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Interventricular Septal Hematoma
Associated with Surgical Mitral Valve Repair in

Four Dogs
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Xavier Navarro-Cubas, Ldo Vet, DipECVIM-CA (Cardiology),

Daniel Brockman, BVSc, DipACVS, and Virginia Luis Fuentes, PhD, DipACVIM (Cardiology),
Hatfield, Six Mile Bottom, Basildon, United Kingdom
INTRODUCTION

We present a case series of four dogs that developed postoperative
interventricular septal hematoma (IVSH) following surgical mitral
valve repair (MVR) under cardiopulmonary bypass (CPB). This poten-
tially fatal complication has not been previously reported in dogs,
although there are reports in humans following open heart surgery un-
der CPB. In humans, IVSH is most commonly seen following surgical
repair of a ventricular septal defect (VSD) and is speculated to be a
result of an injury to the septal perforating artery.1 The cause of
IVSH in dogs followingMVR remains unknown. We report both inva-
sive and conservative management of this rare complication in dogs,
describe outcomes, and discuss possible mechanisms.
CASE PRESENTATIONS

Case 1

An 8-year-old, male, neutered, 4.6-kg Pomeranian cross dog was pre-
sented with a 5-month history of congestive heart failure (CHF) sec-
ondary to severe myxomatous mitral valve disease (MMVD),
American College of Veterinary Internal Medicine (ACVIM) stage
C.2 The dog underwent surgical MVR under CPB, with routine hep-
arin anticoagulation. Immediate postrepair transesophageal echocar-
diography (TEE) suggested successful repair with mild residual
mitral regurgitation. Protamine was administered after the dog was
weaned off CPB uneventfully. Total CPB time was 111 min, and
cross-clamp time was 70 min. Myocardial quiescence was achieved
by the infusion of cardioplegia solution every 20 min, allowing elec-
trochemical cardiac arrest. Approximately 6 hours postoperatively,
acute hypotension was noted with a mean arterial blood pressure
(BP) of 50 mmHg. Bedside transthoracic echocardiography (TTE) re-
vealed abnormal thickening of the interventricular septum (IVS),
which measured 18 mm in diastole compared with 7 mm preopera-
tively. Multiple small (8 � 4 mm) oval-shaped anechoic mass lesions
were evident diffusely throughout the IVS, compatible with IVSH
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(Figures 1A and 1B). The IVS was hypokinetic and thickened. There
was also evidence of mild pleural effusion.

TTE 9 hours postoperatively showed progressive pleural fluid,
whichwas hemorrhagic and consistent with hemorrhage from the sur-
gical site. There was no change in the IVSH. Approximately 20 hours
postoperatively, the dog developed acute dyspnea and hypoxemia
and arrested several minutes later. Attempts at cardiopulmonary
resuscitation were unsuccessful.

Case 2

An 11-year-old, female, neutered, 4.4-kg Maltese-Poodle cross dog
was presented with a 5-month history of CHF secondary to
MMVD, ACVIM stage C, and underwent MVR under CPB.2 Total
CPB time was 173 min, and cross-clamp time was 84 min.
Postrepair TEE revealed a large (20 � 25 mm) oval-shaped anechoic
mass in the IVS. A thin membrane (1.4 mm) was protruding into the
left ventricular lumen, presumed to be obstructing left ventricular
inflow and outflow (Figures 2A and 2B, Video 1).

Because of its size andmechanical effects (systolic BP 60mmHg), it
was decided to attempt to decompress the hematoma. The aortic
cross-clamp was reapplied, and a further dose of cardioplegia solution
was delivered. The hematoma was immediately visible upon inspec-
tion as a darkened segment of the left ventricular endocardial surface
of the IVS, which was bulging into the left ventricle and displacing the
anterior mitral valve leaflet dorsally toward the left atrium (Video 2).
The hematoma was incised with a number 11 blade longitudinally to
evacuate it, with the incision left open to prevent further reaccumula-
tion of blood. Postevacuation TEE showed successful reduction in the
size of the IVSH and improvement in left ventricular filling (Figure 3,
Video 3). Systolic BP improved to 100 to 115 mm Hg for 35 min but
suddenly reduced to 50 mm Hg after closure of the thoracic cavity
and continued to decline despite fluid resuscitation and use of vaso-
pressors. Intracardiac resuscitation and CPB were reinitiated but
were unsuccessful.

