ngdm Cidex nhw da ban & trén. Nhé cudn day theo dung chiéu
triwdc khi khir trung!

Néu tai s dung day dién cwc (va introducer), thi IGc nao ciing can c6 sén mét day (va
introducer) méi dy phong!

Doan trén ban vé day dién cwc dwoc dwa vo tinh mach & phan trén ngwdi (tinh mach cé,
tinh mach dwéi don, tinh mach canh tay). Con mét noi khac cé thé choc tinh mach dé 1a
tinh mach dui (femoral vein). Ben phai la noi thuan tién nhat dé dwa day dién cuc
vao.Thuwong véi tinh mach dui, cac bac si dung loai day hinh chr J. Cac day hinh clr S
ciing c6 thé dung nhwng khong tién bang day hinh chi» J d& vao mdm that tlr phia dudi.
Néu co6 bac st nao quen dung 16i vao nay, thi ching tdi ciing c6 thé nhap day hinh chi J.
Tha thuat no6i chung twong ty nhw da ban & trén.

Pulmonary Artery

f Right Atrium

b

Inferior.Vena Cava

Fig 1.—Left, tnverted J curve of the catheter ti .
p. two Fig 2.— 4 balloon-tipped ¢ N onti .
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Phu Luc
Céc 16i vao cho day tao nhip tam thoi

Ong thdng central venous catheter (6ng thdng noi tinh mach) dung dé do huyét ap & nhi va
dwa thudc vao tim, to hp’n day dién cyc va vi vay tyJé sy cO cao hon. Bai dwéi day, trich tw
UpToDate, c6 chi tiét vé cach choc céac tinh mach dé dwa CVC vao tim.

Comparison among PA catheter insertion sites

Dristance (cm)
to:
Insertion site | RA RY | PA | Advantages Disadvantages
Internal jugular 15-20 30 40 Easy to float, esp from right Puncture of carotid relatively common
Easy to cannulate Risk of pneumothorasx
Subclavian 15-20 30 40 Easy to float, esp from left Higher risk of pneumothorax than with 11 approach
Easy to cannulate
Fernoral 45 55 65 Easy to cannulate More difficult to float catheter (may require fluoroscopy)
Fewer major complications
Higher risk of infection
Risk of DWT
Brachial
Right 40 a0 &0 Few major complications More timme-consuming
Left 50 En 70 Safer if bleeding diathesis or coagulopathy | Difficult to float catheter
May be easiestin rnorbidly abese patients | Lower rate of successful cannulation
Lirnited to 72 hour duration due to phlebitis and infection risk

£2007 UpToDate® « www uptodate.com » Contact Us

INSERTION CENTRAL VENOUS CATHETER

Site selection — Central venous catheters (CVC) can be inserted into the internal jugular
(13), external jugular (EJ), subclavian (SC), femoral (FV), or brachial (BV) vein. The optimal
site is determined by operator preference, operator experience, patient anatomy, and
clinical circumstances

Internal jugular — Advantages of CVC placement in the IJ, compared to the SC, include a
lower risk of pneumothorax and greater compressibility of the vessel, which is important
when there is bleeding or arterial puncture. The straight path from the right 1J to the
superior vena cava can be advantageous if insertion of a pulmonary artery catheter or
temporary pacemaker become necessary. But, an 1J CVC is typically less comfortable for
patients, more difficult to keep clean (especially if a tracheostomy is present), and
associated with a higher rate of CVC-related bloodstream infections, compared to a SC
CVC (show table 1). CVC insertion into the 1J can be difficult in obese or edematous
patients if ultrasound guidance is not available, because anatomic landmarks may be
obscured.
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There are three common approaches to 1J cannulation: Medial approach — With the
patient's head turned to the contralateral side, the sternal and clavicular heads of the
sternocleidomastoid muscle are identified. The patient should flex his or her neck against
resistance if these landmarks are not apparent, in order to better define the neck
musculature. The needle is inserted inferior to the junction of the sternocleidomastoid
muscle heads and advanced towards the ipsilateral nipple at a 30 degree angle with the
skin. The IJ vein should be reached within 3 cm (show figure 1). Lateral (ie, posterior)
approach — This approach begins as described for the medial approach. But, the needle is
inserted posterior to the sternocleidomastoid — approximately 4 cm above the
sternoclavicular joint — and directed at the contralateral nipple at a 10 to 15 degree angle
with the skin. The insertion site is usually near the junction of the EJ vein and the posterior
margin of the sternocleidomastoid muscle. Anterior approach — This approach also begins
as described for the medial approach. But, the needle is inserted anterior to the
sternocleidomastoid and lateral to the carotid pulse — at the level of the inferior margin of
the thyroid cartilage — and directed toward the ipsilateral nipple at a 30 degree angle with
the skin.

Subclavian — Advantages of CVC insertion in the SC include easily identifiable bony
landmarks, greater patient comfort, easier dressing and maintenance, and a fewer CVC-
associated bloodstream infections. Disadvantages include a greater risk of pneumothorax
and inability to effectively compress the SC artery or vein if bleeding occurs . Despite this,
observational studies have failed to demonstrate increased bleeding associated with CVC
insertion in the SC, even when severe thrombocytopenia or coagulopathy exists [25,26].

Three approaches to subclavian cannulation are used: Infraclavicular medial approach -
The needle is inserted 1 cm inferior to the junction of the proximal one-third and distal two-
thirds of the clavicle. It is then directed toward the suprasternal notch at a 10 to 15 degree
angle with the skin. Attention should be paid to avoid a steeper angle since this may lead to
puncture of the lung apex and a pneumothorax (show figure 2). Infraclavicular lateral
approach — The needle is inserted 1 cm inferior to the junction of the proximal two-thirds
and distal one-third of the clavicle. It is then directed toward the suprasternal notch at a 15
degree angle with the skin. Unintentional catheter placement in the IJ vein is less common
with this approach, but the risks of subclavian artery puncture and brachial plexus injury are
increased. To bring the ipsilateral shoulder into optimal alignment during catheter insertion
it is often helpful to have an assistant pull the wrist towards the feet. Supraclavicular
approach — The needle is inserted cephalad to the clavicle and lateral to the junction of the
clavicular head of the sternocleidomastoid muscle and the clavicle. The disadvantages of
both the 1J and infraclavicular SC approaches are applicable to supraclavicular CVC
insertion; therefore, it is not commonly done [24].

