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ABSTRACT 
 

Aim: To determine the accuracy of Computed Tomography for diagnosing small pulmonary nodules by using 

maximum intensity projection (MIP) images and volume rendering (VR). 
Study Design: Observational 
Place and Duration: Dept. of Radiology, Sughra Shafi Medical Complex Narowal from 1-7-2018 to 31-12-2018. 
Methods: Forty patients whom had pulmonary metastasis of both genders had ages of 20 to 55 years been 

included. All patients had pulmonary metastasis. All images were examined as count of nodules, expert 
radiologist interpreted all images. Distributions of pulmonary nodules were recorded according to volume 
rendering (VR) and maximum intensity projection (MIP) by expertise. 
Results: There were 30(80%) male patients while rest 10 (20%) were females. Four (10%) patients were aged 

between 20 to 30 years, 8(20%) patients had an age between 31 to 40 years while rest 20 70% were ages >40 
years. Total 445 nodules were diagnosed by computed tomography on maximum intensity projection images, out 
of them 356(80%) were observed by volume rendering while rest 89(20%) were not diagnosed. On central 
209(46.97%) nodules were diagnosed by maximum intensity projection and on peripheral 236 were diagnosed by 
using maximum intensity projection (P<0.001). 
Conclusion: Maximum intensity projection imaging technique is more beneficial/useful for diagnosing of small 

pulmonary nodules as compare to volume rendering. 
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INTRODUCTION 
 

Worldwide, in human beings, lungs are most important 

organs. Lungs may be affected from many harmful 
disorders1. It is the most common clinical examination to 
diagnose pulmonary nodules in radiology departments by 
using computed tomography technique in the evaluation of 
the incidences with having or not having malignancy of 
metastasis to the lungs2. Appropriately to diagnosed the 
nodules, Helical computed tomography is an substitute 
method3,4. However, sensitivity resulted only 47 to 69% for 
these small nodules in clinical examination by using both 
techniques such as viewing condition and common 
computed tomography method5,6. 
 Lungs carcinoma diagnosing failure is also happen, 
half of the cancers diagnosed on helical computed 
tomography (H-CT) in one diagnosing/screening program 
have been existing in retrospect on a preceding screening 
evaluation.7 Multidetector computed tomography (MDCT) 
enables simultaneous increased z-axis detection and 
thinner segment collimation in contrast to single row 
scanner H-CT. Two main factors limit the viewer for the 
diagnosing of such nodules, substantial quantity of axial 
images is generated, which results in observer fatigue 
whilst examination and on each thin slice, normal vessels 
are imitated by nodules in cross section and particularly in 
the central lung zones.8 One of the example of MDCT is 
MIP images9. This technique applies ray projection 
technique by a mass of pre-defined axial images, the 
maximum density point met by the ray passing through the 
stack is pitched on to the ultimate image. In multiple other 

researches, the detection rate of nodule by using MIP and 
VR are higher than the traditional transverse section10,11. 
Some other researcher resulted that volume rendering 
technique is better than the maximum intensity projection 
method12. 
 Current study was also observed the better 
diagnosing rate of diagnosis small pulmonary nodules by 
using maximum intensity projection and volume rendering 
technique. 
 

MATERIALS AND METHODS 
 

This observational study was conducted at Department of 
Radiology, Sughra Shafi Medical Complex Narowal from 1st 
July 2018 to 31st December 2018. Forty patients of both 
genders had ages of 20 to 55 years been included. All 
patients had pulmonary metastasis. Patients having age 
>55 years and those whom had other lungs disorder and 
those who were not interested to participate were excluded. 
All images were examined as count of nodules, expert 
radiologist interpreted all images. Distributions of 
pulmonary nodules were recorded according to volume 
rendering (VR) and maximum intensity projection (MIP) by 
expertise. All statistical data was analyzed by SPSS 21. P-
Value <0.05 was considered significantly. 
 

