BRIEF REPORT

Hypertrophic Obstructive Cardiomyopathy, Bleeding History, and Acquired
von Willebrand Syndrome: Response to Septal Myectomy

JosEPH L. BLACKSHEAR, MD; HARTZELL V. SCHAFF, MD; STEVE R. OMMEN, MD;
DoNG CHEN, MD, PHD; AND WILLIAM L. NIcHOLS, MD

Bleeding with severe aortic stenosis is linked to acquired von
Willebrand syndrome and loss of high-molecular-weight multi-
mers of von Willebrand factor. Valve replacement resolves bleed-
ing tendency and loss of high-molecular-weight multimers. We
report outcomes in 5 patients with symptomatic obstructive
hypertrophic cardiomyopathy and spontaneous gastrointestinal,
mucosal, or excessive postsurgical bleeding in whom acquired
von Willebrand syndrome was documented. All 5 patients under-
went surgical septal myectomy with resolution of acquired von
Willebrand syndrome.
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HMWM = high-molecular-weight multimer; HOCM = hypertrophic ob-
structive cardiomyopathy; vVWF = von Willebrand factor; vWF:Ag = VWF
antigen; vWF:RCo = vVWF ristocetin cofactor activity

Severe aortic stenosis and, more recently, hypertrophic
obstructive cardiomyopathy (HOCM) have been asso-
ciated with clinically important bleeding." The bleeding
diathesis appears to be mechanistically linked to intravas-
cular shear-induced proteolysis of high-molecular-weight
multimers (HMWMs) of von Willebrand factor (VWF).’
The strongest evidence in favor of this mechanism is the
resolution of loss of HMWMs within hours of aortic valve
replacement and reduced clinical bleeding postoperative-
ly.? The effects of surgical septal myectomy on vWF com-
position have not yet been described. Here, we describe 5
patients with HOCM who had histories of abnormal bleed-
ing and demonstrable loss of HMWMs. After surgical re-
duction of the outflow gradient, vVWF normalized in all 5
patients, and none have had recurrent hemorrhage.

PATIENTS AND METHODS

Plasma vWF antigen (VWF:Ag) and ristocetin cofactor
activity (VWF:RCo) were measured in 5 patients by auto-
mated latex immunoassay and by ristocetin-dependent ag-
gregometry of washed platelets, respectively, as described
previously.” Plasma vWF multimers were analyzed by aga-
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rose gel electrophoresis using in-gel immunostaining and
infrared imaging.®

RESULTS

Case 1

A 64-year-old man with a history of hypertension and
smoking presented for evaluation of recurrent overt gas-
trointestinal hemorrhage. He described a 7-year history of
episodic melena with occasional bright red blood per the
rectum but no hematemesis. He had
undergone 14 upper and 8 lower gas-
trointestinal endoscopies and 1 capsule
endoscopy with no bleeding source
identified, and he received in excess of
50 units of packed red blood cells. He had experienced one
episode each of effort syncope and orthostatic syncope. Ef-
fort dizziness and dyspnea 5 years previously had led to a
diagnosis of HOCM, and metoprolol was prescribed.

Echocardiography reconfirmed the diagnosis of HOCM
(Figure 1; Table). Extended upper gastrointestinal endos-
copy demonstrated fernlike vascular malformations in the
proximal small bowel, which were treated with argon plas-
ma coagulation. Both vWF:Ag and vWF:RCo were within
normal limits (Table). However, analysis of vVWF multim-
ers revealed loss of HMWMSs and a slight excess of low-
molecular-weight multimers, consistent with an acquired
abnormality of vVWF or an acquired von Willebrand syn-
drome (Figure 2). He was offered cardiac surgery but opted
for medical treatment. During the next 12 months, he had 4
additional overt hemorrhages, 1 after nephrolithotomy for
symptomatic renal colic and 3 spontaneous gastrointestinal
hemorrhages. After an increase in his metoprolol dosage,
he underwent extended septal myectomy (Figure 1).? Intra-
operative hemodynamics detected typical gradient findings
that were absent after septal myectomy (Figure 1). The re-
duction in vVWF HMWMs was confirmed before surgery
and, while he was taking the higher dose of metoprolol,
appeared slightly less severe; reassessment of HMWMs
postoperatively revealed a normal pattern (Figure 2).

