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Abstract

Background During continuous kidney replacement therapy (CKRT) in patients with sepsis and critical conditions,
circuit coagulation can occur, often for unclear reasons. In this study, we investigate how the structure of the venous
air trap chamber may contribute to venous air trap chamber coagulation. Clinical data were evaluated and experi-
ments were performed.

Methods The clinical evaluation involved patients who underwent continuous hemofiltration (CHF) using an acry-
lonitrile-co-methallyl sulfonate surface-treated (AN69ST) hemofilter (AN69ST-CHF) and either an ACH-X or Prismaflex
CKRT machine in our ICU from April to July 2019. The patient data were divided into two groups based on CKRT
machine and the percentage of CHF procedures that could continuously be performed for 22 h (CHF target achieve-
ment rate), and coagulation sites were evaluated. Statistical analysis was performed by the Mann-Whitney U test
and Pearson’s chi-square test. For in vitro experiments, a system was constructed to circulate a 33% glycerol solution
at a flow rate of 150 ml/min. In a venous air trap chamber, fluid dye disappearance times and fluid movements were
visually evaluated.

Results The clinical evaluation included 22 procedures (8 patients) in the ACH-X group and 22 procedures (11
patients) in the Prismaflex group, without significant differences in patient backgrounds between the groups. The
CHF target achievement rate was 72.7% (16/22) in the ACH-X group and 77.3% (17/22) in the Prismaflex group,
revealing no significant difference (p=0.73). However, significantly fewer venous air trap chamber coagulations were
observed in the Prismaflex group (1/5) than in the ACH-X group (5/6) (p <0.01). In vitro evaluation found that the dye
disappearance time was significantly shorter when using the Prismaflex device (17.5 s£0.7 s) than the ACH-X

device (51.25+0.7 5; p<0.05). Visual evaluation revealed that in the ACH-X venous air trap chamber the upper layer
of the accumulated fluid was quite stagnant, whereas fluid flowed with uniform agitation through the Prismaflex
venous air trap chamber. Hence, differences were observed in fluid flow and retention in the vein air trap chambers,
depending on the chamber structure.

Conclusion Chamber structure may contribute to the occurrence of venous air trap chamber coagulation
during CKRT.
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Introduction

In Japan, 40% of patients requiring blood purification
are complicated by sepsis [1], and the mortality rate of
patients with septic acute kidney injury (AKI) requiring
continuous kidney replacement therapy (CKRT) is as
high as 50% [2]. In particular, during CKRT, patients with
sepsis and critical illnesses can experience hypercoagula-
bility and unexpected circuit coagulation. CKRT circuit
coagulation can lead not only to downtime and insuf-
ficient purification volume [3, 4] but also to loss of the
patient’s blood [5]. Furthermore, the frequent replace-
ment of CKRT circuits and hemofilters is a significant
burden for healthcare professionals, so it is essential to
find ways to reduce the incidence of CKRT circuit coagu-
lation. Although studies have been analyzing the man-
agement of anticoagulants [6, 7], choice of hemofilter [8,
9] and choice of vascular access [10, 11], there have not
been clear conclusions yet on how to prevent CKRT cir-
cuit coagulation.

In Japan, various blood purification machines are used,
and the structure of blood circuits differs among the dif-
ferent models. In particular, the structure of the venous
air trap chamber, which plays a role in removing air bub-
bles and blood clots, varies greatly among blood cir-
cuits. To the best of our knowledge, with the note that
we already published part of the here presented data in
the Japanese language [12], there have not been reports
on CKRT circuit coagulation [13] that focused on the
chamber structure [14, 15] from both clinical and in vitro
perspectives. Therefore, we set out to test the hypothesis
that “differences in chamber structure contribute to the
incidence of venous air trap chamber coagulation”

The purpose of this study is to retrospectively evaluate
the incidence of blood circuit coagulation during contin-
uous hemofiltration with acrylonitrile-co-methallyl sul-
fonate surface-treated (AN69ST-CHF) using the ACH-X
and Prismaflex CKRT machines available in Japan and to
compare the fluid flows in the venous air trap chambers
in these two machines in an in vitro study.