RESULTS 
 

There were 30 (80%) male patients and rest 10(20%) were 
females. Four (10%) patients were aged between 20 to 30 
years, 8(20%) patients had an age between 31 to 40 years 
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while rest 28(70%) were ages >40 years (Table 1). Total 
445 nodules were diagnosed by computed tomography on 
MIP (maximum intensity projection) images, out of them 
356(80%) were observed by VR (volume rendering) while 
rest 89(20%) were not diagnosed. On central 209(46.97%) 
nodules were diagnosed by MIP, out of them 152(34.16%) 
were observed by VR and 57(12.81%) were not detected, 
and on peripheral 236 were diagnosed by using MIP, out of 
them 213(47.87%) were detected by Volume Rendering 
and 23(5.17%) were not detected by VR. P-value 0.001 
was recorded (Table 2). 
 
Table 1: Demographic information of the patients (n=40) 

Variable No. % 

Gender 

Male 30 80.0 

Female 10 20.0 

Age (years) 

20-30 4 10.0 

31-40 8 20.0 

> 40 28 70.0 

 
Table 2: Distribution of SPN via MIP & VR 

SPN MIP VR 

All nodules 

Yes 445 (100%) 356 (80%) 

No - 89 (20%) 

Central nodules 

Yes 209 (46.97%) 152 (34.16%) 

No - 57 (12.81%) 

Peripheral 

Yes 236 (53.03%) 204 (45.84%) 

No - 23 (5.17%) 

P Value=0.001 

 

DISCUSSION 
 

Many of the studies regarding detection of pulmonary 
nodules by using MIP (maximum intensity projection) and 
VR (volume rendering) method of computed tomography 
shows that MIP technique is better than VR but some 
researcher resulted VR is better than MIP12. In this study, 
we included patients having pulmonary metastasis, 80% 
were males and 20% were females. These results shows 
similarity to the other study conducted by Peloscheck12 in 
his research out of 20 patients 12 were males, in another 
research, results of gender rate shows similarity to the our 
study13. We found 4(10%) patients were aged between 20 
to 30 years, 8(20%) patients had an age between 31 to 40 
years while rest 28(70%) were ages >40 years. 
 In the present study, we observed total 445 nodules 
were diagnosed by computed tomography on MIP 
(maximum intensity projection) images, out of them 
356(80%) were observed by VR (volume rendering) while 
rest 89(20%) were not diagnosed or missed. MIP method is 
the useful technique for diagnosing SPN (small pulmonary 
nodules) than the Volume Rendering method. Many of the 
researches regarding detection of pulmonary nodules 
resulted that MIP and VR techniques shows better results 
than the transverse section examination14,15. On central 
209(46.97%) nodules were diagnosed by MIP, out of them 
152(34.16%) were observed by VR and 57(12.81%) were 
not detected, and on peripheral 236 were diagnosed by 
using MIP, out of them 213(47.87%) were detected by 

Volume Rendering and 23(5.17%) were not detected by VR 
(P<0.001). These results show similarity to the other study 
in which MIP images shows better results than the VR 
images16-18. 
 

CONCLUSION 
 

Maximum intensity projection imaging technique is more 
beneficial/useful for diagnosing of small pulmonary nodules 
as compare to volume rendering. Moreover, we should 
have to do more work so that we could provide better 
treatment. 
 

REFERENCES 
 

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, 

et al. Cancer incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012. Int J Cancer 2015; 
136(5):E359-86. 

2. Ormans D, Diedrich S, Lentshing MG, Winter F, Spinal CT of 
pulmonary nodules: interobserver variation in assessment of lession 
size. Eur Radiol 2000;10:710-71. 

3. Kakinuma R, Ohmatsu H, Kaneko M. Detection failure in spiral CT 
scanning for lung cancer analysis of CT findings. Radiology 
1999;212:61-6. 

4. Scneider C, Amjadi A, Richter A. Automated lung nodule detection 
and segmentation. Proc SPIE 2009; 7260: 15-9. 

5. Collie DA, Wright AR, Williams JR. Comparison of spiral acquisition 
CT ant conventional CT in the assessment of pulmonary metastasis 
disease. Br J Radiol 1994;67:436-44. 

