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PERMANENT PACEMAKER IMPLANTATION  

 

1. PATIENT PREPARATION 

 Informed Consent: this includes:  

 The indication for implantation (often to prevent syncope secondary to bradycardia)  

 The risks associated with the procedure, which may be tailored to one’s own practice/institutional 

figures, but generally include: 

1. Superficial bruising: common and of no clinical significance unless it leads to pocket haematoma  

2. Pocket haematoma: often managed conservatively, but may need intervention depending on size, 

concomitant anticoagulation, and/or tension on incision  

3. Pneumothorax: risk depends on access route (< 0.1 for extrathoracic access & 1-2% for intrathoracic 

access), but consent for 1% on average  

4. Lead displacement: early and late displacements may be up to 4% in total  

5. Cardiac perforation/tamponade: uncommon with current lead designs (0.2%)  

6. Infection: may be 1% overall but recognised factors affect the risk: 

 

Risk factor for infection OR (95% CI) 

Fever within 24 h before device implantation 5.83 (2.00 to 

16.98) 

Use of temporary pacing wire before implantation 2.46 (1.09 to 5.13) 

Pre-discharge re-intervention (eg, for clot evacuation, lead 

dislodgement) 

15.04 (6.7 to 

33.73) 

De novo device implantation 0.46 (0.24 to 0.87) 

Antibiotic prophylaxis 0.40 (0.18 to 0.86) 

 

 It is increasingly important to document other important information given to the patient—for example, 

rules regarding driving.  

 Anticoagulation issues: an increasing number of operators are performing these procedures without 

stopping the warfarin, aiming to keep the INR between 2 and 3, as well as being meticulous with 

haemostasis. Results with this approach suggest it is safe with fewer complications as a result of under 

anticoagulation, but with no increase in bleeding complications. Some physicians prefer warfarin to be 

discontinued at least 3 days before the procedure. Consider admission to hospital for IV heparin if the risk 

of discontinuation of anticoagulation is high. Heparin may be discontinued 4 - 6 hours before the procedure.  

 Placement of an intravenous cannula is routine for administration of prophylactic antibiotics, 

administration of intravenous analgesia/sedation, and potentially to perform venography (see section on 

central venous access techniques). For this latter reason it is the author’s practice to make this at least a 20 

G cannula in the left antecubital fossa (assuming a left sided implant) to allow adequate contrast flow to 

visualise the venous anatomy. Pre-procedure sedation may be given before the patient is moved to the 

operating theatre, but if sedation is used at all, it is often simply given in the theatre itself. Most PPMs are 

implanted on the left side. This is because it is more natural for right handed operators and it is easier to 

position the leads (especially the atrial lead). There may be good reason to implant on the right side—for 

example, the patient recently had an infected system removed from the left—but handedness is not a 

determining factor (although 90% of patients are right handed anyway).  

 The choice of sedation and antibiotic prophylaxis will often be determined by local guidelines/ practice. 

It is of interest (and will no doubt be recognised by all implanters) that there is a distinct lack of either 

national or international guidance in this latter area. This mainly stems from the conflicting evidence 

regarding its use; however, meta-analysis does suggest a benefit from pre-procedure intravenous 

antibiotics. In general protection against staphylococcal organisms is required whichever antibiotic is used, 

and local microbiological advice is often helpful to ensure adequate cover against identified pathogens. In 

most cases this will be either a single dose of a penicillin-type antibiotic—for example, flucloxacillin 1–2 
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g or a cephalosporin given within 2 h before the implant itself—but vancomycin and gentamicin are 

increasingly used in cases that are deemed to be higher risk—for example, in patients with a recent, 

unrelated infective illness. Preparing the procedure field is also crucial to minimising complications. 

Sterility is obviously of paramount importance, and the technique for this is best learnt from an experienced 

scrub nurse. The operator needs to ensure that the drapes are placed in a position that enables them to access 

all parts of the field that they desire. Movement of these drapes during the procedure should be kept to an 

absolute minimum, and if possible avoided altogether.  

 The patient should have nothing by mouth for at least 6 to 8 hours before the procedure. An IV cannula 

is particularly helpful if placed in the arm ipsilateral to the proposed pacemaker site. This allows the ability 

to perform a venogram if there is difficulty in obtaining venous access during pacemaker implantation.  
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2. EQUIPMENT 

Apart from the fluoroscopy equipment and vital observation monitors—for example, automated blood 

pressure cuff and oxygen saturation probe—there are a number of sterile surgical instruments and equipment 

that are needed.  

 

Pacing trolley laid out with instruments and 

equipment before permanent pacemaker 

implantation. These include:  

(A) a selection of scissors 

(B) self retainers 

(C) sterile cover for image intensifier,  

(D) sterile pots for cleaning solution, saline 

(E) gauze 

(F) selection of sutures 

(G) lead testing cables 

(H) toothed and non-toothed forceps 

(I) skin preparation swabs  

(J) selection of clips 

(K) suture holder. 
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3. INCISION 

 Before performing the incision, local anaesthetic is infiltrated along the length of the intended incision as 

well as more deeply and slightly medially in preparation for the PPM pocket formation. Although 

guidelines suggest a maximum 3 mg/kg of 1% lignocaine (so in a 50 kg person this is only 15 ml), more 

may need to be used to achieve adequate anaesthesia. 

 The total length of the incision (commonly 4–5 cm) will vary according to: (1) the size of the device; and 

(2) the thickness of the subcutaneous layer (a longer incision is required if thicker tissue is present).  

 There are at least three different recognised incisions that are used for PPM implantation. A poorly 

made incision can hamper access to the vein, make fashioning the pocket problematic, and potentially lead 

to a poor cosmetic result.  

1) For the ‘‘deltopectoral’’ incision, the incision is made from 

approximately 1 cm below the clavicle, in the deltopectoral groove 

(indentation between the clavicular head of the pectoralis major 

medially and the deltoid laterally). The deltopectoral incision 

provides ease of access to the cephalic vein but may limit access to 

the subclavian vein. The operator needs to ensure the pocket is made 

medially to the incision; it may be more difficult to make a 

subpectoral pocket with this incision. 

2) For the ‘‘horizontal’’ incision the cut is made starting 

approximately 1–2 cm below the junction of the middle and 

medial thirds of the clavicle and extending directly laterally to cross the deltopectoral groove by 

approximately 1 cm. The deltopectoral groove is 

found by sliding finger inferolateral to the 

infraclavicular fossa. The horizontal incision 

provides ease of access to both the cephalic and 

subclavian veins with this incision, although not as 

easy for the cephalic vein as the deltopectoral 

incision. It can be used for either subcutaneous or 

subpectoral pocket formation. 

3) The ‘‘oblique’’ incision is made running parallel to and approximately 1–2 cm below the middle third 

of the clavicle. The oblique incision is similar to the horizontal incision but parallel to Langer’s lines. It 

can make access to the cephalic vein more difficult. Incisions parallel to these lines may cause less 

scarring and give a better cosmetic result. 
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4. POCKET FORMATION 

 Next step after making the incision is to fashion the pocket. It is important to avoid a pocket that is too 

tight, because it can result in erosion, or an oversized pocket, which can permit excessive movement and 

device migration 

 The most common site is the pectoral region, although the pocket may be formed in the axilla (in children 

in particular) or in the abdomen (for epicardial or femoral systems),. Debate exists about some aspects of 

PPM pocket formation. The first is whether to fashion a subcutaneous pocket (at the level of the prepectoral 

fascia), or submuscular pocket (this could be either an intramuscular pocket between the pectoralis major 

and minor, or a subpectoral pocket below both the pectoralis major and minor and above the ribcage).  

 The subcutaneous pocket is the easiest and least painful to form, although it is imperative to get into the 

correct plane of prepectoral fascial tissue (the plane between the subcutaneous tissue and the pectoral 

fascia). The pulse generator should rest on the pectoral facia deep to the subcutaneous fatty layer.  

 Once in the correct plane, the pocket is made simply by using one or two fingers to gently spread the tissues 

apart slightly medially and caudally, after infiltration of local anaesthetic; note that in a young, muscular 

patient this tissue plane may still be fairly tight and require some effort to separate the layers, whereas in a 

more elderly patient it often spreads apart with minimal pressure.  

 The submuscular pockets are formed by a shallow incision in the 

pectoralis major muscle and then blunt dissection, either through both 

muscle layers (subpectoral pocket below both the pectoralis major and 

minor and above the ribcage) or just down to the pectoralis minor 

(intramuscular pocket between the pectoralis major and minor, although 

this plane can be quite difficult to identify). This is more painful than 

subcutaneous pocket formation, but can be done with conscious 

sedation. With the size of current devices the subcutaneous pocket is 

sufficient for the vast majority of people undergoing PPM implantation; however, for those with little 

adipose tissue the submuscular pocket offers increased protection against device erosion. Other perceived 

advantages of a subcutaneous pocket are that generator changes are easier and there is less risk of 

neurovascular damage when forming the pocket than if one dissects through the muscle, while submuscular 

pockets give a better cosmetic result and reduce the risk of migration.  

