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Abstract

Background: We investigated whether liver-minus-
spleen (L-S) attenuation differences can accurately di-
agnose fatty infiltration of the liver on contrast-en-
hanced computed tomography (CT).

Methods: A group of 78 patients administered a fast
injection (90-s duration) of 150 mL 60% ionic con-
trast was compared with 81 patients given a slow in-
jection (152.5 s). The presence or absence of fatty
infiltration of the liver was diagnosed by noncontrast
CT.

Results: The L-S attenuation differences varied sig-
nificantly, depending on both injection rate and tim-
ing of measurements. For the fast-injection group, the
optimal L-S threshold for diagnosing fatty infiltration
ranged from —43 to —33 Hounsfield units (HU) for
early (79 s) and late measurements (106 s), respec-
tively. For the slow-injection group, the optimal
threshold ranged from —31 to —25 HU (80 and 112
s, respectively). In addition, sensitivity was not very
high (range = 0.54—-0.71) for either injection protocol
at any measurement time because of significant over-
lap of L-Svalues between normal and fatty infiltration
patients. Moderate and severe fatty infiltration were
more reliably diagnosed than mild fatty infiltration by
this method.

Conclusions: Contrast injection rate and timing of mea-
surements significantly influence the optimal L-S
threshold for diagnosing fatty liver. Thislimitstheclin-
ical usefulness of such measurements.
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Computed tomography (CT) has been widely employed
in the diagnosis of fatty infiltration of the liver. Liver
density as measured by CT attenuation units on non-
contrast CT (NCCT) has been shown to be related in an
inverse-linear fashion to the degree of fatty infiltration
[1-3]. Unfortunately, measurement of absolute liver at-
tenuation to diagnose fatty infiltration has proven im-
practical because of wide interpatient and interscanner
variation in liver CT attenuation values. However, fatty
infiltration can be reliably diagnosed on NCCT by rec-
ognition of a lower attenuation for the liver than the
spleen [4—6].

Whether this method for diagnosing fatty infiltration
of the liver can be extrapolated to contrast-enhanced CT
(CECT) is an important question because liver CT is
now routinely performed without a preliminary noncon-
trast study. The spleen usually has greater enhancement
than the liver when scanned during the most optimal
phase of liver imaging [7—9]. Thus, on CECT the di-
agnosis of fatty infiltration by simple comparison of
liver and spleen attenuation is not straightforward, and
adifferent diagnostic threshold is needed. The purpose
of this study was to evaluate whether a specific thresh-
old of liver-minus-spleen (L-S) attenuation difference
can accurately diagnose diffuse fatty infiltration of the
liver during contrast enhancement and whether this
threshold is affected by contrast injection rate and mea-
surement timing.
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Materials and methods

A total of 159 CT studiesin 153 patientswere prospectively eval uated.
Patients with poor intravenous access, serum creatinine level greater
than 2.0 mg/dL, vomiting or other interruption during scanning, ex-
cessive motion or streak artifacts, or who required nonionic contrast
or aspecia scan technique (e.g., thin cuts) were excluded. All studies
were performed on one of two Picker 1200 CT scanners (Picker In-
ternational, Highland Heights, OH) at two hospitals, with a 3.4-s scan
time, 4.5-s average interscan delay, and an average of 7.6 scans per
minute. Both machines allowed 12—14 scans before heat loading of
the X-ray tube, which was usually adequate to cover the liver during
the optimal enhancement phase.

For each study, three or four preliminary 10-mm-thick NCCT
slices were obtained through the liver and spleen at 20—30-mm inter-
vals. An automated injector (Medrad, Pittsburgh, PA) was then used
to deliver 150 mL of 60% diatrizoate or iothalamate meglumine (42.3
g iodine) intravenously. One of two protocols was used. Group 1 in-
cluded the first 78 studies and utilized a fast biphasic injection, with
afirst phase of 60 mL at 2.0 mL/s, followed by a second phase of 90
mL at 1.5 mL/s, for a 90-s total injection time. Group 2 consisted of
the subseguent 81 studies and utilized aslower biphasicinjection, with
afirst phase of 60 mL at 1.5 mL/s, followed by a second phase of 90
mL at 0.8 mL/s, for a 152.5-s injection time. Both protocols used a
30-s delay after the start of injection before the onset of scanning.
Images 10 mm thick were then obtained from the diaphragm through
the liver, with breathing between each slice. Both groups were well
matched in age, sex, and distribution of patients between the two hos-
pitals.

