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Table 1.

Association of Hypotension with Characteristics

Periprocedural hypotension

Prolonged periprocedural hypotension

Variables Yes (n =36) No (n=12) P value Yes (n=29) No (n=19) P value
Clinical characteristics
Age (years old) 68.7 (SD7.2) 68.9 (SD6.8) 0.94 68.6 (SD 7.5) 69.1 (SD6.5) 0.79
Female (vs. male) 4 (11%) 2 (17%)  0.62 1 (3%) 5 (26%)  0.044
History
Hypertension 26 (72%) 7 (58%)  0.37 20 (69%) 13 (68%)  0.97
Diabetes mellitus 13 (36%) 7 (58%) 0.18 10 (34%) 10 (53%) 0.22
Hyperlipidemia 20 (56%) 8 (67%)  0.50 16 (55%) 12 (63%)  0.58
Beta blocker medication 2 (6%) 2 (17%)  0.25 2 (7%) 2 (11%)  0.66
Coronary artery disease 10 (28%) 5 42%) 037 9 (31%) 6 (32%) 097
Myocardial infarction 5 (14%) 2 (17%) 081 5 (17%) 2 (11%)  0.52
Angina pectoris 9 (25%) 4 (33%) 0.58 8 (28%) 5 (26%) 093
Valvar heart disease 3 (8%) 1 (8%) 1.00 2 (7%) 2 (11%)  0.66
Arrhythmia 0 (0%) 1 8%)  1.00 0 (0%) 1 (5%)  1.00
Congestive heart failure 2 (6%) 2 (17%)  0.25 2 (7%) 2 (11%)  0.66
Coronary artery bypass graft operation 1 (3%) 0 (0%) 1.00 1 (3%) 0 (0%) 1.00
Chronic renal insufficiency 1 (3%) 1 8%) 0.43 1 (3%) 1 (5%) 0.76
Arteriosclerosis obliterans 3 (8%) 0 (0%) 1.00 2 (7%) 1 (5%) 0.82
Malignant neoplasm 2 (6%) 0 (0%) 1.00 2 (7%) 0 (0%) 1.00
Preprocedural systolic blood pressure (mm Hg) 118.5 (SD 17.2) 121.8 (SD12.9) 0.55 118.4 (SD 17.7) 120.6 (SD13.8) 0.65
Preprocedural diastolic blood pressure (mm Hg) 65.7 (SD 12.2) 67.5 (SD10.2) 0.64 65.1 (SD 12.5) 67.7 (SD10.3) 044
Periprocedural hypertension 5 (14%) 2 (17%)  0.81 3 (10%) 4 (21%)  0.31
Periprocedural bradycardia 5 (14%) 2 (17%)  0.81 4 (14%) 3 (16%)  0.85
Lesion-related characteristics
Lesion side: left (vs. right) 18 (50%) 7 (58%)  0.62 16 (55%) 9 (47%)  0.60
Distance between carotid bifurcation and 30 (83%) 6 (50%)  0.028 26 (90%) 10 (53%)  0.007
MLS < or =10 mm (vs. > 10 mm)
Plaque ulceration deeper than 2 mm 15 (42%) 4 (33%) 0.61 12 (41%) 7 (37%) 0.75
Stenotic lesion involving both CCA & ICA 18 (50%) 1 8%)  0.029 15 (52%) 4 (21%)  0.039
(vs. ICA only)
Degree of treated stenosis (%) 733 (SD 14.9) 74.6 (SD16.6)  0.80 73.7 (SD 14.8) 73.4 (SD16.1)  0.95
Intracranial ICA stenosis, ipsilateral 4 (11%) 0 (0%) 1.00 2 (7%) 2 (11%)  0.66
Intracranial ICA stenosis, contralateral 2 (6%) 0 (0%) 1.00 2 (7%) 0 (0%) 1.00
Vertebrobasilar artery stenosis (> 50%) 2 (6%) 0 (0%) 1.00 1 (3%) 1 (5%) 0.76
Contralateral ICA stenosis (> 50%) or occlusion 6 (17%) 2 (17%) 1.00 6 (21%) 2 (11%) 036
Contralateral ICA occlusion 3 (8%) 1 (8%) 1.00 3 (10%) 1 (5%) 0.54
Symptomatic carotid stenosis, ipsilateral 17 (47%) 8 (67%) 025 13 (45%) 12 (63%) 0.22
