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Introduction
A solitary pulmonary nodule (SPN), also referred to as 
a coin lesion has been a challenging clinical problem for 
a long time[1,2] SPN is defined as a separate pulmonary 
lesion of 3 cm or less, surrounded by normal lung 
parenchyma free of adenopathy and atelectasis. Larger 
lesions are known as lung mass and must undergo tissue 
examination due to the high risk of malignancy. Based on 
available statistical data, SPNs are diagnosed in 1-2 of each 
100 chest X-rays (CXRs). Most of the nodules are without 

clinical symptoms 90% of which are detected as an 
incidental finding.[3] Important issue, while encountering 
SPN is to determine the malignant or benign nature of 
the lesion and the need for surgery because unnecessary 
surgical interventions of a benign nodule may expose 
the patient to high morbidity and mortality. Even, risk 
factors associated with malignant SPN, including old 
age, smoking, larger nodules, and previous history of 
malignancies can help to estimate the probability of 
malignancy, but complementary diagnostic evaluations 
to refine the need for more invasive intervention 
versus follow-up are often advocated[1,2,4] The goal is 
to find a proper method to find suspicious nodules 
for malignancy as soon as possible, while sparing 
patients with benign lesions from unnecessary surgical 
interventions.[5] Radiolabeled somatostatin analogs 
single photon emission computed tomography (SPECT) 
method, such as radiolabeled depreotide, has been 
used to find these suspicious nodules with acceptable 
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accuracy,[6-8] This study is primarily aimed at defining 
the accuracy of 99mTc-ethylenediamine diacetic 
acid (EDDA)/hydrazinonicotinamide (HYNIC)-TATE 
SPECT, which is cheaper and more available, in 
discrimination benign of malignant solitary lung nodule.

Materials and Methods
This is a retrospective study, which was done during the 
period between April 2008 and June 2010 in Imam-Reza 
Hospital thoracic surgery ward. Patients with single opacity 
on CXR with maximum 3 cm in diameters were included 
into the study. Inclusion criteria were: (1) Presence of 
SPN (2) voluntary participation in research (3) undergoing 
diagnostic surgeries or clinical follow-up. Exclusion criteria 
were as follows: (1) Non‑SPN lesions (2) indefinite diagnosis. 
The lungs high-resolution computed tomography (HRCT) 
was done for all patients [Figures 1 and 2] showed CXR 
and computed tomograph scan of a patient with SPN. 
The patients with >1 nodule and nodules larger than 3 cm 
or with benign calcification were excluded. After giving 
informed consent, a total of 21 patients were enrolled 
for scintigraphy and tissue biopsy (gold standard) or 
clinical follow-up. The scintigraphy was done 2 h after 
injection of 20 mCi of the 99mTc-EDDA/HYNIC-TATE. 
The anterior and posterior planar scans were taken from 
head, chest, and abdomen by means of a two-headed 
Siemens E. Cam gamma camera using a high-resolution 
collimator for 5 min/scan [Figure 3]. After that chest 
SPECT was taken (128 steps, 128 × 128 matrix, and 25 s for 
each step). The images were evaluated by two nuclear 
medicine specialists qualitatively (any activity more than 
the contralateral lung tissue in the anatomical location of 
the SPN was considered positive) and semi‑quantitatively 
using region of interest (ROI) (total count/total pixels) 
on the anatomical location of SPN and the mirrored ROI 
on the other side as the background. This means that the 
location of the tumor is defined and at the same slices the 
opposite site is considered as normal. This is recorded 

in all images and the tumor positive (T) to normal lung 
uptake (N) (T/N) is established as the basis of decision 
making [Figure 4]. Tissue biopsies were taken by open 
thoracotomy, thoracoscopy and trans-thoracic needle 
biopsy (TTNB) depending on patient general condition 
and location of lesion. Age, and gender, scintigraphy, 
and pathology result were evaluated. After demographic 
analysis, pathologic results were used to define sensitivity, 
specificity and accuracy of scintigraphy, with used validity 
or accuracy of diagnostic tests.

This article approved in Ethic Committee of Mashhad 
University of Medical Sciences by Number: 89735.

Results
During 18 months of the study, 21 patients were included 
in the statistical population of which 12 were male and 
9 were female. Their average age was 45 ± 14.3 years 
and their ages ranged from 22 to 77 years. SPN was an 
asymptomatic incidental finding in 9 patients (43%), 
but the others (57%) had referred because of pulmonary 
symptoms including chronic cough (n = 7; 33%), 
dyspnea (n = 3; 14%), and hemoptysis (n = 2; 10%). The 
pathology and scintigraphy results of patients’ nodules 
are shown on Table 1. Tissue biopsies were taken by open 
thoracotomy, thoracoscopy and TTNB in 15, 4, and 2 cases, 
respectively. Considering the ratio of involved area to the 
normal area uptake (T/N), malignant patients ranged 
from 1.5 to 4.5 (mean: 3.65), and in nonmalignant group 
it ranged from 0.85 to 2.5 (mean: 1.33).