 Ultimately the choice of pocket will lie with the operator, or in some cases with the patient (either 

through patient choice or because of the body habitus). The pocket may be fashioned at the start of the 

procedure before any lead placement, or at the end once the leads are secured. There are some specific 

reasons why the pocket may be made later in the procedure. If an axillary or submuscular pocket is being 

used it may be easier to gauge the final optimal position of the pocket after securing the leads. In routine 

practice the advantage of making the pocket (particularly a subcutaneous one) early in the procedure is that 

there is less chance of inadvertently displacing the leads once they are in place. The disadvantage is that 

there is a small chance that venous access will be impossible on the ipsilateral side and a redundant pocket 

then exists. However, this finding is relatively rare and therefore most operators will make the pocket early 

in the procedure.  

 Pitfall in pocket formation:  

 Occasionally, the space developed may be subcuticular, with the subcutaneous fatty layer deep to the 

pulse generator. In that situation, the pulse generator presses on the under-surface of the skin, which 

may be continually painful. Characteristically, light touch of the overlying skin produces exquisite pain. 

the problem, which can be solved by repositioning the pulse generator into a deeper and subcutaneous 

site. 

 The pulse generator should be sufficiently inferior to the clavicle so that a full range of shoulder motion 

is not restricted by its impingement against the clavicle.  

 The device should be sufficiently medial to keep it from approaching the anterior axillary fold. 

Otherwise, every anterior movement of the arm past the pulse generator 
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 will be uncomfortable. Infiltration of local anaesthetic in the deltopectoral groove (lateral incision) may 

also result in injury to the thoracoabdominal nerves and result in chronic pain.  

 After dissection and development of the pocket it should be inspected for any bleeding and bleeding 

areas cauterized. A sponge soaked with saline or antibiotic solution may be kept within the pocket during 

placement of the leads in an effort to minimize oozing and blood in the field. However, removal of the 

sponge is mandatory before wound closure. 
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5. CENTRAL VENOUS ACCESS 

Veins in the upper limb and thorax 

 

Forearm Radial (deep lateral) Ulnar (deep medial) Basilic (superficial 

med) 

Cephalic 

(superficial lat) 

Upper arm 

& axilla 

Brachial (formed by the radial & ulnar in the 

antecubital fossa) 

Basilic Cephalic 

Axilla Axillary (formed by the basilic & brachial in the axilla) Cephalic 

Intrathoracic  Subclavian (runs from the outer border of the first rib to the medial border of the anterior 

scalene muscle) 

Then joined by the EJV & IJV to form the brachiocephalic (innominate) vein that joins the 

SVC 

 

Choice of central venous access: 

 

The axillary vein becomes the subclavian vein after traveling over the 

first rib 
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 Cephalic vein Axillary vein or Extrathoracic 

subclavian 

Subclavian 

vein 

Surgical skill required Most skill 

needed 

Average Average 

Pneumothorax risk < 0.1% < 0.1% 1–2% 

Risk of lead crush Very low Low Highest 

Amount of fluoroscopy required Minimal More than other 2 methods Minimal 

Ease of passage of multiple leads May be difficult Easiest Easier 

Ease of extraction if required May be difficult Easier Easier 

1) Cephalic vein cut down:  

 The usual course of the cephalic vein is in the delto-pectoral 

groove, penetrating the clavi-pectoral fascia to join the axillary 

vein medial to the pectoralis minor muscle. An occasional 

variant runs over the superficial surface of the clavicle to join 

the external jugular vein.  

 

 When dissecting in the groove towards the lateral border of the 

pectoral muscle it is common to see an area of adipose tissue 

caudal to the lateral end of the clavicle. Dissection through this 

tissue, between the pectoralis major muscle on the medial side 

and the deltoid muscle on the lateral side, may reveal the 

cephalic vein at the bottom. It is worth noting that sometimes it lies just under the edge of the muscle so 

it is important to explore the margins carefully.  

 

 Once the vein has been identified it is freed from the surrounding tissue by careful dissection. Ideally a 

1–2 cm length of vein needs to be freed. An accompanying arteriole is common and one should be alert 

to this, carefully dissecting the vein away and ensuring cannulation of the correct vessel. Also, there 

may be a plexus of veins rather than a single vein. In this case it may be possible to cannulate the largest 

branch, but if they are all of similar small calibre it may be better not to attempt this route. The vein may 

lie deep, and the difficulty this creates may again mean that the operator does not pursue this access 

route, particularly in patients with a large body habitus.  

 

 Once the vein is freed, place a loose silk tie on the proximal end of the freed 

segment. Apply traction until the vein engorges. Then secure the tie to the 

sterile cover to avoid backflow of blood from the vein. Next, position and 

ligate the distal end of the freed segment with a silk tie. This technique allows 

maximal lumen dilation and facilitates the venotomy. Care needs to be taken 

not to twist the vein as this is done because this makes venotomy and passage 

of a guide wire or lead more difficult.  
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 Sharp, fine scissors (iris scissors) should be used for the venotomy. The 

vein is then entered using a vein lifter. The lead(s) may be directly passed 

through the cephalic vein or preferably guidewires (standard or Terumo) 

and peel-away sheaths can be used, since passage of the lead itself may 

be hindered by venous valves or tortuosity of the cephalic vein. Once the 

guidewire is introduced into the vein, remove the vein lifter and apply 

further traction on the proximal tie to facilitate the passage of the 

guidewire. Use fluoroscopy to guide the passage of the guidewire down 

the cephalic vein. The guidewire may track into the axillary vein (down 

the arm) rather than the subclavian. If this happens, pull back the 

guidewire to the entry point of the cephalic vein into the axillary vein and 

manipulate it directly into the subclavian vein. Traction on the patient’s ipsilateral arm may lessen the 

angle of entry and facilitate this process.  

 

 Next, in case of single chamber pacemaker, a peel-away sheath (7 Fr) along with the dilator is passed 

over the existing guide-wire (stop pushing the sheath once the sheath wings are just outside the wound 

to avoid collection of any bleeding from the sheath lumen into the wound during the process of placing 

the leads) . Thereafter the dilator along with the guidewire is removed while keeping the sheath in-situ. 

Now the lead is introduced through the sheath.   

 

 With a dual chamber pacemaker the right ventricular lead is conventionally positioned first, and then 

the right atrial lead. In the piggy back (double wire) method, a sheath along with the dilator is passed 

over the existing guide-wire. Thereafter the dilator is removed while keeping the guide-wire and sheath 

in-situ. Now the second guide wire is sent in parallel to the first guide-wire through the sheath thus 

ending up having two guide-wires within the sheath. Thereafter the sheath is taken out (not pealed off) 

leaving two guide-wires in the vein and their positions confirmed fluoroscopically. The medial most 

wire is selected for the atrial lead sheath and clipped to the drapes and kept away. The sheath dilator set 

is re-assembled, flushed and re-inserted along the free guide-wire thus establishing a sheath for the 

ventricular lead.  

 The guide-wire along with the dilator are then removed and the ventricular lead is inserted, properly 

placed and tested, and then the sheath is pealed off and the lead is secured. Then the clipped atrial guide-

wire is freed and another (new) sheath is inserted along it and is used for insertion of the atrial lead. 

 One potential acute drawback of using this method is that there may be para-lead leakage of blood into 

the pocket as there is a large opening in the vein – this may require a purse string suture around the leads 

into the muscle and pocket before closure of the pocket. 

 Friction between adjacent leads can hamper manipulation in this situation, causing inadvertent lead 

dislodgement. To minimise interaction of the two leads, while positioning the second lead the introducer 

sheath may be left in situ until both leads are in a satisfactory position.  

 Where there is difficulty in passing the guidewire from the subclavian into the SCV, it is possible to 

place the dilator from the introducer sheath into the subclavian and inject contrast to visualise this area 

clearly and look for obstruction/ stenosis, particularly where there are leads already in the vein.  

 With patients in a sedated state and having often been left relatively dehydrated before the implant 

procedure, it may be worth giving fluid intravenously to increase central venous filling, and using a 

wedge under the legs as well as head-down tilt to increase venous return. 
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2) Axillary (Extrathoracic subclavian) vein puncture:  

 The puncture through the muscle is made slightly more medially than the conventional subclavian 

puncture, but importantly the angle of the needle is much steeper (in some cases almost 90o). The needle 

is advanced (gently aspirating on an attached syringe), aiming for the space 1-2 fingerbreadths below 

the clavicle and over the first rib until either the vein is cannulated or the rib is struck.  