Liver and spleen attenuation measurements in Hounsfield units
(HU) were obtained by using at least three individual slicesfrom both
the noncontrast and contrast-enhanced portions of each study. For
each dlice, at least three separate 1.0-cm? region-of-interest (ROI)
measurements were averaged for both the liver and spleen. To avoid
partial-volume averaging effects, care was taken to avoid measure-
ments from vessels, focal lesions, areas of artifact, or near the edge
of organs. In addition, only measurements from the posterior two-
thirds of the right liver lobe were made because this region is similar
to the spleen in anatomic location, with resultant similar artifacts, and
we observed that attenuation values from the left lobe were consis-
tently higher than those from the right lobe. This observation has been
confirmed by others[10]. In the two patients who had fatty infiltration
confined to alobar or segmental liver region, measurements were ob-
tained only from the abnormal region. Liver and spleen attenuation
measurements and L-S attenuation differences were computed for
each measured dice and then averaged over all measured levels to
calcul ate the mean measurement for each patient. The delay time after
the start of injection was also determined for each measured dlice.

The medical records of all patients were meticulously reviewed to
identify a subset of normal patients within our population of study
patients. Excluded from this subgroup were al patients with hemo-
chromatosis or with risk factors associated with fatty infiltration, in-
cluding diabetes, cirrhosis, hepatitis, ETOH abuse, severe obesity, il-
eal-jgiunal bypass, TPN, steroids, or significant elevation of serum
transaminases. Patients with abnormal or enlarged spleens on CT
scans and patients with obvious evidence of diffuse liver disease were
also excluded. Only 80 of the 159 studies met these strict criteria. The
range of L-S attenuation differences on NCCT was determined for
this normal group. We used 2 SD below the mean of the normal
population as a threshold below which there was presumptive evi-
dence of fatty infiltration. The validity of this threshold was estab-
lished by comparison with prediction intervals from least-squares re-
gression of normal liver and spleen attenuation measurements. Biopsy
proof was not obtained.

The optimal threshold for diagnosing fatty liver on CECT was
determined by calculating sensitivity, specificity, and accuracy over a
range of possible L-S diagnostic thresholds and choosing the L-S
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value that maximized overall accuracy. This method is reasonable,
assuming that the ‘‘cost’’ of a false-positive and false-negative diag-
nosis are relatively equal, in which case a cutoff value can be selected
based on minimizing error [11]. Where two threshold values had the
same overall accuracy, the lower threshold was chosen to increase
sensitivity. Thisanalysiswas repeated independently for thefirst three
measured slices and the mean of all slices.

Results
Noncontrast CT in normal patients

For the 80 patients classified as normal by clinical his-
tory, the liver was an average of 8.7 HU higher in at-
tenuation than the spleen on NCCT (SD = 5.5, range =
—2.6—21.4). There was a strong linear correlation be-
tween liver and spleen attenuation values (R = 0.769,
p < 0.0001), despite wide variation in liver and spleen
attenuation measurements among the normal population
(Fig. 1). In this analysis, because the spleen was used
as the norm for estimation of liver density, the spleen
was treated as the independent variable. The difference
between liver and spleen attenuation (L-S) provides an
optimal scale for the assessment of normal liver density
provided that the slope of the regression linerelating the
two measurements is 1.0 or close to it. This regression
yields a line with slope of 0.912, a value not signifi-
cantly different from 1.0 (t = 1.255, p = 0.21, two-
tailed test). Furthermore, our analysis indicated that the
distribution of L-S attenuation differences closely re-
sembles a normal (Gaussian) distribution, thus justify-
ing the use of the standard deviation to estimate the
boundaries of the normal range. Two standard devia-
tions below the mean L-S attenuation differenceis —2.3
HU, and thisisthe threshold below which we diagnosed
fatty infiltration of theliver in our study population. This
threshold closely approximates the lower 95% predic-
tion interval about the regression line for the normal
population (Fig. 1).

CECT: effect of changing injection rate and
measurement time

For patients with no evidence of fatty liver on NCCT,
those scanned with the faster contrast injection had a
larger mean postcontrast L-S attenuation difference
(—=15.2 HU) than those given the slower injection
(—12.1 HU; Table 1). This difference was statistically
significant (t = 2.09, p < 0.02). The difference between
L-Svalues for the fast and slow groups was even more
pronounced when evaluating the early, first slice mea-
surements (—18.4 and —14.2 HU, respectively), and this
was also statistically significant (t = 2.25, p < 0.02). In
addition, there were distinctly different attenuation ver-
sus time profiles for the two injection protocols (Fig. 2).
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Fig. 1. Liver (L) versus spleen (S) attenuation measurements from
NCCT scans in normal patients (n = 80). The thick solid line is the
best-fit least-squares regression line. The thin solid line is the L-S
attenuation difference threshold (—2.3 HU) for diagnosing fatty infil-
tration of the liver, which closely approximates the lower 95% pre-
diction interval (dashed line) about the regression line.

