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Central venous catheters do not
Increase the hemorrhagic risk in
acute promyelocytic leukemia
patients during induction therapy

Manxiong Cao*, Jiagiong Hong*, Dongqing Zhang?,
Feiheng Chen™ and Yongzhong Su™
‘Department of Hematology, The First Affiliated Hospital of Shantou University Medical College,

Shantou, Guangdong, China, 2Department of Laboratory Medicine, The First Affiliated Hospital of
Shantou University Medical College, Shantou, Guangdong, China

In acute promyelocytic leukemia (APL), hemorrhage, particularly intracranial
hemorrhage, is the most common cause of early death. A central venous
catheter (CVC) may provide a greater guarantee of safety and comfort to APL
patients. However, CVCs have seldom been attempted in APL patients during
induction therapy because of concerns about increasing the risk of hemorrhagic
complications after this invasive procedure. To evaluate the hemorrhagic risk
after CVC placement in APL patients during induction therapy, we retrospectively
analyzed 95 newly diagnosed patients with APL from January 2010 to December
2022. Among these patients, 39 patients in the CVC group and 56 patients in the
non-CVC group were included. Laboratory and clinical parameters of the two
groups were collected and compared. There were no significant differences in
median platelet, fibrinogen (Fbg), D-dimer, prothrombin time (PT), white blood
count (WBC) and hemoglobin (Hb) between the CVC and non-CVC groups on
the first day of the visit (day 0) and the following days (day 4, day 7, day 11, day 14,
day 18 and day 21) (p = 0.382, p = 0.805, p = 0.456, p = 0.902, p = 0.901land p =
0.097, respectively). The consumption of transfused platelets and Fbg was not
significantly different between the CVC group and non-CVC group (5.0 vs. 4.5
units, p = 0.34, and 6.8 vs. 6.0, p = 0.36, respectively). The last day of platelet and
Fbg transfusion was also not significantly different (21 vs. 19, p = 0.238 and 7.5 vs.
8.5, p = 0.684, respectively). The incidences of total hemorrhagic events and
hemorrhagic death were lower in the CVC group than in the non-CVC group
(17.9% vs. 37.5%, p = 0.04 and 0% vs. 16.1%, p = 0.01, respectively). The 30-day
survival rate was not significantly different (92.3% vs. 82.1%, respectively, p =
0.145) for the CVC group compared with the non-CVC group. Our study
suggested that CVCs did not increase the hemorrhagic risk in APL patients
during induction therapy and that a CVC should be considered in this type of
clinical situation.

KEYWORDS

central venous catheter, hemorrhage, coagulopathy, acute promyelocytic leukemia,
induction therapy

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2024.1332372/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1332372/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1332372/full
https://www.frontiersin.org/articles/10.3389/fonc.2024.1332372/full
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2024.1332372&domain=pdf&date_stamp=2024-04-12
mailto:zhangdongqing1976@163.com
mailto:1964147450@qq.com
mailto:suyzst@126.com
https://doi.org/10.3389/fonc.2024.1332372
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology#editorial-board
https://www.frontiersin.org/journals/oncology#editorial-board
https://doi.org/10.3389/fonc.2024.1332372
https://www.frontiersin.org/journals/oncology

Cao et al.

Introduction

A high cure rate above 90% of APL patients with treatment that
combines all-trans retinoic acid (ATRA), arsenic compounds and
anthracycline-based chemotherapy has been demonstrated by
several groups (1-3). Nevertheless, death within the first 30 days
after diagnosis remains the most common cause of treatment failure
(4). Hemorrhage, particularly intracranial hemorrhage, is the most
common cause of early death (5, 6). The coagulation disorder in
APL results from the combination of disseminated intravascular
coagulation (DIC), fibrinolysis, proteolysis, thrombocytopenia, and
platelet dysfunction (7).

CVCs provide a greater guarantee of safety and comfort during
chemotherapy to cancer patients because many chemotherapies are
infused through an intravenous access and may damage peripheral
blood vessels (8), and repeated venipuncture is an unpleasant
experience for patients (9). However, CVC insertion has seldom
been attempted in APL patients during induction therapy because
of concerns about increasing the risk of hemorrhagic complications
after this invasive procedure, leading to guidelines such as those
from an expert panel of the European LeukemiaNet that do not
recommend the routine use of CVCs (10-12). Thus, few studies
have attempted CVCs in APL patients during induction therapy.
Our institution had inserted CVCs in some patients with APL, and
more than ten years of data were available for this study. The aim of
this retrospective study was to evaluate the hemorrhagic risk after
CVC in APL patients during induction therapy by comparing the
laboratory and clinical parameters between the CVC and non-
CVC groups.

Patients and methods
Patients

All patients 214 years of age with newly diagnosed APL at the
First Affiliated Hospital of Shantou University Medical College
between January 2010 and December 2022 were included in this
retrospective, single-center data analysis. This study was approved
by the First Affiliated Hospital of Shantou University Medical
College Ethics Committee and conducted in accordance with the
Declaration of Helsinki.

The APL diagnosis was based on morphology and
immunophenotyping and confirmed by the presence of t (15; 17)
translocation by karyotyping, immunofluorescence in situ
hybridization or a real-time polymerase chain reaction for the
PML/RARa. transcript on bone marrow samples. During the study
period, 121 patients were enrolled in our center. Among those, the
following patients were excluded: 9 patients who were <14 years old,
11 patients transferred to other hospitals or refused to receive
treatment, and 6 patients who relapsed or were not newly
diagnosed. In the current analysis, a total of 95 hospitalized
patients were included.