Case 3

An 8-year 10-month, female, neutered, 5.3-kg Pomeranian dog was
presented with a 6-month history of CHF secondary to MMVD,
ACVIM stage D, and underwent MVR under CPB.2 Total CPB time
was 123 min, and cross-clamp time was 67 min. Postrepair TEE re-
vealed a mass with a homogenous echo signal surrounded by a
thick-walled ring (3.8 mm) measuring 23 � 15 mm in the IVS
(Figure 4A). The dog was maintained on CPB for 20 min, during
which time adequate BP was maintained while the IVSH remained
stable in size without apparent obstruction of the outflow tract. It
was decided to monitor the hematoma and to separate the dog
from CPB with conservative management of the IVSH. Repeat TEE
50 min later showed organization of the hematoma, and the dog
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VIDEO HIGHLIGHTS

Video 1: Intraoperative TEE showing a large IVSH.

Video 2: Intraoperative video showing the large IVSH bulging

into the left ventricle and displacing the anterior mitral valve

leaflet dorsally toward the left atrium. Incisional drainage was

performed showing drainage from the IVSH.

Video 3: Intraoperative TEE after surgical incision showing the

reduced size of the IVSH.

Viewthevideocontentonlineatwww.cvcasejournal.com.
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remained stable without any further hemodynamic consequences
(Figure 4B).

The dog recovered uneventfully from surgery and underwent serial
TTE tomonitor the repair and IVSH. The dogwas discharged from the
hospital 9 days postoperatively. Eleven-day postoperative TTE
showed markedly increased interventricular septal wall thickness
(15.3 mm in diastole) although the hematoma had greatly reduced
in size (14 � 9 mm; Figure 5). The dog remained asymptomatic,
Figure 2 (A) Intraoperative TEE showing a large IVSH. (B) Color Dop
Aorta; LA, left atrium; LV, left ventricle.

Figure 1 TTE 6 hours afterMVR, during period of hypotension. (A)Rig
view revealing multiple small IVSHs (arrow). LA, Left atrium; LV, left
with no arrhythmias noted on recheck examinations. One-month
postoperative TTE showed complete resolution of the IVSH
(Figure 6). The ejection fraction (50%) and fractional shortening
(25.1%) remained adequate at 1-month TTE. The animal remains
well 13 months following surgery, with no evidence of postoperative
complications.
Case 4

An 11-year 7-month, male, neutered, 8.6-kg Cavalier King Charles
Spaniel dog was presented with a 5-month history of CHF secondary
to MMVD, ACVIM stage C.2 Similar to the previous cases, the dog
underwent MVR under CPB. Total CPB time was 130 min, and
cross-clamp time was 88 min. Postrepair TEE showed good coapta-
tion of the mitral valve leaflets with minimal residual regurgitation.
The dog recovered uneventfully in the intensive care unit. TTE
2 days postoperatively revealed a 25 � 13 mm IVSH (Figures 7A
and 7B) and a thickened IVS (23 mm).

The dog had frequent ventricular premature complexes and short
paroxysms of ventricular tachycardia during day 2 postoperative TTE
and was started on oral sotalol (2.2 mg/kg every 12 hours). The
arrhythmia was alleviated and the hematoma regressed over the
course of hospitalization. The dog was discharged at day 9
pler in the area of the narrowed left ventricular outflow tract. Ao,

ht parasternal long-axis view and (B) right parasternal short-axis
ventricle.
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Figure 3 TEE after surgical incision showing the reduced size of
the IVSH. LA, Left atrium; LV, left ventricle.

Figure 4 (A) Intraoperative TEE showing a large IVSH and (B) 50 min
LA, Left atrium; LV, left ventricle.

