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Abstract

Background Cardiac tamponade caused by coronary artery injury is an extremely rare postlobectomy complication.
Herein, we present a case of cardiac tamponade due to coronary artery injury after a left upper lobectomy for lung
cancer and discuss the possible cause of coronary artery injury.

Case presentation An 82-year-old man with atrial fibrillation, emphysema, chronic heart failure-associated cardio-
megaly, and a history of aortic stenting for an abdominal aortic aneurysm underwent a left upper lobectomy with-
out mediastinal nodal dissection for lung cancer. Twenty-eight hours postoperatively, he lost consciousness and went
into shock vitals; computed tomography revealed cardiac tamponade. Emergency surgery was performed, which
revealed a left circumflex artery laceration. Although the laceration was successfully repaired, he had a gastrointesti-
nal perforation and developed septic shock. He died 35 days after the lung surgery. Intraoperative injury to the heart
cannot be ruled out, but the site of the coronary artery injury was located far from the hilum outside the surgical field
during the lobectomy. Three-dimensional computed tomography showed that the site of injury was close to the mul-
tiple firing junction of the staples that divided the anterior interlobar fissure. Two staples at the multiple firing junc-
tion, which protruded perpendicularly to the cut surface, could injure the coronary artery.

Conclusion Although we cannot rule out the possibility that the intraoperative manipulation procedures con-
tributed to the coronary artery injury, we speculate that the protruding staples might penetrate the pericardium
after lung expansion and eventually injured the coronary artery.
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Background

Cardiac tamponade caused by coronary artery injury is
an extremely rare postlobectomy complication. Herein,
we present a case of cardiac tamponade due to coronary
artery injury after a left upper lobectomy for lung cancer
and discuss the possible cause of coronary artery injury.
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Case presentation

An 82-year-old man with atrial fibrillation, emphysema,
chronic heart failure-associated cardiomegaly, and a
history of aortic stenting for an abdominal aortic aneu-
rysm was found to have a lung tumor in the left upper
lobe during a follow-up evaluation of the aortic stent-
ing (Fig. 1a). The diagnosis was stage 1A2 (cT1bNOMO)
primary lung squamous cell carcinoma. Edoxaban tosi-
late hydrate which had been used for the treatment of
atrial fibrillation was discontinued the day before sur-
gery. Then, continuous intravenous infusion of 10,000
units/day of heparin was started, which was terminated
9 h before surgery. No thrombus was detected on lower
limb venous ultrasound, but his preoperative D-dimer
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Fig. 1 a Preoperative chest computed tomography. A preoperative chest computed tomography shows a 1.5-mm solid nodule with spicula
in the left upper lobe (white arrow). b Chest radiograph taken soon after the surgery. A chest radiograph taken soon after the surgery shows
that the drain tube is inserted in the direction of the pulmonary apex and that there is no worsening of cardiac enlargement

was elevated to 9.3 ug/ml. He underwent a left upper
lobectomy without mediastinal nodal dissection through
a mini-thoracotomy. The incomplete anterior inter-
lobar fissure was divided with three 45-mm Echelon
Endopath™ cartridges (Ethicon, Cincinnati, OH, USA).
The operative time was 189 min, and the intraoperative
blood loss was 120 mL. Chest radiograph taken soon
after the surgery showed that the chest tube was inserted
in the direction of the apex with suction of — 10 cmH,0O
and that there was no worsening of cardiac enlargement
(Fig. 1b). A total of 10,000 units/day of heparin infusion
was re-started 3 h after the surgery, and the postopera-
tive course was uneventful for approximately 14 h until
the next morning when his blood pressure decreased to
approximately 85/60 mmHg. Chest drain drainage in 14
h was 100 ml and serobloody. Although his blood pres-
sure recovered to approximately 130/80 mmHg within
2 h, 28 h after the surgery, he suddenly lost conscious-
ness, and his blood pressure decreased to approximately
75/40 mmHg. Enhanced computed tomography (CT) of
the chest revealed cardiac tamponade with extravasation
of the contrast agent at the apex of the heart (Fig. 2 a and
b). He was transferred to a tertiary care cardiac center
where emergency surgery was performed, and a lacera-
tion was noted on the posterolateral branch of the left
circumflex (LCX) artery (Fig. 2¢). In addition, oozing was
observed from the coronary vein and myocardia around
the bleeding point of the LCX artery, and another lac-
eration was found on the pericardium over the bleeding
point of the LCX artery. No anomalies, such as an aneu-
rysm, or significant calcifications existed around the LCX
artery laceration. Although the coronary artery injury
was successfully repaired, he had several postoperative

