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Table 1. Stenotic Levels in the Patients

disc level stenosis (+)
c2/3 0
C3/4 6
C4/5 8
C5/6 8
C6/7 8
C7/Thl 1
total 31

* trigger point

Il : area between the curves
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Fig. 1. Idealized velocity-time graphs of CSF within one cardiac cycle
Velocity profile of CSF at two serial vertebral levels are shown. Sixteen
sampling points were obtained per cardiac cycle. The sum of the differ-
ence in velocity at each sampling point represents the area between the
curves. An increase in the difference between the shapes of the two
graphs reflects an increased area.
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Fig. 2. Images and data from a male control
aged 29

a. Phase contrast velocity image obtained at
940 ms after trigger point. CSF flow is cranio-
caudal, and demonstrates high intensity at all
vertebral levels.

b. Phase contrast velocity image obtained at
630 ms after trigger point. Maximum caudocra-
nial velocity appears as low intensity at all loca-
tions within major CSF pathways.

c. Flow-velocity graphs at four vertebral levels.
CSF velocity scale is shown on left vertical
axis. The 16 data points on the horizontal axis
represent percentage of cardiac cycle. All
graphs show almost the same pattern.
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Fig. 3. Images and data from a female patient with spinal canal stenosis aged 57

a. T'WL

b. T2:WI. These images, obtained in a middle sagittal plane, show spinal canal stenosis at C4/5, C5/6

and C6/7 disc levels.

c. Phase contrast velocity image obtained at 1023 ms after trigger point. CSF flow is craniocaudal but

the intensity of CSF is inhomogeneous.

d. Phase contrast velocity image obtained at 680 ms after trigger point. Major CSF flows caudocranially

and appears as low intensity area.

e. Flow-velocity graphs at C2 and C3 vertebral levels in the patient. C2/3 is one of the non-stenotic lev-
els and the flow patterns of them are similar to those of controls.
{. Flow-velocity graphs at C6 and C7 vertebral levels in the patient. The flow patterns at this stenotic
C6/7 level differ from each other. The area between the curves at the two vertebral levels is greater
than those of controls and non-stenotic C2/3 level of the patient.

Fig. 3 Ic7® L7=. Fig. 3a, b iz T TN\ IE
Rk A T, T BHERZ T L,

Fig. 3c, d X AWEOR K, mAMLAEICKT S
WEES YRS, C4/5» 5 C6/7 DEHERIK
VARV WTCHTT & D EEAESFE N T 5
2, FOEEE CIIMEREORE T RER Y —
T, PAELVNVTRHELE>Tnh. ZOBE

OWEBER L D RD/WHE Y 5 7 % Fig. 3e, £
IR L7z. Fig. 3e i3 = THERRICERE L
7\ C2,C3 Vb, Fig. St 3% H T 5%
C6,C7T LIV DHDTH 5. mAMHEITRET
ANFRE, PRE Y H—EEHETRDOHSOD, &
MMIRTZ—EDOEEZRLTELT, ZhZind
MRV VTS5 T OFRIEB R > T 5. #

281



BB $£19% 45 (1999)

[CREEH A TOWBICES LT, A& LT
I agERLEL, C6,C7T VW TIHEER
FLTWA. WEERIE C2, C3 VL TEn
£ 43.4,66.6mm/s TH Y, C6,C7 L)l
TRFNENA47.2,374mm/s THo72. 75
T7DOTNEC6, CTHEHDIFTD, K&ELL->Tw
B, WHE7S7ES C2-3 TD241ICHL,
WA E N5 C6-7 Tl 4.7 & LD KELE
wELT.
1. HEE LN BT 5 g

B LUBEFH CEONIEHEL L
BT AERE, &AM JURIMIAE
Table 2 IZ/R L7z, FEIBEIZSWTERITIE
R, TBIIBEEHOLOTH AL, BERIC
Bi1F 5 C3»b C7T DEGHFRERENLFET
LEMOBUEERT .
(IEERIEIC DWW T
EHERSVF 4 7ICEBWT, C3hbHC6IC
D TR IRIE 1T 54.5~59.6 mm/s O % 2
L, TholERV-VHEETORRETRD L
oo, C2 R LU C7, Thl U~V R L
T, BfExR L (P<0.05).
BEETOWERIEIE 28.9~37.3mm/s &,
W NOMHEE L OUIZ W T H IERRIC IR L
THEMEET L7z (P<0.01). RAETICES L
T\ C2, Thl #EE LV & R ICIEE R
FOEEERL, EEFCRONIHEERL IV
M COEIREDTI - 7.

QA AR L OHRAMIHIZ DWW T

FRMAREEH S IUBER S IR HY
H—DEEEICRD, 100%MBOMEEEL 7.
FTROMEET EBEEZRL, BERHEITEE
HEOBICARERIRD b o7z —F, &b
CHMITIEER, BEMN S LIREABICS L, Ik
I HUT—05 60%RIHEICERD, R0 mEE
I COERIRED LD - 7.