The patient resumed smoking after surgery. He had an
ischemic stroke 15 months after his septal myectomy but
recovered neurologically. Although he began an aspirin
regimen, he has not had spontaneous bleeding during the
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VON WILLEBRAND SYNDROME RESPONSE TO SEPTAL MYECTOMY

FIGURE 1. Apical 5-chamber 2-dimensional echocardiographic view for case 1 before (upper
left) and after (upper right) septal myectomy eliminating systolic anterior motion. Intraopera-
tive arterial pressure tracings demonstrate a high left ventricular to aortic gradient and a
positive Brockenbrough-Braunwald-Morrow sign before surgery (lower left) and the absence
of a gradient after surgery (lower right).

TABLE. Clinical and Echocardiographic Features of Hypertrophic Cardiomyopathy, Bleeding History, and Hemostatic

Tests and Therapy Before and After Surgery?®

Bleeding Septum Rest/Valsalva Postsurgery Pre/post Pre/post Pre/Post
Case Symptoms Murmur history (mm) gradient (mm Hg)  gradient (mm Hg) vWF:Ag® VWF:RCo® FvII®
1ed Class II DOE 3/6 GI 19 16/58 13 201/244 172/230 119/197
de Class III DOE, 2-3/6 Surgical 16 55/81 6 260/189 210/214 100/268
angina, presyncope
3ed Class III DOE, 4/6 GI 27 57/91 7 127/230 1207244 139/NA
angina, syncope
4ed Class IV DOE, 3/6 GI 20 45/114 10 117/105 100/92 NA/NA
angina
5ed Class III DOE 3/6 Surgical 22 67/135 13 136/129/120 120/102/126  72/76/68
menstrual
epistaxis

# DOE = dyspnea on exertion; FVIII = coagulation factor VIII; GI = gastrointestinal; NA = not available; vWF = von Willebrand factor; vWF:Ag = vWF
antigen; VWF:RCo = vWF ristocetin cofactor activity.

b Reference ranges: VWF:Ag and vVWF:RCo, 55%-200%; FVIII, 55%-205%.

¢ Cases 1, 3, 4, and 5 received 20 U/kg of humate-P concentrate (vWF/factor VIII complex) immediately before and after surgery.

AN patients had normal platelet counts and activated partial thromboplastin times before and after surgery. Case 3 received unfractionated heparin pro-
phylaxis in the postoperative period; the others did not. No patient experienced excessive bleeding or thromboembolism in the immediate postoperative
period or during the surgical hospital stay. Case 5 has 3 sets of values for VWF:Ag and vWF:RCo: preoperatively with [3-blocker therapy, postoperatively
without $-blocker therapy, and postoperatively with f-blocker therapy.

¢ Platelet function analyzer (PFA-100) closure time values for case 2 before/at 6 mo after surgery were as follows: collagen-epinephrine cartridge, 270/177 s
(reference ranges provided parenthetically) (70-165 s); collagen-adenosine diphosphate cartridge, 186/116 s (50-115 s). This patient received transfusions
of platelets and packed red blood cells before and after surgery, as well as an infusion of desmopressin after surgery.
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FIGURE 2. Left, von Willebrand factor multimers and control plasma multimers for case 1 for each determination. The immediate preoperative
sample was taken when the patient was taking a higher dose of p-blockers than on the previous 2 occasions. Loss of high-molecular-weight
(HMW) multimers was reversed after surgery. Right, Densitometric scan of HMW multimer gels. LMW = low-molecular-weight.

subsequent 20 months. He has undergone thyroid needle
biopsy without excessive bleeding or hematoma.

