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Clinical Evaluation of Radionuclide Esophageal Transit
Studies using Liquid and Solid Foods

Jae Gol Choe , M.D., Min Jae Lee, M.D., Chi Wook Song, M.D.*
Jin Hai Hyun, M.D.* and Won Hyuck Suh, M D.

Department of Diagnostic Radiology and Internal Medicine*, Korea University College of Medicine

The author performed radionuclide esophageal transit studies(RETS) with liquid and
solid boluses using the same day protocol in 90 normal controls and 164 patients with
various primary esophageal motility disorders who were diagnosed by manometric criteria
and clinical courses. The authors calculated mean esophageal transit time(MTT) and
mean residual retention(MRR) in each of the liquid and solid studies, and classified time—
activity curve(TAC) patterns.

The normal criteria of RETS with liquid bolus were MTT <24 sec, MRR<9%, and the
TAC pattern that showed rapid declining slope and flat low residual(Type 1). The normal
criteria of RETS with solid bolus were MTT<35 sec, MRR<9% and TAC of type 1.
With these normal criteria, the sensitivity and the specificity of the liquid study were 62.2
% and 97.8%, respectively. The sensitivity increased to 75.4% with the solid study. The
author also found that the RETS was highly reproducible.

The achalasia typically showed no effective emptying of both liquid and solid boluses
during the whole study period, and was well differentiated by its extremely long transit
time and high retention from the other motility disorders. The diffuse esophageal spasm
(DES) and nonspecific esophageal motility disorder(NEMD) showed intermediate delay in
transit time and increased retention. In the groups of hypertensive lower esophageal
sphincter(LES), hypotensive LES and nutcracker, there noted no significant difference
with the normal control group in terms of MTT and MRR. The DES and NEMD could
be more easily identified by solid studies that showed more marked delay in MTT and in-
creased MRR as compared with the liquid study.

In conclusion, esophageal scintigraphy is a safe, noninvasive and physiologic method for
the evaluation of esophageal emptying.
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Table 1. Distribution of Primary Esophageal Motil-
ity Disorders(N=164)

Disease Num- Age M:F
ber (mean+SD)

Achalasia 18 443+145 6: 12
DES 13 575+115 3: 10
MEMD 91  43.2+12.7 28:. 43
Nutcracker 13 b5L.7+121 7. .6

Hypertensive LES 24
Hypotensive LES 25

455+128 4: 20
49.8+10.7 13: 12

Total 164 46.9+12.8 61:103

DES : Diffuse esophageal spasm, NEMD : Nonsp-
ecific esophageal motility disorder

LES : Lower esophageal sphincter, SD : Standard
deviation
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£2] vl A8 (prevalence of peristalsis), @ ¢}
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AE $EATO U AR wME T1Ee
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Table 2. Classification of Type of Time-Activity Curve

Slope pattem(Half time)

Residual Retention(MRR)

Type 1 Rapid( <10 sec) Minimal( <10%)
Type 2 Mildly delayed(10~30 sec) Mild(10~25%)
Type 3 Moderately or markedly delayed(>30 sec) Moderate(25~50% )
Type 4 Severely delayed(>180 sec) Severe(>50%)
MRR =Mean residual retention
¥10 COUNTS/2EC ¥1@ COUNTS/SEC
191, 512
95 258
a a I I ! I
e 90 180 2] 90 158
a SEC c SEC
X1i@ COUNTS/SEC %10 COUNTS/3EC
346 231
173 140
i
o 6 99 ‘ %a §8 160
b s d &2

Fig. 1. Time-activity curve types according to the initial downward slope and residual re-

tention. a : Type |, b Type 2, ¢ . Type 3, d : Type 4.
ric analysis) & 3}o] F9}3z}t (median), ¥ ¢ (ran-
ge), ¥ 95 WlR-9]5=(95 percentile) & T3} o|&E
B 7)1EA (cutoff value)E AHF ¥ dviz ¢ &
olmg FeLH”. '
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Table 3. Double Measurement of Esophageal Tran-
sit Studies, Liquid and Solid Studies

Liquid Solid
p CV(%) r p CV(%) r

MTT 0.48 192 0.97 054 189 0.96
MRR 0.76 125 0.99 080 32.0 0.93

Number of studies with 1) liquid bolus : n=48, 96
studies; 2) solid boluses : n=9, 18 studies.

CV=Coefficient of variation, r=Correlation coeffi-
clent

Table 4. Results of Esophageal Transit Study in the
Control Group

Mean+SD Median 95 Percentile_

Liquid(n=90)
MTT(sec) 155451 15.1 5.8-23.2
MRR(%) 52+19 5 1.4- 8.2
Solid(n=25)
MTT (sec) 16.6 £8.6 14.2 7.7-34.7
MRR(%) 4.4+2.1 3.6 1.6— 8.5