Methods

Clinical evaluation

The study period was from April to July 2019. Among
the patients who underwent CHF with an AN69ST
hemofilter (Baxter Inc) in our ICU, those who used
ACH-X (Asahi Kasei Medical Inc) or Prismaflex (Bax-
ter Inc) as the CKRT machine were included in the

study. The study was approved by the ethics commit-
tee of Fujita Health University. The need for informed
consent was waived for this study because it was a
retrospective observational study (trial registration:
HM23-289). In total, 13 patients were included. Due to
the limited number of CKRT machines owned by our
ICU, the CKRT machines available at the start of each
treatment were used, and if treated multiple times, the
same patient might be treated with a different machine.

Patients were anticoagulated with nafamostat
mesylate (NM) as the sole anticoagulant at a dose
rate of 30 mg/h. Since the CKRT circuit was changed
daily at our institution, CHF was terminated at 22 h,
and then CHF could be resumed with the next new
CKRT circuit within 2 h. Therefore, we defined a CHF
that could be performed for more than 22 h with one
ANG69ST hemofilter as having achieved the goal. We
divided the CHF procedure results into two groups,
based on whether ACH-X or Prismaflex was used, and
compared the CHF target achievement rates and coag-
ulation sites between them. The blood circuits used
were CHDF-FSA for the ACH-X machine and Prismaf-
lex sepXiris Set 150 for the Prismaflex machine. The
venous air trap chamber of the CHDF-FSA circuit has a
vertical inflow and built-in filter, and the chamber vol-
ume is 18 ml (Fig. 1). The venous air trap chamber of
the Prismaflex sepXiris Set 150 has of filterless struc-
ture with horizontal inflow, and the chamber volume is
10 ml (Fig. 1). The conditions for CHF in both groups
were a blood flow rate (QB) of 150 ml/min, a filtration
flow rate (QF) of 1000 ml/h, and a total NM dosage rate
of 30 mg/h. When water removal was performed, the
rate of replacement fluid was adjusted accordingly to
maintain a constant QF. The route of NM administra-
tion was 20 mg/h of NM before hemofilter and 10 mg/h
of NM after hemofilter in the ACH-X group using the
aliquot administration method and 30 mg/h of NM
only before hemofilter in the Prismaflex group. The
target achievement rate when CHF was performed and
the coagulation site when the target was not achieved
were analyzed by comprehensively determining the
inlet pressure, venous pressure, transmembrane pres-
sure difference, filtration pressure trend, and coagula-
tion site from the logs of each CKRT machine. Patient
background data, including age, gender, inflammation,
severity score, and coagulation system, were extracted
from the electronic medical record. Various laboratory
parameters and severity scores were calculated from
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Fig. 1 Different structures of venous air trap chambers. The venous air trap chamber of the CHDF-FSA circuit has a vertical inflow and a built-in
filter. The venous air trap chamber of the Prismaflex sepXiris Set 150 has a horizontal inflow and filterless structure

data for blood samples collected at 6:00 AM on the day
of CHF. Data were expressed as median and interquar-
tile range, and statistical analysis was performed by the
Pearson’s chi-square test for gender and also for sepsis
and by the Mann—Whitney U test for the other data.

In vitro evaluation
The CKRT machines and blood circuits used were ACH-
>: CHDEF-FSA circuit and Prismaflex: Prismaflex sepXiris
Set 150. Visual evaluation of dye disappearance time and
fluid flow in the venous air trap chamber were performed
using venous air trap chambers of different structures as
described below for experiments 1 and 2.

Investigation of the dye disappearance time in a venous
air trap chamber

An experimental system was constructed in which a
reservoir was filled with 1.5 liters of 33% glycerin solution
(Fujifilm Wako Pure Chemicals Corporation) and circu-
lated at a flow rate of 150 ml/min by a blood pump. The
arterial circuit was connected to a water reservoir, and
the vein circuit was connected to a tank for waste blood
(Fig. 2A). The time from the injection of 1 ml of stock
solution for simulated blood (Sakamoto Model Co.) into
the venous air trap chamber until the dye disappeared
was measured visually three times using either CKRT
machine, and the average values were compared. Data are
expressed as mean + standard deviation, and the Mann—
Whitney U test was used for statistical analysis. The dye

loss time was measured in the presence of three clinical
engineers.

Visual evaluation of fluid flow in a venous air trap
chamber

The reservoir was filled with 1.5 liters of 33% glycerin
solution and mixed with 10 ml of silver paint (Pentel Cor-
poration) for visualization of flow in the venous air trap
chamber. A recirculation experimental system was con-
structed in which both the arterial circuit and the vein
circuit were connected to a water reservoir and circu-
lated by a blood pump at a flow rate of 150 ml/min. The
fluid flow in the venous air trap chamber was visually
evaluated (Fig. 2B).