Femoral vein — A CVC can be inserted into the FV without risk of pneumothorax and
without interfering with cardiopulmonary resuscitation (CPR). The needle should be inserted
1 cm medial to the femoral artery pulse and 1 to 3 cm below the inguinal ligament (show
figure 3A-3B). Puncture above the inguinal ligament may result in peritoneal perforation or
inadvertent puncture of pelvic vessels. The latter is problematic because applied pressure
may be inadequate to limit bleeding. Disadvantages of the femoral vein site include a ten
fold higher rate of CVC-related sepsis and thrombosis, inadequate delivery of medications
to the heart during low flow states, and interference with patient mobility [27].
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Brachial vein — Despite its popularity in the other settings, the peripherally inserted
central venous catheter (PICC) — which is inserted via a BV — has little role in the ICU.
PICC lines confer little risk of pneumothorax or uncontrolled bleeding, and are preferable to
IJ CVCs in patients with elevated intracranial pressure [28]. But, PICC lines have high rates
of malposition, thrombosis, infection, and displacement with arm movement. In addition,
PICC lines are inadequate for volume resuscitation. Sonographic and fluoroscopic guidance
may minimize the risk of malposition, but the cost-effectiveness of these strategies varies
from institution to institution [29,30]. PICC lines are most appropriate for chronic ICU
patients who are ready for transfer to a step-down unit or the medical or surgical ward.

Technique — The modified Seldinger technique is widely used to place CVCs. Briefly, the
vein is cannulated with a needle and a guidewire is inserted through the needle into the
vessel lumen. Once the needle is removed — leaving only the guidewire in position — a
tract is dilated and the catheter is inserted over the guidewire. The guidewire is removed
and the CVC is secured (show table 2 and show figure 4).

Catheter position — A chest radiograph should be obtained following a new SCL or IJ CVC
insertion or attempt, to determine the location of the catheter's tip and to exclude
pneumothorax or catheter malposition (show radiograph 1). In contrast, chest radiographs
are not always necessary in hemodynamically stable, monitored patients after
uncomplicated CVC exchanges over a guidewire [31,32].

IJ and SC CVCs should terminate proximal to the junction of the superior vena cava (SVC)
and the right atrium to eliminate the risk of cardiac perforation and catheter associated
arrhythmias. The junction of the SVC and the right atrium is approximately 14 to 16 cm from
the skin puncture site for right sided CVCs, and 16 to 20 cm for left-sided CVCs. Insertion to
a depth greater than 20 cm is rarely necessary [33].

COMPLICATIONS — Numerous complications are associated with CVC placement (show
table 3). In an observational cohort study of 385 consecutive CVC attempts over a six
month period, complications occurred in 33 percent of attempts [34]. Complications
included failure to place the catheter (22 percent), arterial puncture (five percent), catheter
malposition (four percent), pneumothorax (one percent), subcutaneous hematoma (one
percent), hemothorax (less than one percent), and asystolic cardiac arrest (less than one
percent).

Mechanical complications (eg, pneumothorax) tend to be detected at the time of catheter
insertion, whereas infectious and thrombotic complications usually occur later. Mechanical
complications detected at the time of catheter insertion are most common following
attempted insertion in the SCL [34]. Despite this, the rate of mechanical complications is
largely operator dependent and SC insertion may be preferred in experienced hands [14].
Infectious and thrombotic complications are discussed in detail elsewhere. (See "Diagnosis
of central venous catheter-related bloodstream infections" and see "Prevention of
intravascular catheter-related infections” and see "Pathogenesis of and risk factors for
central venous catheter-related infections” and see "Catheter-induced upper extremity
venous thrombosis").
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CATHETER REMOVAL — Venous air embolism and bleeding are the complications most
likely to occur when the CVC is removed.

Venous air embolism is a serious and poorly recognized complication of central venous
catheterization. Venous air embolism can occur at the time of CVC insertion, while the
catheter is in place, or at the time of catheter removal [35-37]. Patients should be placed in
the supine position prior to CVC removal to decrease the risk of air embolism. The CVC
should be removed during exhalation, when intrathoracic pressure is greater than
atmospheric pressure. Air can be entrained into the venous circulation as the intrathoracic
pressure decreases below atmospheric pressure if the CVC is removed during inspiration
(See "Air embolism").

Firm pressure should be applied for at least one minute following removal and the wound
should be dressed with dry sterile gauze. The tip of the catheter should be cut off using
sterile scissors and sent for culture if a CVC-related infection is suspected. (See "Diagnosis
of central venous catheter-related bloodstream infections").
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Ventricular Pacing
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«Floating”” Catheter for Temporary Transvenous N

A technique for the placement of a flow-directed balloon electrode
catheter for right ventricular endocardial pacing was utilized suc-
cessfully in 15 of 17 patients. The catheter is capable of being
passed either percutaneously, or by cui-down procedure, at the bed-
side under electrocardiographic control. It was successfully posi-
tioned in 6 cases after other semifloating electrodes failed. This new
catheter provides stable, reliable pacing and is an excellent alterna-
tive to X-ray image intensification for placement under urgent or
emergent conditions.

In the clinical setting, the need occasionally arises for rapidly estab-

lishing effective ventricular pacing. At such critical times it may be
difficult to move the patient to a conventional X-ray facility, and
portable image intensification is often too costly or unavailable. As a
result, several varieties of electrode catheters have been developed
for blind passage under electrocardiographic control.1-2 These cathe-
ters, at best, have had a success rate of approximately 70 to 80 per-
cent.! Recently we have studied 17 patients with a new “floating”
probe and have found it to be a fast, safe and reliable electrode with
which to institute bedside ventricular pacing.

Materials and Methods

The catheter (Fig. 1) employed in this study is a 110 cm no. 3F bipolar
catheter consisting of two 5 mm platinum ring electrodes. The distal elec-
trode is located at the tip and the other 1.5 cm proximal to it. Between the
2 electrodes is a balloon which increases the diameter equivalent to that of

‘a 5F catheter. The balloon is inflated by injecting approximately 1.5 cm of

air into a valve at the proximal end of the catheter. At the time of inser-
tion, the balloon is inflated under sterile conditions in a fluid medium to
insure against any leaks.

