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Abstract

Background: The number of elderly patients undergoing elective as well as emergent cardiac surgery is increasing.
Octogenarian and older patients undergoing surgery for acute type A aortic dissection (AAD) have a significantly
higher risk of postoperative mortality than younger patients. Hemostasis is difficult in octogenarians with AAD.
However, few studies have investigated perioperative blood transfusion volumes and hemostatic conditions in
patients undergoing AAD surgery. We retrospectively investigated whether these factors differed between
octogenarians and younger patients with AAD.

Methods: The records of 207 patients who underwent emergency surgery for AAD were reviewed between 2008
and 2014. We compared the total volumes of transfused blood components (red blood cell concentrate, fresh
frozen plasma, platelets concentrate, and cryoprecipitate), perioperative blood coagulation test results (prothrombin
time-international normalized ratio, activated partial thrombin time, and activated coagulation time), and intensive
care unit and hospital stay durations between octogenarians (n = 33) and patients < 80 years old (n = 170).

Results: A significantly greater volume of red blood cell concentrates was transfused in octogenarians than in
patients < 80 years old. Isolated prolonged activated partial thromboplastin time was observed in octogenarian
patients. Duration of hospital stays was significantly longer in octogenarians than in patients < 80 years old.

Conclusions: Octogenarians required more red blood cells during surgery for AAD and exhibited isolated APTT
prolongation.
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Background
Major surgery is becoming more common in octogenar-
ians as societies worldwide experience rapid aging. The
number of elderly patients undergoing elective as well as
emergent cardiac surgery is increasing. Acute type A
aortic dissection (AAD) is a severe, life-threatening

condition that is associated with high hospital mortality
(15–30%) [1]. Biancari et al. [2] suggested in a systematic
review and meta-analysis that octogenarian and older
patients with type A aortic dissection had a significantly
higher risk of postoperative mortality than younger pa-
tients. Previous studies have shown that operation dur-
ation, cardiopulmonary bypass time, and blood
transfusion volumes are independent risk factors for
mortality in patients with AAD [3, 4]. Clinically, it is
often difficult to achieve hemostasis in octogenarians
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with AAD. However, few studies have investigated peri-
operative blood transfusion volumes and hemostatic
conditions in patients undergoing AAD surgery. In this
study, we retrospectively investigated whether octoge-
narians with AAD differed from younger patients in re-
gard to these factors.

Methods
We retrospectively reviewed the clinical records and
data of patients who underwent surgical treatment
for AAD from January 2008 to December 2014. The
exclusion criterion was prior thoracic endovascular
aortic repair. The study protocol was approved by
our institutional review board (17 April 2015, M27-
002), and the need for written informed consent was
waived due to the retrospective nature of the study.
We collected data on the following clinical charac-
teristics: height; weight; levels of hemoglobin and
serum creatinine; estimated glomerular filtration rate
(eGFR); perioperative blood coagulation tests; intra-
operative transfusion volumes of red blood cell con-
centrate (RCC), fresh frozen plasma (FFP), platelet
concentrate (PC), and cryoprecipitate; and durations
of intensive care unit (ICU) and hospital stays. Peri-
operative blood coagulation tests included prothrom-
bin time-international normalized ratio (PT-INR),
activated partial thromboplastin time (APTT), serum
fibrinogen concentration, and platelet count. All data
were collected at four time points: (1) pre-
operatively, (2) after protamine administration, (3) at
the end of the operation, and (4) at ICU admission.
Patients with preoperative hemodialysis were ex-
cluded in this study.

Statistical analysis
All variables are expressed as median (interquartile
range). In regard to blood coagulation tests, intragroup
differences between patients aged < 80 and ≥ 80 years
were examined using a multivariable linear regression
model that included a cross-product term between the
elapsed time and either age ≥ 80 or < 80 years. This
model used the Huber-White method. Statistically sig-
nificant results indicated that time-series variations of
PT, APTT, fibrinogen, and platelet counts differed de-
pending on the age group. To clarify factors affecting
total transfusion volumes, backward stepwise multivari-
able regression analysis was performed. Factors affecting
total transfusion volume included age ≥ 80, body weight,
eGFR, preoperative hemoglobin concentration, the low-
est hemoglobin concentration during cardiopulmonary
bypass (CPB), and CPB duration which were reported in
previous studies [5–8]. The threshold for significance
was P < 0.05. Data were analyzed using STATA SE15
and R-3.6.1.