Results

Clinical evaluation

During the observation period, 22 procedures (for 8
patients) were performed in the ACH-X group and 22
procedures (for 11 patients) in the Prismaflex group. The
rates of sepsis were 6/8 (75%) in the ACH-X group and
9/11 (72.7%) in the Prismaflex group. No significant dif-
ferences were found between patients in the two groups
in regard to blood collection test parameters related to
inflammation, severity scores, and the coagulation sys-
tem (Table 1).

The percentage of CHF procedures that were unin-
terrupted for 22 h, defined as “the target achievement
rates’, were 72.7% (16/22) for the ACH-Z-vertical
inflow group (dispensing method: NM 20 mg/h before
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Fig. 2 In vitro evaluation methods. A Experiment 1 method. The arterial circuit was connected to a water reservoir, and the vein circuit

was connected to a tank for waste fluid, creating a system with a flow rate of 150 ml/min. For visualization of the flow, 1 ml of dye was injected

into the venous air trap chamber. The time period of dye disappearance from within the venous air trap chamber was measured after dye injection,
using visual evaluation. B Experiment 2 method. An experimental system was constructed in which both the arterial circuit and vein circuit were
connected to a water reservoir, with a recirculating flow at a rate of 150 ml/min. The circulating fluid was a glycerin solution mixed with silver dye,

and the fluid movement in the chamber was visually monitored

Table 1 Background of patients

ACH-Z group (8 patients/22 procedures) Prismaflex group (11 patients/22 p value
procedures)
Age 63 (39,77) 72 (63,77) 041
Male/female 5/3 6/5 0.29
Sepsis% (patients) 75% (6) 81% (9) 0.72
APACHE Il score 19 (10, 23) 19(11.8,23) 0.77
DIC score 4(2,6.3) 3(1,5) 0.31
White blood cell (103/p\) 12.3(7.3,183) 12,6 (7.5,15) 0.73
CRP (mg/dl) 16.1 (94, 20.0) 14.1(5.3,19.1) 0.50
PCT (ng/ml) 34(14,75) 36(0.7,126) 087
blood platelet (10%ul) 74 (43,134) 8(6.3,15.0) 0.23
PT (s) 144 (13.3,15.7) 146 (13.6,17.1) 0.20
APTT (s) 43 (35.3,50.5) 46.2 (37.7,51.0) 0.57
Fibrinogen (mg/dL) 325(275,455.8) 396 (274.8,512) 034
FDP (ug/ml) 17.9(11.8,42.5) 14.6 (100, 25.9) 0.26
p-dimer (ug/ml) 12.9(10.1,24.9) 12.7 (6.4, 24.5) 0.35
TAT (ng/ml) 13.2(6.0,24.8) 6.4 (4.8,194) 0.30

Presented data are based on electronical records and include the test results of blood samples drawn at 6:00 a.m. on the morning of the day CHF was performed. Data
are expressed as median and interquartile range, and statistical analysis was performed by the Pearson’s chi-square test for gender, and also for sepsis, and by the

Mann-Whitney U test for the other data

APACHE Il score acute physiology and chronic health evaluation Il score, DIC score disseminated intravascular coagulation score, CRP c-reactive protein, PCT
procalcitonin, PT prothrombin time, APTT activated partial thromboplastin time, FDP fibrin degradation product, TAT thrombin-antithrombin complex

hemofilter and NM 10 mg/h after hemofilter) and 77
.3% (17/22) for the Prismaflex-horizontal inflow group
(NM 30 mg/h before hemofilter only), concluding no
significant difference between the two groups (p = 0.73)
(Table 2). The number of procedures for which the

target was not met was six in the ACH-X group and five
in the Prismaflex group.

As for the coagulation sites, the following observa-
tions were made. In the ACH-Z-vertical inflow group (six
coagulations), one hemofilter coagulation and five venous



Shimizu et al. Renal Replacement Therapy (2024) 10:10 Page 5 of 9
Table 2 The target achievement rates and coagulation sites in the CKRT circuit

ACH-Z group (22 procedures) Prismaflex group (22 procedures) p value
Achievement procedures (%)/unachieved procedures (%) 16 (72.7%)/6 (27.3%) 17 (77.3%)/5 (22.7%) 0.73
Venous air trap chamber coagulation 5 1 <0.01
Arterial circuit coagulation 0 1 0.19
Hemofilter coagulation 1 3 0.14
Vascular access catheter coagulation 0 0

