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Key Clinical Message

Venous spasm is an important reason for complicated or failed implantations
of cardiac implantable electronic devices. Prevention or risk reduction of ve-
nous spasm during cardiac implantable electronic device implantation may be
achieved by ultrasound or fluoroscopic imaging prior to puncture, cephalic vein
cut-down, sufficient pre- and perioperative hydration, nitroglycerin injection and
effective sedation, and analgesia.

Abstract

This case report with literature review focuses on venous spasm as a potential
cause for complicated implantations of cardiac implantable electronic devices.
The case report is clinically relevant as it describes a progressive spasm affecting
the axillary and the subclavian vein. A 66-year-old female complained of sympto-
matic atrial fibrillation (AF) and atypical atrial flutter despite interventional and
medical treatment. As an ultimate treatment, she was scheduled for pacemaker
implantation and atrioventricular node ablation. Several puncture attempts of the
axillary vein failed. Despite venous blood aspiration, no guidewires could be ad-
vanced into the axillary vein. We performed a first venogram revealing significant
spasm of the axillary vein. Another failed venous puncture occurred after change
of access site to the subclavian vein. A second venogram displayed progression of
the spasm, now affecting both the axillary and the subclavian veins. Normal sa-
line perfusion was administered as well as intravenous isosorbide. Unfortunately,
a repeated venogram after 15 min waiting time showed persistence of the spasm,
still affecting both veins. The procedure was discontinued as the patient became
uncomfortable. Venous spasm is an important reason for complicated or failed
implantations of cardiac implantable electronic devices. Commonly used medi-
cal prevention and treatment are intravenous fluids and nitroglycerin. Prevention
or risk reduction of venous spasm during cardiac implantable electronic device
implantation may be achieved by ultrasound or fluoroscopic imaging prior to
puncture, cephalic vein cut-down, sufficient pre- and perioperative hydration,
nitroglycerin injection and effective sedation and analgesia.
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1 | INTRODUCTION
Vascular spasm is a well-known condition in arter-
ies, as it may cause access problems to the radial ar-
tery during coronary angiographies, or it can lead to
Prinzmetal angina when it occurs in the coronary artery.
Capillary spasm has also been described, for example
as Raynaud’s phenomenon, which is caused by altered
microcirculation.'™

Venous spasm, on the other hand, seems to be a less
known condition. Relevant venous spasm is rarely en-
countered during cardiac implantable electronic device
(CIED) implantation. As venograms are not routinely per-
formed during CIED implantations, it is probably under-
reported. Nevertheless, as this case of a failed pacemaker
implantation illustrates, it may lead to more complicated,
prolonged, or even failed procedures. We performed a
review of the literature, as important aspects of venous
spasm during CIED implantation such as definition, in-
cidence, risk factors, treatment, and prevention remain
poorly elucidated.

2 | CASE REPORT

A 66-year-old female (BMI=28) was scheduled for pace-
maker implantation and subsequent atrioventricular
node ablation. She had highly symptomatic atrial fibrilla-
tion (AF) and atypical atrial flutters with several external
cardioversions and two AF ablations with arrhythmia re-
currence during the follow-up despite additional medical
treatment.

Her prior medical history consisted of an atrial septal
defect (ostium secundum); diagnosed and closed in 2017
with a percutaneous closure system (Amplatzer device).
Before the Amplatzer device implantation, she had un-
dergone pulmonary vein (PV) isolation and cavo-tricuspid
isthmus ablation. After several external electrical cardio-
versions with symptomatic arrhythmia recurrences during
the following years and amiodarone associated hyperthy-
roidism, she underwent a second AF ablation in 2023, re-
vealing an extensively scarred left atrium (80% with a low
voltage <0.2mV) with isolated PV and multiple left and
right atrial flutters with different cycles lengths and coro-
nary sinus activation patterns. After successful ablation of
a septal flutter and induction of other unstable atrial flut-
ters and AF, further ablation was discontinued because of

probable futility. The procedure was terminated in sinus
rhythm after electrical cardioversion.

