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Abstract: To address the issues of high sample consumption, complex operation, high cost, and low
throughput associated with traditional thromboelastography (Thromboelastography, TEG) testing, we
designed and fabricated a high-throughput microfluidic chip based on optical detection principles, integrat-
ing pneumatically controlled microvalves and a droplet generator to enable low-cost, portable, and auto-

mated blood viscoelasticity testing. First, based on the thromboelastography testing process, a three-layer
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chip was designed that integrates a sample introduction unit, a reaction unit, a droplet generation unit, and
a waste liquid unit. From top to bottom, the layers consist of a pneumatic control layer, an elastic film lay-
er, and a channel layer. Next, the pressure of the pneumatic microvalves was optimized using the fluid-
structure interaction module in finite element simulation software to achieve precise flow control. Next,
precision milling, laser cutting, and pressure-sensitive adhesive (PSA) bonding processes were employed
to fabricate and seal the three-layer chip. The lower surface of the droplet generator was treated with a flu-
orosilicon dioxide coating to impart hydrophobicity. Finally, tests were conducted on fluid flow within the
chip, sequential control of the microvalves, and the generation of hanging droplets. The results showed
that when 340 pl. of sample was loaded into the sample inlet unit and the 17 microvalves were sequentially
controlled via the pneumatic control system, the chip could simultaneously achieve parallel fluid control
across four channels; through the coordinated output of positive and negative pressures, reaction fluid con-
trol and waste liquid collection were achieved; by constructing a hydrophilic through-hole innerwall with a
contact angle of 78. 50° and a hydrophobic droplet generator lower surface with a contact angle of 153.99°,
the simultaneous generation of 20 pl. hanging droplets across four channels was achieved, with no droplet

loss or abnormal spreading observed. This study provides a technical platform for the development of do-

mestically produced portable high-throughput TEG detectors.

Key words: microfluidic chip; high-throughput; pendent droplet; pneumatic microvalve
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Fig.9 Results of the finite element simulation of droplet formation

BFCEI9(h) ), Bl R BR A I el 3% (AT 47 A6 42 fih
RETHL s 244 il f ik 2 153, 99°mF (1 9(c¢) ) , T
EURHENERES; YEMAL L RE
160°RF (&1 9(d) ), 27K P4 BE 55 i K R 3% 1H0 Ay i
BHZESER, FEORM S X AR E ., Bit,
7638 FL PN BE B fi £y 78, 50° B R B, R T 4
il A 153, 99° 2 S5 I Ak e YA R K I AR e B BE Y A
o7 %

B 5 38 ok 5 2P AT R T R T A R AR
I GETE 4 b o I 45 2R W, 7R A () sl
SAETR X5 Ry AR Y 438 TE 43 S AR
m%%E@ﬁLﬁ%+v&H%MQWﬁﬁ%
VI AR FGE 1 CCD B F B 2 0 45 20 A4S ik 37 3
Lim%mﬁ¥ﬂ%&ﬁm&0m@oﬁk
ik 10 min i % 5 5E B 5 PR 2, B
T B SEAE 2R K D[R] BR AL A+ T R HIE A
AR BRSO R RS O HLRR e AR R

() SEHEHIFEE

(a) Pneumatic control platform

S Tt B T IO TR o
3.4 mAEES

5 T GeSiM Fluidies B b fOf 5 R 4 1Y
TRV H. RPEENTHEEERENERGSZ
30 18 R BB | BE 8 AR 9 T 1% B9 Sequence T2 T i

WO A H AR IR S R . SEge R A R

HE 5 E R SRR T —— X % i‘% 457152
AR A T Ak Sy o TOIR BE 51) Y ) 3K B
BRGS0 5 ] 6 E tzﬂl?i[ lo(a)
F 7 o

T 340 T+ #E b Can & 10(b) fifzs ), #E A
R S5IRAMEB (WK 10(c) i), # i1 < sh il
] J PAY AR AR S N EE N WA AR T . AR B
R L Fr g% 92 B 4 4% 38 38 1Y Ak
AT R IE |, AR 4 AW K A g R i ] I 2 R
TIB A — i 2 T RO, i 10(d) #i(e)
FE7R o

i :/f‘;:”

