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Introduction

Improvements in pulse sequence methodology as well as advances in scanner hardware continue to open new possibilities for magnetic re-
sonance imaging. However, with this innovation comes increased complexity in the task of pulse sequence programming. Researchers must
grapple with combining all kinds of complex methods such as parallel imaging schemes, view reordering, contrast weighting (just to name a
few), into their imaging protocols. From the number of novel adaptations of pulse sequences presented each year, it is evident that a scanner
manufacturer cannot provide anywhere near a comprehensive collection of pulse sequence options to satisfy the current demand, thus requir-
ing researchers to program their own pulse sequences, hire specialized pulse programmers, or to obtain pulse sequence programs from other
laboratories or institutions.

Even in the current age of free information exchange, the activity of sharing pulse sequences for MRI is not optimal, due to a number of
problems. Besides legal/liability issues, sharing of sequences across institutions is hampered by incompatibility between scanner systems.
Even if two institutions use the same brand of scanner, there is often incompatibility between software release versions. Furthermore, as pulse
sequences continue to increase in complexity, it is becoming more difficult to modify or customize existing sequences to meet the needs of
individual researchers. This leads to a situation where pulse sequences have been designed and implemented and shown to work, but due to
technical constraints are not in the hands of the researchers who could benefit, or have not been appropriately modified to function in the de-
sired applications.

Here we present a pulse sequence development paradigm that seeks to solve some of the problems mentioned above by simplifying the
pulse program implementation procedure as well as the act of sharing sequences between laboratories and institutions. The strategy relies on
the fact that a pulse sequence is simply a collection of basic events to be sent to the scanner (e.g. RF pulses, gradient pulses, phase adjust-
ment and readout events), and should therefore not be specific to any particular brand of scanner. That is, a pulse sequence simply is a scan-
ner-independent program that generates a sequence of timed events. The paradigm has been realized on a small scale in the authors’ institu-
tion using SequenceTree [1], a scanner-independent, open source, modular pulse sequence programming environment. The large number of
research sequences successfully developed and implemented in a clinical setting over the past year using this software demonstrates the effi-
ciency of the method, and the feasibility of a scanner-independent and open source solution.
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Methods and Results
Approximately twelve researchers, across three laborato- T Jovet | e et | TR e S| 5 s bt v

ries at the authors’ institution have used the SequenceTree e T Gk e,
(ST) pulse sequence programming environment to imple-
ment novel research sequences, sharing code compo-
nents with one another. As shown in the list of pulse se-
quences below, the fields of research varied widely. How-
ever, since a few basic sequence building blocks are found
in virtually all imaging methods, researchers were able to -
greatly benefit from the shared components. Pulse se-
quences were built up from scratch using the graphical
programming environment of ST with little need for com- e
puter programming expertise. The modular and self- @
contained framework allowed basic sequences, such as o0, Figure 1. Diagram for 3D
gradient-echo or spin-echo sequences (with Cartesian or RE H H% " {H Hk b-SSFP T, mapping pulse
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user interface, using custom C++ code incorporated into the sequence nodes (left panel of Pulse sequences implemented using SequenceTree
screenshot in Figure 1). The sequences have been incorporated into at least four research stu- $f:sosgf;;:riérgi?;1%§é ggﬁge; ;"edkziidand spine
dies, and have contributed to several peer reviewed publications and conference abstracts. « Fast gradient echo sodium imaging

Since ST pulse sequences are scanner-independent (i.e. they contain generic pulse events  «Hybrid radial imaging with golden angle increment

with no scanner-specific code), the same sequences were able to be implemented seamlessly * Full 3D radial imaging of the brain

across different versions of scanner software. For example, sequences could be run without * Trabecular bone micro-MR| with 3D FLASE
. ple, seq - Spectroscopic imaging sequences

modification on the 1.5T Siemens Sonata and the 3T Siemens TIM Trio. The software does not « Interleaved multi-gradient echo chemical shift imaging
bypass the scanner safety checks because it generates Siemens-compatible source code which - Static field mapping using multiple gradient delays

is then compiled and run just like any standard research sequence. + Susceptibility mapping for blood oxymetry in the leg
« Inversion recovery with adiabatic inversion pulse

Conclusion

The SequenceTree software has been used efficiently in a shared environment to implement advanced pulse sequences which have run suc-
cessfully on a clinical scanner, demonstrating the feasibility of an open source scanner-independent solution to pulse sequence programming in
a research environment.
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