During the follow-up visit 3months after the second
ablation, she complained of dyspnea and palpitations.
Her heart rate was 130bpm on treatment with bisop-
rolol 10mg. The ECG showed AF. Serum electrolytes,
renal function, hemoglobin, and thyroid parameters were
within the normal range. Transthoracic echocardiogra-
phy revealed a normal left ventricular ejection fraction
(LVEF), a dilated left atrium (83mL/m?) and significant
mitral regurgitation and tricuspid regurgitation.

Due to the recurrence of symptomatic AF despite max-
imal dosage of bisoprolol, we explained pros and cons of
the treatment options (intensified medical rate control,
another ablation attempt, “pace and ablate” strategy, re-
peated electrical cardioversion). The patient finally agreed
to an implantation of a single-chamber pacemaker with
left-bundle branch area pacing (LBBAP) and subsequent
atrioventricular node ablation during one procedure.

Prior to the procedure, lidocaine as local anesthesia
was subcutaneously injected. She additionally received
5mg nalbuphine chlorhydrate and 2mg midazolam. As
she continued to be anxious and in pain during the pro-
cedure, she received a cumulative dose of 15 and 7mg
respectively.

We proceeded with the skin incision in the left delto-
pectoral groove and prepared the subcutaneous pre-
pectoral pocket for device placement. As two relatively
large sheaths were required for the planned procedure (7
Fr for the LBBAP sheath and 8 Fr for the ablation cathe-
ter), we did not prepare the cephalic vein and primarily at-
tempted an axillary venous puncture using the second rib
bone as fluoroscopic landmark. However, despite several
attempts with venous blood aspiration, neither a standard
guidewire nor a hydrophilic guidewire could be advanced
into the axillary vein. To better delineate the venous drain-
age of the left upper limb, intravenous contrast agent (io-
dixanol 320mg /mL; 5mL diluted by 5mL normal saline)
was injected through the ipsilateral peripheral venous
access. The venogram revealed significant spasm of the
axillary vein. The subclavian vein was of a normal caliber,
draining into the left brachiocephalic vein and then into
superior vena cava (Figure 1A, Video S1). Consequently,
we changed access site and attempted to puncture the left
subclavian vein, this time without aspiration of venous
blood despite several attempts by an experienced opera-
tor. Subsequently, a second venogram was performed. It
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FIGURE 1 Venogram during permanent pacemaker implantation with different stages of venous spasm. (A) First venogram, realized

after some attempts to puncture axillary vein, showing significant spasm of the axillary vein. (B) Second venogram, realized after changing

of access site using subclavian vein, showing progression of the spasm affecting both axillary and subclavian veins. (C) Third venogram

realized after waiting for 15 minutes after giving normal saline perfusion and intravenous isosorbide dinitrate, showing persistence of the

spasm of both veins (axillary and subclavian). (D) Hydrophilic guidewire inside cephalic vein. AV, axillary vein; CV, cephalic vein; SV,

subclavian vein; SVC, superior vena cava; HG, hydrophilic guidewire.

displayed progression of the spasm, now affecting both the
axillary and the subclavian veins (Figure 1B, Video S1).
Normal saline perfusion was administered as well as two
sequential boluses of intravenous isosorbide dinitrate
(1 mg followed by 1 mg 5min later). Unfortunately, a repeat
venogram after 15 min waiting time showed persistence of
the spasm, still affecting the axillary and the subclavian
veins (Figure 1C, Video S1). We prepared the cephalic vein
and canulated it with a hydrophilic guidewire (Figure 1D,
Video S1). Unfortunately, it was not possible to advance
even a small 5 Fr sheath into the subclavian vein over the
guidewire. As our patient became uncomfortable due to
back pain and pain at the operation site despite local and
systemic analgesia, the procedure was discontinued. The
patient agreed to intensified medical treatment by addi-
tional digoxin 0.125 mg/day. The need for another implan-
tation attempt will be discussed with her during the next
follow-up.

