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The term geographical miss was first introduced in the field of 
radio-oncology [1] to define a low radiation dose-induced treat-
ment failure. This nomenclature was later adopted in interven-
tional cardiology to define a coronary segment that was injured 
but received sub-therapeutic, low-dose radiotherapy [2, 3]. Cur-
rently, in the stents era, inadvertent stent deployment entirely or 
partially missing the target lesion is termed GM. 

The STLLR (Stent deployment Techniques on cLinicaL out-
comes of patients treated with the cypheRTM stent) trial was the 
leading study addressing GM [4]. Retrospectively judged GM 
was reported in 67% of the participants and was associated with 
significantly increased risk of target vessel revascularization 
(TVR) and myocardial infarction (MI).

Essentially, the coronary arteries follow the dynamic geo-
metric changes of the heart during the cardiac cycle, as their 
displacement tracks that of the contiguous epicardium. These 
orchestrated movements led Zheng Sun et al. [5] to even advo-
cate the extraction of myocardial dynamic information through 

estimating coronary arterial motion field.

The SyncVision™ System (Sync-Rx, Netanya, Israel) is an 
add-on image processing system with unique enhancement and 
stabilization power. Using the novel feature of this system, the 
DMI, we were previously able to delineate the typical device 
movement measurement (DMM) at the different coronary seg-
ments [6]. Along the entire study time our local stenting strategy 
was modified by adopting a SyncVision-guided DMM-driven 
stent elongation; we believed it might enhance full lesion cov-
erage. In the current study we aimed to retrospectively explore a 
possible effect of this methodology on GM occurrence. 

Methods
Patient population 

We retrospectively analyzed the relevant data of one hundred 
and ninety-three consecutive patients who underwent percuta-
neous coronary intervention (PCI) with the SyncVision™ Sys-
tem guidance between April 2013 and July 2013. The study was 
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Background: The cyclic movement of the heart promotes relative longitudinal movement between the coronary 
arteries and the pre-deployed devices potentially resulting in malpositioning. We previously introduced the device 
motion index (DMI) feature of the SyncVision system as an efficient tool to reliably extract this relative longitudinal 
movement. At that time we instantaneously adopted a new approach of stent elongation corresponding with the DMI-
derived relative movement. We sought here to assess a possible contribution of this implementation to mitigating 
longitudinal geographical miss (LGM). Methods: We retrospectively analyzed all-comer patients who underwent 
SyncVision assisted stenting from March 2013 to July 2013 at our center. Two experienced interventional cardiologists 
independently reviewed all steps of the percutaneous coronary intervention procedures to determine the occurrence 
of LGM according to pre-specified criteria. Results: 193 patients underwent a DMI-guided percutaneous coronary 
intervention with 218 branch point sites identified. Retrospectively reviewing the angiograms we found a low incidence 
of longitudinal GM (2.3%). Both one-year target lesion revascularization (2.2%) and target vessel revascularization 
(2.8%) rates were favorable. Conclusions: Appreciating the impact of heart movement on geographical miss occurrence 
seems imperative. We suggest rethinking margins of effective PCI: beyond using the plus 4mm traditional margins to 
cover distal and proximal edges, it seems prudent to integrate the typical coronary segment displacement value in the 
final stent-length selection. 
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approved by the local IRB at the Hillel Yaffe Medical Center, 
Hadera, Israel. Patients with unprotected left main disease, very 
tortuous coronary segments, heavily calcified and bifurcation 
lesions, target stenosis located in a saphenous vein or an arte-
rial bypass graft, or life expectancy ≤12 months were basically 
excluded. 

The DMI Feature Description

The DMI feature was described before [6]. It is an enhanced 
view of the vessel as seen during contrast injection (Figure 1). A 
20 frames/sec angiography was utilized. Each scene was com-
pleted without any table movement. The DMM acquisition was 
achieved simultaneously during routine angiography, as previ-
ously described [6)]. Intra or inter-observer variability of the 
software was not relevant.

projection using SyncVision™ software. The boundaries of the 
lesion and injured and stented segments were accordingly de-
termined and quantified. LGM was considered in case of stent 
uncovering balloon injury, lesion, or both. In case of inter-ob-
server variability the angiographic procedures were assessed by 
a third interventional cardiologist and the two similar decisions 
were listed as the designation.

Endpoints at 12-month follow-up

In addition to LGM determination, the post-procedure one-
year outcomes of target lesion revascularization (TLR) and TVR 
(including repeated PCI or bypass surgery of the target vessel) 
were recorded. Safety measures of MI, stent thrombosis, and 
death were also documented.

