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ABSTRACT: Ambient ionization mass spectrometry (AIMS) has

into  group of emerging analytical techniques that allow
rapd, resl-time, high-throughput, in situ, and in Wivo anslysis in
many scientific fields including biomedicine, phamnaceuticals, and.
forensic sciences. While dozens of AIMS techniques have been
introduced over the past two decades, their broad commerdial and
industrial we s stll restricted by muliple challenges. In this
Perspective, we discuss the most relevant technical challenges
facing AIMS, ie, reprodudbility, quantitative ability, molecular
coverage, sensitivity, and data complexity, and scientists” manl
attempts to overcome these hurdles. Furthermore, we preser
future directions of AIMS from our perspective, induding the neusﬂy that efforts should be made to uncavel blind blomolecules in
routine analysis, the construction of a data depaository for AIMS wsers, the full automation of pipelines for prospect integration in a
robotic labaratory, the movement toward on-site tests, and the expanson of outreach to motivate government officials in
policymaking, We anticipate that, with progress in these critical but immature areas, AIMS technology will keep evolving to become
3 more robust and user-endly set of technologes and, consequently, be trandated into everydy li practice.

mbient ionization mass spectrometry (AIMS) is &  development is the same: to expand the scope of AIMS and

reltively new analytical approach that involves direct  bring it outside research laboratories to introduce # into
sampling and ionization of amlytes from their mative  everyday practice Due to its simplicty and capsbility to obtain
environment.” AIMS allows rapid, real-time, high-throughput,  slmost immediate snalytical results, AMS technalogy has great
in'situ and in some cases in vivo analysis of iquids, solids, and  potentil for onsite clinical analysis™® (induding surgery
gases with no need of sample preparaion. This emerging  wssistance and the point-ofcare testing POCT) or in-feld
technology originated with the introduction of desorption  environmental analysis.
electrospray ionization (DESI)* and direct analysis in real time Despite its diverse potential applications, AIMS techniques
(DART). Over the lst two decades, multiple AIMS e mostly wsed in certain specilzed Lboratories, and
techniques working under atmospheric condiions have been  translation of AIMS into everydsy lfe practice has so far ot
developed, and many of them have been widely wsed around  been realized Multiple challenges have slowed down the
the word * Recent publications rebited to AIMS, a5 displayed broader wse of AIMS. The lack of trmslation of AIMS
by network visualization” in Figure 1, indicate that mostof the  techniques into applications is a critical issue that has caught
published research work is related to DESI, DART, paperspray  the attention of researchers and industrial users and was
ionization (PST), and AIMS-based mass spectrometry imaging,  discussed during the 67th American Society for Mass
The range of applications of AIMS s exceedingly wide and  Spectrometry (ASMS) annual conference in June 2019. In

covers many sdentific fields induding biomedicine, pharma.  this Perspective, we systematically review the mast relevant
ceuticals and forensic analyss, phant science, microbiology, technical challenges assodated with AIMS (induding reprodu-
neuroscience, and cancer pathclogy, a5 recently reviewsd in  abily quantiatie sbilty, moleaubr coversge and sensiity,
Anabytical Chemistry* However, 3 few exceptiomal AIMS ~ and data complexity) and sdentists' recent attempts to
Platforms have been developed for in vivo and reabtme  Overcome these hundles. We specially focus on the innovative
analyss, including the Koilg? Spiderbs,? and MasSpec

Pen.’ Those platforms have 3 great potentisl for intraoperative  Received: December 2, 2019

cancerous tissue duganm J......g a surgery”™ ¥ as well as Accepted: December 11,2019
‘human skin'* or d food Published: December 11, 2019

fraud " The operation principles of the techniques mentioned

above are different, but the mujor idea behind the evolving
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everyday practice, significant developments (right circle) to unravel bind bicmolecules in routine analysis, construct 2 public AIMS data
depository, develop 3 fully automatic AIMS platform for the usage in a robotic Isboratory, move toward on-ste tests, and expand outresch are
necesary.

strategies developed in the recent years. Furthermore, we  AIMS users, automate AIMS phtforms for prospect integration
present ideas about how to improve performance and promote  in a robotic laboratory, move toward o-site tests, and expand
utilization of AIMS over the next decade. We desrbe our  outreach to nonexperts. We anticipate that, regardless of the
perspective on the today and tomorrow in AIMS in Figure 2, cument limitations, the development of AIMS will not stop,
pointing out the technical challenges to date, along with i and the scope of the applications of ATMS wil keep increasing
future directions. Specifically, we anticipate that the future of  and become widely accepted s an altemative choice to the
AIMS will be directed to detect biomolecules that are blind  golden standud amalyticl methods, ie, iquid chromatog-
during conventional amlysis develop a data depository for  raphy—mass spectrometry (LC-MS), in the near future.
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