3 | METHODS

This study provides a narrative review rather than a
systematic review of the literature that focuses on the

description of venous spasm during CIED implanta-
tion. It included articles published in English language
on MEDLINE/PubMed database from January 1, 1965
to August 31, 2023. We included the following terms:
{“venous” AND “spasm” OR “vasospasm”} AND {“pace-
maker” OR “device” OR “cardiac electronic device” OR
“ICD” OR “defibrillator” OR “implantation”}. A total of
1708 potentially relevant articles were identified. After
screening the titles and abstracts, 12 articles were se-
lected for a full analysis. Finally, the references of the
included papers were screened for additional relevant
literature and two more articles were identified for fur-
ther analysis.

4 | RESULTS AND DISCUSSION

4.1 | Definition

Venous spasm can be diagnosed by venogram after injection
of contrast dye into the ipsilateral peripheral vein. Lumen
caliber reduction of the vein, together with contrast opacifi-
cation, indicate the presence of venous spasm.”° According
to our knowledge, there are no broadly endorsed guidelines
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for the evaluation of venous spasm. Duan et al. defined mild
venous spasm and severe venous spasm as a reduction in
lumen caliber of 50%-90% and>90% respectively.>®

Central veins directly drain into the superior vena cava,
the inferior vena cava or the right atrium. The veins of the
upper extremity consist of a superficial and a deep sys-
tem. The veins of the superficial system, the basilic and
cephalic veins drain blood from the skin and the super-
ficial fascia. The deep veins of the upper extremity drain
blood from the deeper fascia, muscles, and bones via the
brachial vein, to the extra-thoracic axillary vein and then
to the intra-thoracic subclavian vein.’

4.2 | Incidence

Central venous spasm was first described during right car-
diac catheterization in 1965. More cases of central venous
spasm during right cardiac catheterization were observed
in the following years.”" Peripheral venous spasm was
also described.'? Older studies on right heart catheteriza-
tions or central venous catheter placement found inci-
dence rates from 2% to 5%.%'%!!

As venograms are not routinely performed in clinical
practice, the incidence of venous spasm is likely to be under-
reported.® An observational study performed venograms in
cases of difficult puncture and found an incidence of venous
spasm of 3%.' In contrast, when venograms were system-
atically performed, mild venous spasms could be observed
in 27.8%-29.7% and severe venous spasms in 5.85%-8.1%.>"

Venous spasm can be suspected when access cannot be
easily obtained. Without successful venous access within
the first 3min of attempted puncture, venous spasm was
found in 66.6% of patients and in 100% when the proce-
dure had to be abandoned.’ This observation was con-
firmed by another prospective study.'®

Different methodologies in venous access technique,
imaging and diagnostic criteria explain the different inci-
dences of venous spasms between 3% and 29.7%.

4.3 | Risk factors

Severe axillary venous spasm was found to be more fre-
quent in elderly patients (age>70years), female sex and
with right-sided puncture.>'**

4.4 | Pathophysiology

The exact mechanism of venous spasm is not clearly un-
derstood and would benefit from further studies, such as
in vitro bioengineered tissue models or in vivo animal

models. Potential factors raised are mechanical vessel in-
jury, such as direct injury by needle punctures and guide-
wire placements, as well as indirect compression of the
tissue surrounding the vessel by needle maneuvers, chem-
ical irritation by local anesthesia or intravenous contrast
agent and temperature changes.'*'®" An unyielding
valve in the subclavian vein—leading to repeated needle
punctures and guidewire manipulations with a result-
ing spasm-was reported as an exceptional anatomical
condition.*

Anatomically, axillary and subclavian veins belong to the
deep veins of the upper extremity. Their tunica media con-
tains circularly arranged smooth muscle fibers that mediate
vascular contraction or relaxation. Participation of the sym-
pathetic nervous system in local autonomic fibers has been
evoked in cases of venous spasm as well as local metabolic
factors.'*'* Increased catecholamine levels may be induced
by vessel injury and compression of the surrounding tissue.
This might have been the case in our patient, in addition to
the fact that she was anxious and uncomfortable during the
procedure, with a possibly increased level of catecholamines.