Results
The records of 207 patients who underwent
emergency operations from 2008 to 2014 were
reviewed. Of these patients, 33 (16%) were octoge-
narians and 174 (84%) were aged < 80 years.
Baseline data (Table 1) showed that compared to
non-octogenarians, octogenarians were shorter,
weighed less, and had a lower preoperative
hemoglobin concentration and eGFR.
Details regarding total intraoperative transfusion

volumes are shown in Table 2. A significantly greater
volume of RCCs was transfused in octogenarians than
in patients aged < 80 years. The results of blood co-
agulation tests are shown in Fig. 1a–d. Regression
models that included an interaction term showed that
PT-INR, APTT, fibrinogen, and platelet count were
modified depending on age group (Fig. 1a–d; n =
118). There was a significant difference in APTT
between the age groups (P for interaction of APTT =
0.034). Hospital stay durations in octogenarians were
significantly longer than those in younger patients
(Table 3).
The results of multivariable regression analysis are

shown in Table 4. CPB duration, preoperative

Table 1 Patient characteristics and intraoperative data of the
group, age < 80 years old and age ≧ 80 years old

Age≧ 80 yr
(n = 33)

Age < 80 yr
(n = 174)

P value

Height (cm) 150 (145, 153) 160
(154, 170)

<
0.001

Weight (kg) 48 (42, 50) 60 (51, 70) <
0.001

Sex (male/female) 6/27 93/81 0.001

Preoperative hemoglobin (g/dL) 10.6 (9.8, 11.7) 12.3
(11, 13.3)

<
0.001

Preoperative platelet (× 103μL) 132 (107, 180) 161
(127, 199)

0.023

Fibrinogen (mg/dL) 239.5 (191.5,
293)

246
(191, 309)

0.60

Preoperative PT-INR 1.03 (0.97,
1.25)

1.03
(0.98, 1.14)

0.50

Preoperative APTT (second) 32.5 (27.5,
39.5)

31 (27.5,
36)

0.34

sCre (mg/dL) 0.84 (0.73,
1.52)

0.87
(.67, 1.09)

0.23

eGFR (ml/min/1.73 m2) 51.2 (28.4,
60.8)

62.1
(45.9, 76.4)

<
0.001

Lowest hemoglobin during CPB
(g/dL)

7.3 (6.9, 7.6) 7.5 (6.9, 8) 0.22

CPB duration (min) 193 (169, 232) 215.5
(172, 272)

0.18

Data were expressed as median (interquartile range)
APTT activated partial thromboplastin time, CPB cardiopulmonary bypass, eGFR
estimated glomerular filtration rate, PT-INR prothrombin time-international
normalized ratio, sCre serum creatinine, Yr years old
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hemoglobin concentration, and age ≥ 80 were signifi-
cantly associated with total transfusion amount.

Discussion
In this study, octogenarian patients undergoing sur-
gery for AAD required a greater RCC transfusion vol-
ume. Isolated prolonged APTT was observed in
octogenarian patients. Hospital stay durations in octo-
genarians were significantly longer than in patients
aged < 80 years.
As lifespans have grown longer, the number of

acute aortic repair operations performed in octogen-
arian patients has increased. A recent meta-analysis

reported that octogenarian and older patients with
AAD had a significantly higher risk of postoperative
mortality than younger patients [2]. However, surgi-
cal intervention for aortic arch disease in octogenar-
ians can yield satisfactory early clinical outcomes
and mortality and morbidity rates during
hospitalization, and a non-randomized controlled
study demonstrated acceptable mid-term survival
with adequate daily activity [9]. Therefore, we need
to clarify risk factors in this population to avoid un-
wanted outcomes.
Massive intraoperative bleeding is a serious prob-

lem during the aortic repair of acute aortic dissec-
tion, since this procedure requires complicated aortic
anastomosis and prolonged cardiopulmonary bypass
time. Serious bleeding increases the duration of the
operation and results in an increased requirement
for transfusion of allogeneic blood products.
In this study, age ≥ 80 years was significantly asso-

ciated with total transfusion amount, a result that
was compatible with those of previous reports [1,
10]. Regarding specific blood components, octogen-
arian patients required a significantly greater volume
of RCC than patients aged < 80 years and also

Table 2 Total transfusion volumes

Age ≥ 80 yr Age < 80 yr P value

RCC (mL) 3886 (1940) 3005 (2010) 0.021

FFP (mL) 2720 (1311) 2743 (1896) 0.94

PC (mL) 906 (382) 799 (394) 0.15

Cryoprecipitate (mL) 95 (129) 70 (97) 0.21

Total transfusion volume (mL) 7607 (3430) 6618 (4048) 0.19

FFP fresh frozen plasma, PC platelet concentrate, RCC red blood cell
concentrate, yr years old

Fig. 1 Interaction analysis between elapsed time and a prothrombin time-international normalized ratio (PT-INR), b activated partial thrombin
time (APTT), c fibrinogen concentration (FBG), and d platelet count (PLT). PT-INR, APTT, FBG, and PLT were adjusted for eGFR, sex, and
body weight