(b) AT A340 pLig{#
(b) Addition of 340 pL of liquid



5510 3

SRR A < TR A e T T R AR RO A i 1543

—
—
&Y K
4 Ve
(c) VU@ E R = 1E
(c) Four-channel response

(d) U3 R AR R (o) MR RBOKE

(d) Four-channel droplet generation (e) Close-up of droplet generation

P10 0 2R 52 56

Fig. 10 Liquid drop formation experiment
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Fig. 11 Rendering of microdroplet vibration

JCH AR AR GE B T S K B[R] B A RE A%
F A fif P 3 VTR O B R MR

AR SRR X A% G il A 5 1 G T 5 A A FR D
KA = B B AN R ) 8, B O T
— M= BRI R i 17 AR s %
[ %) A 455 1 e 32 e R4 1 R AR DU R T AT GE
WESEEE T 340 pL FEA R HERE W R G 2 A3
AT R fi a5 ) T4 ik ff o 78. 507 M SR K GE L 5
$2 fil 1 35 153, 99° 1 i K RS ThT A4 2 T 22 S+ 1L S
FTHT i DR T A T A R A e R e Y B
BA R i M M A A AR 20 L B T ORI AR BIL R
PRI N KB SRR E NI R B L
K TEG /i #8524t T F 7 .

1’E%‘i’fﬁﬁi§ff.ﬁﬁ-
W AR e XM B, TTALL 2L, AR
KA M F R I 0 R T R A TR e 5 AT
BR48 F M F I I 5T
I A . HER,BIE, VL BTSN,
WE G EF, T AL RBTR
A CORAER, BT E,RRT B
MAB AT, WX oA, F A, RIR G B, RA
R
B YR AT RS, F AL RETR



1544 e RE LR %34 %
S E WK [9] UNGERM A, CHOU H P, THORSEN T, et al.
N ] Monolithic microfabricated valves and pumps by
[1] XU ZL, CAOH, SUND W, et al. Critical trig- multilayer soft lithography [J]. Science, 2000, 288
ger thresholds for hemostatic management: a narra- (5463): 113-116.
tive review of viscoelastic hemostatic assay applica- [10] XIONG C Y, HUANG J Y, ZHANG Y, et al. A
tions [J).  Fromiers in Medicine, 2025, 12: flexible mechanical perforation chip based on con-
1658845, trollable pneumatic microvalve array for high-
[2] DIASJD, LEVYJH, TANAKAKA, ezal. Vis- throughput intracellular delivery [J]. ACS Nano,
coel astic haemostatic assays to guide the rapy in 2025, 19(21): 16789-16802.
elective surgery: an updated systematic review and [11] JIAO Q B, ZHANG Y M, WANG W B, et al.
meta-analysis[ J]. Anaest hesia, 2025, 80: 95-103. Programmable solvent-responsive PDMS  micro-
[3] CHENX, WANG Q, DENGJN, eral. Anampli- structures wvia 3D direct laser writing [J]. Optics
tude analysis-based magnetoelastic biosensing meth- Letters, 2026, 51(1): 241-244.
od for quantifying blood coagulation[J]. Biosensors, [12] KUCUKAL E, MAN Y, GURKAN U A, et al.
2025, 15(4): 219. Blood flow velocimetry in a microchannel during co-
(4] A, TRK, TR, S ML 25U T i agulation using particle image velocimetry and
RO B A A B S AR L) e A A wavelet-based optical flow velocimetry [J]. Jour-
2025, 33(8): 1228-1237. nal of Biomechanical Engineering, 2021, 143(9) :
HUO Z L, DING L Q, QI D F, et al. Design and 091004
fabrication of microfluidic device used for concentra- [13] CHENLF, YU L, CHEN M, e al. A microflu-
tion screening of targeted-drugs[J]. Opz. Precision idic hemostatic diagnostics platform: Harnessing
Eng. , 2025, 33(8): 1228-1237. (in Chinese) coagulation-induced adaptive-bubble behavioral per-
(5] @AM, HAXE, #&, F. HTHRABGLESR ception[J]. Cell Reports Medicine, 2023, 4(11) :
1 DR A= A AG I 2R R A S B [T ] F Bk 101252.
2021, 14(6): 1317-1326. [14] MAIJI D, SUSTER M A, KUCUKAL E, et al.
MENG Y K, LEI Z B, MEI Q, e/ al. Development ClotChip: a microfluidic dielectric sensor for point-
and application of urine biochemical detection system of-care assessment of hemostasis[J]. IEEE Trans-
for a disc microfluidic chip [J]. Chinese Journal of actions on Biomedical Circuits and Systems, 2017,
Optics,2021,14(6) :1317-1326. (in Chinese) 11(6): 1459-1469.
(6] Z#-f, MBS . GO E NI O AR JH [15] SHARMA R, KUMAR A, SINGH R, ez al. Sur-
BEAILT]. %&b b 27, 2025, 40(2): 284-308. face tension measurement of normal human blood
LIS L, CHEN L J. Liquid crystal microfluidic tech- samples by pendant drop method [J]. Journal of
nology within microchannels and its applications[J]. Medical Engineering & Technology, 2020, 44 (5-
Chinese Journal of Liquid Crystals and Displays, 6): 263-271.
2025, 40(2) : 284-308. (in Chinese) [16] EVANS H M, SURENJAV E, PRIEST C, et
(7] BESHAE, &S 17 1) 20 0 Rl g5 A 0 S PR R 1k T i al. Tn situ formation, manipulation, and imaging of
ENL RIS ER[I]. AF A% T, 2025, 33 droplet-encapsulated fibrin networks [J]. Lab on a
(2): 220-235. Chip, 2009, 9 (13): 1933-1941.
KANG S Z, WANG H W. Design and experiments [17] ZAKHAROV A, AWAN M, CHENG T, et al.
of a flexible parallel piezoelectric micro-positioning Clots reveal anomalous elastic behavior of fiber net-
stage for cell micromanipulation[J]. Opt. Precision works [J]. Science Advances, 2024, 10 (2) :
Eng. , 2025, 33(2): 220-235. (in Chinese) eadh1265.
[8] LIZ, ZHANG Y, WANG H, et al. Current ad- [18] LINY H, HUNG Y T, CHANG W, et al. Inte-