Platelet and mast cell activation have been evoked
as potential causes for vasospasm in saphenous venous
grafts.'®'7*! Damaged endothelium may cause the release
of histamine and cytokines, with vasoconstriction and
platelet aggregation.””** A similar pathophysiological
mechanism may also explain venous spasm in subclavian
and axillary veins during CIED implantations.

Venous spasms seem to typically propagate both proxi-
mally and distally along the vessel. Thereafter, irrespective
of the initial direction of spasm propagation, the subsequent
vascular wall relaxation simultaneously occurs in the entire
spasm-affected venous segment. In cases of spasm-related
failed axillary puncture, subclavian puncture could be suc-
cessfully achieved without evidence of subclavian venous
spasm.14 Our case describes a progressive venous spasm,
first affecting the axillary vein (Figure 1A), then the axillary
and the subclavian vein (Figure 1B,C) without resolution
during a waiting period of 15min.

4.5 | Differential diagnoses

A reduced venous caliber may be caused by spasm, local
hematoma, thrombosis, and dissection.'” It may be diffi-
cult to distinguish those entities by two-dimensional con-
trast fluoroscopy.

4.6 | Treatment

The management of venous spasm is challenging. As ad-
ditional puncture attempts may cause worsening of the
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spasm, they should be avoided if possible.'® Intravenous
fluids from the ipsilateral venous access may support the
resolution of the venous spasm.'® Intravenous nitroglyc-
erin, injected into an ipsilateral venous access may also
relieve the venous spasm. Usually, incremental doses of
100-200 pg of intravenous nitroglycerin are given with a
repeat venogram after a waiting period of 10 min to dem-
onstrate the resolution of the spasm, before reattempt-
ing another puncture.'® The incidence of mild or severe
venous spasm was lower in the nitroglycerin group than
in the control group (3/20 vs. 11/20, p=0.019) in a pro-
spective randomized study.® Whereas reduction of venous
spasms with nitroglycerin has been shown in this study,
there is no study comparing the treatment of venous
spasm between nitroglycerin and other substances.®

As intravenous nitroglycerin is not available in France,
we injected a similar substance, isosorbide dinitrate. In
our case, the treatment with 1 mg of intravenous isosor-
bide dinitrate, repeated after 5min, could not resolve the
venous spasm after a waiting time of 15min. No other
treatment attempt with intravenous isosorbide dinitrate
has been described in literature. Unsuccessful treatment
of venous spasms during CIED implantations was also ob-
served with nitroglycerin in some cases.'*!®”*>?® In other
cases, nitroglycerin relieved peripheral venous spasms or
even central venous spasm, with only one case of axil-
lary vein spasm.''®?%® Venous spasms may also spon-
taneously resolve without medical treatment after some
waiting time.'**

Another trouble shooting option is the change of ac-
cess site to a more medial or lateral part of the axillary
vein,'® the subclavian vein,?® or a contralateral venous
access.'*"192>% A more medial access can lead to an in-
creased risk of complications, as pneumothorax or subcla-
vian crush syndrome.'” Due to lower complication rates,
cephalic and axillary veins are recommended as the first-
line access sites by current guidelines.***! Cephalic vein
access was reported as a good bail-out option when deal-
ing with axillary venous spasm.* Nonetheless, cephalic
vein spasm may also occur.*? In our case, we were able to
advance a hydrophilic guidewire via a tiny cephalic vein
to the right atrium but we could not advance a sheath into
the subclavian vein, most likely due to excessive venous
spasm or a valve (Figure 1D).

