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Abstract

Aims: Iatrogenic cardiac perforation is an uncommon but potentially fatal complication of invasive cardiac procedures. When
non-surgical management fails, urgent cardiac surgery is required. Standard surgical approach is usually through full sternotomy.
However, we propose a less invasive and equally effective technique with video-assisted thoracoscopic surgery (VATS). Methods:
This single-center retrospective study in a tertiary hospital identified all patients requiring surgical intervention due to iatrogenic
cardiac perforation over a period of 5 years. Patients were grouped by surgical approach, being either sternotomy or VATS.
Primary endpoints were length of ICU stay, hospital stay, 30-day mortality and all round mortality. Results: 25 patients were
identified: 11 in the sternotomy-group and 14 in the VATS-group. Preoperative baseline characteristics were equal. Significant
difference was found for 30-day mortality (p < 0.05). There was no difference for the other endpoints. Conclusions: Video-
assisted thoracoscopic surgery is a promising alternative to standard sternotomy for iatrogenic cardiac perforations after invasive
cardiac procedures.
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Aims : Iatrogenic cardiac perforation is an uncommon but potentially fatal complication of invasive cardiac
procedures. When non-surgical management fails, urgent cardiac surgery is required. Standard surgical
approach is usually through full sternotomy. However, we propose a less invasive and equally effective
technique with video-assisted thoracoscopic surgery (VATS).
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Methods : This single-center retrospective study in a tertiary hospital identified all patients requiring
surgical intervention due to iatrogenic cardiac perforation over a period of 5 years. Patients were grouped by
surgical approach, being either sternotomy or VATS. Primary endpoints were length of ICU stay, hospital
stay, 30-day mortality and all round mortality.

Results : 25 patients were identified: 11 in the sternotomy-group and 14 in the VATS-group. Preoperative
baseline characteristics were equal. Significant difference was found for 30-day mortality (p < 0.05). There
was no difference for the other endpoints.

Conclusions : Video-assisted thoracoscopic surgery is a promising alternative to standard sternotomy for
iatrogenic cardiac perforations after invasive cardiac procedures.

Key words : iatrogenic cardiac perforation - complication – invasive cardiac procedures - cardiac tamponade
- pericardiocentesis

____________________________________________________-
____________________

Introduction

Invasive cardiac procedures such as percutaneous coronary interventions and electrophysiology procedures
have been well established as an effective treatment for coronary lesions and cardiac arrhythmias. Due to
their increasing caseload, the low frequency of procedure-related complications can still be a substantial
patient group in high-volume centres(1), especially at times when the use of antiplatelet and anticoagulation
medication is increasing(2). Acute tamponade due to cardiac perforation is a life-threatening complication.
It has been reported that tamponade complicates 0,09-1,42% of invasive cardiac procedures in high-volume
centres(3). In most cases, the primary management is pericardiocentesis. However, this is insufficient in
up to 50% of tamponade cases(1). When non-surgical management fails, urgent surgical exploration is
required. The standard surgical approach is almost exclusively by median sternotomy(4). We propose a less
invasive technique by thoracoscopic exploration. The aim of this study is to analyse the benefits of video
assisted thoracoscopic surgery (VATS) in the surgical treatment of iatrogenic cardiac perforation compared
to sternotomy.

Methods

Patient group

From September 2016 until September 2021, surgery registration databases were retrospectively reviewed
for perforation during invasive cardiac procedures requiring surgical exploration. Cardiac perforation was
defined as the occurrence of a pericardial effusion during or immediately after the procedure, associated with
hemodynamic instability requiring surgical exploration. 25 consecutive patients were selected; 9 underwent
primary full sternotomy, 14 underwent VATS, 2 were converted from VATS to sternotomy. Baseline charac-
teristics were gender, body mass index (BMI) and age. Primary outcomes were duration of intensive care unit
(ICU) stay, duration of hospital stay, pericardiocentesis, cardiopulmonary resuscitation, 30-day mortality and
all-round mortality. Cardiopulmonary resuscitation was defined by active chest compressions perioperatively
due to loss of hemodynamic output. Pericardiocentesis was defined as percutaneous placement of any form
of pericardial drainage preoperatively.
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Surgical method

Surgical method by sternotomy consisted of urgent full sternotomy followed by opening of the pericardium,
central cannulation and surgical exploration followed by closure of the perforation by purse string reinforced
by teflon felt.

In the thoracoscopy group, three 5mm trocars were placed in either the left or right axillary region based on
the most probable site of the perforation, after consultation with the cardiologist. Surgical exploration and
inspection after incision of the pericardium was done. Perforation was closed in the same manner, by purse
string reinforced by teflon felt.

Connection to the extracorporeal circulation (ECC) was by central cannulation in the sternotomy-group and
by femoral cannulation in the thoracotomy-group. Indications for connection to the ECC were hemodynam-
ical instability, excessive blood loss or perforation not accessible on beating heart or with lungs inflated.

Statistical analysis

Baseline study population characteristics by outcome group were described using proportions for categorical
variables and mean ± SD for continuous variables. Statistical tests were Mann-Whitney-U, Chi-Square and
Fisher’s exact test. A significance level of p < 0.05 was used. All tests were 2-sided. Statistical analysis was
made by SPSS®.