Case 2

A 60-year-old woman was diagnosed as having HOCM
3 years previously. Symptoms included dyspnea when
walking 50 feet, climbing stairs, or having a normal con-
versation, as well as postural presyncope despite medical
treatment. She gave a history of postprocedural bleeding
after multiple surgeries, dental extractions, and cardiac

catheterization, and a platelet hypofunctional disorder was
suspected. Findings on platelet aggregation studies were
normal, but closure times were prolonged with the whole
blood platelet function analyzer (PFA-100, Siemens USA,
Deerfield, IL), both with epinephrine-collagen and aden-
osine diphosphate—collagen cartridges (Table). Plate-
let electron microscopy excluded dense granule stor-
age pool deficiency. Although plasma vWF values were
normal (Table), evaluation of vVWF multimers revealed
absence of HMWMs (Figure 3). However, this result
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FIGURE 3. von Willebrand factor multimers and simultaneous control plasma multimers before

and after surgery in cases 2 (left) and 4 (right).
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FIGURE 4. Echocardiographic images for case 3 before and after surgery and corresponding von Willebrand factor and
control plasma multimers. Preoperative and postoperative echocardiographic results for this case are available at www

.mayoclinicproceedings.com/content/86,/3/219/suppl/DC1.

was not available until a few days after surgery. After
septal myectomy, HMWMs normalized, and the patient
has remained free of abnormal bleeding during a 2-year
follow-up.

Case 3

A 66-year-old woman was referred to our institution with
a 2-year history of dyspnea, chest tightness, and frequent
episodes of syncope with ordinary activity. Two episodes
of melena had also occurred and had been treated with
colonoscopic photocoagulation of cecal vascular malfor-
mations. Echocardiography revealed typical HOCM (Fig-
ure 4). Von Willebrand factor studies, done in duplicate
before surgery, revealed loss of HMWMs (Figure 4); the
HMWMs were restored to normal levels when reevalu-
ated on the sixth postoperative day. The patient has not had
spontaneous hemorrhage and has had no surgical proce-
dures during the subsequent 2.5 years.

Case 4

A 62-year-old woman with diagnosed HOCM had a 5-year
history of progressive dyspnea with ordinary activity and
while at rest despite medical therapy. She described 2
episodes of frank hematochezia within the previous year.
Findings on colonoscopy were unremarkable. Loss of vVWF
HMWMs was documented before surgery, and HMWM
levels normalized after septal myectomy (Figure 3), which
drastically reduced the Doppler gradient in the left ven-
tricular outflow tract (Table). During 2 years of follow-up,

she has not had abnormal bleeding, including during an
emergency surgery for an incarcerated hernia.

Case 5

A 38-year-old woman was diagnosed as having HOCM 2
years previously. Her main symptom was dyspnea on exer-
tion, and it eventually progressed to limit ordinary activity.
She had along history of heavy menstrual periods and recur-
rent epistaxis and required frequent prescriptions for iron
deficiency. She eventually had a hysterectomy, after which
she had excessive bleeding and required transfusion. Loss
of vWF HMWMs was demonstrated while she was receiv-
ing 3-blocker and verapamil therapy preoperatively. Preop-
erative cardiac magnetic resonance imaging demonstrated
extensive systolic obstruction at the level of the basal and
mid septum (Figure 5). Septal myectomy was performed.
In the early postoperative period, the patient did not resume
taking 3-blockers, and findings on vVWF multimer analysis
remained abnormal. Therapy was reinitiated with 200 mg/d
of long-acting metoprolol. Cardiac magnetic resonance im-
aging and vWF multimers were also reassessed (Figure 5),
and her pattern of HMWMs normalized.