Statistical analysis

Statistical analysis was performed by IBM Statistics.20. Quan-
titative data are presented as mean ± SD. Comparison of data 
for statistical significance was assessed using Student’s unpaired 
t-test. Significant differences were defined when the p value was 
less than 0.05 using a 2-tailed test.

Results
Using the Sync-Rx system we previously confirmed substan-

tial device displacement on real time cineangiography [6]. Real-
izing that stent deployment precisely at the late diastolic phase is 
inapplicable, and appreciating the inevitable occurrence of stent 
movement prior to its implantation, we modified our stent im-
plantation methodology translating the measured balloon move-
ments into the practice of deploying stents of extra length.

The DMI acquisition was successful in 100% of the proce-
dures. Two-hundred and eighteen lesions in 193 patients (1.1 ± 
0.4 per patient) were stented. The admission diagnosis was tro-
ponin positive events in 64.2% and troponin negative in 35.8%. 
Mean age 60±11.6 years. The segments treated included nine-
ty-eight left anterior descending (LAD) lesions (65 proximal, 25 
mid and 8 diagonals), forty-nine left circumflex (LCX) lesions 
(14 proximal, 6 mid, 24 1st marginal and 5 2nd marginal) and 
seventy-one right coronary artery (RCA) lesions (30 proximal, 
26 mid, 9 distal, 4 RPDA and 2 RPLA). The mean extra stent 
length directed by the DMM values was 3.3±0.7 mm at the RCA, 
2.7±0.5 mm at the LCX and 2.0±0.35 mm at the LAD artery. 
Across the coronary bed extra stent length was the smallest at the 
mid LAD (1.6±0.3 mm) and the proximal LCX segments (2±0.4 
mm). Roughly, 65% of the implanted stents were DES with the 
rest being BMS. The average lesion length was 17.1±4.5mm and 
the average stent length was 23.8±2.7mm. 

Angiographic assessment for LGM

Impressively, the retrospectively judged LGM was described 
in five cases (2.3%): two mid and one distal RCA cases (aver-
age DMM=3.9 mm), and two cases of first and second margin-
al branches (average DMM=3.2 mm). All the LGM cases were 
classified as uncovered injured segment post balloon dilatation. 
No inter-observer variability was encountered. 

Clinical follow up at 12 months

TVR occurred in 6 patients (2.8%). The TLR occurred in 5 pa-

162

Figure 1. Illustration of the Sync-Rx-derived balloon movement in 
the OM artery. The yellow dots represent the cumulative locations 
of the balloon marker throughout the cardiac cycle. The two dark 
dots represent the edges of the balloon at end diastole. OM = Obtuse 
Marginal.

PCI methodology

Our stenting protocol at the time of our previous study was 
slightly modified [6]: pre-dilatation was inherently performed for 
plaque preparation; by default, a balloon of appropriate length 
was selected to cover the stenotic segment, though shorter than 
the planned QCA guided stent length. Assuming zero relative 
displacement of the balloon (DMM=0), the “traditional stent 
length” aimed to cover the target coronary lesion, including the 
entire segment injured by the balloon, plus 4 mm to better cover 
the proximal and distal landing zones. Virtually, the only modifi-
cation in our routine stenting methodology was adding the DMM 
value to the final stent length to get, what we termed, the ‘optimal 
stent length’. High pressure post-dilatation using noncompliant 
balloons shorter than total stent length was routinely applied. The 
DES implanted was Resolute Integrity (Medtronic), and the BMS 
used was TITAN (Hexacath). 

Retrospective angiographic assessment for longitudinal GM

The angiographic procedures were retrospectively analyzed 
and interpreted by two independent invasive cardiologists to de-
termine the occurrence of longitudinal GM (LGM) according to 
the criteria described by costa et al. [4]. The team meticulous-
ly followed all sequences of the stenting process: pre-interven-
tion image, balloon inflations, and stent positioning in the same 
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tients (2.2%): two proximal LAD stents (2 proximal diagonals), 
2 mid-distal RCA lesions and one distal LCX stent. The heart 
rate was <80 bpm and LV contractility was normal in 80% of pa-
tients. The admission diagnosis was unstable angina in 80% and 
elective staged PCI in 20%. Of note, 80% of TLR cases occurred 
in bare metal stent (BMS) treated segments at a median time of 6 
months following the index intervention (range: 2.5-11 months). 
IVUS and/or OCT modalities for stent failure illumination were 
not used, as these modalities are not reimbursed at our center. 
Reviewing the TLR angiographic data we noticed an average 
DMM value of 2.8 mm; however, this was nicely covered by 
a long corresponding stents leaving no estimated LGM by the 
independent team. On the other hand, when assessing the lesions 
for potential axial GM we could appreciate 3 cases meeting the 
criteria defined by Costa (one case of proximal undersized stent 
and 2 cases of distal oversized stents). Concurrently, 3 out of 
the 5 cases were also diabetic. Safety end-points included one 
case with ST elevation MI (outside the target vessel). No death 
or stent thrombosis was reported. The five cases with estimated 
LGM reported no clinical events.