 An important observation to note is that the axillary vein is seen ascending long the lateral border of the 

upper thoracic cage and crossing the rib margin medially at point marked by the confluence of the lateral 

margins of the second and third ribs. This anatomic reference is of practical value in doing an axillary 

vein puncture without venography 

Axillary vein puncture using the radiological landmark without 

venography. the axillary vein usually courses at the level of, or slightly 

cephalad to, the intersection of the inferior border of the second rib and the 

superior border of the third rib at the rib cage margin (arrow). We used this 

fluoroscopic landmark to position the puncture site on the pectoral muscle 

with the needle pointing toward the head of the patient at a 60° angle to 

the skin surface. The needle was then advanced until blood was aspirated, 

care being taken to not cross the first rib (which results in subclavian vein 

puncture). If venous access was not obtained within approximately 15 

seconds, contrast agent was injected to guide the puncture, to minimize the 

risk of complications. 

 

Contrast-guided axillary vein puncture. Note that the axillary vein lies just 

cephalad to the intersection of the inferior border of the second rib and the 

superior border of the third rib at the rib cage margin (arrow). A total of 

10 cc of contrast dye diluted 1:1 with normal saline to reduce viscosity and 

facilitate the bolus injection was injected via an ipsilateral peripheral vein 

and flushed with 20 cc of saline. The opacified axillary vein was then 

punctured under fluoroscopy, at the border or medial to the rib cage 

margin, with repeated boluses of semi-diluted contrast material if needed.   

 

 

 

 If the rib is struck the needle should be gently withdrawn 1–2 cm while still aspirating and, if there is 

still no flashback of blood, the caudo-cephalad angle of the needle is changed to aim for either a slightly 

more cranial or caudal position on the first rib and the same process repeated. This is done under 

fluoroscopy and it is important that the needle always remains over the first rib in the standard PA 

projection, and specifically never passes medial to the rib.  

 The steep angle of the needle may mean the vein collapses on the needle, making passage of the 

guidewire difficult. On occasion, venogram may be required to visualize the vein adequately or to 

confirm its patency. 

 When it is proving difficult to cannulate the axillary or subclavian vein it is often worth performing a 

venogram from the ipsilateral arm (usually through a cannula in the antecubital fossa) to delineate the 

exact course of the vein over the first rib and under the clavicle. 

 Double wiring technique may be used for multiple lead access, particularly if the puncture has been 

difficult and the risk of a pneumothorax may be increased by multiple attempts. However, there may be 

a slightly increased risk of bleeding from the larger hole created, so if the puncture is straightforward, a 

second puncture should be performed, which also makes individual lead manipulation easier. 
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Fluoroscopically guided second puncture. Again the basic principle 

of not breaching the medial border of the first rib applies (in this 

example, the tip of the needle was just approaching the medial border 

when blood was aspirated  

 

 

 

 

 

 

 

3) Subclavian vein puncture:  

 The landmark for entry through the skin is the junction between the middle third and lateral third of the 

clavicle (roughly at its “bend”). But when performing a subclavian puncture during PPM insertion it 

needs to be noted that puncture is no longer being made through the skin and subcutaneous tissue but 

now directly through the muscle. This means that although the entry point through the muscle is similar, 

the angle of the needle to the chest wall has to be reduced— that is, the needle is less steep to allow for 

the fact that entry is up to several centimetres below the skin surface in some individuals.  

 Once the muscle is pierced the needle is advanced from a lateral to medial direction aiming for the 

medial head of the clavicle. Some operators describe ‘‘walking under’’ the clavicle—this means that the 

needle is kept horizontal and when advancing the needle the clavicle is hit and then the needle is retracted 

slightly, the angle of the needle slightly steepened and the needle advanced again. This process is 

repeated until the needle just passes under the clavicle. This reduces the risk of inadvertent lung puncture 

but may increase the risk of damage to the inserted pacemaker lead from pressure of the clavicle 

(‘‘subclavian crush’’). Although some operators perform this puncture without any form of extra 

imaging, the fact that the subclavian often runs under the medial head of the clavicle means that 

fluoroscopy can be used to help guide the needle.  

The skin puncture is done as shown 

at the hollow of the delto-pectoral 

triangle, about 1-2 finger-breadths 

below from the clavicle at its junction 

between the middle third and lateral 

third (roughly at its “bend”). It should 

be realized that the needle will be 

traveling through the upper aspect of 

the pectoralis major muscle (through 

its clavicular head). The needle is 

advanced towards the supra-sternal notch and angulated so that the tip is walking under the clavicle. 

4) The internal jugular vein and femoral vein may also be used in certain circumstances, but neither of 

these is used routinely as the first choice for lead implantation and is reserved for cases where the other 

access sites are not possible. 
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Role of venography 

 Use about 10 ml of contrast media diluted in normal saline to fill a 20 cc syringe. Its injection is followed 

by a flush of saline to clear the vein of contrast as contrast is an irritant  

 Once a venogram has been done and the vessel is noted to be patent, the operator should strive to achieve 

the puncture as far as possible from the clavicle (i.e. the extra-thoracic approach) as the vein is now clearly 

visible and that fact should be made use of. 

 Although injected volumes are low, because of risks – contrast allergy and renal toxicity, routine use of 

venography for every case is not recommended.  

 A pre-procedure venogram is recommended in the following instances : 

1. Where pre-existing leads are present: to confirm vessel patency and guide puncture to avoid lead 

damage (for example when upgrading a single chamber system to a dual chamber system) 

2. In the grossly obese: where surface landmarks are not palpable or clearly visible. 

3. When the risk of pneumothorax or bleeding is high: e. g. in COPD / frail / advanced age / on 

anticoagulants or dual antiplatelets 

4. Where suspicion of a venous or anatomic deformity exists: When such arises from clinical history 

or examination (e.g. following ipsilateral thoracic or breast surgery or history of clavicular fracture) 

5. When implanting complex devices: Devices such as CRTs (Cardiac Re-synchronization Therapy) 

have multiple leads and need to placed friction free with adequate inter-lead spacing 

Examples of Venous Anomalies detected by Venography 

Venous obstruction and collateral drainage in patient who was scheduled to 

undergo a device upgrade (single to dual ). This precluded the upgrade as there 

was no patent vein for the new lead and the new dual chamber system was 

implanted from the opposite side. The old lead on right side could not be 

extracted and was abandoned. 

 

 

 

 

Extensive collateral formation around the obstruction to the main vein. 

Procedure was shifted to the opposite side 

 

 

 

Extensive collateral formation around the obstruction to the main vein. 

Procedure was shifted to the opposite side 
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6. LEADS & STYLETS 

 The leads themselves are very floppy and intrinsically have very little stiffness. This means that as the 

lead is moved around, the tip moves freely without any significant ability to steer it. To overcome this there 

is a central lumen to the lead which will allow passage of a stiffer thin wire known as a ‘‘stylet’’. The 

further the stylet is passed down the lead (potentially almost to the tip), the more of the lead body is 

stiffened. These stylets may also be ‘‘reshaped’’ easily to allow the tip of the lead to be further steered in 

a specific direction.  

 It is important to keep the stylet clean and free of debris, particularly blood, as this can block the central 

lumen and prevents the stylet from passing far enough down the lead to give any useful support. The stylet 

should not be forced, because forcing may result in perforation of the stylet through the conductor coil and 

into the insulation.  

 The fixation method of the lead also has important implications. Lead tips may fixate ‘‘passively’’ or 

‘‘actively’’.  

1) Passive fixation leads have ‘‘tines’’ at the end of the lead which act as an anchor to hold the lead tip in 

place acutely. Over a period of time (weeks to months) the tip of the myocardium around the lead tip 

will fibrose to secure it further.  

2) An active fixation lead has a retractable screw at the tip of the lead which is deployed when the lead is 

in position. To do this the lead is first placed in the desired position (see below), using a stylet to support 

the lead tip against the myocardium. A clip-on tool (‘‘A-frame’’) is then attached to the distal pin of the 

lead and slow clockwise rotation of the distal pin transmits torque to extend the screw. This can be 

directly visualised under fluoroscopy (for some leads there is ring tip separation, and on others the rings 

come together) and slight resistance may be felt when rotating the distal pin as the myocardium is 

entered. Rotation of the distal tip too rapidly may build up torque within a lead such that the whole lead 

simply coils up and the screw is not extended. To check the stability of the lead tip, the stylet is then 

pulled back to see that the lead stays in place before lead testing. Specific instances where an active 

fixation lead may be used is when placing the right ventricular (RV) lead in the outflow tract/on the high 

septum, or in patients where the right atrial (RA) lead needs to be secured to the tissue for stability (some 

operators will use an active fixation RA lead in any patient who has previously had cardiac surgery, as 

the RA appendage may have been ligated when the patient is placed on cardiopulmonary bypass). It is 

felt that active fixation leads are easier to extract (although when the lead has been in for a long period 

of time any lead extraction may be difficult); therefore many operators will electively use these in 

younger patients, knowing that over time there is a moderate chance that new leads will be needed and 

the old ones will need to be removed.  