DISCUSSION

An association between HOCM and gastrointestinal hem-
orrhage and angiodysplasia has been reported several
times, ™% and resolution of the bleeding disorder has also
been reported with definitive therapies to reduce the out-
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FIGURE 5. Magnetic resonance imaging studies before and after septal myectomy in case 5. von Willebrand factor and simultaneous
control plasma multimers before surgery on p-blocker therapy, after surgery off B-blocker therapy, and after surgery on B-blocker therapy.
Preoperative and postoperative magnetic resonance imaging results for this case are available at www.mayoclinicproceedings.com

/content/86/3/219/suppl/DC1.

flow gradient, including (-blockade, alcohol septal abla-
tion, and septal myectomy.'*!>"7 Aside from one previous
case report of a patient with HOCM and a history of bleed-
ing who had confirmation of loss of HMWMs and some
qualitative improvement after intensification of medical
therapy,'® no reports have been published regarding the re-
sponse of HMWMs to pharmacolgocial therapy, surgery,
or alcohol septal ablation. Our first and fifth cases appeared
to have qualitatively less severe loss of HMWMs with in-
creased [3-blocker therapy, one preoperatively and the other
postoperatively (Figures 2 and 5), suggesting dynamism in
HMWMs paralleling changes in gradient. Our 5 cases sug-
gest that myectomy eliminated the loss of HMWMs in a
manner similar to aortic valve replacement in aortic steno-
sis. These observations on the restoration of HMWMs after
septal myectomy suggest that this was the likely mecha-
nism for reduction in clinical bleeding seen after treatment
in previously reported cases in which vWF studies were
not performed.'®!

Le Tourneau et al® noted a correlation between abnor-
malities of VWF function and severity of left ventricular
outflow tract obstruction in HOCM, and other investigators
have noted a similar correlation between such abnormali-
ties and the transvalvular gradient in aortic stenosis.”> Sen-
sitive indicators of impaired vWF function in aortic steno-
sis and HOCM were findings obtained using the whole
blood platelet function analyzer (PFA-100), the ratio of

vWF collagen-binding activity to vWF:Ag, and vWF mul-
timer analysis.>® The usual screening tests for von Wille-
brand disease, ie, plasma levels of vVWF:Ag and vWF:RCo
and/or a ratio of vVWF:RCO to vWF:Ag of less than 0.7,
appear insensitive for the detection of this abnormality as
exemplified by our cases (Table).

Physiologically, high intravascular shear force, such
as that occurring in the microvasculature, creates a con-
formational change in plasma vWF multimers, enhancing
surface-bound vWF hemostatic interaction with platelets
while simultaneously exposing a vVWF cleavage site to pro-
teolysis by circulating ADAMTS13 (a disintegrin and met-
alloproteinase with a thrombospondin type 1 motif, member
13), ultimately decreasing the size of vWF multimers and
down-regulating vWF hemostatic function.>'® Pathophysi-
ologically, vascular lesions, such as those associated with
ventricular septal defects, patent ductus arteriosus,'* and,
more recently, nonpulsatile ventricular assist devices,?!?>%
cause increased intravascular shear, enhance VWF prote-
olysis, decrease vVWF hemostatic function, and often result
in bleeding symptoms.*!*?° Other conditions pathogeneti-
cally associated with an acquired von Willebrand syndrome
often show a pattern on multimer analysis that is distinct
from intravascular shear—related loss of HMWMs. These
entities include plasma cell proliferative disorders, such as
monoclonal gammopathy of undetermined significance,
lymphoproliferative or myeloproliferative disorders, and
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certain other neoplastic states, autoimmune disorders, and
hypothyroidism.?'-26

This report has 3 potential clinical implications. First,
patients with acquired mucosal bleeding tendencies and
HOCM should be investigated for acquired von Willebrand
syndrome with testing beyond vVWF:Ag and vWF:RCo,
including vWF multimers. Second, if loss of HMWMs is
confirmed, use of prophylactic vVWF-factor VIII concentrate
should be considered for invasive procedures, including at
least perioperatively for surgical septal myectomy. Finally,
if bleeding is recurrent and potentially life-threatening, one
might consider definitive structural therapy to eliminate the
gradient for reasons other than medically refractory cardiac
symptoms, as was the situation in our case 1.

CONCLUSION

Septal myectomy in severe, symptomatic HOCM appears
to resolve acquired von Willebrand syndrome and abnormal
bleeding in a manner analogous to aortic valve replacement
for severe aortic stenosis.
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