Monitoring Pancreatic a-Amylase of Postoperative
Patients with Droplet-Based Microfluidics
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Postoperative complications after pancreatic surgery are frequent and

can be life-threatening. Current clinical strategies quantify a-amylase

activity intermittently, resulting in delayed treatment.

The portable droplet-based microfluidic device iIs capable of real-

ContinLoUs / \ 3 minutes . time monitoring a-amylase activity.
monitoring —-Amylase limit | . Thjs strategy significantly improves the determination time (3 min) and
dl d2 d3  detection limit (7 nmol/s-L) and reduces sample and reagent
Postoperative day .
Microfluidic droplet-based device requirement (10 pL).
Methods Gold Standard in Clinic Microplate Microfluidics
Detection method Colorimetric Fluorometric Fluorometric
Sensitivity > 6 U/L > (0.72 U/L LOD 0.42 U/L
Range 4.8 U/L - 1200 U/L 2 U/L - 50 U/L 0.5 U/L-3 U/L
Detection time 1h 20 min 1-3 min
Reagent requirement 1 kit for 1 assay (1-5 mL) 1 kit for 1 assay (1-5 mL) 1 kit for 50 assay (10 pL)
Sample requirement 15 mééﬁ;ﬁ%‘fﬁgs’ one 15 ngg\?vgﬁp;f:SS’ one 10 pL (100 replicates, 100 droplets)
Real-time monitoring No No Yes

Detection Principle

(1) sample collection | [(2) Sample injection
]
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 Pancreatic drain liguid samples
are collected and injected to the
microfluidic system by switching
valves

(3) Droplet generation and detection

Va « Reagent, amylase, and buffer are
X \2 mixed as an adqueous phase
. D \' T3 through T-junctions.
T T, » Droplets formed at cross-junction
T, V, v after meeting HFE oll and mineral

oll (spacer).

(@b Valve on | «  Amylase reacts with the reagent,
1 & \/alve off T resulting In cleavage products
Pull @ T-junction Push emitting fluorescence.
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Calibration Curve & Patient Sample Test
= L0 - 001 '—002 :—003 '—0.04 '—0O. 05 | | —— Sample ratio (vs. buffer) Patient sample ¢ (Amylase)
= < 0.8 1 : : : 4
S & jHmols L : : : il 06] \os os |
= 2 0.6 | | : ‘Wmﬂw Wu LM S 1 — \|0.5 0.5} |\ 0.5
& 8 04 ﬂ_ . ) \ oY \ ‘
Time [s] - _—76P8I\/IT fluo;. énéensity _ 316 29 2
‘Calibration curve‘ ‘ Correlation results‘ | 4 L / \57 6 57 \ [

— 0,8] —8— 3 min (R = 0.999) . {O ©>100 nmol/s-L | 4.0 24.0 \ f

= Linear fit — 100. O ¢ <100 nmol/s-L 25 - . i 12

K, 2 ] | | 0 0 0

> o ] 0 :

D g E 0 & - 0 500 1000 1500 2000 2500
é 100 nmol/s-L = T ol * Amylase concentration (related H]Jo#escence intensity) of the droplet
= | clinic LoD E 1§ sequence shows a quick response In amylase concentration fluctuations

= o :

= 0,4- baseline| & 0,14 '

= FZomolst T S %1« ciinic LoD Conclusion

E . L/ @ 00 nmol/s-L

000 001 002 003 004 005 O’O(:)L 01 0 1 1 10 100 1000 Droplet-based real-time detection of amylase offers improvement in LoD,
¢ (Amylase) [umol/s-L] | " Clinic umol/s-L] detection time, and reagent requirements.

- Different amylase concentrations result in different fluorescence intensity * Al 32 samples results matched well with clinical measurements |

« Calibration curve determined at 3 min with LoD of 7 nmol/s-L * Rapid ‘response of fluorescence intensity  to sample concentration
* Results of the clinical and microfluidic methods have a great linear fluctuations indicates the method can be implemented to continuously

correlation in a total of 32 patient samples. monitor drain a-amylase activity of patients.
Outl 9]0 k X. Zhao et. al., Portable droplet-based real-time monitoring of pancreatic a-amylase in postoperative patients, submitted

 We expect this concept could be transferred to further relevant analytes, setting new standards of diagnostics, monitoring, and surgical care.
 We envision the potential utility of our technique Iin other clinical scenarios, e.g., detecting "anastomotic leakage in colorectal surgery" or "bile leaks Iin liver
surgery" where our droplet-based analysis technique could be explored.
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