Figure 5 Left apical view of the heart showing reduced size of
the IVSH (arrow) 11 days postoperatively. LA, Left atrium; LV,
left ventricle.
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postoperatively. Similar to case 3, the IVS remained mildly thickened
(20 mm) at the time of discharge. The IVSH was not visible on 1-
month postoperative TTE (Figures 8A and 8B), and there was signif-
icant reduction of the previously reported IVS thickening (13 mm).
The ejection fraction (45%) and fractional shortening (35%) were
adequate. Normal sinus rhythm was confirmed throughout echocar-
diography, and the dog was maintained on sotalol. Sotalol was discon-
tinued 5 months postoperatively, with no evidence of ventricular
arrhythmias. The dog remains well 11 months following surgery.
DISCUSSION

An IVSH is a rare complication associated with MVR in our hospital,
with an incidence of 3.8% (four of 105) since we first started perform-
ing MVR in 2013. To date, IVSH has resulted in an overall mortality
rate of 50% (two of four).
later showing organization of the IVSH into a mixed sonic mass.

Figure 6 Left apical view 1 month postoperatively. LA, Left
atrium; LV, left ventricle.



Figure 7 (A) Right parasternal long-axis view showing an incidental IVSH (arrow). (B) Right parasternal short-axis view at the level of
the papillary muscles. LA, Left atrium; LV, left ventricle.

Figure 8 (A) Right parasternal long-axis view and (B) right parasternal short-axis view at the level of the papillary muscles 1 month
postoperatively showing resolution of the IVSH. LA, Left atrium; LV, left ventricle.
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In a recent article, Jegatheeswaran et al.1 described their experience
in 12 human patients over a 12-year period, which is the largest single-
institution review to date.1 They reported an overall mortality rate of
33%. There are <30 human case reports of IVSH currently available
in the medical literature, and to our knowledge, there are currently no
reports of IVSH in veterinary medicine. In humans, IVSH has been
more commonly associated with VSD repair. Although the underlying
cause remains unclear, in VSD repair, it is suspected to be a conse-
quence of damage to the septal perforator branch of the posterior de-
scending or left anterior descending coronary artery causing
subendocardial bleeding during VSD patch closure.3,4 There are a
handful of reports of hematoma formation following mitral valve sur-
gery in humans, in both the free wall and the IVS.5,6 The etiology is
likely different from VSD repair, as surgical damage of the septum
at the ventricular level seems less likely. InMVR, during artificial chord
placement in dogs, the needle enters the tip of the papillary muscle
but was not intentionally inserted into the IVS in any of the cases re-
ported here, although damage to the IVS as the needle is manipulated
inside the ventricle could not be ruled out. In these reports of IVSH
following MVR in humans, suspected etiologies included damage to
the left atrium during retraction, damage to the interatrial or IVS dur-
ing venous cannulation, and damage to the right trigone during mitral
annuloplasty.5 This type of interoperative damage (which occurred
during robotic surgery with no tactile sensation) seems unlikely in
the dogs reported here. There was careful manipulation of the cardiac
structures during retraction, and venous cannulation was performed
in the right auricle, with care taken to prevent damage to the sur-
rounding area. Injury of the right trigone during mitral annuloplasty
was also suspected and remains a possibility in these dogs.5 Damage
to the coronary artery (i.e., septal branch in dogs) could also occur
as a result of excessive cardioplegia perfusion pressure, inadequate
myocardial protection, or reperfusion injury.5,7 Cardioplegia pres-
sures were unremarkable during these cases, and there was successful
cardiac quiescence with a standard cardiac ischemic time (67–
88 min), making these causes also unlikely. Despite review of the hu-
man literature, it is therefore not possible at this stage to hypothesize
the exact cause of the development of IVSH in dogs undergoing
MVR.