Based on the use of a CVC and the coagulopathies that resolved
within 14 days in most patients (13), the patients were divided into
two groups: the CVC group (CVC inserted <14 days from
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admission) and the non-CVC group (CVC not inserted or
inserted beyond 14 days from admission). There were 39 and 56
patients in the CVC and non-CVC groups, respectively.
Furthermore, when we analyzed the dynamic change in
hemostatic variables, 13 early death cases were excluded to
minimize interference as much as possible.

Based on the induction regimens, patients were divided into
four groups: the all-trans retinoic acid (ATRA) with arsenic trioxide
(ATO) group, ATRA with chemotherapy group, ATRA and ATO
with chemotherapy group, and ATRA monotherapy group. To
overcome coagulopathy, platelet transfusions were given to
maintain a platelet count of more than 30 x 10°/L until
resolution of the coagulopathy. Once the patient’s coagulopathy
was under control, platelet transfusions were only given for patients
with hemorrhagic manifestations or when the platelet count
dropped below 20 x 10°/L. Fbg, cryoprecipitate and/or fresh-
frozen plasma was transfused to maintain Fbg >150 mg/dl.
Heparin prophylaxis was not recommended, except for the
treatment of thrombotic events. One unit of cryoprecipitate or
100 ml of plasma was converted to 0.25 g of Fbg in favor of the
subsequent statistical analysis.

CVC insertion and management

Decisions related to directing APL patients to position the
CVCs were entirely made by the treating physician mainly for
chemotherapy, monitoring hemodynamics and transfusion. PICCs
were used when the duration of systemic anticancer therapy was 3
months or longer or there were no adequate peripheral veins.
Centrally inserted central catheters (CICCs) were used when
critically APL patients required hemodynamic monitoring and
transfusion for a treatment duration of 2-3 weeks.

All CVCs were inserted by various specialists such as nurse
practitioners. Before the puncture, an ultrasound examination is
performed to assess the anatomy of the target vein and adjacent
anatomic structures. After understanding the positional
relationships of anatomical landmarks on the body surface, the
anatomical landmark methods were used to position the catheter
and when possible, ultrasound-guided methods were used to
minimize bleeding complication rates. At the end of the
procedure, a chest radiograph was routinely performed to
determine if the catheter tip location was placed at the cavoatrial
junction. Regular device checks took place according to the protocol
of our institution. Insertion-site care entailed weekly changes of
transparent, semi-permeable film-covered dressing.

Laboratory data

To verify an association between CVC and recovery from
coagulopathy, data from day 0 to day 21 were collected for
patients who survived the first 30 days. The main laboratory data
were collected from the patients’ hospital files. The dynamic
changes in WBC, hemoglobin (Hb) and coagulation indexes,
including platelets, PT, activated partial thromboplastin time
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(APTT), D-dimer, and Fbg, were collected on the first day of the visit
(day 0) and after induction treatment (days 4, 7, 11, 14, 18, and 21).
The percentages of promyelocytes and blasts in the bone marrow and
peripheral blood were determined by microscopic examinations by
two experienced physicians independently. Disseminated intravascular
coagulation (DIC) was defined under the criteria for the DIC scoring
system released by the International Society of Thrombosis and
Hemostasis (ISTH) (14). The risk stratification of APL is based on
WBC and platelets: WBC of <10 x 10°/L and platelets >40 x 10°/L as
low risk, WBC <10 x 10°/L and platelets <40 x 10°/L as intermediate
risk, and WBC >10 x 10°/L as high risk.

Follow-up of hemorrhagic and
thrombotic events

To verify an association between CVC and hemorrhagic events,
clinical data from day 1 to day 30 were collected. Intracranial
hemorrhage had to be confirmed by computed tomography.
Hematochezia required the presence of melena or hematemesis.
Hematuria required the presence of gross hematuria. Pulmonary
hemorrhage required the symptoms of coughing up blood.
Hemorrhagic death was defined as death caused by hemorrhage.
Catheter-related thrombosis (CRT), also referred to as symptomatic
thrombosis, was defined as thrombosis in the vein in which the
catheter was inserted and documented by screening ultrasound. An
ultrasound examination for CRT was only performed in patients
with CRT symptoms (pain, redness, swelling on CVC insertion
area, limb edema, and dysfunction of CVC). Patients without CRT
symptoms did not receive ultrasound examination for CRT.
Catheter occlusion was defined as inability to withdraw blood or
sluggish blood return, sluggish flow, resistance or inability to flush
lumen, and inability to infuse fluid.

Thirty-day survival rates

To verify an association between CVC and early death, data
from day 0 to day 30 were collected. Early death was defined as
deaths attributable to any cause between the first day of visit and the
following 30 days.