6. Remy J, Ardin MI, Pemy J, Giraud F, Marquette CH. Pulmonary 
nodules; Detection with thick section spiral CT Vs Conventional CT. 
Radiology 1993; 187(2): 513-20. 

7. Berjin CJ. Spiral CT of the lungs: Optimal technique and resolution 
compared with conventional CT. AJR 1994;162:561-7. 

8, Naidch DP, Rusinek H, McGuinness G. Variables affecting pulmonary 
nodules detection with CT: evolution with three-dimensional computer 
simulation. J Thorac Imag 1993;8:291-9. 

9. Napel S, Rubin GD, Jeffrey RB. STS-MIP: A new reconstruction 
technique for CT of the chest. J Compute Assist Tomography 
1993;17:32-8. 

10. Poloschek P1, Sailer J, Veber M, Herold CJ, Prokop M, Schaefer-
Prokop C. Pulmonary nodules: Sensitivity of the maximum intensity 
projection vs VR of 3-Dmultidetector CT data. Radiology 2007;243 
(2):561-9. 

11. Martinelli T, Timsit JF, Ferretti S. Pulmonary nodule detection on 
MDCT images: evolution of diagnostic performance using thin axial 
images MIP, an computer-assisted detection. EUR 2007; 
17(12)3148-56. 

12. Yoneda K, Morita N, Otsuka H, Tsujikawa T, Morita N, Otsuka H, et 
al. Post-processing technique with MDCT data improves accuracy of 
the detection of lungs nodules. Radiat Med 2007;25(10): 511-5. 

13. Kawel K, Seifert B, Boehm T. Effect of Slumb Thickness on the CT 
detection of pulmonary nodules: Use of Sliding Thin-Slum MIP and 
VR. Am J Roentgenor 2009;192:1324-9. 

14. Gruden JF, Tigges S, Norris SD, Clausner TS. Incremental benefits  
of MIP images on observer detection of small pulmonary nodules 
revealed by MDCT. AJR 2002; 179: 149-57. 

15. Eibel R, Turk TR, Herrmann K. Multidetector-row CT of Lungs: multi-

planner reconstruction and MIP for the detection of pulmonary 
nodules. ROFO 2001;173(9):815-21. 

16. Diedrich S, Overbick TR, Wormanns D. Detection of pulmonary 
nodules at spiral CT: Comprasion of MIP Sliding slabs and single-
image reporting. Eur Radiol 2001; 11(8)1345-50. 

17. Shaukat F, Raja G, Gooya A, Frangi AF.. Fully automatic detection of 
lung nodules in CT images using a hybrid feature set. Med Phys 
2017;44(7):3615-29. 

18. Ohno Y, Kauczor HU, Hatabu H, Seo JB, van Beek EJR. MRI for 
solitary pulmonary nodule and mass assessment: current state of the 
art. J Magn Reson Imaging 2018;47(6):1437-58. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferlay%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Soerjomataram%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dikshit%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eser%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mathers%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rebelo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25220842
https://www.ncbi.nlm.nih.gov/pubmed/25220842
https://www.ncbi.nlm.nih.gov/pubmed/?term=Herold%20CJ%5BAuthor%5D&cauthor=true&cauthor_uid=17456878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prokop%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17456878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaefer-Prokop%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17456878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schaefer-Prokop%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17456878
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsujikawa%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18085401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morita%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18085401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Otsuka%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18085401
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shaukat%20F%5BAuthor%5D&cauthor=true&cauthor_uid=28409834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raja%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28409834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gooya%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28409834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frangi%20AF%5BAuthor%5D&cauthor=true&cauthor_uid=28409834
https://www.ncbi.nlm.nih.gov/pubmed/28409834
https://www.ncbi.nlm.nih.gov/pubmed/28409834
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohno%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=29573050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kauczor%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=29573050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hatabu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=29573050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seo%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=29573050
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Beek%20EJR%5BAuthor%5D&cauthor=true&cauthor_uid=29573050
https://www.ncbi.nlm.nih.gov/pubmed/?term=Advanced+imaging+tools+in+pulmonary+nodules+detection