Masubuchi et al. JA Clinical Reports            (2020) 6:52 Page 3 of 5



demonstrated a significantly lower preoperative
hemoglobin concentration. As shown by multivari-
able regression analysis, preoperative hemoglobin
concentration influenced the volume of transfused
RCC. Acute aortic dissection consumes red blood
cells, coagulation factors, and platelets to facilitate
thrombus formation in the pseudo-lumen. The lower
preoperative hemoglobin concentration in octogenar-
ians can be explained by their lower body weight.
Furthermore, aging leads to unexplained anemia,
probably due to pathological processes such as pro-
gressive resistance of bone marrow erythroid progen-
itors to erythropoietin and a chronic, subclinical
pro-inflammatory state [11]. Thus, octogenarians are
particularly at risk of massive bleeding in acute aor-
tic dissection.
In this study, the APTT was prolonged in octogen-

arian patients. The APTT reflects the function of the
intrinsic pathway, which depends on factors VIII, IX,
XI, and XII. A prolonged APTT with normal PT can
be caused by one or more of the following: deficien-
cies in any of the components of the intrinsic path-
way, the presence of the lupus anticoagulant or
acquired inhibitors of coagulation, systemic anticoagu-
lation (most often with heparin), and von Willebrand
disease [12]. After cardiopulmonary bypass, residual
heparin and reduced von Willebrand factor (VWF)
may cause isolated prolonged APTT. However, many
studies have shown that VWF levels are elevated in
elderly populations [13–15]. Zindovic and colleagues
reported that in acute aortic dissection, VWF activity
just before the end of surgery was unchanged com-
pared to preoperative levels [16]. VWF may not be
associated with higher levels of APTT just after the
administration of protamine.
Regarding residual heparin, APTT is more sensitive

than ACT to low-dose unfractionated heparin activity

[17]. Low-dose heparin may result in isolated prolonged
APTT in octogenarians. Unfractionated heparin is elimi-
nated by binding to macrophages and endothelial cells
and by clearance from the bloodstream by the kidneys,
the latter of which is a slower process [18]. In this study,
eGFR was significantly lower in octogenarians than in
patients aged < 80 years. Decreased eGFR may be caused
by structural and functional changes that occur with
aging in individuals with vascular disease [19] and may
be associated with isolated prolonged APTT in
octogenarians.
In this study, hospital stay durations were signifi-

cantly longer in octogenarians with acute aortic dis-
section. These results are compatible with those of a
previous study [20]. Octogenarians may have various
complications that can affect the lengths of hospital
stays.
There are several limitations to this study. First, it

was retrospective in nature, and the patient number
was small because eligible patients received emer-
gency surgery. We could not analyze the total volume
of intraoperative bleeding due to lack of data and
data inaccuracy. As a result, we analyzed total trans-
fusion volume, which may be a surrogate for the total
volume of intraoperative bleeding. Second, we did not
have a unified protocol for transfusion in the setting
of acute aortic dissection. The transfusion volumes of
RCC, FFP, and platelets depended on the decisions of
attending anesthesiologists, and this may have affected
the total transfusion volume. Third, we could not get
the data on whether patients had antiplatelet and
anticoagulant drugs due to emergency surgery. There
might be confounders about preoperative
unrecognized hemostatic condition. However, we need
to manage AAD without the information of
hemostatic condition in most of the case. We believe
our finding may help in managing AAD cases.

Conclusion
During aortic repair of acute aortic dissection, octoge-
narians demonstrated a greater volume of transfused
RCC than patients aged < 80 years and exhibited APTT
prolongation.
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Table 3 Lengths of intensive care unit and hospital stays

Age ≥ 80 yr
(n = 33)

Age < 80 yr
(n = 174)

P value

ICU stay (days) 6 (5, 12) 5 (4, 7) 0.055

Hospital stay (days) 36 (26, 52) 26 (21, 36) 0.007

Data were expressed as median (interquartile range); yr: years old.

Table 4 Factors affecting total transfusion amounts

Coefficient P value 95% confidence
interval

CPB duration (min) 1.545 <
0.001

13 to 19

Preoperative hemoglobin
concentration (g/dL)

− 335 <
0.001

− 499 to − 220

Age ≥ 80 years 768 0.044 1932 to 4962

CPB cardiopulmonary bypass
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Implication statement
We retrospectively investigated whether transfusion and hemostatic
conditions differed between octogenarians and younger patients with acute
aortic dissection. Octogenarians required more red blood cells during
surgery for AAD and exhibited isolated APTT prolongation.
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