The percentage of CHF procedures that were fully uninterrupted for 22 h, defined as “the target achievement rates,” were 72.7% (16/22) for the ACH-X group
(dispensing method: NM 20 mg/h before hemofilter and NM 10 mg/h after hemofilter) and 77.3% (17/22) for the Prismaflex group (NM 30 mg/h before hemofilter

only), concluding no significant difference between the two groups (p=0.73)

The number of procedures for which the target was not met was six in the ACH-Z group and five in the Prismaflex group

In the ACH-X group (6 coagulations), one hemofilter coagulation and five venous air trap chamber coagulations were observed, and in the Prismaflex group (five
coagulations), one arterial circuit coagulation, three hemofilter coagulations, and one venous air trap chamber coagulation were observed. Venous air trap chamber
coagulation occurred significantly less frequently in the Prismaflex group (5/6 in the ACH-X versus 1/5 in the Prismaflex group; p <0.01). Statistical analysis was

performed by Pearson’s chi-square test

air trap chamber coagulations were observed. In the
Prismaflex-horizontal inflow group (five coagulations),
one arterial circuit coagulation, three hemofilter coagula-
tions, and one venous air trap chamber coagulation were
observed. This concluded that venous air trap chamber
coagulation occurred significantly less frequently in the
Prismaflex group (p < 0.01; Table 2).

Unachieved procedures were selected and backgrounds
of patient were compared between the ACH-X and Pris-
maflex groups; blood platelets and fibrinogen were sig-
nificantly higher in the Prismaflex group, but no factors
contributing to circuit coagulation were found (Table 3).

Table 3 Background patients of unachieved procedures

Filters in the target unachieved group could not let blood
through due to blood circuit coagulation and hemofilter
coagulation, and therefore, it was difficult to determine
coagulation sites at a more detailed level.

In vitro evaluation
Experiment 1: investigation of the dye disappearance
time in a venous air trap chamber

In the in vitro circuits, the dye disappearance time in
the venous air trap chamber was significantly shorter
when using the Prismaflex-horizontal inflow group

ACH-Z group (3 patients/6 procedures)  Prismaflex group (4 patients/5 procedures) p value

Age 60 (39, 77)
Male/female 2/1

Sepsis% (patients) 33% (1)
APACHE Il score 23(10,23.5)
DIC score 4(2.5,6.3)
White blood cell (10%/ul) 88(55,19.1)
CRP (mg/dl) 10.7 (5.9,19.0)
PCT (ng/ml) 13(1.0,4.0)
blood platelet (10%/ul) 56 (3.6,12.4)
PT (s) 13.9(12.7,14.5)

APTT (s) 41.3(37.8,60.6)
Fibrinogen (mg/dl) 277 (209, 299)
FDP (ug/ml) 209(11.6,44.5)
p-dimer (ug/ml) 184 (7.9,23.6)
TAT (ng/ml) 14.8(3.7,34.0)

63 (30, 74.5) 0.70
31 0.88
40% (2) 039
19 (10, 25.5) 0.85
3(1,35) 0.16
15(14.2,20.7) 017
49(1.2,16.7) 052
0.52(0.3,8.8) 0.41
21.8(11.8,324) 0.03
13.2(12.7,16.4) 1.0

39(31.1,51) 0.41
431 (325, 566) 0.04
14.7 (9.3, 25.9) 0.41
14 (7.1,25.3) 0.93
10.2(7.7,156) 0.41

Presented data are based on electronic records and include the test results of blood samples drawn at 6:00 a.m. on the morning of the day CHF was performed. Data

are expressed as median and interquartile range, and statistical analysis was performed by the Pearson’s chi-square test for gender and also for sepsis, and by the

Mann-Whitney U test for the other data

APACHE Il score acute physiology and chronic health evaluation Il score, DIC score disseminated intravascular coagulation score, CRP c-reactive protein, PCT
procalcitonin, PT prothrombin time, APTT activated partial thromboplastin time, FDP fibrin degradation product, TAT thrombin-antithrombin complex
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Fig. 3 Experiment 1:investigation of the dye disappearance time in a venous air trap chamber. The dye disappearance time in the venous air
trap chamber was significantly shorter when using Prismaflex (17.5 s+0.7) than when using ACH-X (51.2 s+0.7; p <0.05). In the Prismaflex group,
fluid throughout the entire chamber was mixed and no retention was observed, but in the ACH-X group, retention in the absence of fluid flow

was observed in the upper layer of the accumulated liquid

(175 s = 0.7; n = 3) than the ACH-X-vertical inflow
group (51.2's £ 0.7; n = 3) (p < 0.05) (Fig. 3).