The fast-injection liver and spleen curves reached dis-
tinctive early peaks followed by a steady drop in atten-
uation values, whereas the slow injection resulted in a
slower progressive increase in both curves, indicating
later peaks of lower attenuation than those from the fast-
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injection group. For both groups, spleen enhancement
rose more rapidly than liver enhancement, resulting in
peak L-S attenuation differences during the early mea-
surements. During later measurements (120—180 s), L-
S attenuation values rapidly diminished in the fast-in-
jection group but stabilized at a near-steady state in the
slow-injection group. The large distribution of values
about the mean indicates wide interpatient variation un-
derlying these trends, which was more pronounced at
the faster injection rate.

Fatty infiltration: accuracy of diagnosis on CECT

Twelve of 78 patients in the fast-injection group and 19
of 81 patients in the slow-injection group had fatty in-
filtration of the liver, as determined by noncontrast L-S
values lower than —2.3 HU. Following contrast
enhancement, mean L-S attenuation difference mea
surements demonstrated significant overlap between pa-
tients with and without fatty infiltration (Fig. 3). For
example, in the fast-injection group, the mean postcon-
trast L-S attenuation difference range was —93.0 to
—14.9 in patients with fatty infiltration and —51.7t0 7.1
in patients without fatty infiltration. There was compa-
rable overlap in the slow-injection group (—115.0 to
—7.4 fatty; —30.0 to —0.6 nonfatty). We observed sim-
ilar overlap when evaluating time-categorized (individ-
ual dlice) measurements for both the fast- and slow-in-
jection groups.

The optimal threshold for diagnosing fatty liver was
significantly different for the two injection protocols
and aso demonstrated significant time dependence

Table 1. Effect of fast and slow injection rates on contrast enhancement of the liver and spleen at different times after injection in patients

with and without fatty infiltration of the liver

Nonfatty liver (HU?)

Fatty infiltration (HU)

Measurement Liver Spleen L-S* Liver Spleen L-S
time, mean (s)
Fast injection rate (90 s)° n =66 n=12
Precontrast® 55.2 (7) 47.8 (5) 74(57) 323(16)  47.1(6) —14.8 (14)
Postcontrast®
1st dlice 79 (14) 92.7 111.1 -184(12)  66.9 112.1 —45.2 (23)
2nd dice 90 (14) 96.4 112.9 -165(11) 745 114.8 —40.3 (25)
3rd slice 106 (20) 100.8 112.6 -11.8(11) 764 112.4 —36.0 (21)
Mean of all slices 93 96.8(15) 112.1(15) -152(9.9) 731(23) 112.8(13) —39.7(21)
Slow injection rate (152.5 s)° n=62 n=19
Precontrast® 52.4 (6) 44.3 (5) 81(58) 280(17)  43.9(4) ~15.9 (16)
Postcontrast®
1st dlice 80 (11) 77.8 92.0 ~14.2 (9) 496 86.1 —36.4 (23)
2nd slice 95 (16) 83.8 95.3 —11.5(10) 50.5 88.8 —38.3(23)
3rd dlice 112 (22) 88.5 99.6 ~11.2(7) 55.4 91.6 —36.2 (24)
Mean of al slices 97 84.0 (11) 96.0(12) -121(67) 524 (21) 89.2(13) —36.7 (23)

#HU = Hounsfield units, L-S = liver minus spleen

b Duration of biphasic injection of 150 mL of 60% iodinated ionic contrast

¢ Numbers in parentheses in these rows are standard deviations
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Fig. 2. Liver, spleen, and L-S attenuation profiles versus time after the
start of contrast enhancement for patients without fatty infiltration. A
Fast-injection group (90-sinjection of 150 mL 60% iodinated contrast).
B Slow-injection group (152.5-s injection). The error bars included for
each data point represent 1 SD from the mean. The solid lines are fifth-
order polynomial regression curves fitted to each data series, utilizing
the precontrast values as the time = 0 boundary condition.
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Fig. 3. Histograms of mean L-S attenuation differences during contrast
enhancement with fast (90 s) and slow (152.5 s) injections of 150 mL
60% contrast. Note overlap in L-S differences between patients with
and without fatty infiltration of the liver for both groups.

