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Abstract— One of the crucial challenges in the application of 

ultrasound super-resolution imaging using microbubble contrast 

agents to the clinic is the long acquisition time. Recently acoustic 

wave sparsely activated localization microscopy (AWSALM) was 

developed to activate, image, and destroy nanodroplets to achieve 

ultrasound super-resolution imaging. The activation and 

destruction of nanodroplets using focused pulses in AWSALM 

can generate new localization signals without relying on flow and 

shows the potential to achieve faster ultrasound super-resolution. 

However, the technique requires optimization to achieve good 

activation efficiency with the minimum amount of activation 

time.  

This work investigates how the different activation strategies 

affect the activation time and efficiency. A range of activation 

sequences with different F-numbers and spacing between 

transmit foci are used and their activation efficiency and the data 

acquisition time are quantified. The results show that sweeping 

the focus of the activation pulse with an F-number of 0.4 and a 

step size of 2.5 wavelengths can generate the highest droplet 

activation. By using a larger or smaller spacing between 

consecutive focused activation beams generated lower contrast, 

which suggests that densely spaced activation pulses may destroy 

the activated nanodroplets generated by the previous activation 

pulse. In summary, this study demonstrates that the rate of 

activation of nanodroplets can be increased by optimizing the F-

number and the sweep step size. This finding can inform the 

development of droplet-based super-resolution imaging to 

further minimize the data acquisition time.  

Keywords— Super-Resolution, Decafluorobutane 

Nanodroplets, Focused Activation, Microbubbles 

I. INTRODUCTION  

     Nanodroplets, also called ‘phase-change contrast agents’, 
have been widely investigated in the field of medical 
ultrasound imaging [1-3]. In localization-based super-
resolution imaging, there are three main advantages of using 
nanodroplets compared with the conventional microbubble 

contrast agents. First, the diameter of a nanodroplet is much 
smaller than a microbubble: previous theoretical work 
calculated that nanodroplets are 3-6 times smaller than 
microbubbles [4]. Their smaller size makes it possible for 
nanodroplets to flow into smaller vessels or extravasate into 
tumour tissue where microbubbles cannot. Second, the in vivo 
circulation time of nanodroplets has been shown to be at least 
3-5 times longer than that of microbubbles [5]. This can 
potentially allow the scanning session to last longer and the 
nanodroplet dose to be smaller. Third, the nanodroplets can be 
manipulated/activated by an ultrasound pulse sequence at a 
specific time or spatial location to become microbubbles to 
provide contrast signals. This provides more control and 
flexibility to the real-time scanning, e.g. to provide 
myocardium enhancement without chamber enhancement.  

Low-boiling-point perfluorocarbon nanodroplets have been 
investigated as a means for achieving ultrasound super-
resolution imaging through acoustic switching of such agents, 
which called ‘acoustic wave sparsely activated localization 
microscopy (AWSALM)’ [1]. One of the crucial challenges in 
the application of ultrasound super-resolution imaging using 
microbubble contrast agents to the clinic is the long acquisition 
time [6, 7]. Recently reported fast-AWSALM has 
demonstrated sub-second frame rate in ultrasound super-
resolution imaging, where nanodroplets were activated, imaged 
and destroyed using plane-wave pulses on a micro-second time 
scale [8]. In deep tissue imaging, focused pulses may be 
required to activate nanodroplets, as plane-wave pulses may 
not have sufficient pressure for droplet vaporization. Although 
a higher imaging frame rate has been investigated, the 
optimum balance between activation time and activation 
efficiency using focused pulses has not been explored.  

In this study, a range of activation sequences with different 
F-numbers and arrangements of activation pulses are studied to 
investigate and optimize the activation efficiency of 
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nanodroplets for minimizing the data acquisition time for 
droplet-based ultrasound super-resolution imaging. 

II. METHODS AND EXPERIMENT 

A. Nanodroplet Preparation  

The preparation of the nanodroplet solution has been 

adapted from previously described methods [9-11]. The lipid 

shell was generated by dissolving 1,2-dipalmitoyl-sn-glycero-

3-phosphocholine (DPPC) and 1,2-distearoyl-sn-glycero-3-

phosphoethanolamine-N-[amino(polyethylene glycol)-2000] 

(DSPE-PEG-2000) into a solution of phosphate-buffered saline 

(PBS), propylene glycol, and glycerol. All the lipids described 

above were purchased from Avanti Polar Lipids, Inc., USA. 

The lipid solution was added to a glass vial and the headspace 

of vial was exchanged with octafluoropropane gas (Fluoromed, 

USA) via an inlet needle along with a vent needle. Mechanical 

agitation was sufficient to produce the formation of lipid-shell 

octafluoropropane-core microbubbles. In order to condense 

microbubbles into nanodroplets, the headspace of the vial was 

pressurised while the vial immersed in the ice-water bath 

according to the previously described method [12-15]. 

B. Experimental Setup 

   2 litres of water was maintained at 37 ℃ in a water tank 

where the walls were covered with acoustic absorbers. A L11-

4v transducer equipped with ultrasound research platform 

(Verasonics Vantage 128, Kirkland, USA) was placed in the 

tank. A diluted nanodroplet solution was prepared and injected 

into the water tank to achieve a concentration of 5.5×106 

droplets/ml [16]. The solution was gently stirred before the 

experiments to avoid sedimentation.  