Fig. Lead types, stylets, and 

use of the stylet to change the 

shape of the lead tip.  

(A) passive fixation lead tip  

(B) active fixation lead tip 

with screw retracted  

(C) active fixation lead tip 

with screw deployed  

(D) J shaped stylet  

(E) Straight stylet  

(F) Preshaped J shaped stylet advanced all the way to the tip straightening the lead 

(G) As the stylet is withdrawn the lead flexes  

(H) Eventually the lead takes up its pre-formed shape  
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7. RV LEAD PLACEMENT 

Step 1: Passing the RV lead through the SVC:  

 Next step after securing the central venous access is to remove the wire and the dilator and to introduce the 

RV lead immediately through the sheath to avoid air suction.  

 When any lead is initially advanced into the central circulation, it should first be seen to pass to the right 

of the vertebral column through the SVC.  

 If the lead is introduced from the left side and passes to the left of the vertebral column, it is probably within 

a persistent left SVC. If this occurs, perform contrast venography from a peripheral IV line in the right arm 

to determine whether a right-sided SVC also exists. If it does, the implant site can be moved to the right 

and leads placed in a traditional manner. An alternative is to continue to advance the lead or leads through 

the coronary sinus towards the right atrium. Although this approach has been used many times, lead 

placement can be difficult. 

 
Video: venography and lead placement in PLSVC: https://www.youtube.com/watch?v=S343ILiAP6g 

 

 
Fig. Fluoroscopy in the RAO projection showing the ventricular lead introduced through the persistent left 

superior vena cava and coronary sinus entering the RA and forming a loop on the RA free wall before 

entering the RV. The atrial lead was screwed to the RA free wall. B, Fluoroscopy in the LAO projection 

showing the direction of the ventricular lead, from the posterior to the anterior and then leftward, almost 

on the same horizontal plane 

 

  
Fig. Aberrant lead course in a patient with a persistent left SVC. Given the circuitous course of the ventricular 

lead (arrow), long lead lengths are sometimes needed to reach the right ventricle. 

  

https://www.youtube.com/watch?v=S343ILiAP6g
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Step 2: Positioning The RV lead:  

A. The first component of placing the RV lead is common to both positions (apical and septal/RVOT) 

and entails crossing the tricuspid valve (TV) to enter the RV itself. The proximity of the coronary sinus 

os to the TV means that it is possible to place the lead in the CS inadvertently; however, there are ways to 

avoid this:  

1) The occurrence of ventricular ectopics is a useful indicator that the lead is across the TV and in contact 

with RV myocardium rather than in the CS.  

2) A lead within the CS may appear to be within the RV, but the passage is not superiorly but rather more 

laterally toward the left cardiac border and advancing it forward does not result in a classical ‘‘shoulder’’ 

of the lead across the TV. This suggests the lead may be in the middle cardiac vein or a posterolateral 

branch of the CS. 

3) The most important clue is in the lateral fluoroscopic view. The outflow tract of the RV is an anterior 

structure, and a lead in it is seen in the retrosternal position. The CS is on the posterior wall of the heart, 

and a lead within it is visualized on the posterior cardiac border. 

4) Pacing on a lead in the CS will also reveal a RBBB pattern rather than a left bundle pattern, but as the 

precordial leads are generally not available at implant, a clue can be the presence of a notably leftward 

axis in the limb leads which are usually used.  

  

 
Fig. Biventricular pacing: one lead in the right atrium and another in the right ventricle. A third lead 

is seen, which is guided through the coronary sinus towards the left ventricle. 
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B. Traditionally most RV leads have been positioned in the apex. However, a great deal of controversy 

exists over whether other positions, such as the septum or outflow tract, may be hemodynamically 

superior. The deleterious effects of RV apical pacing have increasingly been reported including 

dyssynchronous RV-LV activation, worsening heart failure, adverse ultra-structural myocardial 

mechanics, deteriorated LV remodeling and metabolism, worsened LV filling pressures, atrial fibrillation, 

increased mitral regurgitation, pain, tamponade from perforation, far-field over-sensing or stimulation of 

extra-cardiac structures e.g. phrenic or intercostal stimulation as well as impaired mortality and 

morbidity. RV septal pacing is a valid alternative which most mimics what exists in normal physiology. 

The data for non-apical and in particular RV septal pacing, demonstrates improved LV function, 

prevention of adverse LV remodeling, and prevention of heart failure 

 RV apical pacing RV septum/outflow tract 

pacing 

Ease of positioning +++ ++ 

 

Risk of perforation More likely but still low overall incidence, and 

mainly because of thin tissue at the apex in some 

patients (e.g. previous inferoapical infarction)  

 

Displacement risk  More common even when 

active fixation leads are 

used 

Pacing characteristics Satisfactory in the majority May be more physiological 

& haemodynamically 

superior 

Costal muscle 

stimulation 

More likely in thin patients  
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C. Broadly speaking, three techniques for crossing the TV are practiced: 

1) Drop down technique: after introducing the lead into the RA (with its provided straight stylet), the stylet 

is withdrawn and  is curved by pulling it between the opposed thumb and index fingers while rotating 

the fingers.  

 The curved stylet is advanced all the way into the tip of the lead and the lead is introduced across the 

tricuspid valve and into the RVOT. If the lead does not cross the TV it may be necessary to reshape 

the stylet again. Initially placing the lead in the RVOT ensures that the lead is indeed in the RV and 

not in the CS or in an extracardiac vessel, such as the hepatic vein. The lead may cause PVCs as it 

passes through the RV but these are usually inconsequential.  

 Once the lead tip is in the outflow tract, the curved stylet should be replaced with a straight stylet. 

The straight stylet is initially advanced until the lead starts to straighten (usually when the stylet 

crosses the heel of the curved lead at the inlet portion of the RV). At that moment withdraw the lead 

slowly while the stylet is simultaneously advanced, allowing the straightened lead to drop down 

toward the apex.  

 The stylet is then advanced all the way to straighten the tip of the lead and the lead is advanced into 

a more apical position. If advance of the lead becomes hindered by an intracavitary structure such as 

the moderator band, then the curved stylet can be readvanced until the tip of the lead points upward 

and now can be advanced over the moderator band. By repeating the manoeuvre (withdrawing the 

stylet to straighten the leads and advancing when an obstruction is encountered), the lead tip can be 

“marched” towards the septal portion of the RV apex. This manoeuvre may be assisted by asking the 

patient to breathe deeply, causing the RV apex to descend with the diaphragm, at which point the 

lead can be advanced.  

 Once in the apex, the lead should be gently advanced while the stylet is withdrawn to allow the lead 

to form a heel in the RV. If the lead looks extensively straight or the passage looks abnormal check 

the lead position in LAO or lateral fluoroscopic views. 

 

 
Fig. RV lead in the RV apex and RA lead in the RAA. A: frontal view; B: lateral view; C: LAO 40 
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2) Direct crossing technique: similar to the previous technique a curved stylet is advanced all the way into 

the tip of the lead and the lead is advanced into the RV, but instead of continuing to advance the lead all 

the way to the RVOT, the stylet is withdrawn in the inlet portion of the RV itself. By withdrawing the 

curved stylet, the lead tends to “straighten” and can be advanced directly across the TV towards the 

apex. This may take small adjustments in the direction of the tip, both by rotating the lead clockwise 

and anticlockwise to aim anteriorly and posteriorly, respectively, as well as advancing or retracting the 

stylet to aim superiorly or inferiorly. If the lead still does not directly cross it may be necessary to reshape 

the stylet again.  

 

3) Prolapse technique: It is sometimes possible to position the lead with straight stylet alone. This is useful 

in case of right-sided implantations and a torturous subclavian– SVC system, where, because of the near 

right-angle turn from the right subclavian vein into the SVC, a curved stylet will tend to point the lead 

in the atrium and make it difficult to cross the tricuspid valve.  

   
Once the lead is in the right 

atrium, the straight stylet is 

withdrawn about 5 cm and 

the lead is advanced 

inferiorly. It will often 

curves in the right atrium 

and either be deflected from 

the lateral wall of the RA 

and pass the TV directly or 

it may catch in the RA and 

generates a loop.  

If a loop of lead is generated in 

the RA, the lead is rotated 

so that the heel of the 

formed loop begins to 

“prolapse” across the 

tricuspid valve. The stylet is 

then advanced while slowly 

pulling back the lead. 

As the heel of the 

prolapsed lead now 

begins to be extended 

into the RV, the 

straight stylet reaches 

near the tip of the lead 

causing the lead to 

flick through the TV.  