Under local anesthesia the catheter is introduced into an appropriate
antecubital vein, either percutaneously or by cutdown procedure. With the
percutaneous approach, a needle or plastic cannula is used with an internal
diameter large enough to accommodate the wider balloon portion. The
catheter is then advanced to a previously determined length that would
place the tip of the probe in the region of the superior vena cava. Occasion-
ally, as is the case with catheters used in routine cardiac catheterization,
some difficulty may be experienced negotiating the region of the shoulder.
This problem may be overcome by rotating the catheter while gently ad-
vancing and retracting. Abduction of the arm has sometimes been helpful
in our experience.

When the catheter is thought to be at the level of the superior vena cava,
the pigtail extension of the proximal electrode (the shorter of the 2) is con-
nected to the precordial lead of a well-grounded electrocardiograph. Care is
taken to insure that the patient is not connected to any other electrical ap-
paratus. .

Unipolar recordings are made from the catheter tip. In the superior vena
cava, the recordings will be similar to tracings from lead aVR. The catheter
is then advanced several centimeters to the high right atrium where the re-
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TEMPORARY TRANSVENOU? VENTRICULAR PACING—SCHNITZLER ET AL.
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FIGURE 1. A no. 3F pacing electrode with a balloon located
between the electrodes (closed arrow) and inflated (see inset)
by a syringe attached to a valve at the proximal end of the cath-
eter. The pigtail connectors for the battery generator are indi-
cated by open arrows. -

cordings show a large negative P wave. When this site is
reached, the balloon is inflated with 1.5 ¢m of air through
the valve at the proximal end of the catheter. The syringe
is disengaged from the valve, trapping the air in the bal-
loon. With the balloon inflated, the catheter is advanced 5
to 8 cm with constant monitoring of the intracardiac elec-
trogram. The syringe is then reinserted into the valve
mechanism and the air withdrawn.

For reference, recordings obtained at this time are pre-
sented in Figure 2. Panel A is a recording obtained from
the superior vena cava before inflation of balloon. Panel B
represents the recording obtained with the electrode in
the high right atrium. It is at this time that the balloon is
inflated. Panel C was recorded with_ the catheter in the
right ventricle. Often this position is reached on a direct
pass from the right atrium. In panel D the catheter has
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FIGURE 2. Intracardiac recordings from the probe in the
superior vena cava (A), high right atrium (B), right ventricular
apex (C) and pulmonary artery (D). BE = bipolar electrogram;
UE = unipolar electrogram. Standardization signal is 1 mv.

come to rest in the pulmonary artery. The recording iy
this instance often appears similar to that of a periphera)
augmented lead but of greater amplitude. The cathetey
should be slowly withdrawn until a ventricular complex {g
obtained; at this time it will be in the right outflow traet
of the right ventricle.

Figure 3 is an example of the sequence of events in posi-
tioning a balloon catheter in the apex of the right ventri.
cle. The top panel was recorded with the catheter in the
region of the high right atrium. In the middle panel, the
catheter has been advanced to the mid-right atrium. The
lowest panel demonstrates the passage to the right ventri.
cle.

If the electrode does not pass to the right veritricle ¢
pulmonary artery on the first attempt, it should be with-
drawn to the region of the superior vena cava and the bal-
loon reinflated. At this time the integrity of the ballogp
should be confirmed by injecting the air into the valve
mechanism and demonstrating the ability to withdraw the
same volume. If this is not accomplished, the catheter
should be removed and discarded on the assumption that
the balloon is leaking air. When the integrity is verified,
the preceding technique is again employed.

Although the situation has not arisen, it is conceivable
that some difficulty might be encountered with fibrillat.
ing atria. In our experience with studies in atrial fibrilla.
tion, differences in amplitude exist between the atrial sig-
nals recorded in the atrium and those recorded in the su.
perior vena cava. Under these circumstances it would be
appropriate to inflate the balloon in the superior cava.

The adequacy of the final position of the catheter was
determined by 4 criteria: First, the electrogram from the
tip electrode had to record a current of injury. This in-
sured adequate contact of the. tip with the endocardial
surface.* Second, bipolar recordings (those obtained with
the arm leads of the electrocardiograph connected to the 2
leads from the catheter while the leg leads remain on the
patient) had to produce a deflection greater than 2 mv.
This allowed for adequate sensing by the external battery
generator. Third, the threshold for ventricular pacing (the
minimal current that will produce consistent capture) was
tested, using any one of a variety of battery-powered gen-
erators. In our laboratory we commonly used either a
Medtronic no. 5837 or 5880A battery generator. The gen-
erator was subsequently set to deliver the current at levels
of twice threshold. Fourth, the demand function of the
system was determined by slowly decreasing the rate of
firing of the generator until it was suppressed by the pa-
tient’s own heartbeat; at this time there should have been
no evidence of competition. Once reliable capture had
been established and to insure the position of the cathe-
ter, it was fixed to the skin with a single nylon suture and
thé patient’s arm was strapped to his side with an elastic
bandage. -

In this study portable chest X-ray films were subse-
quently obtained in each case to verify the proper position
of the catheter electrode (Fig. 4). Figure 4 shows a typical
X-ray film demonstrating the electrode low in the outflow
tract of the right ventricle where it remained stable until
removal 12 days later.

After removal of the electrode the integrity of the bal-
loon and electrodes was routinely checked. The balloon
was inflated in a liquid medium to determine the pres-
ence of leakage of air. The electrodes were checked by
measuring the resistance with a volt-ohmmeter. No ab-
normalities in either the balloon or electrode systems were
detected with these techniques.

- 352 March 1973 The American Journal of CARDIOLOGY Volume 31




TEMPORARY TRANSVENOUS VENTRICULAR PACING—SCHNITZLER ET AL.
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FIGURE 3. Demonstration of the sequential

passage of the "“floating” probe from the su-

perior vena cava to the right ventricle. RA

right atrium; RV = right ventricle; SVC

superior vena cava.

Patients

The balloon electrode catheter was used in 17 patients.
Eight patients were in the coronary care unit, and the
catheter was placed for either the sudden development of
an advanced degree of atrioventricular block either in the
presence of an acute myocardial infarction (5 patients),
sudden failure of a permanent generator (1 patient) or
digitalis-induced A-V block (2 patients). Seven patients
with various rhythm and conduction disturbances had the
catheter positioned as a part of right heart catheteriza-
tion. In 2 patients we were unable to pass the shoulder re-
gion with any form of semifloating catheter, and a stan-
dard U. S. Catheter and Instrument bipolar probe was in-
serted fluoroscopically.