Statistical analysis

Statistical analyses were performed using SPSS 26.0. Categorical
variables are presented as frequencies and were compared using the
x* test among the groups. If more than 20% of cells had less than the
expected frequency of 5, Fisher’s exact test was alternatively used for
analysis. Continuous variables are presented as the median
(interquartile range, IQR) or mean and standard deviation and
were compared using the Mann-Whitney U test and two
independent samples t test for skewed data and normally
distributed data, respectively. Thirty-day survival rates were
analyzed using the Kaplan—Meier method and the log-rank test.
A two-sided p value of <0.05 was considered statistically significant.
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Results
Baseline characteristics

Ninety-five patients (48 females and 47 males) were included in
our study. Of the total of 95 patients, 39 (41%) patients in the CVC
group (36 patients with a peripherally inserted central catheter, 1
patient with an internal jugular vein catheter, 2 patients with
subclavian vein catheters) and 56 (59%) patients in the non-CVC
group were included in this retrospective study. Thirty-six (37.9%)
patients, 28 (29.5%) and 31 (32.6%) were regarded as high-risk,
intermediate-risk and low-risk individuals, respectively. Twenty-
eight (29.5%) patients, 51 (53.7%) patients, 7 patients (7.3%) and 9
patients (9.5%) received ATRA with ATO, ATRA with
chemotherapy, ATRA plus ATO with chemotherapy, and ATRA
monotherapy, respectively. ATRA was initiated <2 days in 85 (89%)
patients. The median WBC, platelet count, PT, APTT, Fbg and D-
dimer were 3.12 x 10°/L, 20 x 10°/L, 13 seconds, 27.1 seconds and
1.3 g/L, 5445.0 pg/L FEU, respectively. The median percentages of
promyelocytes in the bone marrow (BM) and peripheral blood (PB)
were 80% and 48%, and the median percentages of blasts in BM and
PB were 3% and 0%, respectively. Overall, there were no significant
differences in any of the included 95 patients between the CVC
group and non-CVC group regarding sex, age >60 years, risk
stratification, median WBC, platelet count, PT, APTT, Fbg, D-
dimer, DIC score and timing of ATRA initiation <2 days (p = 0.90,
0.31, 0.12, 0.08, 0.30, 0.99, 0.71, 0.72, 0.23, 0.52 and 0.19,
respectively), except for the induction regimens (p = 0.03). These
patient characteristics are summarized in Table 1. Moreover, when
we compared the difference in the dynamic trend of coagulation
data between the CVC and non-CVC groups, 13 early death cases
were excluded to minimize interference as much as possible. The
remaining 82 cases (36 in the CVC group and 46 in the non-CVC
group) were incorporated into the following research. As
summarized in Table 2, the baseline characteristics mentioned
above were also not significantly different between the two groups
except for the induction regimens (p = 0.01). The median day of
CVC insertion was 4 (IQR: 3, 5).

CVC insertion and use

Of the 39 patients who inserted CVCs, 36 patients inserted a
PICC and 3 patients inserted a CICC (1 patient with an internal
jugular vein catheter, 2 patients with subclavian vein catheters). No
patients received tunneled catheters. The reasons for CVC insertion
were mainly as follows: chemotherapy (92%), monitoring
hemodynamics (8%), blood transfusion (100%) and intravenous
infusion (100%). In the PICC group, PICCs were inserted through
the basilic vein in 64% of cases and all catheters inserted were 4 Fr
catheters. In the CICC group, CICCs were inserted through the
subclavian vein in 67% of patients and all CICCs inserted were 7 Fr
catheters. Sixteen (44%) patients in the PICC group and 3 (100%)
patients in the CICC group were inserted in the right arm. The
characteristics and use of the catheters in both groups are
summarized in Table 3.
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TABLE 1 Baseline characteristics of the 95 patients.

10.3389/fonc.2024.1332372

Characteristics CVC group Non-CVC group
(n = 39) (R
Gender, n (%) 0.90
Male 47 (49.5) 19 (48.7) 28 (50.0)
Female 48 (50.5) 20 (51.3) 28 (50.0)
Age, n (%) 0.31
>60 13 (13.7) 7 (17.9) 6 (10.7)
<60 82 (86.3) 32 (82.1) 50 (89.3)
Risk stratification, n (%) 0.12
High 36 (37.9) 10 (25.6) 26 (46.4)
Intermediate 28 (29.5) 14(35.9) 14 (25.0)
Low 31 (32.6) 15 (38.5) 16 (28.6)
WBC, x 10°/L 3.12 (1.37, 17.58) 2.36 (1.01, 11.14) 4.17 (1.39, 25.70) 0.08
Hb, g/L 81.5 +25.7 83.6 +24.9 79.9 +26.4 0.50
PLT, x 10°/L 20.0 (12.0, 38.0) 22.0 (13.0, 43.0) 17.00(11.2, 34.3) 0.30
D-Dimer®, ug/L FEU 5445.0 (3432.5, 12725.0) 7310.0 (3646.5, 10000.0) 4480.0 (2895.0, 13850.0) 0.23
PT, s 13.0 (12.2, 15.0) 12.9 (12.4, 14.5) 13.2 (12.0, 15.7) 0.99
APTT, s 27.1 (24.6, 30.7) 26.9 (24.9, 30.8) 27.1 (24.3, 30.6) 0.71
Fbg, g/L 1.3 (0.9,22) 1.3(0.9,22) 1.3 (1.0,2.2) 0.72
Promyelocytes of bone marrow, % 80.0 (70.5, 89.5) 77.5 (70.5, 87.0) 80.3 (71.5, 89.5) 0.52
Blasts of marrow, % 3 (0.1, 8.5) 3.5 (01.0, 9.5) 2.8 (0.5,7.4) 0.44
Promyelocytes of blood, % 48.0 (18.0, 76.0) 36.0 (12.0, 65.0) 54.0 (22.3, 80.9) 0.06
Blasts of blood, % 0.0 (0.0, 3.0) 0.0 (0.0, 5.0) 1.0 (0.0, 2.0) 0.98
Induction regimen, n (%) 0.03
ATRA + ATO 28 (29.5) 6 (15.4) 22 (39.3)
ATRA + chemotherapy 51 (53.7) 28 (71.8) 23 (41.1)
ATRA +ATO + chemotherapy 7 (7.4) 2(5.1) 5(8.9)
ATRA only 9 (9.5) 3(7.7) 6 (10.7)
DIC * score, n (%) 0.52
<5 55 (40.9) 21 (55.3) 34 (61.8)
=5 38 (59.1) 17 (44.7) 21 (38.2)
Timing of ATRA initiation <2 days, n (%) 0.19
Yes 85 (89.5) 37 (94.9) 37 (94.9)
No 10 (10.5) 2 (5.1) 2 (5.1)