 

The lead tip may get caught on the TV with the rest of the body of the lead continuing to prolapse 

through. If this occurs the stylet may be advanced further to try to force the tip off of the TV. If the lead 

tip is firmly caught on trabeculation, the stylet can be withdrawn a few centimetres within the lead and 

the lead retracted and advanced to try to free the tip. Vigorous manipulation and particularly rotation of 

the lead can cause the tip to become entangled in the TV apparatus, and make freeing the tip more 

difficult. Ultimately if the tip is caught it may be necessary to pull the entire lead back into the RA and 

start again.  
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D. RVOT Septal Pacing: The anatomical RVOT is defined as the area between the pulmonic valve 

superiorly, the upper roof of the tricuspid valve apparatus inferiorly, the septum posteriorly and medially, 

the free RV wall anteriorly and in-between the septum and free wall a small tract of anterior RV wall 

containing the LAD coronary artery.  The proposed target zone for pacing purposes is the septo-parietal 

trabeculations in the inferior portion of the septal RVOT, OR the septal zone bounded by the 

supraventricular crest, and septo-marginal trabeculation, but not the free wall. 

  

A standard stylet manually shaped into a smooth large curve in a single plane over the distal 20 cm using 

the barrel of a 10 cc syringe (2D stylet).  

For the stylet with an additional posterior curve (3D stylet), a 90o curve is first shaped over the distal 3 cm 

using the stiffest stylet in the set and the barrel of a 2 cc syringe. The stylet knob was then rotated 

counterclockwise 90o, and a second large 180o curve shaped in the same manner as the 2D stylet. The 

commercial availability of 3D stylet (Mond stylet) has resulted in greater ease, accuracy and reliability in 

septal lead delivery. 
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With the stylet advanced all the way into the lead The lead may then naturally cross the TV (use of the 3D 

stylet to cross the tricuspid valve sometimes results in inadvertent cannulation of the coronary sinus).  

Rarely, the lead may stop at the desired position after crossing the tricuspid valve. If, as commonly occurs, 

the tip of the lead goes further up into the RVOT, it may be necessary to withdraw the lead slowly with 

concomitant counterclockwise torque (consider using a 3D stylet at this step). A ‘jump’ is usually seen as 

the lead falls below the RVOT. At this point, the lead is quickly advanced and applied against the mid-

septum so as to avoid it falling any further. Once in position it is important to ensure the lead is actually 

posterior and septal rather than anterior and on the free wall. This is done by confirming the posterior 

position in LAO projection OR confirming the position of the RV lead in the middle of the cardiac 

silhouette in RAO projection. Active fixation leads are preferred for RVOT septal pacing, though passive 

fixation can be used also. 
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Step 3: Once the lead is in what is felt to be a good anatomical position: 

 Pull back the stylet into the portion of the lead that is in the superior vena cava (SVC) or subclavian and 

affixed to the drape before assessing the pacing characteristics of the lead to minimise the chance of 

false readings—this will also help to confirm the final position of the lead, as the stylet will affect the 

lead shape.  

 Check sensing, pacing and then diaphragmatic stimulation at 10 V. If parameters are not good despite 

excellent lead–myocardium contact and an apparently good anatomical position, check all connections 

from the analyser to the lead for any correctable problems (see below); however, if none are found the 

lead should be moved as this reflects a position that will chronically be poor.  

 Sheath is then pealed off before checking the lead stability to free the lead from the extra support given 

by the sheath and to avoid air suction into the central vein during deep inspiration whilst testing stability. 

 Check the lead stability at 1 V. 

 Push the lead(s)’ sleeve(s) medial most over the leads before removal of the stylet(s) 

 The lead is then secured to the pectoralis muscle with the sleeve provided (this step may be postponed 

if atrial leads will be introduced through the same puncture, to allow flexible advancement of the atrial 

lead).  

 After securing the lead, review its location and pacing characteristics. If parameters unexpectedly 

deteriorate without any apparent lead dislodgement, consider the possibility of lead migration and 

perforation through the RV. Often this has no clinical sequelae and the lead can simply be pulled back 

and positioned again, but it is worth ensuring haemodynamic stability and performing echocardiography 

to confirm the absence of any pericardial effusion.  

 Check and remove any gauze from the preformed pocket and connect the pacemaker.  
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8. RA LEAD PLACEMENT 

 Technique varies, depending on whether a pre-shaped “J” RA lead or a straight RA lead is used. At this 

time, straight leads are much more commonly used than preformed J leads, but the passive fixation RA 

leads are all J leads, while active fixation leads come in either form. 

 Traditionally the RA lead is placed in the RA appendage (RAA): 

 Technique varies, depending on whether a J lead or a straight lead is used: 

o If J lead is chosen, a straight stylet is placed in the lead to straighten it, and the lead is passed into 

the middle to low right atrium. Then, while the lead is advanced slowly, the straight stylet is 

withdrawn approximately 10 cm to allow the tip to assume the J shape and rise into the RAA. You 

may need to withdraw the whole lead gradually to secure the lead tip against the endocardial surface 

and then advance it again slowly (when the J begins to straighten) to allow the appropriate J to occur.   

o If a straight lead is being used, a J shaped stylet is used to position the lead (J curved stylets are 

usually provided with the lead). If the cephalic vein has been used for access and/or there is tortuosity 

in the subclavian, then the lead may need to be gently advanced and retracted as the J shaped stylet 

is inserted to allow smooth passage. The stylet is introduced into the atrial lead in the low right atrium, 

and the lead is then gently withdrawn to try to intubate the RAA os.  

 If the initial position of the lead is too low in the RA, the lead tip may hook into the TV and the lead 

body may prolapse on itself. If this happens straighten the lead again (by advancing the straight stylet 

in the J lead, or withdrawing the J stylet from the straight lead) and the procedure repeated, but starting 

a little higher in the RA itself.  

 If the initial position of the lead is too high in the RA, the lead may not assume its curve. If this 

happens straighten the lead again (by advancing the straight stylet in the J lead, or withdrawing the J 

stylet from the straight lead) and the procedure repeated, but starting a little lower in the RA itself.  

 Entry into the atrial appendage is indicated by ‘‘windscreen wiper’’ or ‘‘figure-of-eight’’ movement 

of the J portion of the lead, but be aware that this motion is absent in atrial fibrillation. Once the lead 

has been positioned in the atrial appendage rolling the electrode body clockwise and counterclockwise 

should establish neutral torque on the lead. Further pushing of the lead may force it to prolapse into the 

TV and should be avoided. The PA projection may show that the lead is medial or lateral. Therefore, it 

may be necessary to check the lead position in different projections (for example, In lateral projection 

the lead tip should generally point anteriorly). 

 If the lead has active fixation, the fixation mechanism should then be secured. Sensing and pacing 

thresholds should be checked. If they are adequate, the lead should be secured with the sleeve provided. 

 In some patients where the RAA position is not suitable (usually because of poor pacing characteristics) 

the lead may be placed anywhere else within the RA, but most commonly on the lateral wall. When it is 

decided to place the RA lead in a position other than the RAA, it is generally advisable to use an active 

fixation lead. Again the lead is placed in the mid RA and then rotated clockwise to spin the lead laterally. 

Sometimes to keep the lead tip free in the RA, the whole lead will need to be advanced or retracted as the 

lead is rotated. Ideally the tip of the lead should be as close to perpendicular to the wall as possible to 

maximise the chance of getting good fixation, but care is needed as there is a small risk of perforation. 

 

Fig. Diagrams showing three 

different techniques for right atrial 

(RA) lead placement. RAA, right 

atrial appendage. 
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9. PACING CHECKS 

 Once the lead is in what is felt to be a good anatomical position, the pacing parameters need to be checked 

to ensure that these are also satisfactory. The testing cables are connected at one end to an analyser. At the 

other end a pair of coloured crocodile clips are used to test the lead.  

 With a bipolar lead there are two rings on the lead and the black clip goes to the distal ring, the red to the 

proximal.  

 

The IS-1 connection (the current standard connector tip) of a bipolar pacing lead.  

“IS” refers to the International Standard whereby leads and generators from 

different manufacturers are assured a basic fit.  

The proximal ring electrode is indicated by the red arrow and the distal electrode 

by the black arrow; this corresponds to the electrodes at the tip of the lead itself.  

Below this the cable for testing the lead parameters at implant have been 

connected. The ‘‘crocodile’’ clips used are colour coded with red being attached 

to the proximal electrode and black to the distal electrode.  

 

 

 

 If a unipolar lead is being used (rare at implant these days for single/dual chamber pacemakers but may 

be encountered at the time of generator changes (see below) then the lead only has a single distal ring so 

the black clip is connected to this, and the red clip needs to be connected to subcutaneous tissue to reproduce 

the effect of the generator acting as the other electrode. The simplest way to do this is either to attach the 

clip to tissue within the pocket, to use a specially designed plate which is included in some pacing packs, 

or my own preference is to attach an artery clip to the inside of the pocket and then attach the red crocodile 

clip to this.  