Discussion
We have previously described the unique pattern of the rela-

tive coronary “balloon displacement” at the different coronary 
segments [6]. We estimated that this displacement could be a 
relevant contributor to LGM unless the regular methodology of 
stent deployment was modified. On an ad hoc basis, we trans-
lated the concept of measurable coronary segment oscillation to 
the practice of utilizing extra stent length. Retrospectively tested, 
the average DMM-derived extra stent length at the RCA was 
approximately 1.21 times that of the LCX, and 1.64 times that 
of the LAD. 

Different studies using different modalities proved LGM to 
be common, occurring in 30–45% of angiographically-guided 
PCIs, despite satisfactory and meticulous angiography guided 
stent positioning. Applying Costa team [4] definition of LGM 
we show that our easy to apply DMM based stenting nearly 
abolished LGM occurrence. 

Retrospectively evaluating their stent implantation policy, 
Costa et al. found significantly increased incidence of TLR and 
TVR in patients judged to sustain LGM during stent deploy-
ment. Rigorous assessment of the STLLR data disclose that 
the average lesion and stent lengths were 16.54±10.10 mm and 
18.3-19.1±6 mm, compared to 11.857±6.6 mm and 18.3±6.19 

mm, in the GM and no-GM groups, respectively. In the present 
group the average lesion length was 17.1±4.5 mm corresponding 
to average stent length of 23.8±2.7 mm. Intriguingly, when cal-
culating the difference between stent to lesion length in the study 
by costa et al. it is clear that the no-GM arm markedly exceeded 
the GM arm with 6.4 mm vs. 2.6 mm, respectively. In our group 
the averaged difference was 6.65 mm. 

Calvert PA et al. used virtual histology IVUS prior to and af-
ter PCI and showed GM to be associated with more vulnerable 
plaque composition, eventually resulting in a worse prognosis 
[7]. In this respect, we do appreciate the role of IVUS and/or 
OCT in allocating hot spots/ruptured plaques in the vessel, to-
gether with optimizing stent length evaluation. Noteworthy, at 
the event of stent deployment the DMM concept is not incorpo-
rated into the IVUS guided strategy. We believe that optimizing 
radial stent apposition (ameliorating axial GM) is the main virtue 
of IVUS usage. 

There have been several techniques suggested to reduce the 
cardiac-cycle related movement of the stent delivery system in-
cluding holding breath, deep guiding catheter engagement, an-
chor wire technique, buddy wire technique, floating wire tech-
nique, rapid right ventricular pacing and rapid coronary wire 
pacing, the majority of which are cumbersome and impractical. 
Applying the relatively simple and accessible SyncVision-sup-
ported DMM derived concept, might prove beneficial in LGM 
control. 

Conclusions
We introduce the measurable relative balloon displacement at 

the different coronary segments as a potential modifiable factor 
in the occurrence of LGM. The Sync-Rx System derived coro-
nary segments displacement mapping should be incorporated in 
the final stent length; instead of using the plus 4mm traditional 
margins to cover distal and proximal edges we suggest adding 
the specific segmental values as provided in our simplified coro-
nary segments motion map (Figure 2). 

Study Limitations
Our study is an observational one. A randomized trial with a 

control group is mandatory in order to establish the clinical rele-
vance of our observation. Also, the study period is a little pit past; 
however, we focused on the same study group of our previous 
research [6], and included the retrospectively judged LGM with 
the follow up data. We do use the Sync-Rx System regularly; 

Figure 2. Simplified coronary segments motion map- coronary artery segments and each 
corresponding relative displacement (red circle). 
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however the measured DMI data are not readily available. More-
over, ever since the relevant study period we are more frequent-
ly using IVUS and/or IFR/FFR in our routine PCI procedures 
which might potentially change our standard simplified policy at 
the time of the study.

We described our results pointing to the endpoints of the 
STLLR study. The STLLR study retrospectively analyzed the 
angiographic data for axial GM determination, proving null ef-
fect on MACE occurrence. Accordingly, we did not attempt to 
comprehensively analyze axial GM. 
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longitudinal geographical miss; TLR: target lesion revascular-
ization; IVUS: intravascular ultrasound. 
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