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Article Type ABSTRACT

Research Paper Background and Objective: There are an increasing number of cardiac electronic device
implantation with an expansion of their indications. Axillary vein puncture guided by contrast
venography has grown in popularity due to its effectiveness and low complication rate. VVenous spasm
has been reported previously. The aim of this study was to determine the rate of axillary venous
spasms during real-time contrast venography-guided puncture as well as its effect on puncture
success.

Methods: In this cross-sectional study, 137 consecutive patients admitted for permanent pacemaker
or implantable cardioverter-defibrillator implantation utilizing real-time contrast venography were
included in the study. After the success of puncture or a period of five minutes had been passed, the
venography was repeated. Axillary venous spasm is characterized by a lumenal diameter reduction
of more than 50%. Grade | (50-90%) and Grade Il (>90%) spasm were classified as a percentage
decrease in lumenal diameter.
Findings: The axillary venous puncture within five minutes was successfully done in 124 patients
(90.5%) and was done using the subclavian access in the others. The overall incidence of axillary
venous spasm more than 50% was 33.6% (46 patients; 32 female and 14 male). Grade | spasm was
observed in 38 patients (27.8%) and Grade Il spasm observed in 8 patients (5.8%). Successful
puncture within five minutes was significantly less in patients with venous spasm (37 (80.4%) vs 87
Received: (95.6%), p=0.010).
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Introduction

The last decades have witnessed an increasing number of cardiac electronic device implantations with
an expansion of their indications (1). Most of these procedures are done through percutaneous transvenous
technique.

Access to the central veins is an important first step in the implantation procedure which is done by
cephalic vein cut-down or subclavian veins and axillary puncture techniques (2-7). The complication rates
of inadvertent arterial injury, hemothorax, and pneumothorax are relatively higher in subclavian puncture
compared with other techniques (8, 9). Also, lead fractures sometimes occur in the space between the
clavicle and first rib “Subclavian crush syndrome” (10). Cephalic venous cut-down has a lower success rate
and takes more time (11, 12). For all these reasons, numerous institutions have increased their use of the
axillary venous route.

For almost 30 years, the axillary vein has been utilized to implant pacemaker leads (13-17). Axillary
vein puncture guided by contrast venography was reported lately and has grown in popularity due to its
increased effectiveness and low complication rate (4, 5, 18). In comparison to the conventional contrast
venography method by storing and using the venogram as a roadmap on the reference monitor, the use of
real-time contrast venography had been found to be beneficial for implantation procedures, particularly for
less experienced implanters with fewer puncture attempts (19).

Venous spasm was detected on a few occasions during contrast venography-guided axillary vein
puncture (20-22) and was recognized as a prevalent event (23). It has a detrimental impact on the success
of venous puncture (23, 24).

Injuries to the vein's surrounding tissues and the vein wall may elicit a vascular spasm as a reflex
phenomenon. In severe cases, this might result in full obliteration of the vein, complicating the procedure's
progress and perhaps resulting in subsequent adverse events (23, 25). The smooth muscle layer of the
vascular wall (tunica media) has a role in this response (26). Several causes may contribute to this
phenomenon, including mechanical venous damage (lead insertion and venous puncture) and surrounding
tissue compression, thermal changes, and chemical triggers (contrast agents) (20, 23).

There is a paucity of published data on axillary venous spasm during pacemaker and defibrillator
implantation. The objective of this research was to determine the rate of axillary venous spasms during real-
time contrast venography-guided puncture of the axillary vein for cardiac electronic device lead placement,
as well as its effect on the puncture success.

Methods

This cross-sectional study was conducted from January 2021 to April 2022 among 137 consecutive
patients admitted for permanent pacemaker or implantable cardioverter-defibrillator implantation utilizing
real-time contrast venography-guided axillary vein puncture. The study was done in Ibn al-Bitar
Specialized Center for Cardiac Surgery in Baghdad, Iraq. Demographic, clinical, and investigation data were
obtained. These include age, sex, smoking status, Body Mass Index, medication use, blood pressure,
Glomerular Filtration Rate (27), hemoglobin, ejection fraction, presence of hypertension (28), diabetes (29),
coronary artery disease, and indications for device implantation. We excluded patients with a history of
significant contrast allergy, patients with significant venous anomalies, and those on dialysis or those who
had a previous ipsilateral or contralateral implanted device. The research was conducted in compliance with
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the Declaration of Helsinki and its later revisions and 31 codes of ethics in the Islamic Republic of Iran and
with the approval of the local ethics committee with the code REG0501/2021. All patients provided their
informed consent.