THE FOLLOWING PARAMETERS ARE THEN TESTED:  

 Current of injury (test adequacy of lead fixation): once connected, and before formally testing the pacing 

characteristics of the lead, the ‘‘current of injury’’ is checked. If this is large it suggests good contact 

between the lead tip electrode and the myocardium. An adequate current of injury could be described as an 

increase in the duration of the atrial or ventricular intracardiac EGM by 50 ms and an increase in ST-

segment elevation of at least 5 mV for ventricular leads and 1 mV for atrial leads compared to baseline. 

Alternatively, an adequate COI could be described as an ST-segment elevation of at least 25% of the 

intrinsic atrial or the ventricular EGM amplitude. In the presence of a large COI, an initially high pacing 

threshold will tend to come down substantially within 5 min, so it is worth waiting before repositioning a 

lead that otherwise appears to be in a good anatomical position. This is particularly important in case of 

active fixation leads as these leads are initially traumatic to the tissue; therefore, adequate pacing thresholds 

may not be obtained immediately, but the development of a COI indicates that within 10 min of fixation, 

pacing threshold will return to an acceptable range.  

 

Recordings of the signal from the pacing lead known as the 

intracardiac electrogram (EGM). The top strip is taken 

immediately at implant and attention is drawn to what may 

be described as ST elevation (circled) if this were a normal 

ECG—this is known as the ‘‘injury current’’ and suggests 

the lead is in good contact with the myocardial surface. 

Within a relatively short period of time (minutes to hours) 

this ‘‘injury current’’ disappears and a more simple EGM 

spike (circled in the lower strip) is left.  
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 Sensing 

Why: By checking that the lead is able to the patient’s intrinsic cardiac signals we are able to assure that 

the lead is positioned correctly, with good contact of the electrode at the myocardial surface, and that the 

lead itself is not compromised.  

How: By slowing the pacing rate to encourage the underlying rhythm, the lead is able to sense the intrinsic 

depolarization and gives a numerical value in mV, this is the sensed intrinsic signal that the pacemaker will 

detect on the lead and will be programmed accordingly.  

It is accepted that the larger the signal is, the better (acceptable values are sensed R ≥ 5 mv (preferably ≥ 

7) and sensed P ≥ 2 mv, but we may accept lower values if multiple sites have already been tried and found 

unacceptable).  

In the case of the RV lead if the sensed R wave is too small then the pacemaker may not sense intrinsic 

rhythm and start to pace inappropriately, with a small risk of R-on-T arrhythmias. More importantly, if the 

sensed R wave is too small and the device is programmed to try to account for this, it is then possible that 

the lead will detect artefact that is not ventricular activity and inappropriately NOT pace the ventricle when 

the patient is potentially asystolic.  

In the case of the RA lead it is not only the size of the atrial signal (the P wave) that is important but also 

the presence of ventricular activity that is distant but still detected by the atrial lead (so called ‘‘far field’’ 

sensing). If the far field activity is too large relative to the P wave on the atrial lead then the pacemaker 

may see both of these and count two atrial signals where there is only one. Most pacemakers to varying 

extents can be programmed around this problem. However, careful positioning of the lead at the time of 

implantation to minimise the far field component can save significant future problems, specifically the 

possible need to reposition the lead at a later date. Ultimately a smaller amplitude signal may be accepted 

if multiple sites have been tested, but this decision generally needs experience to know when to stop 

searching for a better position. 

 Impedance—Measured in Ohms (Ω), the impedance measured through the lead is a reflection of all the 

factors that oppose flow of electric current through the lead into its tip (& those opposes leak of the current 

out of the lead proximal to its tip). This includes the lead conductor (conductor resistance), the resistance 

to current flow from the electrode to the myocardium (electrode resistance), and the accumulation of 

charges of opposite polarity in the myocardium at the electrode–tissue interface (polarisation impedance).  

Why: the impedance value informs us as to whether the lead is practically capable of delivering impulses 

to the myocardium. This highlights any integrity issues with the lead insulation or conductor, and can also 

indicates whether the lead is positioned correctly, with good contact of the electrode at the myocardial 

surface. 

How: by delivering a pacing impulse the impedance is determined through Ohm’s law and is provided as 

a numerical value in Ohms (Ω). 

Acceptable values are between 350-1000 Ω - Will vary for different leads—refer to manufacturer’s 

guidance for the specific lead. This measurement may be more important during PPM follow-up where a 

high impedance value suggests a fracture in the lead conductor or a loose set-screw at the proximal 

connector (conductor failure = knot in the hose → low current going to the myocardium), while a low lead 

impedance value suggests a break in the lead insulation (insulator failure = leak in the hose → high current, 

but leaking out of the lead proximal to its tip), either of which may necessitate replacement. 
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 Pacing (Stimulation) threshold 

Why: consists of amplitude (in volts) and pulse width (in milliseconds). when the amplitude and pulse 

width are stated together it is known as the output, which is the minimum amount of energy needed to 

capture the myocardial tissue electrically and is stated as ***v @***ms. A safety margin (2x pacing 

threshold) must be applied to the pacing output voltage. The threshold test could indicate integrity issues 

with the lead, but it is predominantly used to evaluate the lead position and contact of the electrode at the 

myocardial surface.  

How: A voltage is applied through the lead for a fixed time (fixed pulse width, usually 0.5 ms). The voltage 

(V) is gradually lowered until capture is lost. The threshold value is the minimum voltage that maintains 

consistent capture when decrementing the voltage before capture is lost. 

The lower this value is the better, as the battery depletion is proportional to the amount of energy needed. 

Acceptable values for RV are < 1 V at 0.5 ms and for RA are < 1.5 V at 0.5 ms . The lower the threshold 

is the better, but like sensing, sometimes one will need to accept higher values.  

 Phrenic nerve stimulation testing: maximal output pacing (usually 10 V) is also performed on each lead 

to ensure there is no stimulation of extracardiac structures (normally indicated by diaphragmatic twitching). 

 Stability testing— the pacing characteristics of the leads are tested under conditions that might cause a 

loss of capture. To perform this at the time of the implant adjust ask the patient (usually at pacing output at 

1 V) to breathe in deeply, cough, sniff, or pant. Some operators will use fluoroscopy to check the amount 

of movement of the lead during deep inspiration and ensure there is enough slack in the lead to allow for 

straightening during this manoeuvre without displacing the lead tip. 

 

Fig. A printout is shown from the analyser during ventricular lead testing. The top row shows the pacing 

output in volts (V) at that particular time, and can be seen to gradually decrement from 2.0 V on the left to 0.3 

V on the right. The next line shows the intracardiac EGM recorded (as in panel B); the next line is the marker 

channel which shows when a pacing impulse is produced by the generator (denoted by a VP in this case); and 

the final line is an ECG recording. On the left of the strip with every pacing impulse (VP on the marker 

channel) there is a corresponding intracardiac EGM and a QRS complex on the ECG (solid black arrows). 

This continues down to 0.6 V, but at 0.5 V there is a pacing impulse (VP again on the marker channel) but no 

intracardiac EGM and no QRS on the ECG (red arrows), indicating failure to capture the ventricular tissue at 

this output. Subsequently there is the patient’s own intrinsic QRS complex (VR on the marker channel 

indicates that this signal falls in the ‘‘refractory’’ period of the pacemaker setup) and different intracardiac 

EGM and QRS on the ECG are seen (dashed black arrows). The threshold—that is, the minimum pacing 

output at which the ventricular tissue is captured with the pacing lead in this position—is in this instance 0.6 

V (with a pulse width of 0.5 ms). 
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Table Pacing parameters and normal ranges 
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10. LEAD CONNECTION, GENERATOR PLACEMENT & WOUND CLOSURE 

 Once a satisfactory position and lead parameters have been achieved, the lead is secured with non-

absorbable sutures around the collar. It is important to secure the leads to muscle—if secured to 

subcutaneous tissue the lead may slip. If the cephalic vein has been used the silk tie around the proximal 

end and the lead(s) is tied tight enough onto the lead(s) to stop any residual blood flow from the vein, but 

not so tight as to damage the outer lead insulation or coils. Once the leads are secured the pacemaker 

generator is connected to the leads and placed in the pocket. Caution should be taken at this stage to make 

sure that:  

1. If there is more than one lead—for example, right atrial and ventricular—the correct lead is placed in 

the correct port on the header. Checking the serial number on the lead and where it has been inserted 

with the technician/physiologist is the most reliable method.  

2. The leads are inserted all the way into the header—check that the distal end of the pin is showing past 

the distal connector.  

3. ALL set screws are tightened adequately—the screwdriver is turned clockwise to tighten. Some 

manufacturers have one set screw for a bipolar lead, while others have two.  

4. When placing the generator in the pocket ensure the redundant length of the leads are coiled and placed 

behind the generator, otherwise there is a greater risk of damage at the time of future generator changes. 

Ideally, the generator should be placed in the pocket with the logo face up. Sometimes the pulse 

generator is secured to the muscle using a stitch through a hole on the header. This may help prevent 

migration in certain patients—for example, elderly patients with loose subcutaneous tissue or where the 

generator has migrated caudally at the time of a generator change.  