 One patient in the CVC group and one patient in the non-CVC group did not have a record of D-dimer at admission.

Dynamic trend of coagulation data

There were no significant differences in the dynamic trend of
coagulation data in the 82 patients who survived the first 30 days
between the CVC and non-CVC groups. The median platelet, PT,
Fbg, D-dimer, WBC and Hb values at each time point (day 0, day 4,
day 7, day 11, day 14, day 18 and day 21) during induction therapy
showed no significant difference (p = 0.382, 0.902, 0.805, 0.456,
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0.901 and 0.097, respectively), as shown in Figure 1. In addition, as
summarized in Table 4, the amounts of platelets and Fbg used were
also not significantly different between the two groups. The median
transfusion amount of platelets was 5 units (IQR: 3.0, 7.8) in
patients with CVCs and 4.5 units (IQR: 2.0, 7.0) in the non-CVC
group (p = 0.34). At the same time, the median transfusion amount
of human Fbg was 6.8 g (IQR: 3.0, 12.3) in the CVC group and 6.0 g
(IQR: 2.0, 9.0) in the non-CVC group (p = 0.36).
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TABLE 2 Baseline characteristics of the 82 patients who survived the first 30 days.

Characteristics

10.3389/fonc.2024.1332372

Gender, n (%) 0.69
Male 39 (47.6) 18 (50.0) 21 (45.7)
Female 43 (52.4) 18 (50.0) 25 (54.3)
Age, n (%) 0.29
>60 8 (8.0) 5(3.5) 3 (4.5)
<60 74 (74.0) 31 (32.5) 43 (41.5)
Risk stratification, n (%) 0.39
High 27 (32.9) 9 (25.0) 18 (39.1)
Intermediate 25 (30.5) 12 (33.3) 13 (28.3)
Low 30 (36.6) 15 (41.7) 15 (32.6)
WBC, x 10°/L 2.8 (1.4, 15.3) 2.5 (1.0, 10.8) 3.1 (1.4,22.7) 0.28
PLT, x 10°/L 18.5 (11.0, 41.3) 21.5 (11.5, 44.5) 17.0 (11.0, 35.8) 0.38
Hb, g/L 80.3 +24.9 82.4 +24.9 78.6 £ 24.9 0.50
D-Dimer, ug/L FEU* 5500.0 (3430.0, 10000.0) 7580.0 (3700.0, 10000.0) 4328.5 (2805.0, 11380.0) 0.15
PT, s 12.9 (12.1, 14.8) 12.8 (12.3, 13.9) 13.1 (11.9, 15.3) 0.89
APTT, s 279 +42 278 +43 281 +42 0.72
Fbg, g/L 1.3 (0.9, 2.3) 1.4 (0.9, 22) 1.3 (0.9, 2.4) 0.96
Promyelocytes of blood, % 47.5 (17.8, 71.3) 38.5 (13.3, 65.8) 50.5 (21.3, 78.3) 0.30
Promyelocytes of bone marrow, % 79.8 (70.5, 89.5) 79.5 (70.8, 88.9) 79.8 (70.0, 89.5) 0.91
Blasts of blood, % 0.0 (0.0, 2.0) 0.0 (0.0, 4.8) 0.5 (0.0, 2.0) 0.77
Blasts of marrow, % 2.8 (0.9, 8.8) 3.0 (1.0, 9.3) 2.8 (0.5,7.8) 0.65
Induction regimen, n (%) 0.01
ATRA + ATO 26 (31.7) 6 (16.7) 20 (43.5)
ATRA + chemotherapy 49 (59.8) 28 (77.8) 21 (45.7)
ATRA + ATO + chemotherapy 7 (8.5) 2 (5.6) 5(10.9)
ATRA only 0(0) 0 (0) 0(0)
DIC ® score, n (%) 0.51
<5 49 (61.3) 20 (57.1) 29 (64.4)
=5 31 (38.8) 15 (42.9) 16 (35.6)
Timing of ATRA initiation < day 2, n (%) 0.29
Yes 73 (89.0) 34 (94.4) 39 (84.8)
No 9 (11.0) 2 (5.6) 7 (15.2)
Timing of CVC, median (IQR) NA 4(3,5) NA NA

*® One patient in the CVC group and one patient in the non-CVC group did not have a record of D-dimer at admission; NA, not applicable.