Experiment 2: visual evaluation of fluid flow in a venous
air trap chamber

Visual evaluation of the fluid flow in the venous air
trap chamber revealed that in the ACH-X-vertical inflow
circuit the fluid flowed vertically from the top of the
chamber to the lower part and displayed a nonuniform
motion, pulsatilely “rolling” upward from the bottom of
the chamber. Notably, in the upper layer of the accumu-
lated fluid no fluidity was observed except for the thin
top-to-bottom flow from the incoming fluid, and stagna-
tion occurred (Fig 4).

When using the Prismaflex-horizontal inflow cir-
cuit, fluid was observed to flow into the lower side of
the chamber and form a swirling flow. Fluid flowed uni-
formly throughout the venous air trap chamber, and no
stagnation was observed (Fig 4).

Discussion
Although there have been scattered reports on blood cir-
cuit coagulation occurring during CKRT (e.g., [13]), the
present study is, to the best of our knowledge, the first to
evaluate this from both clinical and in vitro perspectives.
In this study, we evaluated the occurrence of circuit coag-
ulation during AN69ST-CHE, comparing between using
ACH-X or Prismaflex.

Since our institution performs CHF using cytokine-
adsorbing hemofilter (CAH) [16] with cytokine

adsorption capacity for the purpose of controlling media-
tors from the early stage of sepsis, AN69ST was selected
as the hemofilter [17, 18].

Clinical evaluation showed no significant difference
between the use of ACH-X versus Prismaflex in the
rate of target achievement during AN69ST-CHF, but
an examination of the site of coagulation during target
nonachievement showed that venous air trap chamber
coagulation occurred significantly less frequently in the
Prismaflex group.

In this study, the route of administration of the anti-
coagulant NM differed between the ACH-X and Pris-
maflex groups. AN69ST is a copolymer of acrylonitrile
and sodium metharylsulfonate and is thought to adsorb
cytokines through ionic bonding of the sulfonate group
(negative charge) of sodium metharylsulfonate with the
amino groups (positive charge) of cytokines [19]. The rea-
son why there were more cases of filter coagulation in the
Prismaflex group is not clear. NM has been reported to
adsorb strongly to the AN69ST hemofilter due to its pos-
itive charge [20]. As a countermeasure, at our institution,
when AN69ST-CHF is performed using ACH-X, NM is
administered by a dispensing method, in which NM is
administered before and after the hemofilter. In contrast,
Prismaflex has only one route to administer anticoagu-
lant, namely before the hemofilter [21], so that is how we
administered NM in those cases. Although the route of
NM administration was different between ACH-X and
Prismaflex groups, the total NM dosing was the same at
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Fig. 4 Experiment 2: visual evaluation of fluid in a venous air trap chamber. In ACH-Z, we observed a nonuniform motion of fluid winding
pulsatilely upward from the bottom of the chamber. In addition, there was no fluidity in the upper layer of the liquid surface, and stagnation
occurred. In Prismaflex, the fluid was observed to flow uniformly in a swirling movement through the chamber

30 mg/h. The ACH-X group showed a significantly higher
incidence of venous air trap chamber coagulation, despite
the 10 mg/h of NM administered after hemofilter. Since
there are significant differences between the ACH-Z
and Prismaflex venous air trap chamber structures used
in this study, we suspect that the difference in chamber
structure may contribute to the occurrence of venous
air trap chamber coagulation. In agreement with this
idea, our in vitro experiments showed that differences in
chamber structure affect the flow of fluid in the venous
air trap chamber.

In the in vitro studies, using experimental circuits, the
use of Prismaflex-horizontal inflow resulted in a much
faster disappearance of added dye than when using ACH-
Y-vertical inflow. Furthermore, when using Prismaflex-
horizontal inflow, the dye flowed without stagnation
throughout the entire vein air trap chamber, whereas in
ACH-ZX-vertical inflow a dye flow was only observed at
the bottom of the chamber and there was no dye flow
in the, seemingly stagnant, upper layer of the accumu-
lated liquid. While venous air trap chambers play a role
in removing clots and bubbles [15], thrombus formation
in venous air trap chambers can also occur [22]. Various
factors have been postulated to cause the coagulation in
the venous air trap chamber, one of which is the retention
of blood. This is because blood retention in the venous
air trap chamber increases the extracorporeal circulation

time and the likelihood of blood coagulation in the
chamber.