vances, challenges, and future perspectives of micro-
fluidic thromboelastography (micro-TEG) for clini-
cal hemostasis monitoring [J]. Biosensors and Bio-

electronics, 2024, 248 115926.

grated droplet-based digital loop mediated isother-
mal amplification microfluidic chip with droplet gen-
eration, incubation, and continuous fluorescence

detection [ J]. Biosensors, 2024, 14(7): 334.



5510 1 07 W 45 B 4 v A e AR A VR A O O i 1545
[19] CHAN J, MICHAELSEN K, ESTERGREEN 1] for droplet emission at air-liquid interfaces[J]. Sci-

K, et al. Micro-mechanical blood clot testing using
smartphones [J]. Nature communications, 2022,

13(1): 831.

[20] YANG Y, WANG B, PRINSEN P, ¢ al. Wet
ting-induced interfacial instability: A mechanism
fEE B AV :

B (2005—) 5 INAR T BN A
BhAz 80k LU 2R B TR A4 LA TR 2
B A B AR, 32 28 SR ot 4 s 1R st .
E-mail : dufanghui2005@163. com

BIRIEE

BOB1988—), L, Il ARTFET A,
B LI YR, 1 A 50, 2020 4F
TR B TR 2R AT A A A
T BN T RO AR AR
R VRBE Y POCT i H i 53 5 1F

. . % o E-mail: weijuan@sdut. edu. cn

ence Advances, 2025, 11(12) : eads1065.

[21] SUY Y, PAND W, ZHANG T X, et al. Wet-
ting-induced interfacial instability: a mechanism for
droplet emission at air-liquid interfaces[J]. Science
Advances, 2025, 11(12): eads1065.

BIREE:

BHR(1982—) .9  ZHAEEN,
o P RO, Bl T B B R AL
HL TR 24 B, T 2006 45 A BRILZR 357 42
257 i WA A PR S 7, 40 5 /N Y 2%
KBS R R R KE G DRSS
RITHL A A Sl AR g A il e B
1 BOR RS AR IH L 58 AR T
B TEWE B 7 o RIS T T Ry 28R
AP IR B TV B i 42 554G I B R
O o R 4 o E-mail: xiawei-

long@shinva. com