complications, including gastrointestinal perforation,
septic shock, respiratory failure, and renal failure. Despite
intensive treatment, he died of multiple organ failure 35
days after the lung surgery. No malformed staples were
identified on the staple lines even after careful palpation
at the time of autopsy, but two staples at the multiple fir-
ing junction protruded perpendicularly to the cut surface
(Fig. 3a). One of the two staples was formed firmly to the
lung, which was painful for us to palpate (Fig. 3b).

Discussion

Hemorrhagic cardiac tamponade is an uncommon com-
plication after lung lobectomy. Only eight cases of hem-
orrhagic cardiac tamponade after lung lobectomy have
been reported [1-8]. Six of the eight cases were left-side
surgery, and the other two cases occurred after a right
upper lobectomy (Table 1). The following causes of the
bleeding site have been reported: a variant bronchial
artery arising from the intrapericardial portion of the
aorta or coronary artery in one case [1], a pulmonary vein
retracted intrapericardially in one case [2], the ascending
aorta in one case [3], the coronary artery in two cases [4,
5], and injured left ventricular wall in two cases [6, 7].
The other case involved cardiac tamponade treated with
pericardiocentesis, in which the cause of bleeding was
not specified [8] (Table 1).

We discuss the cause of our case based on previous
cases. The bleeding point in this case was not the bron-
chial artery, and the pulmonary vein was firmly stapled.
There was no injury to the ascending aorta because no
mediastinal nodal dissection was performed. Although
two cases that developed bleeding from the coronary
artery were from the LCX after left upper lobectomy as
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Fig. 2 a Postoperative chest computed tomography in axial section. A postoperative enhanced chest computed tomography reveals hemorrhagic
cardiac tamponade and extravascular leakage of contrast agent (red arrow) is shown in the pericardium. The staple line dividing the interlobar
fissure is shown by the white arrow. b Postoperative chest computed tomography in coronal section. A postoperative enhanced chest computed
tomography in coronal section reveals that the hemorrhagic tamponade and extravascular leakage of contrast agent (red arrow) is located

at the apex of the heart. ¢ Intraoperative image of coronary artery repair. A laceration is noted on the posterolateral branch of the left circumflex

artery and blood was spurting out (white arrow)

in our case, no obvious reason for coronary artery bleed-
ing was identified in either case [4, 5]. The two cases of
left ventricular wall injury were due to intraoperative
blunt injury in one case [6] and a malformed staple in the
other [7].

We speculate the cause of cardiac tamponade in this
case. First is the possibility that the pericardium was
damaged by the intraoperative manipulation procedures.
Chen et al. previously reported a case of cardiac tampon-
ade due to blunt trauma [6]. In our case, lacerations were
found on both the pericardium and LCX artery, which
led us to suspect that the cause of cardiac injury was a
sharp injury. As far as we go over the video of the surgery,
the intraoperative manipulation procedures including
the dissection of the hilar structures and the division of
the interlobar fissure were performed around the hilum.
In addition, vessel staplings were performed after vessels
were fully dissected, and traction during the surgery was
kept minimal. This may be due to the fact that the opera-
tion was performed under direct view through the fourth

intercosal lateral mini-thoracotomy. On the other hand,
the site of bleeding was the apex of the heart and far from
the site of intraoperative manipulation. Nevertheless, we
cannot rule out the possibility that the pericardium was
injured outside of the area where the scope filmed; how-
ever, we think it unlikely that any technical errors could
occur intraoperatively.