4.7 | Prevention
Whereas the efficacy of nitroglycerin is proven for the pre-
vention and treatment of arterial spasm,l’z’33 its effect on
venous spasm is less certain.

To prevent venous spasm, different empirical strate-
gies were described in case reports, including intravenous

N 50f8
Clinical Case Reports —Wl LEY

nitroglycerin, calcium channel blocker, procaine 1%, and
sedative agents such as diazepam (Table 1).1217:34

One prospective randomized trial demonstrated the
preventive efficacy of 200pg intravenous nitroglycerin
3min before the axillary puncture.® As expected, it caused
a decreased blood pressure but no symptomatic hypoten-
sion or other significant side effects. There are no other
comparative studies on preventive measures. Empirical
approaches focus on reducing vessel trauma prior to punc-
ture by target vein visualization by fluoroscopic contrast
venogram or ultrasound imaging. A puncture prior to skin
incision or microneedle access may also reduce vessel
trauma, thus the risk of venous spasm.

4.8 | Impact of venous spams and trouble
shooting

An important consequence of venous spasm might be
failure to implant the CIED in cases without spasm res-
olution, in the absence of an alternative venous access.
Access to another venous access site also increases the
risk of complications, e.g., pneumothorax, hematoma,
vessel injury and infection as well as the operating and
fluoroscopy time. In cases of contralateral venous access,
a second operation might be required with possibly pro-
longed hospital stay and increased costs.

The clinical impact of venous spasm mainly depends
on the indication of CIED implantation. A venous spasm
in an urgent pacemaker implantation of a pacing depen-
dent patient may have different consequences than in an
elective implantable cardioverter defibrillator (ICD) im-
plantation. Thus, handling of venous spasm in clinical
practice will differ depending on the initial indication and
on patient's clinical characteristics. In cases of pacing de-
pendent patients, temporary external transthoracic pacing
may be required. Pacing via the jugular or femoral vein
is a frequently used temporary solution until a perma-
nent solution has been found. Noteworthy, venous access
of the femoral vein will limit patients’ autonomy due to
the necessary supine position with restricted hip flection.
Another issue are unstable pacing parameters of pacing
leads without screw fixation.

Subcutaneous lead tunneling to a contralateral pace-
maker or ICD pocket may be used in cases with lack of
ipsilateral venous access. Femoral vein access—or rarely
internal jugular vein access—may permit the implanta-
tion of leadless pacemakers as an alternative to traditional
pacemaker leads. Epicardial pacing leads—implanted
after surgical transthoracic access—can be used in cases
of lacking transvenous access. Subcutaneous defibrillator
(S-ICD) may be an option when ICD are indicated without
pacing indication.
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TABLE 1 Overview and main findings of publications on venous spasm during cardiac electronic device implantation.

Author

Chan and Leung'®

Cooper et al.”’

Duan et al.'

Koza et al.®®

Krishnappa et al.*’

R

Vemuri et a

Steckiewicz et al.'’

Hiruma et al.>®

Bhasin et al.'®

Steckiewicz et al.™*

Steckiewicz et al.*

Al-Gburi®®

Duan et al.’

Duan et al.®

Number of
patients

1

403 (337 + 66)

146

137

74

40 (20+20)

Study type

Case report

Case report

Case report

Case report

Case report

Case report

Case report

Case report

Case report

Observational retrospective

Observational retrospective

Observational prospective

Observational prospective

Interventional prospective
randomized

Note: Success =success to implant the lead and the electronic cardiac device.

