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SUMMARY
OBJECTIVE: Nonalcoholic fatty liver disease is the most prevalent cause of chronic liver disease worldwide. Nonalcoholic steatohepatitis 

is associated with increased mortality rates due to the liver and cardiovascular diseases. The gold standard for discriminating nonalcoholic 

fatty liver disease activity and staging is the anatomopathological examination, which is an invasive method. In this regard, noninvasive 

methods, such as scintigraphy, have been under investigation. This study investigated the role of scintigraphy in the diagnosis of 

nonalcoholic steatohepatitis in obese patients with nonalcoholic fatty liver disease undergoing bariatric surgery.

METHODS: Patients undergoing bariatric surgery and liver biopsy were prospectively included. 99mTc-phytate scintigraphy was performed 

to assess liver/spleen, spleen/heart, and liver/heart uptake ratios, while 99mTc-isonitrile scintigraphy assessed liver/heart ratio. To evaluate 

the presence of nonalcoholic steatohepatitis, the results of 99mTc-phytate scintigraphy and 99mTc-isonitrile scintigraphy were compared 

with the anatomopathological examination.

RESULTS: Sixty-one patients with nonalcoholic fatty liver disease were allocated into two groups, namely, nonalcoholic steatohepatitis 

(n=49) and non-nonalcoholic steatohepatitis (n=12). The results of scintigraphic images obtained after the infusion of radiopharmaceutical 
99mTc-phytate in liver/spleen, spleen/heart, liver/heart ratios and 99mTc-isonitrile liver/heart ratio presented no difference between groups 

with and without nonalcoholic steatohepatitis with an accuracy of 47.5, 37.7, 50.8, and 52.5%, respectively.

CONCLUSION: Scintigraphy was not proven to be a useful method to differentiate patients with and without nonalcoholic steatohepatitis.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is the most fre-
quent cause of chronic liver disease worldwide1,2. The clinical 
presentation of NAFLD ranges from simple steatosis to non-
alcoholic steatohepatitis (NASH). NASH may progress to 
fibrosis, cirrhosis, and ultimately to hepatocellular carcinoma 
(HCC)3. Furthermore, NAFLD is currently considered the 
hepatic manifestation of metabolic syndrome (MetS), which 
has well-documented associations with cardiovascular diseases, 

type 2 diabetes, and chronic kidney disease4. Patients with 
NASH present a higher mortality risk due to both liver and 
cardiovascular causes5.

Histological examination of the liver is the gold standard 
method for discriminating between the forms of NAFLD and 
for the diagnosis and staging of NASH. However, this is an 
invasive method. Additionally, due to the high prevalence rates 
of NAFLD, it is not suitable to perform a liver biopsy in most 
of the patients6,7.
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The available usual noninvasive methods do not allow dis-
crimination between steatosis and steatohepatitis8-12, and since 
the currently existing study on the use of scintigraphy to assess 
NASH is scarce13,14, we aimed to evaluate the role of this method 
in the detection of inflammation in patients with NAFLD.

METHODS
Patients with clinical indications for bariatric surgery attended 
in Irmandade Santa Casa de Porto Alegre Hospital, a tertiary 
level hospital in southern Brazil, were prospectively included 
from October 2016 to March 2019. 

Patients who underwent bariatric surgery according to for-
mal indications15 were included. 

All included patients underwent liver biopsy during surgery.
Patients with positive serological markers for hepatitis B 

virus and hepatitis C virus, patients with significant alcohol 
consumption (>30 g/day for men and 20 g/day for women), 
and patients with chronic liver disease of other etiologies were 
not eligible for this study.

Information on gender, age, weight, height, body mass 
index (BMI), and the presence of comorbidities was recorded. 
The diagnosis of diabetes mellitus (DM)16, systemic arterial 
hypertension (SAH)17, and dyslipidemia18 followed the inter-
national recommendations. Additionally, the platelet count 
and biochemical parameters were evaluated. All laboratory 
tests were performed according to institutional standards and 
manufacturers’ recommendations.