In ACH-X-vertical inflow, the fluid flows vertically
from the inlet pipe at the top of the chamber to the bot-
tom, and shows a nonuniform motion at the bottom of
the chamber, including an upward pulsatile rolling. The
pulsatile motion is attributed to the effect of the pulsatile
flow caused by the roller pump. The fluid is subjected to a
vertical force toward the bottom of the chamber, creating
a flow that winds upward from the bottom of the cham-
ber but disappears before reaching the upper layer of the
accumulated liquid, probably explaining the stagnation of
that upper layer.

In contrast, when using Prismaflex-horizontal inflow,
the fluid flowed uniformly throughout the venous air
trap chamber without stagnation as a swirling flow, and
the dye disappeared quickly. In the venous air trap cham-
ber of Prismaflex-horizontal inflow, the fluid flows along
the sides of the chamber because that is where the blood
inlet pipes are connected to and deliver their flow (Fig. 4).
As a result, we found that, in the Prismaflex venous air
trap chamber, the fluid flowed in a swirling motion and
agitated the entire chamber.

The ACH-X and Prismaflex venous air trap chambers
used in this study differ not only in the inflow method
but also in the presence or absence of filters. The
ACH-X venous air trap chamber has a built-in filter,
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whereas the Prismaflex venous air trap chamber is fil-
terless. It is possible that the presence or absence of a
filter affected the fluid flow in the venous air trap cham-
ber. The volume of the venous air trap chamber in Pris-
maflex is 10 ml, while the volume of the venous air trap
chamber in ACH-X is 18 ml. The difference in chamber
volume may have affected the dye disappearance time.

We believe that our combination of clinical and
in vitro evaluation of the occurrence of circuit coagu-
lation during AN69ST-CHF using ACH-X or Prismaf-
lex has confirmed the hypothesis that “differences in
construction, such as chamber shape and volume, con-
tribute to the occurrence of venous air trap chamber
coagulation”

There are several limitations to this study. First of all,
in the clinical treatments using ACH-X versus Prismaf-
lex, NM dosing was different before and after hemofil-
ter. Since we did not measure activated coagulation time
(ACT) before and after hemofilter in this study, we were
not able to evaluate the effect of the difference in NM
dosage before and after hemofilter on anticoagulation in
the respective CKRT circuits; therefore, we believe that a
future study should address the possible effects of differ-
ences in NM administration.

Second, because the coagulation site could not be iden-
tified visually for the target unachieved circuits, a clinical
engineer identified the coagulation site based on a com-
prehensive analysis of the logs of each CKRT machine.
Because the coagulation site was deduced from the pres-
sure pattern in the circuit, it is possible that the coagu-
lation site was not precisely identified. In the future, we
will need to wash the circuits that did not achieve the tar-
get with saline solution, etc. and examine the coagulation
site more closely.

Third, the ACH-X and Prismaflex venous air trap
chambers used in this study differed not only in cham-
ber shape and inflow methods but also in the presence
versus absence of filters. Therefore, it was not possible to
conclude which of the individual factors contributed to
venous air trap chamber coagulation. In the future, it will
be necessary to investigate the contribution of isolated
factors to venous air trap chamber coagulation, for exam-
ple, by using the same chamber geometry and focusing
on the inflow method or the presence versus absence of
a filter.

Fourth, the in vitro evaluation was conducted in the
presence of three clinical engineers, but the fluid flows in
the venous air trap chamber were not quantitatively eval-
uated. Since our hospital does not have a system to quan-
titatively evaluate fluid flows, we conducted the in vitro
evaluation from a human observation perspective. In the
future, it will be necessary to construct a system to quan-
titatively evaluate fluid flows in venous air trap chambers
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and to study the effects of different chamber structures
on fluid flows in more detail.

Conclusions

We evaluated whether differences in chamber construc-
tion contribute to the occurrence of venous air trap
chamber coagulation by clinical and in vitro evaluation.
Prismaflex has a structure that minimizes the occurrence
of venous air trap chamber coagulation, and the fluid
flows without stagnation throughout the venous air trap
chamber as a swirling flow. Our data suggest that con-
struction differences, such as the shape and volume of
the venous air trap chamber, contribute to the coagula-
tion of the venous air trap chamber.
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