Second, Chen ] et al. [7] reported a unique case of left
ventricular wall injury due to an “L-shaped” malformed
staple on the staple line. In our case, although two staples
at the multiple firing junction protruded perpendicularly
to the cut surface, no malformed staples were identi-
fied on the staple lines on the video of surgery (Fig. 4a)
and at the time of autopsy. A postoperative enhanced
CT revealed that the bleeding point was close to the sta-
ple line. Then, we looked at the positional relationship
between the staple line and the bleeding site based on a
constructed three-dimensional (3D) image of the postop-
erative CT (Fig. 4 b and c). The site of the coronary artery
injury was near the staple line that divided the anterior
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Fig. 3 aWhole staple line dividing the anterior interlober fissure at the time of autopsy. The whole staple line dividing the anterior interlober
fissure is shown at the time of autopsy. Two staples (white arrow) at the multiple firing junction protrude perpendicularly to the cut surface. The
distal end of the staple line is ligated with silk. No malformed staples are noted even after careful palpation. b Enlarged image of two protruding
staples at the multiple firing junction at the time of autopsy. An enlarged image of two protruding staples at the multiple firing junction are shown
at the time of autopsy. One of the two staples is formed fimly to the lung and painful for us to palpate (white arrow)

Table 1 Clinical data and procedures of patients who presented with cardiac tamponade after lobectomy for lung cancer

No. Author Age/Sex Procedure Diag. time  bleeding site Etiology Treatment Outcome

_.7?\‘“:1..":«3" RH (1999)! 69 M Open RUL 5 hours Variant BA Injury of BA Discharged
30POD

2 Tovar EA (1995)2 55M  OpenlLLL during surgery PV Slip off the clamp of PV Ligation Rescued

3 Morimoto M (1991) 72 F Open RUL 13 POD Ascending aorta  Traumatic rupture during ND Suture Rescured

ND

4 LCX No obvious reason Sudden death Died

5 LCX Spontaneous coronary artery rupture? Ligation Died POD 2

6 Left ventricular wall Blunt trauma during VATS None Died

8 Pillai JB (2003) ¢ 58 M

Injury by a malformed staple

f pericardial reflection

LCX left circumflex

interlobar fissure on 3D-CT. Additionally, the site of the
coronary artery injury was close to the multiple firing
junction of staples dividing the anterior interlobar fissure.

Yamashita et al. [9] reported a case of cardiac tam-
ponade after a wedge resection of the left lung due to
confluence of the pulmonary stapling line. In addi-
tion, Yamano et al. [10] reported a case of bleeding
from the chest wall due to a sharp protruding edge of
the endostapler after a wedge resection. These reports

confirmed that protruding staples can cause tissue
damage after lung expansion. In our case, the autopsy
revealed protruding staples at the multiple firing junc-
tion dividing the anterior interlobar fissure (Fig. 3a and
3b). In addition, the intraoperative image of the staple
lines dividing the anterior interlobar fissure revealed
that two staples protruded perpendicularly to the cut
surface without obvious malformed staples (Fig. 4a).
We, therefore, speculate that these protruding staples
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Fig.4 a Intraoperative image of the staple-line that divided the anterior interlober fissure. An intraoperative image of the staple-line that divide
the anterior interlober fissure is shown. Although some staples (white arrow) protrude perpendicularly to the cut surface, no malformed staples

are noted. b Constructed three-dimensional computed tomography. A three-dimensional computed tomography image is constructed using
postoperative enhanced computed tomography. The contrast extravasation (shown in red) is on the staple line dividing the interlobar fissure
(shown in yellow). The multiple firing junction is indicated by the white arrow. ¢ Side image of constructed three-dimensional computed
tomography. A side image of the constructed three-dimensional computed tomography is shown. This image reveals that the top edge of contrast
extravasation is the bleeding point (white arrow), which is close to the multiple firing junction

penetrated the pericardium after lung expansion, and
eventually injured the coronary artery. In previous
reports, this mechanism was observed after a wedge
resection, but our case raised the possibility that it
could also occur in patients after lobectomy with a
larger free space. His emphysema and cardiomegaly
may have contributed to this fatal complication.

We cannot rule out the possibility that the intraopera-
tive manipulation procedures contributed to the coro-
nary artery injury. However, we think it more likely that
the protruding staples might penetrate the pericardium
after lung expansion and eventually injured the coronary
artery. We suggest that it might be more preferrable to
use a single stapler cartridge for dividing the anterior
interlobar fissure of the left lung. Should more than one
stapler be necessary, we advocate that the multiple fir-
ing junction be covered with pericardial fat or TachoSil®
(CSL Behring, Tokyo, Japan), as Yamashita and colleagues
[9] have advocated.
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CT  Computed tomography
LCX  Left circumflex

3D Three-dimensional
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