Results

Perforation site Sternotomy Sternotomy VATS

Left atrium Left atrium 5 5
Left atrial appendage Left atrial appendage 0 4
Left ventricle Left ventricle 2 1
Left internal mammary artery Left internal mammary artery 0 2
Right atrium Right atrium 0 1
Right ventricle Right ventricle 2 1
Right coronary artery Right coronary artery 1 0
Aorta Aorta 1 0
Coronary sinus Coronary sinus 0 1

Over a period of 5 years, a total of 25 patients were recorded: 11 in the sternotomy-group and 14 in the
VATS-group. The baseline characteristics of the patients were well balanced. Most perforations occurred at
the left atrium (n=10) followed by left atrial appendage (n=4). Least likely places of perforation are aorta,
right atrium, coronary sinus and right coronary artery of which we only observed one case each (Table 1 ).

Table 1: Perforation sites

There were no statistical differences in the baseline preoperative characteristics (gender, age, BMI). Table 2
displays the results for the primary endpoints. Significant difference was found for 30-day mortality, which
was higher in the sternotomy-group. Mean length of ICU and hospital stay was shorter for the VATS-group,
however this difference was not significant at alpha level of 0.05.

Results Sternotomy (n = 11) VATS (n = 14) p-value

Gender (M/F) 8/3 9/5 0.20
Age (years) 71.7 ± 5.1 68.9 ± 9.7 0.94
BMI 27.4 ± 3.5 28.3 ± 2.8 0.81
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Results Sternotomy (n = 11) VATS (n = 14) p-value

Pericardiocentesis 0.9 ± 0.2 0.9 ± 0.2 > 0.05
CPR 0.3 ± 0.4 0.1 ± 0.2 > 0.05
ICU stay (days) 4.3 ± 2.7 3.2 ± 1.8 0.66
Hospital stay (days) 13 ± 6.9 9.8 ± 5.5 0.58
30-day mortality 2 ± 0.5 0 ± 0.0 < 0.05
All-mortality 4 ± 0.5 1 ± 0.1 >0.05

Table 2: Statistical analysis

Discussion

Cardiac tamponade is the most frequent lethal complication after catheter ablation and is an independent
predictor for mortality(5,6). Standard non-surgical management after cardiac perforation includes percuta-
neous pericardiocentesis. The risk of late term tamponade still exists combined with the inherent risks of
the procedure such as pleural, liver or cardiac puncture. It gives a false sense of security and prolongs the
interval until surgical exploration, which is still necessary in up to 50% of cases(1,7). This study analysed
the feasibility of VATS exploration after cardiac perforation. It concludes that VATS leads to a signifi-
cantly lower 30-day mortality but there are no differences to all-round mortality, length of ICU or hospital
stay. Since this is a novel technique, there is little to no available reference literature.

Thoracoscopy avoids the supplementary burden of a full sternotomy and obsoletes its inherent risks such as
wound infection of sternal detachment. In contrast to other authors(8), we believe thoracoscopy is faster
than a full sternotomy in a dedicated minimally invasive cardiothoracic centre, allowing to quickly estimate
the size of the problem and avoiding a full sternotomy for minor perforations.

Almost all possible perforation sites are thoracoscopically accessible. As stated before, most perforations
occur at the left atrium or left atrial appendage, which is easily accessible by left sided thoracoscopy even on
the beating heart. Should the damage done exceed the limitations of VATS, conversion to full sternotomy
is still possible as happened twice in the sternotomy cohort. One case was converted due to massive right
ventricle wall rupture after perforating the interventricular septum. Another case was converted to full
sternotomy due to the proximity of the perforation to the right coronary artery, requiring closer inspection
and complex reconstruction.

Ischemic cerebral and cardiac damage are among the most common causes of death after ablation(6). Most
common reason for prolonged ischemic interval are delayed transport to the operating theatre. Femoral
cannulation by percutaneous puncture and Seldinger technique can even be done outside the operating the-
atre, minimizing this ischemic interval. We experience that the longer the delay, the poorer the neurological
prognosis.

Lastly, thoracoscopy is an accessible and reproducible method with minimal economic burden. Its main
downside is a steep learning curve, emphasizing the need for proper training in centres dedicated to minimally
invasive cardiac surgery.

There are several limitations to be adressed. Firstly, the patient group is rather small and single centre. To
our knowledge, there are no other centres with the same approach to these cardiac emergencies. Secondly,
patients were not randomised. VATS was only performed when the surgeon capable of it was on call for
these emergencies. However, there was no patient preselection for either group, confirmed by the absence of
differences in the baseline characteristics. For example, one could argue that the more obese patient would be
difficult to explore thoracoscopically or that the more critique patient is preselected for sternotomy. However,
the results deny any treatment allocation. Thirdly, the delay between perforation recognition and surgical
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exploration could not be withdrawn from our database, which undeniably correlates with (neurological)
outcome.

Conclusion

Video assisted thoracoscopic surgical exploration for iatrogenic perforations after invasive cardiac procedures
is equally effective as full sternotomy. 30-day mortality is significantly lower when compared to standard
sternotomy. Key to a good outcome is fast intervention when hemodynamic doubt is present. The danger of
underestimating the perforation greatly outweighs the relatively minor risks of thoracoscopic evaluation. We
stress that the study population is too small to make a solid statement. Our results are hypothesis-generating.
A larger, randomized, multicentre validation study is needed.
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