when considering individual slice measurement times
within each protocol (Table 2). For example, in the fast-
injection group, the optimal L-S threshold for diagnos-
ing fatty infiltration ranged from —43 to —33 HU for
the early (79 s) and late (106 s) slice measurements,
respectively. For the slow-injection group, the optimal
threshold ranged from —31 to —25 HU (80 and 112 s,
respectively). Because of overlap of L-S attenuation dif-
ferences between normal and fatty-infiltration patients,
sensitivity and positive predictive value were only mod-
erate at the optimal thresholds. Overall accuracy was
good at al time intervals because of the high specificity
of the diagnostic thresholds and the low prevalence of
fatty infiltration in the study population compared with
the proportion of normal livers.

At the proposed mean thresholds, four of five false-
negative results in the fast-injection group and three of
four false-negative results in the slow-injection group
had relatively mild fatty infiltration, as defined by liver
less than 10 HU lower in attenuation than the spleen on
NCCT. Considering only cases with moderate or severe
fatty infiltration (liver more than 10 HU lower than the
spleen on NCCT), sensitivity of the fast injection mean
diagnostic threshold was improved to 83% versus only
33% for cases with mild fatty liver. Similarly, in the
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Table 2. Effect of two different injection protocols and three different measurement delay times on the optimal liver-minus-spleen (L-S)
threshold for diagnosis of fatty infiltration of the liver®
L-S Sensitivity® Specificity® PPV NPV Accuracy
threshold
(HU)
Fast injection rate®
1st slice (79 9) —-43 0.58 0.99 0.88 0.93 0.92
2nd slice (90 9) -38 0.53 097 0.74 0.92 0.90
3rd slice (106 s) -33 0.58 0.95 0.68 0.93 0.89
Mean of al slices -36 0.54 0.97 0.75 0.92 0.90
Slow injection rate®
1st slice (80 9) -31 0.53 0.95 0.78 0.87 0.86
2nd slice (95 9) -30 0.64 0.96 0.82 0.90 0.88
3rd dice (112 9) -25 0.71 0.97 0.89 0.92 0.91
Mean of al slices -26 0.71 0.96 0.86 0.91 0.90

2HU = Hounsfield units, PPV = positive predictive value, NPV = negative predictive value
b Vaues were derived from least-squares regression, which smoothed the raw data

¢ A 90-s biphasic injection of 150 mL 60% iodinated ionic contrast
9 A 152.5-s biphasic injection of 150 mL 60% iodinated ionic contrast

slow-injection group, sensitivity was 90% for moderate
to severe fatty liver but only 67% for mild fatty liver.
These observations suggest that L-S attenuation differ-
ences are more reliable for diagnosing moderate and
severe fatty infiltration on CECT, whereas mild fatty
infiltration is poorly discriminated from normal liver by
this method.

In general, contrast enhancement exaggerated the at-
tenuation difference between the liver and spleen in
fatty infiltration patients. However, this did not always
occur, asillustrated by the false negative case in Figure
4,

Discussion

Fatty infiltration of the liver is often an incidental find-
ing in patients with benign predisposing conditions.
However, occasiondly fatty infiltration represents im-
portant objective evidence of ongoing toxic injury or
metabolic liver disease such as that caused by alcohol
or viral hepatitis, in which case recognition by CT pro-
vides clinically important information. In the present
study, we reevaluated both NCCT and CECT quanti-
tative criteriafor diagnosing fatty infiltration. Wefelt it
necessary to reevaluate NCCT diagnostic criteria be-
cause these were used as the basis for diagnosing fatty
infiltration.

Our finding that normal liver attenuation was an av-
erage of 8.7 HU higher than the spleen on NCCT is
similar to values reported by others [9, 12]. The strong
linear correlation we demonstrated between noncontrast
liver and spleen attenuation values clarifies the obser-
vations of Piekarski et al. [4] and justifies the use of the
spleen as an internal norm for evaluating liver density.
We have demonstrated that a liver attenuation 2.3 HU
below that of the spleen provides a reasonabl e estimate

of the lower limit of normal liver density in our patient
population. This degree of difference is so close to
equality that visual inspection alone should befairly ac-
curate in confirming normal liver density on NCCT.

Our study has shown that the spleen usualy en-
hances more than the liver during the early phases of
contrast enhancement, resulting in predominantly neg-
ative L-S attenuation differences—the opposite of
NCCT. Two anatomic factors may explain this effect.
First, the spleen hasrelatively higher arterial vascularity
than the liver. Second, liver perfusion is dua and pre-
dominantly of portal vein rather than systemic arterial
origin, unlike the spleen, which has a purely systemic
blood supply. Because portal blood must first circulate
through the mesentery, peak liver enhancement is de-
layed and diluted when compared with the spleen.