Main finding

Axillary venous spasm. Nitroglycerin IV (incremental doses
200 and 400 pg): no effect. Successful more lateral puncture of
the axillary vein

Subclavian venous spasm. Nitroglycerin: not tried.
Contralateral access, venous spasm again but spontaneous
resolution of venous spasm and successful puncture

Axillary venous spasm. Nitroglycerin (dose not mentioned):
no effect. Successful puncture after contralateral access

Subclavian venous spasm. Nitroglycerin (dose not
mentioned): no effect. Partial reversal of the spasm and
successful puncture of the subclavian vein

Subclavian venous spasm. Nitroglycerin: not tried
(hypotension). Successful more medial puncture of the
subclavian vein

Axillary and subclavian venous spasm. Nitroglycerin IV
(incremental doses 200 and 400 pg): no effect. Successful
puncture after contralateral access

Cephalic, axillary and subclavian venous spasm.
Nitroglycerin: not tried. Successful puncture after
contralateral access

Axillary venous spasm. Nitroglycerin IV (1000 pg): no effect.
Contralateral access, venous spasm again, successful puncture
via cephalic vein

Axillary venous spasm. Normal saline + Nitroglycerin IV
(dose not mentioned): resolution after 10 min. Successful
puncture after resolution of venous spasm

Axillary or subclavian venous puncture (377) + cephalic

vein cut-down (66). Venogram performed in cases of

difficult puncture (proportion not mentioned). Axillary vein
spasm=3%

Cephalic vein cut-down as first line approach =+ axillary or
subclavian vein puncture. Any vasoconstriction observed
during venography or via vessel exposure in the clavipectoral
groove has been documented with captured images. Cephalic
vein spasm =7.5%

Axillary venous puncture. Contrast venogram systematically
performed prior to puncture and after puncture. Axillary
spasm: Mild 27.8%, Severe 5.8%

Associated with: age >70years, female

Axillary vein puncture. Contrast venogram systematically
performed prior to puncture and after puncture. Axillary
spasm: Mild =29.7%, Severe=8.1%

Venous spasm associated with: age >70years, right-side
implantation

Prevention of axillary spasm: nitroglycerin IV (200 pg 3 min
prior to puncture) group versus control group. Incidence of
axillary spasm: 3/20 versus 11/20 (p=0.019). Mean degree of
axillary spasm: 23% versus 45.5% (p=0.018)
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On the other hand, if CIED implantation is success-
ful after initial venous spasm, long-term prognosis of pa-
tient's and CIAD's functional status may be unaltered but
this issue deserves further investigation.

4.9 | Outlook into future research

There are numerous limitations and gaps of knowledge on
venous spasms in the setting of CIED implantation: for ex-
ample, classification of the extent of the spasm, highly var-
iable incidence depending on the study and the systematic
search for spasm. As far as pathophysiology is concerned,
there are mainly hypotheses but no proof.

An important issue is to explore the difference be-
tween local hematoma and venous spasm with different
imaging techniques such as ultrasound, magnetic reso-
nance angiography, or computed tomography to define
diagnostic criteria and to improve the understanding of
pathophysiology.

Further studies are warranted to explore treatment op-
tions, using in vitro or in vivo models.

5 | CONCLUSION
Venous spasm during CIED implantation may lead to dif-
ficult or failed procedures as illustrated by our initial case
report. The scarce literature consists of several case reports,
two non-systematic, retrospective observational studies
and three systematic prospective studies. An incidence of
more than 30% for axillary vein spasm in systematic studies
emphasizes the importance of this phenomenon. Potential
causes for venous spasm are trauma by needle puncture,
chemical reaction by drug infusion or contrast agent and
individual susceptibility enhanced by adrenergic activa-
tion. Commonly used medical prevention and treatment
are intravenous fluids and nitroglycerin. Prevention or risk
reduction of venous spasm during CIED implantation may
be achieved by ultrasound or fluoroscopic imaging prior to
puncture, cephalic vein cut-down, sufficient pre- and peri-
operative hydration, nitroglycerin injection and effective
sedation and, analgesia. Venous spasm may also spontane-
ously resolve during the procedure.

Future experimental and systematic prospective stud-
ies may further elucidate this important issue.
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