Pathologic evaluation reveals 7 malignant tumors (33%) 
and 14 benign lesions (67%) which according to that 
sensitivity of scintigraphy was 100% (no false negative) 
and its specificity was 79% (3 cases of false positive). 
Calculated positive predictive value and negative 
predictive value was 70% and 100%, respectively. The 
diagnosing accuracy of the test was 86%.

Figure 1: Chest X-ray of a patient with solitary pulmonary nodule Figure 2: Computed tomography scan of the same patient
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Discussion
The sophisticate management of SPNs is timely diagnosis 
and curative resection of all malignant nodules, while 
sparing benign nodules from any invasive intervention. 
Nevertheless, existing protocols do not fulfill this goal 
and most of them tend to result in frequent sampling or 
resection of benign nodules due to fear from poor outcome 
which may ensue when malignant nodule was missed,[1,3] 
Now-a-days, most protocols use standard HRCT and some 
sort of quantitative model for risk stratification of SPNs. 
Quantitative models usually determined by nodule size, 
patient age, smoking history, and overall prevalence of 
malignancy in the population. High- and low-risk SPNs 
for malignancy often manage with tissue biopsy and serial 
chest HRCT imaging, respectively[6,7] However, there is 
a wide controversy in management of intermediate risk 

SPNs which most unnecessary invasive interventions 
fall in this group. In such cases scintigraphy, as a 
less-aggressive and cost-effective diagnostic modality, is 
proved valuable for further refinement between malignant 
and benign nodules. Flourodeoxyglucose positron 
emission tomography (FDG-PET) scan with a sensitivity of 
94% and a specificity 83% is now an accepted modality[8-10] 
but it is costly and not readily available. Tc-99m depretide 
is a synthetic somatostatin with a low molecular weight 
which bounds to somatostatin receptors.[6,11] The substance 
is used in the evaluation of SPN, carcinoid tumors, lung 
cancer, breast cancer, and renal cell carcinoma in which 
somatostatin marker is presented[12,13] T/N uptake ratio 
>2-2.22 is usually considered positive.[14]

These drawbacks lead to introduce somatostatin analogs 
such as depreotide scan, which have comparable 
accuracy with FDG-PET scan [Table 2].[15-17] In our study, 
99mTc-EDDA/HYNIC-TATE scan with a sensitivity of 

Figure 3: Patient’s ant/post scan plans

Figure 4: Normal lung scan compared to the involved area scan

Table 1: Pathology and scintigraphy results 
of patients

n Age Male Scintigraphy Pathology n
Malignant 7 51±8.3 6 All positive (7) Adenocarcinoma 4

LCLC 1
SCC 1
Carcinoid tumor 1

Benign 14 42±11.3 6 Positive (n=3) Aspergillosis 1
TB 2

Negative (n=11) Hydatid cysts 8
Pneumonia 1
Fibrosis 1
TB 1

* LCLC: Large‑cell carcinoma; SCC: Small cell carcinoma; TB: Tuberculosis
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100% and a specificity of 79% shows comparable result 
with depreotide and FDG-PET scan.

Conclusion
Our study demonstrated that 99mTc-EDDA/HYNIC-TATE 
scintigraphy is a sensitive imaging modality with 
significant specificity and negative predictive value. We 
recommend this scan for the evaluation of SPNs, especially 
when PET is not available before biopsy because of its 
lower expenses and availability. Considering the small 
number of patients in the current study, further studies 
with wider samples are required to make a definite 
decision.
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Table 2: Sensitivity and specificity of scintigraphy to 
discrimination of malignant SPNs

Study Cases Method Sensitivity % Specificity %
Lillington 
(1999)[17]

450 FDG‑PET 94 83

Blum 
et al. (2000)[6]

114 Tc‑depreotide 
SPECT

96 73

Płachcińska 
et al. (2004)[7]

23 Tc‑depreotide 
SPECT

92 90

Naalsund 
(2006)[18]

118 Tc‑depreotide 
SPECT

89 67

Current study 21 Tc‑EDDA/HYNIC‑
octreotate SPECT

100 79

*FDG‑PET: Flourodeoxyglucose positron emission tomography; SPECT: Single photon 
emission tomography; SPN: Solitary pulmonary nodule; EDDA: Ethylenediamine diacetic 
acid; HYNIC: Hydrazinonicotinamide
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