The procedure was done using a standard sterile technique with hemodynamic and ECG monitoring.
Initially, the application of local anesthesia was done using lidocaine. Venography was conducted using
C-arm fluoroscopy (Philips Allura Xper) in anteroposterior (AP) projection at 7.5 frames per second by
administering 5-10 mL of lodixanol contrast agent via the ipsilateral antecubital venous access followed by
flushing with 20 mL of saline. In the real-time approach, the middle of the axillary vein was targeted and
punctured using an 18-gauge needle with continuous negative pressure application by syringe under
fluoroscopic monitoring in the AP view. The needle trajectory was toward the first rib to avoid
pneumothorax (30). The contrast-enhanced images of the axillary and subclavian veins were also saved on
the reference display. The operator was free to decide the quantity of contrast agent and acquisition of
another venography. Then the procedure continued with the introduction of a 0.035-inch guidewire and
further steps according to standard techniques. Another venous puncture may be needed according to the
number of leads needed. When more than five minutes passed and all attempts failed, switching to
subclavian access was done.

After the success of puncture or a period of five minutes had been passed, the venography was repeated.
The puncture time was determined as the period from the needle skin penetration to the guidewire venous
entrance for each lead. The number of attempts is the number of needle skin punctures per patient (single
or dual leads). The type of device implanted, the use of temporary pacing, the implantation side, and the
total amount of contrast used were documented. Serum creatinine, bedside echocardiography, ECG, and
chest X-ray were done the next day after the procedure. All significant complications during or after
puncture were documented.

Venograms of the axillary vein before and after the puncture were studied offline. Venous spasm degree

was measured by the decrease in the lumenal diameter of the axillary vein following puncture, using a
guantitative method which is expressed as a percentage narrowing in diameter from the second venogram
in comparison to the baseline venogram (23). Axillary venous spasm is characterized by a lumenal diameter
reduction of more than 50%. Grade 1 (50-90%) and Grade Il (>90%) spasms were classified as a percentage
decrease in lumenal diameter.
Statistical analysis: Normally distributed continuous variables were represented as mean with standard
deviation as a measure of dispersion and compared across groups using the unpaired Student's t-test. The
non-parametric Mann-Whitney test was used to compare continuous, non-normally distributed data and
represented as median and interquartile range. Categorical variables were represented as a number (with
percentages) and Fisher's Exact Test was used to compare groups. Statistical significance was defined as a
p-value of less than 0.05. Statistical Package for the Social Sciences (SPSS) Version 26.0 for Windows
(SPSS Inc., Chicago, IL, USA) was used for conducting the analysis.

Results

The study population consists of 137 patients (age 70.38+11.97 years, 77 females). The axillary venous
puncture within five minutes was successfully done in 124 patients (90.5%) and was done using the
subclavian access in the others. All patients had successful venous access and device placement. The
mean age of patients experiencing axillary venous spasm was higher than those without it (73.33+9.18
years vs 68.89+12.95 years, p=0.040) and patients were more likely to be over 70 years (32/46 (69.6%) vs
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33/91 (36.3%), p<0.001) and to be females (32/46 (69.6%) vs 45/91 (49.5%), p=0.029). In terms of patient
characteristics, device indications, laboratory findings, and ejection fraction, no significant differences were
observed between the groups as shown in Table 1.

The percentage decrease in axillary vein lumenal diameter after puncture was 45.71+19.15%. The overall
incidence of axillary venous spasm more than 50% was 33.6% (46 patients; 32 females and 14 males).
Grade | (50-90%) venous spasm was observed in 38 patients (27.8%) and Grade Il (>90%) venous spasm
was observed in 8 patients (5.8%). Successful puncture within five minutes was significantly less in patients
with venous spasm (37/46 (80.4%) vs 87/91 (95.6%), p=0.010). In situations when axillary vein puncture
failed, subclavian vein puncture was successful in all patients with no evidence of venous spasm seen
within it.