In addition, we have demonstrated injection-proto-
col and time-dependent variability in measured L-S at-
tenuation differences. We are unaware of any prior sci-
entific study that has specificaly evaluated the
relationship of these variablesto L-S attenuation differ-
ences. Furthermore, we speculate that the more rapid
contrast injection rates now commonly utilized with
fast, modern, helical CT scanners could result in even
more pronounced L-S contrast enhancement differences
than those observed in our study. Unfortunately, such a
scanner was not available to us at the time of this study.

Most importantly, we have demonstrated that both
contrast injection rate and timing of measurements sig-
nificantly ater the optimal L-S diagnostic threshold for
diagnosis of fatty infiltration of the liver. The clinical
usefulness of such a threshold is therefore limited be-
cause the wide variety of injection rates and volumes,
scanner speeds, and scan delays used in different radi-
ology departments necessitates a dightly different di-
agnostic threshold in each situation. In the only paper
we could find that has addressed thisissue, Alpern et al.
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Fig. 4. False-negative diagnosis of fatty infiltration after contrast en-
hancement in a 49-year-old alcoholic with cirrhosis. A Preliminary
NCCT scan shows liver parenchymalower in density than portal veins
and spleen, indicative of moderate fatty infiltration. Mean precontrast
liver, spleen, and L-S attenuation measurements were 23.2, 42.3, and
—19.1 HU, respectively. B Scan through asimilar level approximately
30 s after completion of a 90-s injection of 150 mL 60% diatrizoate
meglumine shows no objective evidence of fatty infiltration. Mean
postcontrast liver, spleen, and L-S attenuation measurements were
88.1, 103.1, and —14.9 HU, respectively. The postcontrast L-S mea-
surement did not exceed the threshold (—36 HU) for diagnosing fatty
infiltration.

found that a confident diagnosis of fatty liver could be
made when the spleen-minus-liver attenuation differ-
ence exceeded 25 HU after a 2-min injection of 50 g
iodinated contrast [9]. However, they did not investigate
the effects of different injection protocols or measure-
ment times on the accuracy of their threshold.
Although not studied in the present report, many
factors in addition to injection rate influence liver con-
trast enhancement and probably also affect L-S attenu-
ation difference. These factorsincludetotal dose of con-
trast, body weight, cardiac output, and location of
intravenous access [13—19]. Whether the contrast is
ionic or nonionic may aso affect liver enhancement,
although conflicting studies have been reported [19—
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21]. Splenic enlargement or liver disease are additional
variables that can alter the relative perfusion of these
organs and change the expected L -S attenuation differ-
ence after contrast, as was illustrated by the examplein
Figure 4.

Given the many variables that affect enhancement,
itisnot surprising that on CECT we observed significant
overlap of measured L-S attenuation differences when
comparing patients with and without fatty infiltration of
theliver. Mild fatty infiltration was poorly discriminated
from normal liver even when using an optimized, injec-
tion-rate-specific L-S diagnostic threshold. Moderate
and severe fatty liver were more accurately diagnosed
by L-S attenuation difference measurements; however,
these cases are often easily diagnosed on CECT by sub-
jective evaluation alone. Subjective observation of a
pronounced L -S attenuation difference or recognition of
additional clues such as ‘‘focal sparing’’ [22—25] will
likely remain the most practical methods for diagnosing
fatty infiltration on CECT. Noncontrast CT is probably
a more reliable standard for the detection of fatty infil-
tration of the liver, and preliminary noncontrast images
should be obtained if more accurate diagnosis of fatty
liver is an important clinical or research concern.

Potential limitations of this study include the lack of
biopsy proof of fatty infiltration, which would be diffi-
cult to obtain in any diverse clinical population. Prac-
tical considerations required that our fast- and slow-in-
jection rate data were obtained from two different
groups of patients rather than from the same group,
which would have carried greater statistical weight.

In conclusion, variations in contrast injection rate
and measurement timing significantly affect therelative
attenuation difference between the liver and spleen (L-
S) and alter the optimal L-S threshold for diagnosing
fatty liver. Because of these variables and the significant
overlap observed between normal and fatty infiltration
patients, the usefulness of such L-S attenuation differ-
ence measurements for the diagnosis of fatty infiltration
on CECT is limited.
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