Histological analyses were performed by a pathologist 
blinded to clinical data. For the NASH diagnosis, the pres-
ence of steatosis associated with ballooning and the presence 
of inflammatory infiltrate was considered19,20.

Liver scintigraphy was performed on SIEMENS equip-
ment (i.e., model Symbia T2, SPECT/CT technology, and 
2-channel tomography), and the images were obtained using 
the Somaris/5 software, version 8.5.10.30.

After an 8-h fasting period and 20 min after the intrave-
nous administration of 8 mCi of Technetium-99m-phytate 
(99mTc-phytate), the patients underwent planar static image 
acquisition, including liver, spleen, and the cardiac area in 
the field of view, until 2100 million counts were reached, in 
a gamma™ 2-detector camera equipped with a low-energy, 
high-resolution collimator with parallel holes, 512×512 matrix, 
zoom 1.23. Regions of interest (ROIs) were designed in the 
liver, spleen, and heart, obtaining the average number of counts 
in these organs to calculate the liver/spleen, spleen/heart, and 
liver/heart ratios, according to the institutional protocol. 

In the protocol with Technetium-99m-methoxy-isobutyl 
isonitrile (99mTc-MIBI), after fasting for 8 h and 10 min after 

the intravenous administration of 16 mCi of the radiophar-
maceutical, patients underwent planar static image acquisi-
tion including the liver and the heart in the field of vision for 
5 min, until reaching 1500 million counts in gamma-chamber. 
ROIs were drawn with the liver, right lobe, and heart in the 
field of view, obtaining the number of counts in these organs, 
to calculate the liver/heart ratio, following the institutional pro-
tocols. Liver scintigraphy was performed up to 1 month before 
surgery, and both protocols were performed on the same day.

In the statistical analyses, quantitative data were described as 
mean±standard deviation (SD). Median and minimum–maximum 
intervals were presented if the variables did not show normal dis-
tribution. Categorical data were presented by counts and percent-
ages. Quantitative data were compared using the Mann-Whitney 
U test and categorical data using the Fisher’s exact test. Diagnostic 
performance measures, such as sensitivity, specificity, and predic-
tive values, were obtained. Statistical significance was set at p<0.05.

RESULTS
Sixty-one patients were eligible for this study. Following the 
histopathological assessment of liver biopsies, patients with 
NAFLD were divided into two groups as follows: with NASH 
(n=49) and without NASH (steatosis only) (n=12).

Clinical and demographic characteristics were compared 
between groups (Table 1). The NASH group showed higher 
mean alanine aminotransferase (ALT) levels in comparison 
with the group without NASH. Regarding MetS, patients with 
NASH presented greater insulin resistance (IR). Although tri-
glyceride levels were higher in patients with NASH, there was 
no difference in the frequency of dyslipidemia between groups. 
Likewise, despite the differences observed in the mean blood 
glucose values between groups, there was no difference in the 
distribution of DM between the groups with and without NASH.

The scintigraphic images obtained after infusion of the 
radiopharmaceutical 99mTc-phytate to assess the liver/spleen, 
 spleen/ heart, liver/heart ratios and 99mTc-MIBI for the liver/heart 
ratio were not different between groups (Table 2). After assess-
ing sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), and accuracy, the results did not 
reach the desired levels to validate scintigraphy as a method 
for the detection of NASH (Table 3).

DISCUSSION
Since NAFLD is the most common cause of liver disease and 
bearing in mind the different natural histories of patients with 
NASH and those with steatosis, a differential diagnosis is of 
the highest importance. 
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Table 1. Distribution of demographic, clinical, and laboratory data of groups with and without steatohepatitis.