The puncture duration (Per Lead) and the number of attempts (Per Patient) were significantly higher in
patients with axillary venous spasm than in those without spasm (72.47 s [58.67-81.53] vs 37.92 s[30.87-
46.72], p<0.001 and 4.54+2.16 vs 3.34+1.76, p=0.001, respectively). There is no significant difference in
the side of implantation, the use of a temporary pacemaker, contrast volume, complications, and device
types between the two groups as shown in Table 2. The percentage of different degrees of axillary venous
spasm with their sex distribution were shown in Figure 1.

Table 1. Comparison between patients who develop axillary venous spasm and those without spasm
regarding baseline characteristics and device indications

[ DOI: 10.22088/jbums.25.1.10]

No Spasm, n=91 (66.4%0) Spasm, n=46 (33.6%) |
Mean£SD or Number(%) | Mean+SD or Number(%b) p-value
History and examination findings
Age, years 68.89+12.95 73.3349.18 0.040
Age>70 Years 33(36.3) 32(69.6) <0.001
Female 45(49.5) 32(69.6) 0.029
Hypertension 72(79.1) 36(78.3) 1.000
Diabetes 18(19.8) 10(21.7) 0.824
Smoking 19(20.9) 17(37.0) 0.063
Coronary Artery Disease 52(57.1) 31(67.4) 0.272
Use of Nitrate 7(7.7) 4(8.7) 1.000
Use of Calcium Channel Blockers 14(15.4) 8(17.4) 0.808
Body Mass Index (BMI), kg/m2 22.80+6.13 23.96+7.67 0.338
Systolic Blood Pressure, mmHg 126.43+28.34 125.08+ 27.22 0.790
Diastolic Blood Pressure, mmHg 75.35+17.58 69.14+19.62 0.063
Investigation findings
Baseline eGFR, ml/min/1.73 m? 52.12+22.32 50.58+20.81 0.698
Hemoglobin, g/dL 12.44+1.86 12.33+1.62 0.725
Atrial Fibrillation 10(11.0) 6(13.0) 0.781
LV Ejection Fraction, % 41.104£22.28 40.35+24.21 0.856
Device indication
Sinus Node Dysfunction (SND) 19(20.9) 10(21.7)
Atrioventricular block 45(49.5) 19(41.3)
Ventricular Tachycardia 11(12.1) 6(13.0) 0.870
Heart Failure 7(7.7) 4(8.7)
Others 9(9.9) 7(15.2)

Abbreviation: eGFR: estimated Glomerular Filtration Rate, LV: Left Ventricular.

Significance is denoted by bold font.
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Table 2. Comparison between patients who develop axillary venous spasm and those without spasm
regarding procedural characteristics, complications, and device type

No Spasm, n=91 (66.4%0) Spasm, n=46 (33.6%)
Mean=SD or Number(%) | Mean+SD or Number(%0) p-value
Procedural characteristics
Degree of lumen diameter reduction, % 34.68+10.64 67.53+12.25 <0.001
Axillary Venous Access Success within 5 min 87(95.6) 37(80.4) 0.010
Puncture Duration (Per Lead), s 37.92 (30.87-46.72) 72.47 (58.67-81.53) <0.001
Number of attempts (Per Patient) 3.34+1.76 4.54+2.16 0.001
Right Sided Access 6(6.6) 5(10.9) 0.507
Temporary Pacing 35(38.5) 21(45.7) 0.464
Contrast Volume, mL 17.43+5.67 16.84+6.22 0.581
Complications
Inadvertent Artery Puncture 5(5.5) 7(15.2) 0.105
Pneumothorax 2(2.2) 3(6.5) 0.334
Pocket Hematoma 1(1.1) 1(2.2) 1.000
Device type
Dual-chamber pacemaker 73(80.2) 33(71.7)
Single-chamber pacemaker 9(9.9) 4(8.7) 0.319
Dual-chamber ICD 5(5.5) 3(6.5) '
Single-chamber ICD 4(4.4) 6(13.0)

Abbreviation: eGFR: estimated Glomerular Filtration Rate, ICD: Implantable Cardioverter-Defibrillator.