(2) A%k ABAE 27) §aked 48aloRlE= 5
Ag AT 28 WEEHL seli 9l e 23
Mo HEE4E selrh S Aage 2
REAE olgto] 2zke) HAA Apolel] Aol} Sl
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80%
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20%
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b. Solid Study B Type 4 B Type 2
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80%
60%
0% |
N
20%
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Fig. 2. Distribution of ypes of time-activily cureves
with liquid study(a) and solid study(b). ACH
=achalasia, DES=diffuse esophageal spasm,
NEMD =nonspecific esophageal motility dis-
order, HPOL =hypotensive lower esophageal
sphincter, HPRL =hypertensive lower esopha-
geal sphincter, NUT =nutcracker esophagus,
NC=normal control.
ae)7} gleke 71& o 4 ssivh(Table 3).
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Table 5. Distribution of Time-Activity Curve Type,

Table 6. Distribution of Time-Activity Curve Type,

Liquid Study Solid Study
Type 1 Type 2 Type 3 Type 4 Total Type 1 Type 2 Type 3 Type 4 Total
Achalasia 2 4 0 12 18 Achalasia 0 1 1 3 5
DES 8 5 0 0 13 DES 0 1 2 0 3
NEMD 49 19 2 1 71 NEMD 7 10 6 1 24
Hypotensi- 18 7 0 0 25 Hypotensi- 3 3 1 0 7
ve LES ve LES
Hypertensi 20 4 0 0 24 Hypertensi- 5 6 0 1 12
ve LES ve LES
Nutcracker 12 1 0 0 13 Nutcracker 6 0 0 0 6
Normal 88 2 0 0 90 Normal 24 1 0 0 25
controls controls :
Total 197 42 2 13 254 Total 5 22 10 5 82

DES = Diffuse esophageal spasm, NEMD = Non-
specific esophageal motility disorder
LES=Lower esophageal sphincter

DES = Diffuse esophageal spasm, NEMD = Non-
specific esophageal motility disorder
LES=Lower esophageal sphincter

Table 7. Sensitivity and Specificity of Radionuclide Esophageal Transit Study

Liquid

Solid

Normal criteria Abnormal criteria. Total

Normal criteria Abnormal criteria  Total

Disease group

Achalasia 0 18 18 0 5 5
DES 4 9 13 0 3 3
NEMD 25 46 71 6 18 24
Hypertensive LES 13 11 24 4 8 12
Hypotensive LES 11 14 25 2 5 7
Nutcracker 9 4 13 2 4 8
Subtotal 62 102 164 14 43 57
Normal control 88 2 90 24 1 25
Total 150 104 254 38 44 82

Sensitivity of liquid study =62.2%, Specificity of liquid study=97.8%
Sensitivity of solid study=75.4%, Specificity of solid study=96%

MTT % MRRe] Fgte 747 14.2 sec 4 3.6%
olglaL 95 WiR Q4= Zbz}t 7.7-34.7 sec Y 1.6-8.5
% ol\c}(Table 4). AZt-AleFA9 Fefol w2
BT $EAAAA type 1 o] AAe) 97.8% %
AR5t 2 (Table 5, Fig. 2), Z32]HAldA=
type 1o] AA2] 96%E AA|s}glc}(Table 6, Fig.
2).

olel A= {FHAZA e AAAE MTTL
24 sec, MRR<9% 2 Ast¢x, A A7 ls
A9l el 7|EL type 102 dlgict. I PAAA}
2] AAR)E= MTT<35 sec, MRR<9% 2 893, &

A AZFAY 32E type 102 shgich,
3. REAI Y 84| HAIMe olZizet SolE

AR EF 9049} Al $5ANT 1644 F F
254919] FEARANAN FIEX N thste] EHE 2
3} dUEE 62.2%, Sol%t 97.8% olslch AU
2F 2549} A% 5T 574 5 82419 234
At A} 71EH o) ke BA7 A} ARlEs 754
%, Bolur 96%2A Auersl F71aksict. Alde]
A8} (Diagnostic accuracy)e 2174 el A=
74.8%, YA ZAA = 81.7% olir). Y- ®
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a, Mean transit time (MTT, sec)

ACH DEs NEMD

HPOL HPRL NUT NC

b. Mean residual retention (MRR, %)

*

]

HPOL NUT NC

ACH OEs NEMD

Fig. 3. Comparison of mean transit time(a), and
mean residual relention(b) with liquid bo-
lus in the subjects with disease and normal
control group. ACH=achalasia, DES=dif-
fuse esophageal spasm, NEMD = nons-
pecific esophageal motility disorder, HPOL =
hypotensive LES, HPRL =hypertensive LES,
NUT =nutcracker esophagus, NC=normal
control. *p<0.05

2T $EARA olHEFF, w4 Ax AAF,
W&ol Ax $FANS uhg aeEtels of A
T FEAAAA 71.6%, @AM 81.3%
olglem Agke] AT fEAAA A 83.9%, 1
FAA A 87.7% o mA A} Bk A
=7} #3keH(Table 7).
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a. Mean transit time (MTT, sec)

* *

T

ACH DES NEMD HPRL HPOL NUT NC
b. Mean residual retention (MRR, %)
*
ACH DES NEMD HPRL HPOL NUT NC

Fig. 4. Comparison of mean transit time(a), and
mean residual relention(b) with solid bolus
in the with disease and normal control
group. ACH =achalasia, DES =diffuse esoph-
ageal spasm, NEMD =nonspecific esophageal
motility disorder, HPOL =hypotensive LES,
HPRL=hypertensive LES, NUT =nutcrack-
er esophagus, NC=normal control. *p<0.05,
NS =not significant.
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