Cerebral infarction, ipsilateral 12 (33%) 6 (50%)  0.31 9 (31%) 9 47%)  0.26
Cerebral infarction, contralateral 6 (17%) 1 8%) 049 3 (10%) 4 (21%) 031
Symptoms of carotid stenosis 7 (19%) 4 (33%) 033 5 (17%) 6 (32%) 0.25
within 3 months, ipsilateral
Cerebral infarction within 3 months, ipsilateral 4 (11%) 3 (25%)  0.25 3 (10%) 4 (21%) 031
History of CAS or CEA, contralateral 5 (14%) 0 (0%) 1.00 4 (14%) 1 (5%) 0.36
Treatment-related characteristics
Stent used: Wallstent RP (vs. Precise Stent) 7 (19%) 1 8%) 039 5 (17%) 3 (16%)  0.90
Stent diameter (mm) 9.8 (SD 0.4) 9.6 (SD1.1) 041 9.8 (SD 0.4) 9.7 (SD0.9) 0.71
Stent length (mm) 332 (SD8.1) 37.0 (SD54) 015 339 (SD 8.1) 344 (SD7.1) 0.83
Stent covering both CCA & ICA (vs. ICA only) 33 (92%) 9 (75%)  0.15 27 (93%) 15 (719%)  0.17
Predilatation
Balloon catheter used (vs. Submarine)
Amiia 3 (8%) 1 8%) 098 3 (10%) 1 (5%) 053
Savvy 1 (3%) 1 8%) 044 1 (3%) 1 (5%) 081
No predilatation 1 (3%) 0 (0%)  1.00 1 (3%) 0 0%)  1.00
Balloon diameter (mm) 3.7 (SD 0.8) 4.0 (SD0.7) 034 3.7 (SD 0.8) 4.0 (SD0.6) 023
Balloon length (mm) 292 (SD 7.6) 342 (SD6.4)  0.050 293 (SD 8.3) 32.1 (SD6.1) 023
Balloon inflation pressure (atm) 7.4 (SD 2.0) 7.8 (SD13) 048 7.3 (SD 2.0) 7.8 (SD15) 035
Balloon inflation duration (sec) 334 (SD 12.3) 313 (SD9.6) 0.58 33.1 (SD 12.5) 325 (SD10.3)  0.86
Postdilatation
Balloon catheter used (vs. Submarine)
Amiia 22 (61%) 6 (50%)  1.00 19 (66%) 9 47%) 013
No postdilatation 3 (8%) 3 (25%) 0.21 2 (7%) 4 (21%)  0.34
Balloon diameter (mm) 4.9 (SD 1.6) 4.1 (SD24) 020 5.1 (SD 1.5) 4.1 (SD22) 0.0
Balloon length (mm) 20.1 (SD 7.9) 183 (SD11.4) 055 20.5 (SD 7.8) 184 (SD10.4) 044
Balloon inflation pressure (atm) 10.2 (SD 3.7) 8.5 (SD5.2) 024 10.3 (SD 3.5) 8.9 (SD5.0) 028
Emboli-protection method: proximal protection 1 (3%) 4 (33%) 0.79 2 (7%) 3 (16%)  0.98
(vs. distal protection)
Occlusion time (min) 11.0 (SD 4.68) 11.6 (SD2.81) 0.68 11.6 (SD 4.70) 10.4 (SD345) 0.14
Virtual Histology findings of plaque volumetric
composition analysis
Fibrous tissue (%) 62.0 (SD 12.4) 57.9 (SD134) 035 61.8 (SD 13.4) 59.7 (SD11.5)  0.59
Fibrofatty tissue (%) 28.6 (SD 15.3) 26.2 (SD14.8)  0.63 29.0 (SD 16.8) 26.6 (SD12.3)  0.60
Dense calcium (%) 32 (SD3.2) 6.1 (SD10.9) 0.24 3.1 (SD3.2) 52 (SD89) 033
Necrotic core (%) 6.3 (SD 7.0) 10.1 (SD10.8)  0.19 6.2 (SD 7.4) 8.8 (SD9.2) 031
Dichotomous variables (dichotomized at mean)
Fibrous tissue > 60% 21 (58%) 4 (33%) 0.14 17 (59%) 8 (42%) 027
Fibrofatty tissue > 28% 14 (39%) 6 (50%)  0.50 11 (38%) 9 (47%)  0.52
Dense calcium > 3% 13 (36%) 4 (33%) 0.86 11 (38%) 6 (32%)  0.65
Necrotic core > 7% 13 (36%) 5 (42%)  0.73 9 (31%) 9 (47%)  0.26