Results
Successful placement of the catheter in the right

ventricle was achieved in all patients within 3,to 5
minutes after the antecubital vein was entered.
Thresholds, as determined by either an external de-
mand generator or by an R wave-coupled generator,
were usually less than 1 ma (1 patient had a thresh-
old of 3 ma after 45 minutes of external cardiac mas-
sage). Of note, the catheter was successfully placed
In the ventricles on 6 occasions after attempts with
other forms of semifloating electrodes had failed.
There was no appreciable difference in the position-
Ing of the catheter electrode at the bedside from the
ideal situation in the catheterization laboratory.

Two patients had ventricular premature contrac-
tions on passage of the catheter. This development
Was apparently related to the balloon as it entered
. the ventricle, since the contractions subsided sponta-
Neously upon deflation of the balloon. Once posi-
tioned, the catheter was allowed to remain in place
for 1 to 12 days. There was no evidence of thrombo-
Phlebitis at the site of insertion. Stable pacing with-
out. c(l;ange in threshold was achiéved over the entire
Period.

Discussion

With the rapid developments in cardiac pacemak-
ers and intensive monitoring the occurrence of situa-
tions requiring the immediate placement of an elec-
trode catheter has been appreciated.1-3.5.6 When the
circumstances permit, the insertion of a pacemaker
electrode is still best carried out using image intensi-
fication. Since this is not always possible, several
types of electrodes have been developed that may be

10-1=71

FIGURE 4. Portable chest roentgenogram showing the location
of the catheter electrodes low in the outflow tract (arrows). The
catheter remained in this location for 12 days.
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positioned at the bedside under electrocardiographic -

control. These are often placed easily and in a very
short time, but even in the best hands there is only a
70 to 80 percent success rate.!

The theory behind our successful use of the bal-
loon catheter is based on that of the flow-directed
catheter employed by Swan and Ganz.” No compli-
cations were noted, and successful positioning in the
right ventricular apex permitting pacing at a thresh-
old less than 1 ma was obtained in each patient
within 2 attempts.

Although we did not employ either the subclavian
vein or femoral vein approach in this study, it is safe
to assume that the success rate in these approaches
will be as high since we never failed to enter the ven-
tricle once the right atrium was reached.

The catheter electrode is no stiffer than any of the
other semifloating electrodes currently employed. It
has an advantage over other electrode catheters since
the deflated balloon supplies a cushioning, accor-
dion-like effect allowing the catheter tip to retract
slightly when pressure is placed on it.

Stability of the pacing site is apparently due to
the configuration of the catheter. The widening of
the catheter in the region of the balloon might well
allow better enmeshment under the trabeculae of the
right ventricle. This would seem, therefore, to pro-
vide an advantage not present in the previously em-
ployed semifloat designs.

The possibility does exist, as with any probe of
this kind, that complications might be noted as ex-
perience with the catheter grows. However, although

Rosenberg et al.* reported a 16 percent incidence
complications arising from passage of a semifloatip,
electrode, the majority of complications were causeq *
by failure to produce consistent pacing. There is p -
reason to believe that the catheter technique useq iy
our study would be associated with an increased iy.
cidence of complications. The use of air in the hg.’
loon is unlikely to cause difficulty since the quantity
employed is small (1.5 cc) in relation to the capacity
and the balloon is tested before insertion to insure jig
integrity. '

Reinflation of the balloon has produced no prop.
lems within the guidelines of our usage. Rupture of -
the balloon has not occurred and would not be ex.
pected to occur since the balloon is capable of holg.
ing a volume of 7 to 8 cc of air without rupturing,

Our experience with this new flow-directed cathe.
ter electrode suggests that it is passed to the ventri-
cle more consistently and provides better stability
than currently available semifloating probes. The .
technique requires little experience and does not ne-
cessitate moving the patient. It would therefore seem
to offer an excellent alternative to portable image in-
tensification in the positioning of a catheter elec-
trode for ventricular pacing under urgent or emer-
gent conditions.
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simplified Insertion of Flow-Directed
Catheters for Ventricular Pacing

yzhar Charuzi, MD, William Ganz, MD,
Joel A. Lebovitz, MD, and H.J.C. Swan, MD

Key words: temporary pacing, flow-directed pacing catheter, bedside temporary pacing

INTRODUCTION

The need for prompt and effective ventricular pacing has led to the development
of a balloon-tipped flow-directed pacing catheter [1]. Such a catheter can be
inserted at the bedside by floating the tip into the right ventricle using the elec-
trocardiographic recording from the distal electrode as a location guide. In the
method described, the tip of the catheter is floated first to the pulmonary artery and
then pulled back to the right ventricle. In this presentation we describe a simplified
method of placing a flow-directed balloon-tipped pacing catheter in the right ventri-
cle for the purpose of temporary pacing.

MATERIALS AND METHODS

A No. 5 F-size flow-directed catheter (Swan-Ganz catheter, Edwards
Laboratories, Santa Ana, California) without a pressure lumen but with platinum
electrodes located at the tip and 1 cm proximal to it was used. Aninflatable balloon
was placed between the two electrodes (Fig 1).

The catheter was inserted into an antecubital vein and advanced into the superior
vena.cava of the right atrium. The distal electrode of the pacing catheter was
connected to the V-lead of the electrocardiogram via an isolation circuit. The
advancement was done under ECG control. Entry from the superior vena cava to
the right atrium was indicated by a marked increase in the amplitude of the P wave
(Fig 2). At this point the balloon was inflated with 1.5 cc of air and the catheter
slowly advanced. Entry into the right ventricle was recognized by a marked
decrease in the amplitude of the P wave and marked increase in the amplitude of the
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Fig 1. The distal end of the flotation pacemaker showing two platinum electrodes 1 cm apart, and
the inflated balloon between them.
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Fig 2. Simultaneous recording of surface lead Il and intracavitary electrogram recorded from the
distal electrode of the flotation pacing catheter. Note the different configuration of the P, GRS,
and ST-T segment as the catheter is advanced from the superior vena cava through the right atrial
and right ventricular cavities to the endocardium of the right ventricle.

QRS. As soon as such a change was noted, the advancement was stopped and the
balloon deflated to prevent the catheter from floating toward the outflow tract. The
catheter with the balloon deflated was then advanced until contact with the en-
docardium was reached, as indicated by ST segment elevation. Reliable contact
with the endocardium was indicated by a stable S-wave amplitude and ST-segment
elevation. _

The pacing threshold (the minimum current sufficient to produce consistant
capture) was determined. If the capture and/or sensing were inconsistent, the
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catheter position was changed by slightly advancing the catheter under ECG
control, or, if unsuccessful, by readvancing the catheter from the right atrium. The
position of the catheter was confirmed by roentgenogram.

