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Strategy for Cardiovascular Surgery in

Patients with Antithrombin III Deficiency
Yoshiyuki Nishimura, MD' and Yasushi Takagi, MD, PhD?

Antithrombin III (ATIII) deficiency is a rare disorder in which thrombosis can be induced
by stimuli that do not usually lead to thrombus formation, including minor injuries and
surgery. Therefore, patients with ATIII deficiency undergoing cardiovascular surgery
that involves heparinization require careful perioperative management. We experienced
five patients with ATIII deficiency who underwent cardiovascular surgery and were man-
aged with ATIII replacement. By administration of ATIII concentrate, preoperative ATIII
activity was maintained at >120% and postoperative ATIII activity at >80%. All five
patients were treated successfully without postoperative complications such as hemor-
rhage or thrombosis. In patients with ATIII deficiency undergoing cardiac surgery, it is
important to perform ATIII replacement to achieve preoperative ATIII activity >120%
and postoperative ATIII activity >80%, while the activated clotting time (ACT) is main-
tained at >400 seconds during cardiopulmonary bypass. In addition, long-term postoper-
ative anticoagulant therapy is necessary in hereditary ATIII deficiency patients with a

history of thrombosis.
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Introduction

Hereditary antithrombin III (ATIII) deficiency is a
rare autosomal dominant disorder that was first reported
by Egeberg in 1965." Its prevalence in the general popu-
lation has been reported as 0.02%-0.17%. From the
age of 15 years onwards, about 65% of patients with
hereditary ATIII deficiency develop thrombosis, which
is predominantly venous thrombosis such as deep vein

'Department of Cardiovascular Surgery, Mie Heart Center,
Meiwa, Mie, Japan

’Department of Cardiovascular Surgery, Fujita Health University
School of Medicine, Toyoake, Aichi, Japan

Received: February 7, 2018; Accepted: March 15, 2018
Corresponding author: Yoshiyuki Nishimura, MD. Department of
Cardiovascular Surgery, Mie Heart Center, 2227-1 Ooyodo, Meiwa,
Taki-District, Mie 515-0302, Japan

Email: y.nishimura@mie-heartcenter.com

©2018 The Editorial Committee of Annals of Thoracic and
Cardiovascular Surgery. This work is licensed under a Creative
Commons Attribution-NonCommercial-NonDerivatives Interna-
tional License.

Ann Thorac Cardiovasc Surg Vol. 24, No. 4 (2018)

thrombosis. In these patients, thrombosis can be induced
by factors that do not usually cause thrombus forma-
tion, such as minor injury, surgery, pregnancy, or use of
oral contraceptives. Hereditary ATIII deficiency can
be divided into two types. Individuals with the type I
(classical) disorder have a low blood level of ATIII level
(about 50%) and approximately 50% reduction of ATIII
activity. In persons with the type II disorder, the ATIII
level is normal and only ATTII activity is reduced because
a specific mutation of the AT gene leads to production of
abnormal ATIII protein. It should be noted that there
are also various causes of acquired ATIII deficiency,
including hepatic dysfunction and extensive thrombosis.
Before cardiovascular surgery that involves hepariniza-
tion, patients with ATIII deficiency require replacement
of ATIII. Careful perioperative management is also nec-
essary to prevent thrombosis, which can be triggered by
surgery. There have been several case reports about car-
diovascular surgery in patients with ATIII deficiency.>”
However, the risk of thrombosis or hemorrhage is espe-
cially high in patients undergoing thoracic aortic surgery,
and there have not been any previous reports of success.
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Table 1 Preoperative characteristics

APTT(s)

PT(s)

Platelet
(x 10%)

Hemoglobin
(/)

Diagnosis

Anamnesis

Deficiency type

Thrombotic history

Pre-AT III
(%)

Age/
gender
64 M

Case

12.1 37.3

14.7 20.5

TAA

Aortic dissection

Congenital (Type II)
Congenital (Type II)

Aortic dissection
Deep vein thrombosis

74

11.2 314

14.9 15.9

AS, AF
AAA, AF

HD
MI
HD, CHF

Prostate carcinoma

64
76
50
74

1M
55M

11.0 31.8

21.6

16.0

Acquired
Acquired
Acquired

)
)
()

HD: hemodialysis; MI: myocardial infarction; TAA: thoracic aortic aneurysm; AS: aortic stenosis; AF: atrial fibrillation; CHF: chronic heart failure; APTT: activated partial

thromboplastin time; PT: prothrombin time

4.8 11.6 36.5

11.0
13.5

AS

82 F

11.1 314

16.9

AS

78 M

Before transfer to the operating room

administration of the ATIII concentrate to
achieve an ATIII activity of 120% or higher

At the time of anesthesia induction

ATIII activity in each patient was confirmed to
be 120% or higher results of heparin sensitivity
test is normal.