All-cases (n=61) Without NASH (n=12) With NASH (n=49) p-value

Age* (years) 39.4±9.1 36.1±8.4 40.2±9.2 0.159a

Female** 49 (80.3) 9 (7.5) 40 (81.6) 0.689a

BMI* (kg/m2) 42.5±5.5 44.5±3.0 42.1±5.7 0.050a

ALT* (U/L) 36.3±21.2 24.6±10.3 39.1±22.0 0.009a

AST* (U/L) 26.4±11.1 22.3±6.3 27.4±1.8 0.167a

Bilirubin* (mg/dL) 0.4±0.3 0.4±0.3 0.4±0.3 0.956a

Triglycerides* (mg/dL) 177.3±160.8 105.6±34.8 198.9±74.5 0.011a

TC* (mg/dL) 193.9±38.6 174.8±30.4 198.5±39.3 0.059a

HDL* (mg/dL) 47.1±10.4 53.6±11.2 45.6±9.7 0.038a

LDL* (mg/dL) 114±29 100±26 117±28 0.106a

Glucose* (mg/dL) 104.5±33.0 87.2±8.8 108.8±35.3 0.004a

Insulin* (U/L) 20.7±9.1 16.8±5.8 21.7±9.5 0.037a

HOMA-IR* 5.5±3.3 3.8±1.5 6.0±3.5 0.013a

Platelets* (mm3) 274573±67274 272000±68747 275204±67616 0.949a

Ferritin* (ng/mL) 240.9±226.6 214.6±157.2 247.3±241.5 0.986a

Albumin* (g/dL) 4.2±0.3 4.2±0.3 4.2±0.3 0.964a

Hypertension** 28 (45.9) 3 (25.0) 25 (51.0) 0.122b

Diabetes** 14 (23.0) 1 (8.3) 13 (26.5) 0.264b

Dyslipidemia** 12 (19.7) 0 (0) 12 (24.5) 0.100b

NASH: nonalcoholic steatohepatitis; BMI: body mass index; HOMA-IR: homeostasis model assessment-estimated insulin resistance; ALT: alanine 
aminotransferase; AST: aspartate aminotransferase; TC: total cholesterol. *Data presented as mean±SD; **Data presented as number of patients (% 
of all patients). aMann-Whitney U test. bFisher’s exact test. 

Table 2. Comparison of scintigraphic ratios between patients with and without nonalcoholic steatohepatitis.

All-cases (n=61) Without NASH (n=12) With NASH (n=49) p-value
99mTc-phytate liver/spleen

Mean±SD 5.73±2.60 7.43±4.46 5.32±1.73

0.095Median 5.35 7.05 5.31

(min–max) 2.67–19.49 3.8–19.49 2.67–10.59
99mTc-phytate spleen/heart

Mean±SD 2.25±0.65 2.03±0.62 2.30±0.65

0.207Median 2.17 1.99 2.26

(min–max) 1.01–4.23 1.01–3.33 1.30–4.23
99mTc-phytate liver/heart

Mean±SD 11.90±3.08 13.21±3.89 11.58±2.80

0.179Median 11.85 12.84 11.56

(min–max) 6.10–19.84 6.81–19.84 6.10–17.96
99m Tc-MIBIliver/heart

Mean±SD 2.08±0.71 2.32±0.84 2.02±0.67

0.171Median 1.92 2.19 1.92

(min–max) 1.11–4.31 1.51–4.31 1.11–4.26

NASH: nonalcoholic steatohepatitis; MIBI: methoxy-isobutyl isonitrile. aMann-Whitney U test.
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The identification of inflammation by the assessment of 
serum biomarkers is expensive, poorly available, and presents 
a low accuracy. In turn, imaging methods are a recognized 
approach for the detection of only steatosis and fibrosis but are 
limited for the diagnosis of NASH12. Among them, scintigra-
phy may represent a low-risk and relatively low-cost method, 
thus favoring its employment for the identification of inflam-
mation in patients with NAFLD. It has been demonstrated 
that the reticuloendothelial dysfunction of Kupffer cells con-
tributes to the pathogenesis of steatohepatitis. As 99mTc-phytate 
accumulates in the liver followed by phagocytosis by Kupffer 
cells, the reduction of this radioisotope uptake of during the 
scintigraphic exam could be a sensitive marker of steatosis to 
NASH progression13. Similarly, due to the hepatic mitochon-
drial abnormalities described in the pathogenesis of NASH, 
the decreased uptake of 99mTc-MIBI could also reveal clinical 
significance, as it indicates progression to a more advanced 
disease stage14.