 Wound closure may be performed in different ways—interrupted sutures, continuous suture, locking stitch, 

etc. However, common to all techniques is that one or two layers of absorbable sutures are used to close 

the deeper subcutaneous layer, while a single layer (either absorbable or nonabsorbable) is used in the 

subcuticular plane. Some operators use tissue glue—for example, Dermabond—to replace the subcuticular 

suture, but this can only be used if there is good haemostasis and skin apposition with the deeper sutures. 

It is important to get the tension in these sutures correct (too tight will cause puckering of the skin, and too 

loose will allow gaping of the wound).  
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11. POST-PROCEDURE CARE 

 Controversy remains over the use of topical antibiotics in the pocket (commonly gentamicin) and the 

routine use of antibiotics parenterally and/ or orally after the procedure. This will, like the preprocedure 

antibiotic regimen, be guided by local protocols/guidelines and individual operator preference. Chest 

radiography should be performed in any patient who has had a subclavian puncture to exclude a significant 

pneumothorax, and in many institutions may be performed in all patients routinely irrespective of venous 

access route. Also, increasingly these procedures are performed in patients who are discharged the same 

day (day case) as evidence for many years has shown that this is safe with or without further testing before 

discharge.  

 Anticoagulation should not be aggressive in the early post-implantation period due to the risk of pacemaker 

pocket hematoma, which has been associated with increased risk of complications such as reoperation and 

infection. Administration of therapeutic doses of unfractionated or low-molecular-weight heparin in the 48 

hours following device implantation will increase the risk of hematoma and should generally be avoided. 

If warfarin was held prior to device implantation, it may be restarted the day prior to device implantation 

based on the INR.  

 Pacemaker evaluation  

 Evaluation in the pacemaker clinic before discharge includes assessment of pacing and sensing 

thresholds and lead impedance. The pacemaker is programmed to optimize patient hemodynamics and 

minimize battery expenditure.  

 Capture thresholds are expected to rise over the first 2 to 6 weeks after implantation. Therefore, the 

pacemaker should be programmed with an adequate safety margin to account for these changes.  

 Rate adaptation for activity-sensing pacemakers may be programmed according to informal (e.g., 

hallway walking) or formal (e.g., treadmill) exercise testing.  
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12. GENERATOR CHANGES, ICD & CRT 

 The elective generator change is often incorrectly perceived as a more straightforward procedure than the 

implant itself. Infection rates are higher, lead damage is possible, and unexpected findings are not 

uncommon—for example, sudden changes in pacing thresholds/impedances.  

 Some simple steps can be taken to minimise the risk of problems.  

1. First is to be absolutely certain about the implanted hardware (number of leads, unipolar or bipolar).  

2. Second is to check if the patient is ‘‘pacing dependent’’—if there is absolutely no underlying rhythm 

(often one can only program a pacemaker to a minimum of 30 beats/min) then a decision has to be made: 

one may try to remove the lead quickly and connect to an analyser which is already set to pace (but this 

may be a nervous process); or a temporary pacing wire is inserted (usually from the groin) before the 

generator change which can then be removed at the end of the procedure with probably negligible 

infection risk; or one can use high dose isoprenaline infusions to try to encourage underlying rhythm.  

3. If the plan is to remove the lead quickly and connect to an analyser, the red crocodile clip needs to be 

connected to subcutaneous tissue to reproduce the effect of the generator acting as the other electrode. 

The simplest way to do this is to attach the red crocodile clip to the metal retractor before removing the 

lead. Other ways to do this is either to attach the red crocodile clip to tissue within the pocket using a 

specially designed plate which is included in some pacing packs, or to attach an artery clip to the inside 

of the pocket and then attach the red crocodile clip to this. After connecting the red crocodile clip to 

subcutaneous tissue, quickly remove the “V” lead from the old generator and connect the black crocodile 

clip to the distal ring of the lead. After testing the pacing parameters of the V lead, disconnect the lead 

from the crocodile clip and quickly insert the lead all the way into the header of the new generator, check 

that the distal end of the pin is showing past the distal connector, and tighten the screw quickly and 

adequately.  The “A” lead is then removed from the old generator and tested and then connected to the 

new generator in the conventional way. 

4. Third is to use fluoroscopy where necessary to help identify the course of the leads in relation to the 

generator.  

5. Finally, to make the incision to remove the generator in a position that makes this easy (for example, 

just over the most cephalic portion of the generator) which may be distant to the original implant 

incision. Where it is recognised beforehand that a new lead needs to be implanted at the time of a 

generator change, then performing a venogram will confirm vein patency, and if the generator has 

migrated caudally it may even be necessary to make two incisions—one to remove the generator and 

one to gain venous access.  

 Implantable cardioverter-defibrillator (ICD) implantation and cardiac resynchronisation therapy (CRT) are 

seen to be more complex device procedures. In fact, implantation of an ICD is similar to a standard 

pacemaker, particularly now that ventricular leads with shock coils are of a similar French size to standard 

pace/sense leads, albeit slightly heavier and stiffer. However, the fact that these patients often have 

structurally abnormal hearts (dilated and scarred) may make finding a position with adequate pacing and, 

more importantly, sensing characteristics difficult. Also the generators are larger, and the position and size 

of the pocket needs to be adjusted accordingly. CRT similarly shares a number of common components 

with standard bradycardia pacing, but placement of a lead to pace the left ventricle requires training and 

experience. 
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Fig. The transvenous approach to CRT.  

Right atrial lead placed in the right atrial appendage. 

Right ventricular lead placed in the apex of the right 

ventricle. The left ventricular lead is advanced 

through the coronary sinus in one of the venous side 

branches running along the left postero-lateral wall 

of the left ventricle to allow synchronous activation of 

the left ventricle through continuous stimulation of 

left and right ventricular leads in a simultaneous or 

sequential way with an adjusted V-V interval. 
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13. PACING MODES  

PACING MODES IN SINGLE CHAMBER PACEMAKERS are either asynchronous pacing (AOO, 

VOO) or inhibited pacing (VVI, AAI). In triggered pacing  (VVT), similar to VVI mode, pacing occurs 

basically at a fixed rate, but, it responds to a sensed ventricular beat by releasing or “triggering” a pacing 

stimulus (instead of inhibiting pacing as in the VVI mode). It is important to note that the stimulus triggered 

by a sensed ventricular beat produces a “functional noncapture” because the output pulse falls within the 

absolute refractory period of the ventricle. In both VVI and VVT, the sensed ventricular beat leads to resetting 

of the LRL timer. VVT mode was developed to defeat the problem of oversensing in the inhibited mode, but 

it increases the current drain on the battery, accelerating its rate of depletion. Therefore, Stand-alone VVT 

pacemakers are now obsolete, but the VVT mode remains as a programmable option in many modern systems. 

In single chamber rate modulating pacing (VVIR/AAIR),  Depending on the sensor incorporated and the 

level of exertion of the patient, the basic interval shortens from the programmed LRL. An upper rate limit 

(URL) must be programmed to define the absolute shortest cycle length allowable. In this mode, fixed RP 

may abolish the period during which sensing can occur at higher pacing rates (shorter cycle lengths). 

Therefore, rate adaptive RP is often available as  a programmable option in this mode to allow reasonable 

period of sensing at shorter cycle lengths and avoid asynchronous pacing. 
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Fig. VOO mode: asynchronous pacing at fixed LRL, this gives pacing spikes at fixed rate. The pacing spike 

will be followed by one of the following: 

 Wide QRS (ventricular capture), as beats 1, 3 & 7 (beat 6 is VE) 

 No QRS (the pacing spike does not capture the endocardium if it comes at refractory period of an intrinsic 

beat), as beats 2 & 5 

 Fusion beat (the pacing spike capture simultaneously with the intrinsic beat), as beat 4 

This mode is seen in magnet application to determine the battery status 
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Fig. DDD mode an AV delay is initiated by either sensed or paced P wave; a paced ventricular beat will occur 

if the AV delay expires and no intrinsic QRS has occurred.  

 Beats 1&7 shows an intrinsic P wave and QRS (A & V sensing), 

 Beat 2 shows A pacing V sensing, 

 Beat 3&4 show A & V pacing 

 Beats 5&6 show A sensing V pacing 
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14. TIMING CYCLES OF PACEMAKER 

Pacemaker is a setting of various timers. A given timer kicks off upon receiving sensed or paced event and 

then proceed until it either (1) completes its interval resulting in release of a pacing stimulus &/or initiating 

another timing cycle, or (2) resets if it received sensed event. Intervals denote the length of time between 

two events and are usually measured in milliseconds as devices see in ms. To convert interval to rate: 

60,000/interval (ms) = rate (bpm) 

 LOWER RATE LIMIT (LRL): This determines the basic rate of the pacemaker in the absence of sensed 

events. This timer kicks off upon completion of the previous interval or receiving a sensed event. LRL is 

expressed as A-A or P-A interval in case of atrial pacing, and V-V or R-V interval in case of ventricular 

pacing. Dual chamber timing rests on 1 of 2 schemes, A-A or V-V timing.  Modified A-A is standard 

today where devices mainly use atrial based timing unless events such as PVCs occur, when the V-A 

interval is used to determine the timing of the next A pace. 