To avoid the interference of transfused component blood, we  group was longer than that in the non-CVC group (21 vs. 19,
provided the last day of platelet and Fbg transfusion as more  respectively), it did not differ statistically (p = 0.24). Meanwhile,
convincing evidence, indicating the time of platelet recovery and  coagulopathy correction (last day of Fbg transfusion) was faster in
coagulopathy correction. As summarized in Table 4, the time of  the non-CVC group than in the CVC group (7.5 vs. 8.5,
platelet recovery and coagulopathy correction were not significantly ~ respectively), but these differences were not statistically significant
different. Although the median time of platelet recovery in the CVC  (p = 0.68).
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TABLE 3 Characteristics of CVCs and their use.
Total PICC
group
(n = 36)

Characteristic

CVvC
(n = 39)

CVC insertion site, n (%)

Basilic vein 23 (59) 23 (64) NA

Cephalic vein 5(13) 5(14) NA

Median 8 (21) 8 (22) NA
cubital vein

Subclavian vein 2 (5) NA 2 (67)

Internal 1(2) NA 1(33)
jugular vein

Right side 19 (49) 16 (44) 3 (100)

Left side 20 (51) 20 (56) 0 (0)
CVC type, n (%)

Non-tunneled 39 (100) 36 (100) 3 (100)

4 Fr 36 (92) 36 (100) NA

5 Fr 0(0) 0(0) NA

6 Fr 0(0) 0(0) NA

7 Fr 3(8) 0 (0) 3 (100)

Single lumen 36 (92) 36 (100) 0 (0)

Double lumen 3(8) 0 (0) 3 (100)
Reasons for CVC

Chemotherapy 36 (92) 36 (100) 0 (0)

Hemodynamic 3(8) 0 (0) 3 (100)

monitoring

Intravenous 39 (100) 36 (100) 3 (100)

infusion

Blood transfusion 39 (100) 36 (100) 3 (100)

NA, not applicable.

Hemorrhagic events

Overall, 28 (29.5%) of the 95 patients developed hemorrhagic
events, and 9 (9.5%) patients developed hemorrhagic deaths. The
incidences of total bleeding events and hemorrhagic deaths during
induction therapy were lower in the CVC group than in the non-
CVC group (7 (17.9%) vs. 21 (37.5%), p = 0.04; 0 (0.0%) vs. 9
(16.1%), p = 0.01). Specifically, 5 (12.8%) patients in the CVC group
and 9 (16.1%) patients in the non-CVC group had oral, eye or nasal
bleeding (p = 0.66), 2 (5.1%) patients in the CVC group and 4
(7.1%) patients in the non-CVC group experienced pulmonary
hemorrhage (p = 1.00), and 1 (2.6%) patient in the CVC group and
8 (14.3%) patients in the non-CVC group experienced intracranial
hemorrhage. Catheter occlusion occurred in 5 cases while no
symptomatic catheter-related thrombosis was observed. These
data are summarized in Table 5.
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Thirty-day survival analysis

Overall, 13 (13.7%) early deaths occurred in all 95 patients in
our study. Of all the early deaths, hemorrhage was the most
common cause of induction death (9 patients, 69%), followed by
respiratory failure (2 patients, 15%), differentiation syndrome (1
patient, 8%) and multiorgan failure, mostly likely resulting from
thrombotic thrombocytopenic purpura (1 patient, 8%).
Hemorrhagic mortalities were almost exclusively caused by
intracranial (8 patients, 8.4%) and pulmonary hemorrhages (1
patient, 1.1%). Thirty-day survival did not differ significantly
between the two groups, as shown in Figure 2 (p = 0.15). Three
deaths (7.7%) occurred in the CVC group compared with ten
(17.9%) in the non-CVC group. The causes of early death in the
CVC group were one differentiation syndrome, one multiorgan
failure, and one aspiratory failure. In the 10 patients who died in the
non-CVC group at 30 days, the causes of death were eight
intracranial hemorrhages, one pulmonary hemorrhage and one
aspiratory failure.

Discussion

In this manuscript, we explored the safety of CVCs in APL
patients during induction therapy. The results suggested that
coagulopathies in the CVC group could be corrected as rapidly as
that in the non-CVC group. Meanwhile, CVCs do not increase the
risk of bleeding events, and the 30-day survival rate for the CVC
group was comparable to that for the non-CVC group.

Our study showed that the resolution of coagulopathies was not
significantly different between the CVC and non-CVC groups at
different points during days 0-21 for the 82 patients surviving more
than 30 days, as shown in Table 4; Figure 1. The median Fbg recovery
was 8 days in our study, and this result was in agreement with the
outcome of other studies (13), which suggested that Fbg was reversed
within two weeks in most of the patients. Our findings also support
the view that Fbg is an early and sensitive indicator of improvement
in coagulopathy (15). A recent study showed that Fbg <1.0 g/L was an
independent risk factor for early death (16). Therefore, the recovery
of Fbg is essential for the prevention of early death. Interestingly, the
recovery and consumption of Fbg were not significantly different
between the CVC group and the non-CVC group. These results
suggest that CVCs do not worsen the pace of Fbg recovery and
increase the consumption of Fbg.