In people, as the septal perforating artery supplies blood to the
interventricular conduction system, damage can result in ventricular
dysfunction, ventricular arrhythmias, or both.8 Although we do not
know the etiology of the IVSH in dogs, complex ventricular arrhyth-
mias were seen in case 4, requiring antiarrhythmic therapy.
Ventricular dysfunction and thickening of the IVS after surgery were
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seen in cases 3 and 4 but subsequently improved after 1 month.
Therefore, we suspect that the artery that was damaged mostly likely
supplied blood to the interventricular conduction system.

Diagnosis of IVSH can be made during intraoperative TEE,
although in one case it was only discovered on TTE 2 days after sur-
gery as an incidental finding. It is suspected that a small IVSH may not
have been identified during TEE and may have enlarged as the dog
was anticoagulated with parenteral low–molecular weight heparin,
oral clopidogrel, and aspirin (our standard anticoagulation protocol)
when identified 2 days later. This is similar to a recent report in hu-
mans in which only 55% (six of 11 cases) were discovered during in-
traoperative TEE.1

As IVSH is a rare finding in veterinary medicine, an established
treatment protocol is not available. It is also rarely diagnosed in hu-
mans, so a consensus management strategy is also lacking. Although
surgical VSD repair is very rare in our patient population (n = 5 at
our institution), we have seen the development of IVSH only after
MVR to date.

Reported strategies in the human literature for management
include evacuation (i.e., incisional drainage) or conservative manage-
ment with close monitoring.1 In the report by Jegatheeswaran et al.,1

two patients (17%) underwent evacuation of the IVSH and one pa-
tient died despite undergoing extracorporeal membrane oxygenation.
There are individual case reports in humans describing incisional
drainage of IVSH with good outcomes.3,9 Similarly, there are reports
of success with conservatively managed IVSH.10,11 Management de-
pends on the hemodynamic consequences of IVSH, which can be var-
iable. If the hematoma is large, it can protrude into either ventricular
cavity, causing obstruction of the outflow tract and impaired diastolic
function, resulting in hemodynamic instability. This therefore may
necessitate incisional drainage, but unfortunately, despite initial stabi-
lization of BP and successful separation from CPB after evacuation in
case 2 reported here, the patient progressed to refractory hypotension
a short time later with progressive myocardial dysfunction.
Extracorporeal membrane oxygenation might have been beneficial
in this case.1 In cases 3 and 4, conservative management was success-
ful, but this was likely related to the smaller size of the IVSH compared
with case 2, which therefore did not cause any immediate hemody-
namic consequences. Case 1 was unique, as the IVSH was much
smaller in size and was not visualized at the time of intraoperative
TEE, although it is possible that it was missed initially. The hemody-
namic consequences that developed were severe despite no change
in the IVSH. The patient became acutely dyspneic and hypotensive
12 hours after surgery and arrested, but resuscitation was unsuccess-
ful. The role of the IVSH is unknown in this case, and we suspected
other mechanisms that may have been related to the dog’s ultimate
death.

Because of the concern for thrombosis following CPB and MVR,
both cases 3 and 4 remained on our standard anticoagulant proto-
col. The IVSH in both dogs reduced in size despite therapy with
aspirin, clopidogrel, and low–molecular weight heparin, but careful
consideration needs to be given to anticoagulation once a diagnosis
of an IVSH has been made, as further hemorrhage as a result of anti-
coagulation could certainly turn a relatively innocuous IVSH into
one leading to severe complications.9 Although IVSHs in our current
MVR program are rare, our current preferred option for hemody-
namically stable patients is conservative management with close
monitoring, particularly of invasive arterial BP. TTE and TEE are
the mainstays of monitoring progression and resolution of IVSH.
In the two dogs that survived, we saw IVSH resolution at 1-month
reassessment.

CONCLUSION

We report the first case series of IVSH in veterinary patients after MVR
under CPB. Additionally, we describe management of IVSH by inci-
sional drainage and conservative management with variable results.
Close monitoring of IVSH in hemodynamically stable patients is a
viable option in dogs. Because of the rarity of IVSH, recommendations
for the best management practices in dogs continue to be a challenge,
and further evaluation of this condition is necessary.
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