PATIENTS

The pacing catheter was applied to 18 patients. The indication for pacing was: 1)
Arrhythmias associated with slow ventricular rate; 2) The likelihood of a high
degree of atrioventricular block.

RESULTS

Effective catheter placement and pacing was accomplished in all 18 patients, in
16 of them within three minutes and intwo patients within six and nine minutes. The
pacing threshold was less than one mamp in all patients. The catheter was left in
place from two to 360 hours, and averaged 109 hours.

In 15 patients the threshold remained one mArmp or less. In two patients the
threshold increased from 0.5 to 1.8, and from 0.5to 1.3, respectively. One catheter
got displaced and had to be repositioned after 12 hours.

According to the roentgenogram, the catheter tip was located in the apex in 11
patients and in the inflow tract of the right ventricle in seven patients.

There was no difference in the threshold or stability of pacing between the two
locations. In a number of patients the stability of position was confirmed by
additional chest roentgenograms obtained 24 hours after insertion, and/or at a later
stage. The only complications were occasional premature ventricular beats during
insertion and local thromobophlebitis, especially in patients with long-term pacing.

DISCUSSION

The insertion technique described here utilizes the inflated balloon only for
entering the right ventricular cavity. Itis crucial that the balloon be deflated as soon
as the intracavitary electrogram indicates entrance to the right ventricular cavity.
The tip of the catheter, pointing leftward and slightly inferior, would
respond to a simple advancement and would anchor at the apex or right ventricular

inflow tract. Our experience indicates that the inflow tract is not less effective

than the apex as a pacing site.

The advéntage of this technique is its simplicity, since the catheter is advanced
directly towards its final position and does not require pulling back from the right
ventricular outflow tract or the pulmonary artery.

Our catheters were inserted from the antecubital area. However, it can be
assumed that insertion from the internal jugular or subclavian veins can be per-
formed with equal reliability. »

Our experience is similar to that of Schnitzler et al [1], showing that the balloon-
flotation pacing catheter can be reliably inserted at the bedside without fluoro-
scopic guidance. R
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Transfemoral Pacing With

Balloon-Tipped Catheters

Steven G. Meister, MD, Vidya S. Banka, MD, Richard H. Helfant, MD

A method for rapid, bedside institution of temporary pacing has been
developed utilizing floating, balloon-tipped, bipolar pacing catheters
inserted percutaneously via a femoral vein. Successful pacing was
accomplished without fluoroscopy in 300f 31 patients. Ease and rapidity
of insertion have been remarkable. The preformed ‘‘J'’ configuration of
the catheter plus the transfemoral route of insertion aid in the attainment
of a stable pacing position at the apex of the right ventricle.

PROMPT institution of temporary
transvenous pacing often becomes
necessary ‘in clinical situations where
fluoroscopic guidance for catheter
placement is unavailable, “Blind” in-
sertion (ie, without fluoroscopy) of
pacing catheters is often a difficult
and: time-consuming procedure, even
in experienced hands. This report de-
scribes a new technique for rapid and
reliable institution of temporary
transvenous pacing utilizing a “tlow
directed” balloon-tipped bipolar elec-
trode catheter inserted - percutane-
ously via a femoral vein.

‘Methods

Catheter Design.—The pacemaker
catheters are constructed of soft,
polyvinyl chloride. They are 100 ¢m in

length, No. 5 in diameter, and are

banded at 10-em intervals. The two

‘stainless steel pacing electrodes are

mounted at the catheter tip and 1 em
distal to-it. A thin-walled latex bal-
loon, inflatable with 1.5 -ml of air is
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mounted between the two electrodes
(Fig 1, left). The distal 10 em of-the
catheter is preformed into a “.J” con-
figuration with a 3.5-cm radius of cur-
vature. The proximal end of the cath-
eter carries terminals for the pacing
electrodes and Luer-type connector
with a two-way stopcock for the lu-
men to the balloon (Fig 1, right).
Method of Insertion.—Either fem-
oral vein.may be used. However, the
right is preferred since it provides a
somewhat straighter course to the in-
ferior vena .cava.. The catheter is
passed percutaneously into cither
femoral vein via-a sheath of suitable
diameter. Either direct puncture, uti-
lizing a 18-T Escher-longdwell venous
catheter needle, or the Seldinger
technique with a No. 7 Desilets
sheath is satisfactory. Once the
sheath has. been positioned in the
femoral vein, the cather is inserted to
a depth of 15 cm. The balloon is then:
inflated and. the terminal for the tip
electrode is connected to the V lcad of
the: electrocardiograph. The catheter
is “floated” to the right ventricle un-
der continuous electrocardiographic
monitoring. Passage-across the tri-

cuspid valve is signaled by the abrupt.

appearance of a characteristic, large
negative intraventricular complex,

The balloon is then deflated and the
catheter advanced for an additional 3
to 5 cm until premature beats or ST
elevations (in the intracardiac lead)
indicate that the tip electrode is in
firm contact with the right ventricy-
lar endocardium). Pacing is begun. If
capture’ is complete, the pacing
threshold is determined in the usual
manner. The patient is asked to take
deep breaths, cough, and shift his po-
sition in bed while stability of pacing
is assessed. If pacing is not contin-
uous during these maneuvers, or if
the pacing threshold is greater than
1.5 ma, the catheter is advanced or
withdrawn slightly until stable pac-
ing ‘is independent of these maneu-
vers and a satisfactory threshold is
obtained. A chest x-ray film is taken
to examine catheter position. Typi-
cally, the intracardiac portion of the
catheter resembles an inverted J with
its tip in or near the right ventricular
apex (Fig 2).