2. Bt 5 M OZE OB

BT 5 A L OV OTEIRIE D2 X
CRE T 5 7RICOWTEON/-fE% Table 3
IR L. EBRBIEER, TEIBEHOLO
THLHPBEHICBTASC34H06C6-7TD
£ 2 OEIREERDLRETD LD TH 5.
(WIREIRIE DI DWW T

EERTIE C2-3 AR I L U C6-7 HEMRRH
OUCEIRIBOZET, MOMEARICHHE L TKT
Botop, BEFH TP C2-3 AR TOZE
i, B DI L TN REZE L.
QWE 7 Z 7RICOWT

MR 7 5 7R FNOREER LV~ VEIC BV
THEEHOTPIEERICHE L, 2 BRED
BEE%ExR L7z (p<0.05).
3. BEMICKT A BFREPEDOEEICLHH
BE —HEART ToORE
(DR IRIEDZEIZ DWT

WHEE L4 BLDBEFHICENT, C2/3
25 C7/Thl £ TD 6 )b, 3 84 HEfSH L

Table 2. CSF Flow Dynamics at Each Vertebral Level (mean+SE)

group C2 C3

velocity amplitude** N 41.6+2.4% 54.5+4.6

(mm/s)

P 307445  30.6+7.0
systolic peak N 98.7+1.0 97.4+09
(% cardiaccycle)  p gr3437  970+33
diastolic peak N 60.7+2.3  59.1+2.6
(O cardiaceycle)  p go5i31  57.8+45

C4 C5 C6 C7 Thl
58.2+4.8 57.6+4.9 59.6£4.6 49.2+45%  451+3.8%
37.3+£7.2 33.0+6.8 28.9+£58 31.2+52 31.4%59
97.7£1.0 985+1.0 99.1+1.1  100+1.1 102+1.3
96.3+4.1 949+3.4 106+2.8 98.5+3.6 105+2.6
58.0+£2.6 60.5+2.0 64.4+2.6 62.3+25 65.2+2.9
53.3+3.2 52.2+65 60.8+3.2 60.8+3.2 61.3+5.1

* C2, C7 and Thl vertebral levels are significantly lower than control levels (p<0.05)
** Control values are significantly higher than those of patients at all vertebral levels (p<0.05)

N: normal controls
P: patients
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Table 3. Difference between the Two Serial Vertebral Levels(mean=+SE)

C3-4 C4-5 C5-6 C6-7 C7-Thl

Group C2-3
Velocity amplitude* N —12.6+3.1
(mm/s) P 05+48
area between the curves**/ N 2.0+0.1
mean velocity amplitude P 3.740.3

—4.8+45 16*+44 0.0+18 10.3*£2.9 1.7+2.5
—6.7+53 44+3.0 41+£29 —23*x37 —-3.6x3.6
1.6+0.2 2.3+04 23+05 1.94+0.2 2.9%0.6
47+04 43£03 4.8%+04 5.7+0.7 3.6+0.3

* Differences at C2-3 and C6-7 are significantly greater than control levels (p<0.05)
** Significant difference between patients and controls (p<0.05)

N: normal controls

P: patients
p=0.0026
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Fig. 4. Difference in flow amplitude between
the two serial vertebral levels in the patients
The difference in velocity amplitude at the
stenotic level is significantly greater than that
at the non-stenotic level (p=0.0026).
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Fig. 5. Standardized area between the two
graphs in the patients

Area between the curves per mean velocity am-
plitude at the stenotic level is significantly
greater than that at the non-stenotic level
(p=0.0020).
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To evaluate the flow dynamics of cerebrospinal fluid (CSF) throughout the cervical spine, 18
healthy controls and 14 patients with spinal canal stenosis were examined by phase-contrast cine
MR. MR imaging was performed using a sagittal technique that is flow-sensitive in the craniocaudal
direction. Flow encoding depicted craniocaudal flow as high intensity and caudocranial flow as low in-
tensity. In this technique, either retrospective cardiac or peripheral gating was used to cover the com-
plete cardiac cycle. This pulse sequence yielded 16 quantitative flow-encoded images per cardiac cy-
cle. Using a region-of-interest cursor at each vertebral level, the graphs of low-velocity versus time
were generated.

The recorded CSF at each vertebral level in the controls showed almost the same pattern in the
change of flow in the craniocaudal direction, indicating that the onset of cranioaudal CSF flow was
synchronous with the onset of cardiac systole in these subjects. At all vertebral levels, flow-velocity
time curves showed the same variation in pattern.

CSF flow was significantly lower in patients than in controls at each vertebral level (p<0.01). In
addition, the flow patterns of the patients with spinal canal stenosis differed at each vertebral level.
As a result, the total sum of the difference in velocity between graphs of two serial vertebrae at all
sampling points (the area between the curves : ABC) per mean velocity amplitude in the patients
was significantly higher than controls (p<0.05). Furthermore, the ABC per mean velocity ampli-
tude at the stenotic level was significantly larger in the patients than that at the non-stenotic level
(p<0.01).

These data suggest that turbulent CSF flow occurs at the stenotic level. Thus, assessment of CSF
flow dynamics is a useful adjunct to routine MRI in patients with spinal canal stenosis.
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