Variables with a P value < 0.20 for periprocedural hypotension (indicated in bold) and prolonged periprocedural
hypotension (indicated in italic) were incorporated into the multivariate analyses. P values were derived from

the univariate binary logistic regression. Continuous data are shown as the mean (SD). Categorical data are

shown as counts (%). MLS = minimum lumen site; CAS = carotid artery stenting; CEA = carotid

endarterectomy.



Table 2. Determinants of Hypotension Derived From Multivariate Logistic Regression

Variables Coefficient SE  Wald P value OR (95% CI)
Periprocedural hypotension
Fibrous tissue > 60% on Virtual Histology 254 1.16 4.78 0.029 12.69 (1.30to 124)
(vs. <or=60%)
Stenotic lesion involving both CCA 459 1.59 8.33 0.004 9838 (4.36 to 2220)
and ICA on angiogram (vs. ICA only)
No history of diabetes mellitus 2.81 1.21 5.40 0.020 16.60 (1.55t0 178)
Constant -2.69  1.28 4.45 0.035
Prolonged periprocedural hypotension
Distance between carotid bifurcation and MLS 2.61 0.88 8.75 0.003 13.66 (2.42t077.2)
< or =10 mm on angiogram (vs. > 10 mm)
No history of diabetes mellitus 1.49 0.76 3.82 0.051 445 (1.00to 19.9)
Constant -2.32 0.96 5.84 0.016

SE = standard error; Wald = Wald statistic; OR = odds ratio; CI = confidence interval; MLS = minimum lumen
site.

Table 3. Carotid Morphologic Autonomic Pathologic Score

Modality Factor Point
Morphology Distance between carotid bifurcation and MLS < or = 10mm 1
(Angiography) Distance between carotid bifurcation and MLS > 10mm 0
Morphology Stenotic lesion involving both CCA and ICA
(Angiography) Stenotic lesion involving ICA 0
Autonomic function No history of diabetes mellitus
(Patient's characteristic) History of diabetes mellitus 0
Pathology Fibrous tissue > 60%

(Virtual Histology) Fibrous tissue < or = 60% 0
Total 0to4

MLS = minimum lumen site.



Table 4. Strata of Carotid Morphologic Autonomic Pathologic Score and Stratum Specific Likelihood Ratios

No of patients Likelihood ratio
Carotid MAPS  Yes No Sensitivity ~ Specificity (95% CI) Probability
Hypotension
4 3 0 0.08 1.00 >999 1.00
3 16 0 0.53 1.00 >999 1.00
2 15 5 0.94 0.58 1.00 (0.48 t0 2.08) 0.75
1 2 6 1.00 0.08 0.11 (0.03 t0 0.41) 0.25
0 0 1 1.00 0.00 0.00 (0.00 to 0.00) 0.00
Prolonged
hypotension
4 3 0 0.10 1.00 >999 1.00
3 13 3 0.55 0.84 2.84 (1.02to07.93) 0.81
2 13 7 1.00 0.47 1.22 (0.61 to 2.41) 0.65
1 0 8 1.00 0.05 0.00 (0.00 to 0.00) 0.00
0 0 1 1.00 0.00 0.00 (0.00 to 0.00) 0.00

Carotid MAPS = carotid morphologic autonomic pathologic score.
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Figure. The receiver operating characteristic curves of all the 15 scoring models which show the diagnostic
value of each scoring model for the prediction of periprocedural hypotension (A) and prolonged periprocedural
hypotension (B). All the 15 scoring models are based on the four significant multivariate risk factors for
periprocedural hypotension and/or prolonged periprocedural hypotension. The best discrimination was achieved
by carotid MAPS (carotid morphologic autonomic pathologic score; the model “FSDN”). F = fibrous tissue >
60% on Virtual Histology; S = stenotic lesion involving both the common carotid artery and internal carotid
artery on angiogram; D = distance between carotid bifurcation and minimum lumen site < or = 10 mm on
angiogram; N = no history of diabetes mellitus.