Resuits

To date this technique has been
used successfully for temporary pace-
maker insertion in 30 of 31 attempts.
Time for catheter passage from the
femoral vein to the right ventricle
has been less than 30 seconds in the
great majority of cases, with institu-
tion of stable pacing in one to three
minutes. The one unsuccessful at-
tempt was due to inability to nego-
tiate the inferior vena cava in an 84
year-old patient with evidence of se-
vere generalized atherosclerosis. In
four subsequent patients, the cathe-
ter initially failed to progress
through the femoral or iliae veins. In

Balloon-Tipped Catheters—Meister & Helfant
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Fig 1.—Left, inverted J curve of the catheter tip, two
electrodes (arrows), and balloon located between them.
Right, two pacer terminals and two-way valve for balloon

lumen.

each instance, this was easily reme-
died by readvancing the catheter past
the obstruction with the balloon tem-
porarily deflated. In two patients the

" catheter initially passed through the

right ventricle and out into the pul-
monary artery. This was evident
from an abrupt drop in the amplitude
of the negative QRS complex while
the catheter was being advanced with
the balloon inflated. This was easily
corrected by withdrawing the cathe-
ter into the right ventricle, deflating
the balloon and readvancing it, and
was subsequently avoided by deflat-
ing the balloon as soon as the tri-
cuspid valve was crossed.

In our earlier experience, four in-
stances of interrupted pacing due to
catheter-tip displacement * occurred.
In- each instance chest X-ray film
taken prior to displacement revealed
suboptimal catheter position, ie, the
catheter tip was near the tricuspid
valve. In three instances the catheter
remained. within the right ventricu-
lar cavity and required only minimal
manipulation (advancement) to rees-
tablish pacing. In one patient, dis-
blacement into the right atrium oc-
‘urred, and reinflation of the balloon
Was necessary for repositioning. No
Interruptions of pacing occurred
When initia] catheter position was ad-
“Quate. Stable pacing has been main-
tained for up to eight days.

No complieations referable to this

JAMA, Aug 13, 1973.e Vol 225, No 7

Right Atrium

Pulmonary Artery

ventricular apes.

system of pacing have been encoun-
tered to date.

Comment

Floating, balloon-tipped catheters,
when. introduced into the right por-
tion of the heart via the superior vena
cava, have a strong tendency to pass:
to the right ventricular outflow tract
and out to the pulmonary artery.?
This propensity is ideal when the in-
tent is to catheterize the pulmonary
artery but is a liability for pacing
purposes, since the right ventricular
outflow tract is often an unstable site
for pacing.* Light, floating-type cath-
eters would seem particularly likely
to be displaced to the pulmonary ar-
tery by the rapid blood flow in this
area.

On the other hand, standard car-
diac catheters. entering the right side
of the heart via the inferior vena cava
are typically deflected: toward the
right ventricular apex,* which is an
ideal pacing site. These consid-
erations as well as the relative immo-
bility and easy accessibility of the
femoral vein at the pelvic rim led to
choice of this site for insertion. How-
ever, the approach through the supe-
rior vena cava has not been used in
our institution, and we are unaware
of any published data on stability of.
balloon-tipped pacing - catheters in-
serted via this route.

With our technique, passage of the

-
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Fig 2.— A balloon-tipped catheter in optimal position for
stable pacing with its tip wedged near the right

catheter to the right ventricle and
initial institution of pacing has been
extremely rapid and technically very
simple. The 97% incidence of success-
ful insertion that we have encoun-
tered so far represents a definite im-
provement over the 80% success rate
reported for the subeclavian tech-
nique® which is currently favored for
blind insertion: of conventional, non-
balloon-tipped catheters by many au-
thorities. Of equal importance is the
great rapidity and technical case of
insertion that we have experienced in
nearly all instances. Because of this,
we would anticipate that this tech-
nique would be particularly suitable
for use by house officers and other
physicians who have not had prior
training in catheter manipulation.
Initially, stability was less than we
have customarily experienced with
conventional - catheters positioned
with fluoroscopy from the subclavian
or femoral veins, although substan-
tially better-than that generally en-
countered with entry from the me-
dian basilic vein.s However, as
experience accumulated, it became
evident that excellent stability could
be obtained if careful attention was
given to ensuring- good endocardial
contact and optimal catheter position.
The latter was found to be im-
portantly influenced by the degree of
curvature of the catheter tip. A 35.
¢m radius of curvature was.found to
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be optimal and consistently placed
the catheter tip in or near the right
ventricular apex. Greater and lesser
degrees of curvature usually resulted
in suboptimal positioning.

While we have as yet experienced
no complications related to this tech-
nique, it is unrealistic to assume that
none would occur with widespread us-
age. Certain types of complications
may be anticipated and should be
carefully guarded against. Certainly
the potential for ileofemoral throm-
bophlebitis and consequent pulmo-
nary embolism exists. Thus, although
these catheters are extremely soft
and flexible, some -potential for
trauma. to the tunica intima must be
assumed, and forward passage should

mnever be forced if resistance is en-

countered. Furthermore, the leg that
is used for catheter insertion should
be examined carefully at frequent in-
tervals for signs of thrombophlebitis.
(If any appear, the catheter should be
withdrawn and anticoagulation ther-
apy instituted.) It is reassuring to
note, however, that only one instance
of thrombophlebitis and no instances
of pulmonary embolism have been re-
ported in 292 patients paced with con-
ventional bipolar catheters inserted
via the femoral vein.>s Similarly,
Cheng® has reported no throm-
boembolic complications in 100 cases
paced for as long as 310 days by this

1. Bing OHL, et al: Pacemaker placement by
electrocardiographic monitoring. N Engl J Md
287:651, 1972;

2. Swan HJG, et al: Catheterization of the
heart in man with the use of a flow directed hal-
loon tipped catheter. N Engl J Med 283:447-451,
1970:

3. Parsonnet V: Current Concepts of Cardiac
Pacing and Cardioversion: A Symposium. Melt-
zer LE, Kitchell JR (eds), Philadelphia, The
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route. Anticoagulants were not used
in either series. Nevertheless, we
have used low-dosage heparin sodium
prophylactically in a few patients
with concurrent conditions known to
predispose to thromboembolism.

In some individuals, the femoral ar-
tery partially overlaps the femoral
vein anteriorly in the femoral tri-
angle. Thus, it is possible to transfix
the femoral artery with the sheath
and catheter while entering the vein.
If this occurred and were unrecog-
nized, serious damage to the artery
might ensue. This possibility should
be entirely avoidable if proper tech-
nique is used for femoral vein punc-
ture. Specifically, when either the
Cournand or Escher-longdwell needle
is advanced toward the vein, its in-
nermost occluding stylet (which is
necessary only for puncturing the
skin) should be removed. Inadvertent
arterial puncture is then heralded by
forceful back bleeding through the
open lumen. '

Conversely, certain complications
seen with other pacing systems seem
likely not to be encountered with this
approach. In particular, cardiac perfo-
ration would seem far less likely with
this type of soft, flexible catheter
than with standard pacing catheters.
Serious complications referable to
subclavian puncture are not uncom-
mon,"* particularly in inexpericnced
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hands, and are of course avoided en-
tirely when the femoral vein is used,
Entry into the coronary sinus oceg.
sionally occurs  with conventiong)
catheters and may lead to confusioy
and delay in establishing pacing. This
possibility is precluded with balloon.
tipped catheters, provided (hat the
balloon is inflated during passage
through the right atrium.