Hemorrhage is the common complications during induction
therapy for APL patients. In our study, 28 (29.5%) patients
developed hemorrhagic events, and 9 (9.5%) patients developed
hemorrhagic deaths. The hemorrhagic death rates in our study
were higher than those in both the clinical studies of LPA96 and
LPA99 (5.1% and 5%, respectively) (17). These differences may result
from the inclusion of patients who were not fit or too old for
inclusion in clinical trials. Moreover, hemorrhagic deaths were
exclusively caused by intracranial (8 patients, 88.9%) and
pulmonary hemorrhagic events (1 patient, 11.1%) in our study, and
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groups at seven time points (p = 0.382, 0.805, 0.456, 0.902, 0.901 and 0.097, respectively).

these results are consistent with what de la Serna et al. reported (17)
Surprisingly, the incidence of intracranial hemorrhage in the CVC
group was lower than that in the non-CVC group, and the difference
significantly differed (0.0% vs. 16.1%, respectively, p = 0.01). These
results suggest that CVCs do not increase the risk of hemorrhagic

events, especially the most common intracranial hemorrhage.

Although a significant improvement has been reported in terms
of the rates of early death, there are still discrepancies regarding the

early death rates among clinical, registration, or retrospective
studies. In our study, the early death rate was 13.7% for all 95
included patients within the first 30 days, as shown in Table 5;
Figure 2. These results are higher than a study that revealed an

TABLE 4 Summary of blood transfusion in the 82 patients who survived the first 30 days.

Characteristics

PLT infused (units) 5.0 (2.8, 7.0) 5.0 (3.0, 7.8) 4.5 (2.0, 7.0) 0.34
Fbg infused (g) 6.3 (2.5, 10.5) 6.8 (3.0, 12.3) 6.0 (2.0, 9.0) 0.36
Last day of PLT transfusion 20.0 (16.0, 24.0) 21.0 (18.0, 24.8) 19.0 (8.5, 23.3) 0.24

8.0 (2.8, 14.0) 8.5 (3.0, 15.5) 7.5 (2.0, 14.0) 0.68

Last day of Fbg transfusion
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TABLE 5 Summary of hemorrhagic and thrombotic events in all 95 patients.

Characteristics

10.3389/fonc.2024.1332372

Hemorrhagic events total, n (%) 0.04
Yes 28 (29.5) 7 (17.9) 21 (37.5)
No 67 (70.5) 32 (82.1) 35 (62.5)

Hemorrhagic deaths, n (%) 0.01
Yes 9(9.5) 0 (0.0) 9 (16.1)
No 86 (90.5) 39 (100.0) 47 (83.9)

Epistaxis, gingival bleeding and fundus hemorrhage, n (%) 0.66
Yes 14(14.7) 5 (12.8) 9 (16.1)
No 81 (85.3) 34 (87.2) 47 (83.9)

Intracranial hemorrhage, n (%) 0.08
Yes 9(9.5) 1(2.6) 8 (14.3)
No 86 (90.5) 38 (97.4) 48 (85.7)

Hematuresis/hematochezia, n (%) 1.00
Yes 0 (0) 0(0) 0(0)
No 95 (100) 39 (100) 47 (100)

Pulmonary hemorrhage, n (%) 1.00
Yes 6(6.3) 2 (5.1) 4(7.1)
No 89 (93.7) 37 (94.9) 52 (92.9)

Early deaths, n (%) 0.16
Yes 13 (13.7) 3(7.7) 10 (17.9)
No 82 (86.3) 36 (92.3) 46 (82.1)

Catheter-related thrombosis, n (%) NA
Yes NA 0 (0) NA
No NA 39 (100) NA

Catheter occlusion, n (%) NA
Yes NA 5(13) NA
No NA 34 (87) NA

NA, not applicable.

overall induction mortality rate of 3.2% in APL patients treated with
ATRA, idarubicin, and IV arsenic trioxide (18) but lower than that
in a Swedish registry study (29%) (19). The main reason for the
higher early death rate in our study compared with clinical trials is
probably the inclusion of patients with very early deaths, as well as
of patients who were not fit or too old for inclusion in clinical trials.
The PETHEMA group reported that approximately 5% of patients
were considered not eligible for induction therapy due to very poor
clinical conditions, mostly due to lethal or life-threatening
hemorrhagic events before starting therapy (20). In addition, the
early death rate was lower in the CVC group than in the non-CVC
group (7.7% vs. 17.9%, respectively); however, this difference was
not significant (p = 0.16). Early death was closely linked to age >60
years (17) and several blood chemistry characteristics, such as initial

Frontiers in Oncology 08

Fbg level and WBC (21). In our study, these characteristics were
comparable, and the early death rate was not significantly different
between the two groups. Of note, the induction regimens, which
may impact early death, were not similar between the two groups in
our study. Studies of anthracycline-free regimens using arsenic
trioxide (ATO) showed less early death and fewer reported cases
of hemorrhagic death (22, 23). While more patients used the arsenic
trioxide (ATO)-containing regimens in the non-CVC group in our
study, the early death rate was not significantly different between
the two groups. Overall, these results suggest that CVCs do not
increase the risk of early death.

However, our study has some limitations. First, although the
risk stratification in both groups were comparable (p = 0.12), the
percentage of patients with high risk was lower in the CVC group
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FIGURE 2

30-day survival analysis for the CVC and non-CVC groups in all
95 patients.

than in the non-CVC group (10% vs. 26%). Moreover, APL patients
with a higher risk had a greater incidence of hemorrhage than did
patients with an intermediate/low risk during induction therapy
(16, 19). Therefore, due to the retrospective nature and the relatively
small size of our study, this issue might still be an important
confounding variable and further prospective studies are needed.
Second, the reasons why some patients in the non-CVC group did
not have CVCs placed were unclear because they depended entirely
on the clinician’s determination. Third, many factors that could
interfere with the hemostatic system in APL, such as concomitant
infections, were not analyzed.