ACT was maintained at more than 400 seconds
or longer during cardiopulmomary bypass.

After surgery

administration of the ATIII concentrate was
continued to maintain ATIII activity of 80% or higher

Fig. 1 Strategy for cardiovascular surgery in patients with anti-
thrombin III deficiency.

Here, we report five patients with ATTII deficiency who
underwent cardiovascular surgery and discuss the valid-
ity of our management plan.

Patients and Methods

Among 207 patients treated for cardiovascular disease
from September 2013 to November 2017, five patients
(2.4%) had ATIII deficiency. Two patients had hereditary
ATIII deficiency, and the remaining three patients (with
an aneurysm, dialysis, and prostate cancer) were consid-
ered to have acquired ATIII deficiency secondary to con-
sumption of ATIII (Table 1).

All five patients received ATIII concentrate before
surgery to achieve a target ATIII activity 2120%, consid-
ering intraoperative ATIII consumption due to the use of
heparin. The amount of ATIII concentrate needed to
achieve an ATIII activity 2120% was calculated by mea-
suring ATIII activity on the day of surgery and assuming
a 1% increase in ATTII activity after administration of the
concentrate at 1 IU/kg.

Each patient received 1500 or 3000U of ATIII con-
centrate (Kenketu Nonthron, Takeda) immediately to
achieve an ATIII activity 2120% before transfer to the
operating room. At induction of anesthesia, each patient’s
ATIII activity was confirmed to be 2120% and the hepa-
rin sensitivity test gave a normal result. Heparin was
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Fig.2 Changes of antithrombin IIT activity. *: administration of AT III concentrate

administered intravenously before surgery, which was
initiated after confirmation that the activated clotting
time (ACT) was > 400 seconds. The ACT was main-
tained at 2400 seconds during cardiopulmonary bypass.
ATIII activity was measured again at the end of sur-
gery, and further ATIII concentrate was administered to
achieve postoperative ATIII activity >280%. ATIII activ-
ity was monitored for about 1 week postoperatively and
ATTII concentrate was administered as required to main-
tain ATIII activity >280% (Fig. 1).

Results

In all five patients, ATIII activity was confirmed to be
2>120% before surgery, and the result of the heparin sen-
sitivity test was normal. We minimized administration
of heparin while maintaining the ACT at >400 seconds
during cardiopulmonary bypass. ATIII activity decreased
after surgery in all patients, so ATIII concentrate was
administered to maintain their ATIII activity at >80%
(Fig. 2). The perioperative course was unremarkable in
all five patients and they were discharged without post-
operative complications. Thus, the perioperative out-
come of these patients was satisfactory (Table 2).

Regarding the long-term outcome, aortic valve replace-
ment was repeated in Case 2 (a dialysis patient with
hereditary ATIII deficiency and aortic valve stenosis)

Ann Thorac Cardiovasc Surg Vol. 24, No. 4 (2018)

about 9 months after initial replacement with a 21-mm
Medtronic Mosaic bioprosthetic valve. Macroscopic exam-
ination of the removed bioprosthetic valve showed appar-
ent calcification on the tips of the valve leaflets. However,
histologic examination revealed deterioration of the valve
due to numerous thrombi on the aortic face of each leaf-
let. Thus, the changes of the leaflets were not due to ecto-
pic calcification caused by dialysis and it seems likely
that ATIII deficiency led to multiple thrombi forming on
the valve, resulting in its deterioration (Fig. 3).

Discussion

Two of the present five patients had hereditary ATIII
deficiency (type II), and the remaining three (with an
aneurysm, dialysis, or prostate cancer) were presumed
to have secondary ATIII deficiency due to increased
ATIII consumption. Yamagishi et al. reported that ATIII
activity was reduced (£80%) in about 20% of patients
undergoing open heart surgery with cardiopulmonary
bypass, but an appropriate coagulation balance was
achieved promptly when ATIII concentrate was admin-
istered.® In addition to the rare hereditary disease,
acquired factors presumably led to reduced ATIII activ-
ity in three of our patients, suggesting that it is important
to measure ATIII activity before cardiovascular surgery.
Therefore, we routinely measurement ATIII activity for
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Table 2 Postoperative characteristics

DHCA Min. ACT Max. ACT

Long-term outcome

Early outcome

Postoperative AT 111
administration

(sec.) (sec.)

ACC
(min.)  (min.)

C
(min.)