Finally, it is axiomatic that the
flow-directed principle on which thig
system is based ceases to operate
when cardiac output approachcs zer,
Thus, in complete asystole, or brady-
arrhythmias where ventricular acti-
vation fails to generate detectable ar-
terial pressure pulses, other methods
for pacer insertion offer better poten-
tial for success.

With these reservations in mind,
transfemoral pacing with balloon.
tipped floating catheters appears to
be a method that offers significant ad.
vantages over conventional tech.
niques for institution of temporary
transvenous pacing when fluoroscopy
is unavailable.
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the Dreyfus Medical Foundation and from Ab-
bott Laboratories, North Chicago.

Techniques of Cardiac Pacing. New York, Har-
per and Row Publishers Ine, 1970, pp 77, 91.

7. Cheng TO: Percutaneous transfemoral
venous cardiac pacing: A simple and practical
method. Chest 60:73-78.

8. Campo IN, et al: Complications of pacing by
pervenous subclavian semifloating electrodes in-
cluding two extra luminal insertions. A J Car-
diol 26:627, 1970.

Balloon-Tipped Catheters—Meister & Helfant

T ‘_ w

QT

rore g W =

i



4
220 _ THE NEW ENGLAND JOURNAL OF MEDICINE

dispense the diluent for the glucagon whenever intravenous
doses over 10 mg are ordered. The dispensing label would
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INTRACARDIAC KNOTTING OF A
FLOW-DIRECTED BALLOON CATHETER

to the Editor: With the introduction of the flow-directed
balloon-tipped catheter,) hemodynamic investigation of the
severely ill patient has become so greatly facilitated that the
rapid and reliable determination of right ventricular, pul-
monary arterial or wedge pressures is now feasible with or
without fluorescopy. Although complications have been in-
frequent, we wish to call attention to the following complica-
tion, which, 10 our knowledge, has not previously been de-
scribed — namely, intracardiac knotting of the Swan-Ganz
catheter,

A 48-vear-old woman was admitied to the Myocardial In-
farcion Research Unit of the University of Chicago with a
twa-hour history of chest pain and T-wave inversion in
Leads 3 and aVF of the electrocardiogram: Soon after ad-
mission a balloon-tipped flow-directed catheter was inserted
into a right antecubital vein and advanced according to the
technic of Swan et al.! Right ventricular pressure was re-
corded after the catheter was advanced from the right
atrium with the balloon inflated, but the catheter could not
be advanced into the pulmonary artery. The balloon was
then deflated, and the catheter withdrawn until pressure in
the right awrium was recorded, a short episede of ventricular
tachycardia being noted even with the balloon tp registering
the atrial pressure. The balloon was reinflated, and the cath-
eter again advanced until the phasic pulmonary-artery pres-
sure was recorded (20/6, mean 11 mm of mercury). Because
it was not possible to obtain a satisfactory pulmonary-artery
wedge pressure it was decided ro replace the catheter with
another, Resistance to withdrawal was encountered after all
but 16 ¢m had been removed, but further gentle traction
allowed complete removal of the catheter, which showed a
firm knot 14 em from the tip (Fig. 1).

In retrospect, it is probable that a loop formed in the
right ventricle during its initial insertion, and although pres-
sure in the right atrium was recorded when the catheter tip
was pulled back, the loop remained in the right ventricle.
Subsequent inflation of the balloon and readvancement
caused a knot to form in the right ventricle.

Knotting is a known but uncommon hazard of cardiac
catheterization,23 being potentally more common when
small-bore flotation catheters or electrodes are used without
fluoroscopic control Ventricular dysrhythmias associated
with records of pressure in the right atrium are highly
suggestive of this complication, and if ready access o
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Figure 1. Firm Knot Situated 14 Cm from the Tip of the -
Flow-Directed Balloon-Tipped Cather. :

fluoroscopy is unavailable, the catheter should be gently
withdrawn. The dimensions of the balloon-tipped cathever
are such that minimal difficulty should be experienced in
extraction transvenocusly through the original venotomy even
if the catheter is knotted, provided the balloon is no
inflated.

Harry Lier, M, B.5., M.R.AC.
Kevix O'DoxocHUE, M.D,

Leox Ressekov, M.D,, M.R.G.
Department of Medicine {Cardiology]
University of Chica

Pritzker School of Medici

~Rochester, N.Y.
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PACEMAKER REFRACTORY PERICDS

To the Editor: The key to the understanding of demand
pacemaker function and complex pacemaker arrhythmiz
depends heavily on accurate knowledge of pacefnﬂk
specifications, which may be evaluated by chest-wall snmui
tion, a simple technic providing a model for the study:©
arrhythmias specifically related w the sensing mechanism:

We have measured the refraciory periods of over 50 #%
planted demand (R-wave inhibited) pacemakers by ches
stimulation' and found that the 25 Medtronic 5841 p3
makers we have evaluated exhibit a refractory period at ¥
ance with the value listed in Table 2 in the third part of
article by Lown and Kosowsky on “Artificia] Cardiac P2
makers” (New Eng | Med 283:1023, 1970). Other wor
have quoted the refractory period of this particular p
maker to be 0, 80 and 200 msec?+ However, we h2
found, as pointed out by Castellanos and Spence?®
effective refractory period after the delivery of a pacen
stimulus to measure 380 to 440 msec in vive.!

Figure 1 shows the electrocardiogram of a patient Wit on, Mass.



BIPOLAR BALLOON PACING CATHETER

For transmitting a pacing electrical stimulus from a pluse generator to the
heart.

For transmitting the electrical signal of the heart to a recording device.

STERILE AND NON-PYROGENIC:
Only if package is not open or damaged.

FOR SINGLE USE ONLY

STORAGE INSTRUCTIONS:
Store at normal room temperatures and avoid prolonged exposure
to direct light in order to protect the integrity of the latex balloon.