In conclusion, our study suggested that CVCs did not increase
the hemorrhagic risk in APL patients during induction therapy, and
we offered information that a CVC should be considered in a
clinical situation.

Data availability statement

The original contributions presented in the study are included
in the article/supplementary material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by the First
Affiliated Hospital of Shantou University Medical College Ethics
Committee. The studies were conducted in accordance with the

References

1. Tland HJ, Collins M, Bradstock K, Supple SG, Catalano A, Hertzberg M, et al. Use
of arsenic trioxide in remission induction and consolidation therapy for acute
promyelocytic leukaemia in the Australasian Leukaemia and Lymphoma Group
(ALLG) APML4 study: a non-randomised phase 2 trial. Lancet Haematol. (2015) 2:
€357-66. doi: 10.1016/s2352-3026(15)00115-5

Frontiers in Oncology

10.3389/fonc.2024.1332372

local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or
the participants’ legal guardians/next of kin due to the retrospective
nature of the study.

Author contributions

MC: Data curation, Formal Analysis, Methodology, Writing —
original draft, Writing - review & editing. JH: Data curation,
Investigation, Writing — original draft. DZ: Data curation, Formal
Analysis, Investigation, Supervision, Writing - original draft,
Writing - review & editing. FC: Data curation, Formal Analysis,
Investigation, Supervision, Writing - original draft, Writing -
review & editing. YS: Data curation, Formal Analysis,
Investigation, Supervision, Writing - original draft, Writing -
review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

We would like to thank the medical and nurse team for their
help with patient care.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

2. Kutny MA, Alonzo TA, Gerbing RB, Wang YC, Raimondi SC, Hirsch BA, et al.
Arsenic trioxide consolidation allows anthracycline dose reduction for pediatric
patients with acute promyelocytic leukemia: report from the children's oncology
group phase III historically controlled trial AAMLO0631. J Clin Oncol. (2017)
35:3021-9. doi: 10.1200/jc0.2016.71.6183

frontiersin.org


https://doi.org/10.1016/s2352-3026(15)00115-5
https://doi.org/10.1200/jco.2016.71.6183
https://doi.org/10.3389/fonc.2024.1332372
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Cao et al.

3. Yang MH, Wan WQ, Luo JS, Zheng MC, Huang K, Yang LH, et al. Multicenter
randomized trial of arsenic trioxide and Realgar-Indigo naturalis formula in pediatric
patients with acute promyelocytic leukemia: Interim results of the SCCLG-APL clinical
study. Am ] Hematol. (2018) 93:1467-73. doi: 10.1002/ajh.25271

4. Park JH, Qiao B, Panageas KS, Schymura MJ, Jurcic JG, Rosenblat TL, et al. Early
death rate in acute promyelocytic leukemia remains high despite all-trans retinoic acid.
Blood. (2011) 118:1248-54. doi: 10.1182/blood-2011-04-346437

5. Lehmann S, Deneberg S, Antunovic P, Rangert-Derolf A, Garelius H, Lazarevic V,
et al. Early death rates remain high in high-risk APL: update from the Swedish Acute
Leukemia Registry 1997-2013. Leukemia. (2017) 31:1457-9. doi: 10.1038/leu.2017.71

6. Xu F, Wang C, Yin C, Jiang X, Jiang L, Wang Z, et al. Analysis of early death in
newly diagnosed acute promyelocytic leukemia patients. Med (Baltimore). (2017) 96:
€9324. doi: 10.1097/md.0000000000009324

7. Hambley BC, Tomuleasa C, Ghiaur G. Coagulopathy in acute promyelocytic
leukemia: can we go beyond supportive care? Front Med (Lausanne). (2021) 8:722614.
doi: 10.3389/fmed.2021.722614

8. Skaff ER, Doucette S, McDiarmid S, Huebsch L, Sabloft M. Vascular access devices
in leukemia: a retrospective review amongst patients treated at the Ottawa Hospital
with induction chemotherapy for acute leukemia. Leuk Lymph. (2012) 53:1090-5.
doi: 10.3109/10428194.2011.639879

9. Silvestri V, Nerini L, Missio G, Masini M, Faggi S, Gori A, et al. Levels of anxiety and
pain during chemotherapy with peripheral versus central vascular access: an experimental
evaluation. ] Vasc Access. (2004) 5:147-53. doi: 10.1177/112972980400500403

10. Sanz MA, Grimwade D, Tallman MS, Lowenberg B, Fenaux P, Estey EH, et al.
Management of acute promyelocytic leukemia: recommendations from an expert panel on
behalf of the European LeukemiaNet. Blood. (2009) 113:1875-91. doi: 10.1182/blood-2008-04-
150250

11. Sanz MA, Fenaux P, Tallman MS, Estey EH, Lowenberg B, Naoe T, et al. Management
of acute promyelocytic leukemia: updated recommendations from an expert panel of the
European LeukemiaNet. Blood. (2019) 133:1630-43. doi: 10.1182/blood-2019-01-894980

12. Yilmaz M, Kantarjian H, Ravandi F. Acute promyelocytic leukemia current
treatment algorithms. Blood Cancer J. (2021) 11:123. doi: 10.1038/s41408-021-00514-3