Significance is denoted by bold font.
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Figure 1. Percentage of different grades of axillary vein spasm with their sex distribution
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Discussion

The current research reveals that venous spasm was not uncommon (33.6%) during real-time
venography-guided puncture of the axillary vein. Grade | spasm was observed in 27.8% and Grade Il
spasm observed in 5.8%. Failure of axillary vein puncture within five minutes is significantly associated
(80.4% vs 95.6%, p=0.010) with the presence of venous spasm (>50% decrease in lumen diameter). The
mean age of patients experiencing axillary venous spasm was higher than those without it and patients were
more likely to be aged over 70 years and to be females. The puncture duration and the number of attempts
were significantly higher while successful puncture within five minutes was significantly less in patients
with venous spasm.

Vascular spasm may result in a temporary, full occlusion of blood flow. Generally, the condition resolves
on its own without intervention or consequences. Nevertheless, axillary vein spasms that occur during the
device implantation might significantly alter its outcome. This may lead to insertion of the leads through a
subclavian puncture or switching to the other side of the chest (22).

Venous spasm developing during other procedures and veins also had been reported (31-36). Rarely has
venous spasm been described after axillary vein puncture (20-22). In our research, however, the venous
spasm was not uncommon. These findings may be explained by the use of venography in all patients in this
study unlike previous practice which use it selectively and many patients might develop spasm but goes
undetected with success after many attempts or switching to subclavian vein without venography. Patients
experiencing axillary venous spasm were older and were more likely to be above 70 years of age than those
without it. Hence, aging may increase the risk of axillary venous spasm. Prior research reports the
occurrence of mild (50-90%) venous spasm in 29.7% and severe (>90%) venous spasm in 8.1% with the
mean degree of spasm was 38.5+28.1% (23). Severe venous spasm is an independent risk factor for difficult
and failed axillary venous puncture. The current study shares some similar findings to this previous study.
In another study done by Steckiewicz et al. (24), axillary vein spasm was observed in 12 patients (3%) (age
57425 years) out of 403 patients and severe spasm had a significant effect on the procedure. They found a
full obstruction of contrast flow through the axillary vein, with preserved flow through the cephalic vein or
collateral veins, followed by a resumption of flow. Contrast-enhanced venous wall motions demonstrated
that the spasm propagated both proximally and distally throughout the vein, with subsequent venous wall
relaxation occurring synchronously along the spasm-affected venous segment.

The success rate of venography-guided axillary venous puncture ranged between 95 and 98% as shown
in many prior investigations (4, 5, 18) and specifically in real-time technique (19). The success rate of
axillary vein puncture in our research was 90.5% within 5 minutes. Overall, a venous puncture for lead
insertion and device implantation was successful in all patients after the use of subclavian access in failed
axillary vein puncture. A success rate of 95.9% had been reported by Duan et al (23). Ramza et al. (4)
conducted the first study of contrast-guided axillary vein puncture for implanting pacemaker and
defibrillator leads with puncture success rate of 98%. In another study of patients undergoing biventricular
pacing, a successful puncture was achieved in 34/35 (97.1%) patients with one patient's vein being too small
(5). In another larger report of 142 patients, the success rate was 95% and the failure cause was not reported
(18). Due to venous spasm, the axillary vein puncture was difficult or even unsuccessful in a few case reports
(20-22, 37, 38). In the current study, axillary venous spasm occurred more in patients with failed puncture
within five minutes.

Intravenous nitroglycerine had been reported to have a preventative effect in one study (39), but not in a
case report(20). Sedatives (benzodiazepines) may prevent or reduce the duration of venous spasms. The
spasm usually resolves gradually and spontaneously (21, 39). There is a need for future studies regarding
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the optimal dose of nitroglycerine and the effectiveness of other vasodilators like calcium channel blockers
as prophylactic and therapeutic agents.

Limitations: This is a single-center study that includes a small number of patients. Grade I spasm and Grade
Il spasm were determined based on past research (23, 39), not on a guideline or consensus. It is difficult to
totally eliminate the effect of extrinsic compression caused by a local hematoma.

Although real-time contrast venography-guided axillary vein puncture has an excellent success rate,
there are still some patients has challenging or even unsuccessful puncture. Spasm of the axillary vein is not
uncommon during contrast-guided venous puncture, and it has a significant unfavorable impact on the
puncture success and procedure progress.
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