C. Activation Strategies 

A customised ‘Imaging – Activation - Imaging’ sequence  

[17-19] was implemented on an ultrasound research platform 

(Verasonics Vantage 128, Kirkland, USA) with a L11-4 38-

mm linear array probe (ATL, USA). Different activation 

strategies were investigated using focused beams for a range of 

F-numbers (0.4, 0.8, and 1.2) and step sizes (the focused beam 

was swept through the region with a step size of 10, 5, 2.5, and 

1.25 wavelengths, a larger step size means fewer activation 

pulses used and thus a shorter time for activation). Fig 1 shows 

the patterns of activation focused beams for the different F-

numbers.  

 

Fig. 1. Three images show the focused beam with F-numbers of 0.4, 0.8 and 
1.2 respectively. A focused beam with a larger F-number enables a larger 

activation area but less activation pressure compared to the focused beam with 
a smaller F-number using the same voltage input.  

 

Fig. 2. Three images show the focused beam pattern swept through the region 

with a step size of 10, 5, 2.5, and 1.25 wavelengths respectively. A focused 
beam with a larger sweeping step size enables a faster activation. 

D. Image Acquisition & Analysis 

A 1-cycle single-angle plane-wave pulse at 4 MHz with a 

peak-negative-pressure (PNP) of 0.15 MPa was transmitted in 

order to image the activated nanodroplets. A 2-cycle focused 

pulse was transmitted at 4 MHz with a PNP of 4.81 MPa to 

activate nanodroplets. 100 frames were acquired before and 

after activation respectively at a frame rate of 1000 Hz. The 

contrast enhancement (contrast signal after activation subtracts 

that before activation) was measured for each experiment.  

III. REASULTS AND DISCUSSIONS 

 

Fig. 3. Normalized contrast enhancement after droplet activation using 

focused beams with different F-numbers (0.4, 0.8 and 1.2) and step sizes (10, 
5, 2.5 and 1.25 wavelengths).   

Fig 3 shows the normalized contrast enhancement after droplet 

activation using focused beams with different F-numbers (0.4, 

0.8, and 1.2) and step sizes (10, 5, 2.5, and 1.25). The results 

show that sweeping the region of interest by advancing the 

activation pulse with an F-number 0.4 and a step size of 2.5 

wavelengths can generate the greatest droplet activation. By 

advancing the focused activation beam with a step size of 1.25 

wavelengths generated lower contrast than using a step size of 

2.5 wavelengths, which suggests that neighbouring activation 

pulse may destroy the activated nanodroplets generated by the 

previous activation pulse prior to the next imaging pulses. 
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Fig. 4. Representative ultrasound images of activated droplet using focused beams with different F-numbers (0.4, 0.8 and 1.2) and step sizes (10, 5, 2.5 and 1.25 

wavelengths). 

   

Fig 4 shows the representative ultrasound images of activated 

droplet using focused beams with different F-numbers (0.4, 

0.8 and 1.2) and step sizes (10, 5, 2.5 and 1.25 wavelengths). 

As can be seen from the figure, the activation focused beam 

with a step size of 2.5 wavelengths can generate a relatively 

uniform contrast enhancement. An even larger step size (eg. 5 

or 10 wavelengths) may be preferred in the ultrasound super-

resolution scenario because a sparse activation of nanodroplet 

is desired. This implies the activation time can be even faster 

(by 8 times compared to the conventional activation pulses). A 

focused beam with a larger F-number enables a larger 

activation area but produces a lower activation pressure 

compared to the focused beam with a smaller F-number using 

the same voltage input. As suggested by the results, a focused 

beam with a larger F-number may require a higher voltage 

input in order to obtain the visible contrast enhancement.  

     The driving voltage for the transducer is fixed in this study 

to investigate the impact of F-number and the spacing of the 

transmit sweeping foci. It would be interesting in the next step 

to investigate whether increasing the driving voltage closer to 

the limit would enable even faster activation of the whole field 

of view by using smaller F-numbers and larger spacing of the 

foci.  

     2D matrix-array probe may be employed in the future study 

to facilitate the acoustic activation of nanodroplets. One of the 

limitations of using 1D probe is that only a small population 

of droplets with the sweeping region could be activated. The 

application of 2D matrix-array may enable a large activation 

region by focusing of elements from different rows/columns at 

different regions. Therefore, the activation efficiency can be 

potentially significantly increased by using a 2D matrix-array 

probe.  

 

IV. CONCLUSION 

        This study demonstrates how the different droplet 

activation strategies affect the activation time and efficiency 

using focused pulses in AWSALM for fast super-resolution 

imaging. A range of activation sequences with different F-

numbers and spacing of the sweeping activation pulse foci are 

studied to investigate and optimize the activation efficiency of 

nanodroplets for minimizing the data acquisition time.  The 

results show that sweeping the region of interest by advancing 

the activation pulse with an F-number 0.4 and a step size of 5 

wavelengths can generate the most droplet activation. By 

advancing the focused activation beam with a step size of 1.25 

wavelengths generated lower contrast than using a step size of 

2.5 wavelengths, which suggests that neighbouring activation 

pulse may destroy the already activated nanodroplets by the 

previous activation pulse prior to the next imaging pulses. In 

summary, this study demonstrates the activation of 

nanodroplets can be increased by optimizing the F-number 

and the sweeping step size. This finding can inform the 

development of droplet-based super-resolution imaging to 

further minimize the data acquisition time. 
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