To the best of our knowledge, only two studies have com-
pared the role of scintigraphy between patients with NASH and 
simple steatosis to the present time13,14. Kikuchi et al.13 eval-
uated 37 patients with suspected NAFLD at the time of liver 
biopsy (8 patients with simple steatosis and 29 with NASH). 
A reduced 99mTc-phytate liver–spleen ratio was demonstrated 
in the NASH group in relation to the group with simple 
steatosis. Importantly, the decrease in the liver/spleen ratio 
was observed in all NASH stages, and it was identified as an 
independent predictor to distinguish NASH and steatosis. 
Masuda et al.14 employed the radiopharmaceutical 99mTc-MIBI 
to evaluate 26 patients with biopsy-proven NAFLD (four 
with simple steatosis, 11 with borderline NASH, and 11 with 
NASH). The authors reported a significantly lower liver–heart 
ratio in the NASH group compared with the steatosis group. 
In contrast to these results, which support the use of scintig-
raphy in the diagnosis of NASH, we did not identify a dif-
ference in 99mTc-phytate or 99mTc-MIBI uptake between the 
groups with and without NASH. Unlike the above-mentioned 

studies, despite having assessed the ROIs in order to include 
the liver tissue to a greater extent, our results did not provide 
the expected superior accuracy.

Furthermore, in contrast to the population included in this 
study, whose mean BMI was 42.5 kg/m², the patients included 
in the studies of Kikuchi et al.13 and Masuda et al.14 presented 
an average BMI of 25–30 kg/m². In fact, the patients included 
in this study were obese who underwent bariatric surgery, which 
could possibly have a higher degree of inflammation, thus favor-
ing a more precise distinction between groups.

Despite this study having been prospectively performed and 
all included patients having undergone histological evaluation, 
the main limitation was the small sample size, particularly in 
the group of patients without NASH. However, this study 
included 61 patients, while the studies by Kikuchi et al.13 and 
Masuda et al.14 have evaluated 37 and 26 patients, respectively.

CONCLUSION
We believe that it was not possible to demonstrate the useful-
ness of scintigraphy to discriminate groups of patients with or 
without NASH. 

AUTHORS’ CONTRIBUTION
ADS: Conceptualization, Data curation, Formal analysis, 
Writing – original draft, Writing – review & editing. AAM: 
Conceptualization, Data curation, Formal analysis, Writing – 
original draft, Writing – review & editing. CVT: Data curation, 
Formal analysis, Writing – original draft, Writing – review & 
editing. LFD: Data curation, Formal analysis, Writing – orig-
inal draft, Writing – review & editing. OEA: Data curation, 
Formal analysis, Writing – original draft, Writing – review & 
editing. GPC: Data curation, Formal analysis, Writing – orig-
inal draft, Writing – review & editing. AAM: Data curation, 
Formal analysis, Writing – original draft, Writing – review 
& editing

Sensitivity (%) Specificity (%) PVV (%) NPV (%) Accuracy (%)
99mTc-phytateliver/spleen≤5 44.9 58.3 81.5 20.6 47.5
99mTc-phytatespleen/heart≤2 34.7 50.0 73.9 15.8 37.7
99mTc-phytateliver/heart≤11.5 46.9 66.7 85.2 23.5 50.8
99mTc-methoxy-isobutyl 
isonitrileliver/heart≤1.9

49 66.7 85.7 24.2 52.5

Table 3. Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of scintigraphy in the diagnosis 
of nonalcoholic steatohepatitis.

PVV: positive predictive value; NPV: negative predictive value.
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