READ ALL INSTRUCTIONS, WARNINGS AND PRECAUTIONS
CAREFULLY PRIOR TO USE.

CAUTION:

Federal law (U.A.S.) restricts this device to sale by or on the order of a
physician.

CAUTION:

This product utilizes a natural latex balloon and should be used with
caution in patients with known sensitivity to latex proteins.

WARNINGS:
Maximum Balloon inflation: 1.0 cc maximum.
Pulmonary complications may result from improper inflation
technique.
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Catheter Inflated Electrode Maximum
Size Length Balloon Spacing Balloon
Diameter Inflation
SF 90cm 8 mm 1.0 cm 1.0 cc
S5F 90 cm 8 mm 2.5cm 1.0cc
5F 110 cm 8§ mm 1.0cm 1.0cc
5F 110 cm 8 mm 2.5cm 1.0 cc

When using Pacing Catheters for temporary pacing and/or intracardiac ECG refer to the Pluse
Generator and/or ECG operation manual for specific use instructions.

The catheter has 10 cm increments marked along its length. The length marks in the code illustrated
in Figure 2 allow the physician to determine how much of the catheter has been inserted in the patient.

10 20 30 40 50 60 70 80 90 100
FIGURE 2

DESCRIPTION:
Bipolar Balloon Pacing Catheters are designed for 2. Electrode Lumen: provides electrial conductor
temporary transvenous cardiac pacing. They do not isolation from electrodes to the connector pins.
require the use of fluoroscopy. However, they are PRECAUTIONS
radiopaque polyurthane so that fluoroscopy can be 1. To avoid damage to the catheter or balloon when a
used to guide insertion or to verify position if desired. cutdown is used, it is recommended that a vessel
The catheter is sh]pped in a sterile and non..pyrogenic dilator or disposable vein guide be used. Never use
package designed to prevent catheter kinking. forceps on the catheter.
Sterility will be lost if the package is opened or 2. Always deflate the balloon prior to withdrawing
damaged prior to use. Bipolar balloon pacing the catheter.
catheters cannot be repaired if damaged. 3. It is generally recommended that the catheter not
The bipolar balloon pacing catheters contain two be left in the patient for longer than three days.
lumens for the following purposes: 4. Use filtered CO: for balloon inflation in any
1. Inflation lumen: provides a means of inflating and situation where balloon rupture may result in air
deflating the latex balloon near the distal tip of the embolus entering the arterial circulation, as in right-
catheter to facilitate catheter advancement to desired to-left.
location. 5. Do not inflate the balloon with liquid or contrast

media.



6. Perforations, arteriovenous fistula formation and
other vascular trauma have been reported with the use
of vascular catheters and complications may develop
during any catheterization procedure.

7. Do not exceed the recommended balloon inflation .
8. Excessive kinking or bending of the Bipolar
Balloon Pacing Catheter may cause damage to the
internal conductive wires.

9. To minimize ventricular irritability, inflate the
balloon before the catheter reaches the right ventricle.
WARNINGS:

Carbon dioxide MUST be used to inflate the balloon.
if there is a possibility that balloon rupture would
result in air embolism in the left heart or systemic
circulation.

Do not inflate the balloon on the catheter beyond the
stated maximum inflation capacity(see Warning, Page
1). Exceeding this volume will not appreciably
increase the diameter of the balloon and will increase
the possibility of balloon rupture.

Although temporary pacing procedures have proven
to be safe, the physician should be aware that certain
complications can occur with the use of the cardiac
catheter.

Bipolar Balloon Pacing Catheters should be used only
by or under the supervision of physicians thoroughly
trained in the techniques of transvenous temporary
pacing.

When using ECG monitoring equipment for catheter
placement, the equipment must be “Front End
Isolated,” or must have an isolated cable.

Due to arm movement, malposition and perforation
occur more frequently when a transbrachial approach
is used.

CATHETER INSPECTIONS AND TESTING

Bipolar Balloon Pacing Catheters are supplied in
sterile packages. Inspect the package and do not use
the catheter if there is any evidence that the package
has been punctured or that the catheter has been
damaged.

I. Remove the catheter from the package using sterile
techniques.

2. Test each electrode and appropriate connector for
continuity with an ohmmeter.

CAUTION: Do not use a standard continuity checker
or ohmmeter when the catheter is in the vascular
system. The relatively high current in the meter can
cause electrical shock to the patient in the event of
insulation breakdown.

3. Inflate the balloon to the recommended capacity of
air and immerse the balloon in sterile water. If there is
any evidence of air bubbles escaping around the
balloon or if the balloon will not remain inflated, do
not use the catheter.

CAUTION: Never use liquid for balloon inflation.
Never inflate the balloon in ice water for testing.

CATHETER INSERTION (Read PRECAUTIONS
AND WARNINGS prior to insertion)

The following instructions are a general guide
intended for informational purposes only; the
physician should add to or alter procedural details
with respect to his clinical experiences.

1. Introduce the catheter by cutdown or by

percutaneous technique through a suitable needle or
sheath.

2.The catheter should be passed to the desired

intracardiac position with the aid of ECG or
fluoroscopy.

3. For intracardiac ECG the distal electrode connector
(negative) is connected to the V lead of the ECG. The
proximal electrode connector (positive) is connected
to the positive terminal of the external pacemaker.

4. For temporary pacing , the distal electrode
connector (negative) must be connected to the
negative terminal of the external pulse generator. The
proximal electrode connector (positive) must be
connected to the positive terminal of the external pulse
generator.
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WARRANTY:

Seller warrants that reasonable care has
been used in the manufacture of this product. This
warranty is in lieu of and excludes all other
warranties not expressly set forth herein, whether
express or implied by operation of law or
otherwise, including, but not limited to, any
implied warranties of merchantability or fitness,
since handling, storage, cleaning and sterilization
of this product as well as factors relating to the
patient, his/her diagnosis, treatment, surgical
procedures, and other matters beyond seller’s
control directly affect this product and the results
obtained from its use. Seller shall not be liable for
any incidental or consequential loss, damage or
expense, directly or indirectly arising from the use
of this product other than replacement of it. Seller
neither assumes nor authorizes any other person to
assume for it, any other or additional liability or
responsibility in connection with this product.

RETURNED GOODS POLICY:

1. Merchandise cannot be returned without the
prior approval of the Customer Service Manager.

2. Dated products (items with a shelf life) cannot

be returned after 30 days from initial shipping
date.
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