In A-A timing the A-A interval is constant and V-A 

adjusts. 

In V-V timing the V-A interval is constant and 

the A-A adjusts. 

  

 BLANKING PERIOD: paced events are followed by blanking periods, during which the sense amplifiers 

are switched off and no electrical activity is registered.  

 

 REFRACTORY PERIOD: blanking periods are followed by refractory periods, during which cardiac 

electrical activity is normally sensed, but the response of the device to the event is limited. For example, 

atrial events occurring during an atrial refractory period will not be tracked (i.e., followed by a ventricular 

paced event), but are used to determine whether mode switching should occur.  Some blanking & refractory 

periods are programmable, some are non-programmable. 
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 AV DELAY (AVD): this interval is the electronic equivalent to PR interval.  It is a time period from either 

an atrial sensing (AS) or atrial pacing (AP) event before the pacemaker paces the ventricle.  

Sensed AV (SAV) delay Paced AV (PAV) delay 

The sensed AV delay is implemented after a 

sensed atrial event when the pacemaker 

functions in atrial synchronized pacing mode 

(DDD and VDD). If the patient is pacemaker-

dependent (complete AV block), the mean 

value of the optimal, SAV delay at rest 

approaches 110 ms. 

The observed length of the SAV delay might 

differ from the programed value because 

of interactions with the following algorithms: 

 Adaptable AV delay 

 Automatic PVARP 

 AV delay+ hysteresis 

 Wenckebach function of the pacemaker 

during exercise 

A paced AV delay is implemented after atrial pacing 

when the pacemaker operates in DDD, DDI, DVI and 

DOO modes. The PAV delay is usually programmed 

30 ms longer than the SAV to allow for conduction of 

the paced atrial beat to reach the left side of the heart 

and ensure that LA systole has just ended at the 

onset of LV systole. The observed duration of the 

PAV delay might differ from the programmed value 

because of interactions with the following algorithms: 

 Adaptable AV delay 

 AV delay+ hysteresis 

 Ventricular safety pacing 

 Non-competitive atrial pacing 

An inappropriately short PAV 

delay can be associated with: 

 A borderline atrial ejection volume 

with a loss of the active component 

 Valvular regurgitation in early 

systole. 

A PAV delay that is excessively long can be associated with: 

 An enhanced risk of pacemaker-mediated tachycardia (PMT) 

 An enhanced risk of pacing during the vulnerable period of an 

ventricular extrasystole that was not sensed because it fell 

during the post-atrial ventricular blanking after atrial pacing 

 An adverse hemodynamic effect with fusion of the E and A 

waves, premature closure of the mitral valve, and valvular 

regurgitation due to the reopening of the valves at the end of 

the ventricular diastole. 

 ATRIAL ESCAPE INTERVAL (AEI): equivalent to RP interval  
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RECOGNITION OF BEHAVIOUR OF PACEMAKER FROM ECG: pacemaker is able to switch from 

behaviour to the other depending on the patient intrinsic rhythm activity 

VVI Single chamber ventricular pacing (VVI 

pacemaker): spikes before wide QRS 

complexes, no synchronized P waves before 

the QRS complexes, and there are occasional 

fusion waves. 

 
 

DDD 1. AV sequential pacing (atrial & 

ventricular pacing): spikes before the Ps 

and the QRSs, the PR interval = the AVD, 

and the PP interval is used to calculate the 

LRL (which is variable in case of DDDR) 

  

2. Atrial pacing with normal intrinsic AV 

conduction (atrial pacing, ventricular 

sensing): spikes before the Ps only 

(usually dual chamber pacing, and rarely, 

single chamber atrial pacing) 

 
  

Same ECG can be seen with AAI 

3. Atrial synchronous ventricular pacing 
(atrial sensing, ventricular pacing = 

Tracking the intrinsic SR = VAT pacing, 

where V: chamber paced is the ventricle, 

A: chamber sensed is the atrium, T: mode 

is triggered): spikes before the QRSs, but 

intrinsic P waves present before each QRS 

with fixed PR interval.  

 
Same ECG can be seen with VVI 

4. Fully inhibited (intrinsic cycles are 

shorter than pacemaker timing cycles: PR 

< AVD, and RP < AEI → atrial & 

ventricular sensing, but no pacing): no 

spikes, impossible to differentiate from 

intrinsic rhythm and difficult to know 

what type of pacemaker and if there is 

pacemaker malfunction  

  
Same ECG can be seen without pacemaker and with 

malfunctioning pacemaker 
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Pacemaker malfunction: 

1. Failure to capture: due to intermittent lead 

fracture or high threshold. In some times it is a 

matter of increasing the programmed pacemaker 

output to provide more energy into the 

endocardium and capture the heart effectively. 

 

 

 
Fig1. Failure ventricular capture 

Fig2. Another example of failure ventricular capture: 

pacemaker is ignoring the P waves, but is sensing the QRS 

complexes as proved by the presence of consistent 

relationship between the spikes and the previous QRS 

complexes.  However, the spikes fail to capture the 

ventricle. The second intrinsic QRS occurs before and 

inhibits the output of the second spike. 

 
Fig3. Failure atrial capture 
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2. Under-sensing (intermittent failure to 

sense) 

 

 
Fig1. Ventricular under-sensing 

 
Fig2. Rare example of ventricular under-sensing, in dual 

chamber pacing, inducing VT. The pacemaker fails to 

sense PVC and this is followed by atrial spike and 

ventricular spike that lands on the T wave of the PVC 

capturing the heart, but initiating polymorphic VT 

 
Fig3. Atrial under-sensing, in Atrial synchronous 

ventricular pacing. The P wave is, intermittently, not 

sensed and, therefore, AVD not initiated and ventricle is 

not paced, but intrinsically conducted QRS occurs after 

prolonged PR interval.   

3. Over-sensing (e.g. due to noise from a 

broken conductor) → inhibition of the 

pacemaker output.  
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Pseudo-malfunction 

1. Pseudo-fusion 

In pseudo-fusion the spike occurs at the middle of 

the intrinsic QRS complex. This may be 

misinterpreted as under-sensing, although it is 

physiological finding as the pacemaker senses the 

electrical wave of depolarization when it reaches 

the tip of the ventricular lead and this usually 

takes place after the onset of the QRS complex or 

even at the very end of the QRS complex in case 

of RBBB. So it is not uncommon to see a spike 

that lands after the onset of the QRS complex 

despite normal sensing function of the 

pacemaker. 

 

 
 

2. Long programmed AV delay and failing to see ventricular spikes 

Long PAV delay is a tactic used in order 

to allow the normal conduction down the 

His-Purkinje system to predominate and 

to minimize RV pacing since RV apical 

pacing usually leads to very slow 

depolarization of the LV (resulting in 

LBBB configuration of the QRS) and 

early activation and contraction of the 

septum compared with the lateral wall of 

the LV, resulting in 2 walls of the LV 

contracting out of synchrony to each 

other. 
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3. Managed Ventricular Pacing (MVP) 

The permanent programming of long AV 

delays to promote spontaneous conduction 

can now be avoided by implementing the 

MVP mode. MVP is an added feature to 

allows the DDD pacemaker to function as 

AAI, but provides backup DDD pacing in the 

event that AV block occurs. After non-

conducted P wave, the pacemaker will pace 

just after the next atrial event to ensure that 

prolonged pause will not occur, and then 

revert back to AAI mode again. This 

pacemaker feature will not allow prolonged 

periods of bradycardia, and if second P wave 

is not conducted (bottom strip), the 

pacemaker immediately switches back to 

DDD mode for at least one minute and then 

will check again to see if AV conduction has 

resumed. Recognizing this feature on a 

rhythm strip is very important to avoid 

mislabelling this behaviour as pacemaker 

malfunction. Indeed, a programmed AV 

delay that is excessively long  
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UNIPOLAR VS. BIPOLAR SYSTEM 

  
Unipolar system: single pole at the tip of the pacing 

lead. Spikes are huge. 

Bipolar system: the generator is not included in the 

circuit. Spikes are tiny 

  



Dr Adel Hasanin Ahmed                                                                                                                                                                   43 
 

15. IMPLANTATION OF INSERTABLE CARDIAC MONITOR 

Videos for implantation of Reveal LINQ: 

https://www.youtube.com/watch?v=wvVaD70AJB8 

https://www.youtube.com/watch?v=ybeYwdPsE2I 

 

 

https://www.youtube.com/watch?v=wvVaD70AJB8
https://www.youtube.com/watch?v=ybeYwdPsE2I