Operative
time (sec.)

Procedure

Case

3.8 years in survival
Bioprosthetic valve thrombosis

ications
ications
ications
ications
ications

0.5 year in survival
1.5 years in survival

3.9 years in survival

—_ = = = =

No comp

0POD
0, 7POD

980
898
439

587
492
420
727
465

301 193 100

446
405

TAR
AVR + Maze

No comp

132

166

2
3

No comp

, 1,4, 7POD
0, 4POD

194
382
283

AAAR

No comp

910
640

75

115

AVR

No comp

0POD

90
CPB: cardiopulmonary bypass; ACC: aortic cross clamp; DHCA: deep hypothermic cardiac arrest; TAR: total arch replacement; AAA: abdominal aortic aneurysm; AAAR:

136

AVR

abdominal aortic aneurysm replacement; HD: hemodialysis

all patients treated for cardiovascular disease and all
patients with ATIII deficiency require replacement of
ATIII, regardless of whether an use of cardiopulmonary
bypass or not. Careful perioperative management is
necessary to prevent thrombosis that can be triggered by
cardiovascular surgery.

Before surgery, it is recommended that ATIII activity
should be 2120% due to consumption of ATIII after
administration of heparin. Because 1 IU/kg of ATIII con-
centrate is generally expected to increase ATIII activity
by 1%, the dose of the ATIII concentrate required for
each patient can be determined by preoperative mea-
surement of ATIII activity.” Our patients received the
appropriate dose of ATIII concentrate immediately before
transfer to the operating room. At induction of anesthesia,
ATIII activity was confirmed to be >120%, and the result
of the heparin sensitivity test was normal. In all patients,
intravenous infusion of heparin was commenced before
surgery and incision was initiated after confirming that
the ACT was 2400 seconds. It seems acceptable to start
the operation if the heparin sensitivity test is normal.

Low ATIII activity in the postoperative period, espe-
cially within one week of surgery, is associated with a
risk of thromboembolism causing complications such as
cerebral infarction. Therefore, it is necessary to adminis-
ter doses of ATIII concentrate to maintain ATIII activity
at >280% or higher after surgery.>'? It is also possible for
enhanced coagulation after an invasive procedure to
result in formation of microthrombi, which can then
cause a secondary bleeding tendency due to consumption
coagulopathy and activation of the fibrinolytic system.'V
In patients with hereditary ATIII deficiency undergoing
thoracic aortic surgery, the risk of both thrombosis and
hemorrhage is especially high, and there have been no
previous reports of success. However, Case 1 had heredi-
tary ATIII deficiency and required arch replacement sur-
gery, which was performed successfully according to our
protocol. The patient was discharged without postopera-
tive complications and the outcome was satisfactory.

It has been reported that there is no significant differ-
ence of the lifespan between patients with ATIII deficiency
and healthy individuals. However, a high incidence of
recurrent thrombosis and occasional fatal thromboembo-
lism are possible,'? suggesting that patients with a his-
tory of thrombosis should be maintained on anticoagulant
therapy. Case 2 was a dialysis patient with ATIII defi-
ciency who underwent aortic valve replacement. The bio-
prosthetic valve showed deterioration due to multiple
thrombi on the leaflets and repeat valve replacement was
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Fig. 3 Bioprosthetic valve thrombosis.

required 9 months after the initial operation (Fig. 3). The
likely causes were that the patient received heparin during
dialysis at another hospital despite having ATIII defi-
ciency, and that warfarin therapy was discontinued due to
bleeding at the vascular access site. This case emphasizes
that anticoagulant therapy is necessary for patients with
hereditary ATIII deficiency, even after implantation of a
bioprosthetic valve. When repeat aortic valve replace-
ment was performed, a mechanical valve was implanted
while the patient was on warfarin and the anticoagulant
for use during dialysis was switched from heparin to
argatroban. Over about 2 years since repeat surgery, the
course has been satisfactory with no thromboembo-
lism. In conclusion, long-term postoperative anticoagu-
lant therapy is necessary in patients with hereditary ATIII
deficiency and a history of thrombosis. However, the risk
of bleeding may exceed the risk of fatal thromboembolic
complications in asymptomatic individuals, so long-term
anticoagulant therapy is not recommended.'>!¥

Conclusion

We experienced five patients with ATIII deficiency
who underwent cardiovascular surgery. All patients were
managed with ATIII concentrate to achieve preoperative
ATIII activity 2120% and postoperative activity 280%.
As aresult, surgery was successful with no postoperative
complications. Long-term postoperative anticoagulant
therapy is required in these patients if they have a history
of thrombosis.
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