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Supplementary Note 1: Calculating the relaxation time  for the suspending mediums1-3 

Abbreviations: 

MW Molecular weight 

NA Avogadro’s constant 

kB Boltzmann’s constant 

T Absolute temperature 

s Solvent viscosity 

[] Intrinsic viscosity 

c* Polymer overlap concentration 

c Polymer concentration 

Zimm Estimate Zimm relaxation time 

eff Estimate effective relaxation time 
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For mediums 4, 5, and 6, the polymer concentration (�) is 0.5, 1, and 2 �
��

���, respectively. 

For mediums 1, 2, and 3, a plasma replacement was aimed to use. It was previously demonstrated that 

plasma has a relaxation time of 0.1 ms [4]. Putting ���� = 0.1 in eqn. 8, � is calculated as 0.085�
��

���. 

 

Table S1: Summary of polymer concentration and effective relaxation time for the suspending mediums 

Suspending medium # 
� �

��

��
� 

���� [��] 

medium 1 0.085 0.099 

medium 2 0.085 0.099 

medium 3 0.085 0.099 

medium 4 0.5 0.312 

medium 5 1 0.490 

medium 6 2 0.768 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S2: Summary of the prepared blood samples (H for Healthy; S for Stiffened; A for aggregated) 

Blood 

Sample 

Suspending 

Medium 

Solvent PEO in Solvent 

(w/v) 

GA 

treatment 

Dextran 

addition 

H-sample 1 medium 1 5% Glycerol-95% 

PBS 

0.0085 % - - 

H-sample 2 medium 2 10% Glycerol-90% 

PBS 

0.0085 % - - 

H-sample 3 medium 3 15% Glycerol-85% 

PBS 

0.0085 % - - 

H-sample 4 medium 4 100% PBS 0.05 % - - 

H-sample 5 medium 5 100% PBS 0.1 % - - 

H-sample 6 medium 6 100% PBS 0.2 % - - 

S-sample 1 medium 1 5% Glycerol-95% 

PBS 

0.0085 % + - 

S-sample 2 medium 2 10% Glycerol-90% 

PBS 

0.0085 % + - 

S-sample 3 medium 3 15% Glycerol-85% 

PBS 

0.0085 % + - 

S-sample 4 medium 4 100% PBS 0.05 % + - 

S-sample 5 medium 5 100% PBS 0.1 % + - 

S-sample 6 medium 6 100% PBS 0.2 % + - 

A-sample 1 1x PBS 100% PBS - - 10 mg/ml 

A-sample 2 1x PBS 100% PBS - - 20 mg/ml 

A-sample 3 1x PBS 100% PBS - - 40 mg/ml 

 



 

Figure S1. Suspending medium viscosity as measured by the rotational rheometer. Constant shear rate 

mode is chosen, and the temperature is set to 25 °C. 760 μl sample is used for each measurement. The shear 

rate is swept from 10 to 1000 s-1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Figure S2. Workflow diagram of the device operation 



 

Figure S3. Customized microscope setup to get side-view video recording of the blood sample flow 

inside the channel. Observation window near the sample receding edge is demonstrated. 

 

 

 

Figure S4. Effect of suspending medium viscoelasticity on optical transmission signals. Each plot consists 

of optical signals obtained from seven repetitive 1-s oscillatory flows for the following samples: Healthy 

RBCs suspended in a. Mediums with different glycerol concentrations and b. Mediums with different PEO 

concentrations; Stiffened RBCs suspended in c. Mediums with different glycerol concentrations and d. 

Mediums with different PEO concentrations. 



 

Figure S5. Comparison of the optical signal parameter (t2) with the glycerol concentration and PEO 

concentration for H-samples (a and b) and S-samples (c and d). One-way ANOVA test was used for 

comparison. The significance is displayed on graphs where *** for p<0.001. 

 

 

Figure S6. Comparing optical signal amplitudes of an H-sample and S-sample at a fixed medium property; 

medium / λmedium or medium. The integers displayed on the bars signify the sample number (e.g., H-sample 6 

and S-sample 6) a. Comparing AMP1 at a k1 = [medium / λmedium] value. b. Comparing AMP2 at a k2 = [medium] 

value. 



Supplementary Note 2: Kelvin model and creep-recovery response 

This is a two-element model for a viscoelastic material [5]. It is a spring and dashpot connected in parallel. 

The strain () experienced by both elements is the same. 
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where �� and �� are the stress in the spring and dashpot, respectively.  

� = �� +  h�̇ (10) 

If we apply a load ��, the stress is taken up by the dashpot since it is late to respond immediately. So, we 

have a creep curve with an initial slope of ��/ h. Then, some strain occurs and stress is shared by both 

elements, making the slope of the creep curve ��/ �. When the stress in the dashpot approaches zero, all 

stress goes to the spring making the maximum strain ��/�. 

Solving eqn. 10 for (0) = 0, we obtain 
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If we unload the material at t = , eqn. 10 becomes 0 = �� +  h�̇. Solving it results in 

�(�) =  ����(� h⁄ )�� (12) 

where C is a constant. At t = , eqn. 11 becomes  
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Eqn. 13 can be considered as the initial condition such that C = �(). So, eqn. 12 for t >   is 
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��
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We end up with the following creep-recovery response.  

 

 

Figure S7. Creep-recovery response of the Kelvin model 
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