13. Zhu HH, Guo ZP, Jia JS, Jiang Q, Jiang H, Huang XJ. The impact of oral arsenic
and all-trans-retinoic acid on coagulopathy in acute promyelocytic leukemia. Leuk Res.
(2018) 65:14-9. doi: 10.1016/j.leukres.2017.11.009

Frontiers in Oncology

10

10.3389/fonc.2024.1332372

14. Wada H, Matsumoto T, Hatada T. Diagnostic criteria and laboratory tests for
disseminated intravascular coagulation. Expert Rev Hematol. (2012) 5:643-52.
doi: 10.1586/ehm.12.57

15. Tallman MS, Altman JK. How I treat acute promyelocytic leukemia. Blood.
(2009) 114:5126-35. doi: 10.1182/blood-2009-07-216457

16. Wang Y, Hou W, Li H, Tian X, Li ], Hu T, et al. Analysis of risk factors for early
death in patients with acute promyelocytic leukaemia treated with arsenic trioxide. Ann
Hematol. (2022) 101:1039-47. doi: 10.1007/s00277-022-04788-w

17. dela Serna J, Montesinos P, Vellenga E, Rayon C, Parody R, Leon A, et al. Causes
and prognostic factors of remission induction failure in patients with acute
promyelocytic leukemia treated with all-trans retinoic acid and idarubicin. Blood.
(2008) 111:3395-402. doi: 10.1182/blood-2007-07-100669

18. Iland HJ, Bradstock K, Supple SG, Catalano A, Collins M, Hertzberg M, et al. All-
trans-retinoic acid, idarubicin, and IV arsenic trioxide as initial therapy in acute
promyelocytic leukemia (APML4). Blood. (2012) 120:1570-80. doi: 10.1182/blood-
2012-02-410746

19. Lehmann S, Ravn A, Carlsson L, Antunovic P, Deneberg S, Mollgard L, et al.
Continuing high early death rate in acute promyelocytic leukemia: a population-based
report from the Swedish Adult Acute Leukemia Registry. Leukemia. (2011) 25:1128-34.
doi: 10.1038/leu.2011.78

20. DiBona E, Avvisati G, Castaman G, Luce Vegna M, De Sanctis V, Rodeghiero F,
et al. Early haemorrhagic morbidity and mortality during remission induction with or
without all-trans retinoic acid in acute promyelocytic leukaemia. Br ] Haematol. (2000)
108:689-95. doi: 10.1046/j.1365-2141.2000.01936.x

21. Yanada M, Matsushita T, Asou N, Kishimoto Y, Tsuzuki M, Maeda Y, et al.
Severe hemorrhagic complications during remission induction therapy for acute
promyelocytic leukemia: incidence, risk factors, and influence on outcome. Eur |
Haematol. (2007) 78:213-9. doi: 10.1111/j.1600-0609.2006.00803.x

22. Lo-Coco F, Avvisati G, Vignetti M, Thiede C, Orlando SM, Iacobelli S, et al.
Retinoic acid and arsenic trioxide for acute promyelocytic leukemia. N Engl ] Med.
(2013) 369:111-21. doi: 10.1056/NEJMoal300874

23. Burnett AK, Russell NH, Hills RK, Bowen D, Kell J, Knapper S, et al. Arsenic
trioxide and all-trans retinoic acid treatment for acute promyelocytic leukaemia in all
risk groups (AML17): results of a randomised, controlled, phase 3 trial. Lancet Oncol.
(2015) 16:1295-305. doi: 10.1016/S1470-2045(15)00193-X

frontiersin.org


https://doi.org/10.1002/ajh.25271
https://doi.org/10.1182/blood-2011-04-346437
https://doi.org/10.1038/leu.2017.71
https://doi.org/10.1097/md.0000000000009324
https://doi.org/10.3389/fmed.2021.722614
https://doi.org/10.3109/10428194.2011.639879
https://doi.org/10.1177/112972980400500403
https://doi.org/10.1182/blood-2008-04-150250
https://doi.org/10.1182/blood-2008-04-150250
https://doi.org/10.1182/blood-2019-01-894980
https://doi.org/10.1038/s41408-021-00514-3
https://doi.org/10.1016/j.leukres.2017.11.009
https://doi.org/10.1586/ehm.12.57
https://doi.org/10.1182/blood-2009-07-216457
https://doi.org/10.1007/s00277-022-04788-w
https://doi.org/10.1182/blood-2007-07-100669
https://doi.org/10.1182/blood-2012-02-410746
https://doi.org/10.1182/blood-2012-02-410746
https://doi.org/10.1038/leu.2011.78
https://doi.org/10.1046/j.1365-2141.2000.01936.x
https://doi.org/10.1111/j.1600-0609.2006.00803.x
https://doi.org/10.1056/NEJMoa1300874
https://doi.org/10.1016/S1470-2045(15)00193-X
https://doi.org/10.3389/fonc.2024.1332372
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Central venous catheters do not increase the hemorrhagic risk in acute promyelocytic leukemia patients during induction therapy
	Introduction
	Patients and methods
	Patients
	CVC insertion and management
	Laboratory data
	Follow-up of hemorrhagic and thrombotic events
	Thirty-day survival rates
	Statistical analysis

	Results
	Baseline characteristics
	CVC insertion and use
	Dynamic trend of coagulation data
	Hemorrhagic events
	Thirty-day survival analysis

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


