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a b s t r a c t 

Over the past decades, medical image analytics was greatly facilitated by the explosion of digital imag- 

ing techniques, where huge amounts of medical images were produced with ever-increasing quality and 

diversity. However, conventional methods for analyzing medical images have achieved limited success, 

as they are not capable to tackle the huge amount of image data. In this paper, we review state-of- 

the-art approaches for large-scale medical image analysis, which are mainly based on recent advances 

in computer vision, machine learning and information retrieval. Specifically, we first present the general 

pipeline of large-scale retrieval, summarize the challenges/opportunities of medical image analytics on 

a large-scale. Then, we provide a comprehensive review of algorithms and techniques relevant to major 

processes in the pipeline, including feature representation, feature indexing, searching, etc. On the basis 

of existing work, we introduce the evaluation protocols and multiple applications of large-scale medical 

image retrieval, with a variety of exploratory and diagnostic scenarios. Finally, we discuss future direc- 

tions of large-scale retrieval, which can further improve the performance of medical image analysis. 

© 2017 Elsevier B.V. All rights reserved. 

1. Introduction 

Medical image analytics plays a central role in clinical diagno- 

sis, image-guided surgery and pattern discovery. Many protocols 

and modalities of digital imaging techniques have been adopted 

to generate medical images, including magnetic resonance imaging 

(MRI) ( Slichter, 2013 ), computed tomography (CT) ( Hsieh, 2009 ), 

photon emission tomography (PET) ( Bailey et al., 2005 ), ul- 

trasound ( Szabo, 2004 ), fluorescence microscopy ( Lichtman and 

Conchello, 2005 ), X-ray ( Lewis, 2004 ) and others. Generally, these 

medical images reflect specific aspects (anatomy, function) of tis- 

sue types/organs that require an accurate interpretation and anal- 

ysis from either domain experts or computer-aided decision sup- 

port. In comparison with domain expert analysis that is labor in- 

tensive and time-consuming, computer-aided approaches are effi- 

cient and its accuracy has increased continuously with the rapid 

development of computer vision, machine learning and related 

fields ( May, 2010; Katouzian et al., 2012; Doi, 2014 ). To support 

computer-aided medical image analytics, one important task is 

content-based image retrieval (CBIR) ( Müller et al., 2004; Lehmann 

et al., 2004; Akgül et al., 2011 ), i.e., indexing and mining im- 
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ages that contain a similar visual content (e.g., shape, morphol- 

ogy, structure, etc). For a new medical image to be analyzed, a 

CBIR system can first retrieve visually similar images in an existing 

dataset. Then, its high-level descriptions and interpretations can be 

explored based on the retrieved images. 

Over the past 25 years, CBIR has been one of the most vivid 

research topics in the field of computer vision. Many CBIR meth- 

ods were developed for accurate and efficient image retrieval. Es- 

pecially in recent years, with the ever-increasing number of digital 

images (e.g., ImageNet ( Russakovsky et al., 2015 ), COCO ( Lin et al., 

2014 ), PASCAL VOC ( Everingham et al., 2010 ), etc), CBIR has moved 

towards the era of big data. Massive amounts of images can pro- 

vide rich information for comparison and analysis, and thus facil- 

itate the generation of new algorithms and techniques that can 

tackle image retrieval in large databases. In general, large-scale 

image retrieval can be divided into two stages, i.e., feature ex- 

traction to represent images and feature indexing. Deep learning 

( LeCun et al., 2015 ) is one of the most popular methods for fea- 

ture representation that is particularly suitable for large image 

databases, where massive amounts of data can boost the retrieval 

performance by training deep and complex neural networks with 

millions of parameters ( Wan et al., 2014; Babenko and Lempit- 

sky, 2015 ). For the feature indexing at a large-scale, the key prob- 

lem is computational efficiency, i.e., similarity searching in millions 

of images with thousand dimensional features vectors. Methods 
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such as vocabulary trees ( Nister and Stewenius, 2006 ) and hash- 

ing ( Wang et al., 2016 ) can efficiently tackle this problem, either 

through changing the indexing structure or compressing the origi- 

nal features. 

Despite the current large-scale methods having achieved many 

successes in generic image retrieval problems, how to best tackle 

the retrieval in large-scale medical image databases is still a very 

challenging topic ( Zhang and Metaxas, 2016 ). On the one hand, 

the meaning of large-scale in the medical image field is some- 

what different from large-scale in the generic image domain. Gen- 

erally, each patient can generate hundreds to thousands of image 

slices using different protocols, modalities (e.g., CT, MRI, X-ray) and 

multiple dimensions (e.g., volumetric 3D, time series). These vol- 

umes are usually stored in many single images (as slices) in the 

DICOM (Digitla Imaging and Communications in Medicine) format 

( Kahn et al., 2007 ). Besides this, the size of some medical images 

can be extremely large. For example, the whole-slide histopatho- 

logical images can include more than 10 0, 0 0 0 × 10 0, 0 0 0 pixels 

and thus each is usually split into millions of small patches for pro- 

cessing. On the other hand, medical images are usually more dif- 

ficult to analyze compared to generic images. The complex imag- 

ing parameters (contrast agents, machine settings), anatomic differ- 

ence and interactions between different diseases result in a more 

complex analysis compared with natural images, where broad ob- 

ject categories are recognized and used for similarity calculations. 

The relevant changes of some medical images can be very subtle, 

which require more fine-grained and detailed analysis. Therefore, 

directly employing traditional CBIR methods may not suitable for 

the large-scale medical image retrieval problem. In recent years, 

many effort s have been made to achieve large-scale medical image 

analytics, aiming to improve the efficiency and accuracy of image 

retrieval. 

1.1. Related work 

There have been multiple reviews focusing on content-based 

medical image retrieval. The first review in the field was 

Tang et al. (1999) but the text only contained few systems with 

a limited scope. Müller et al. (2004) presented a first complete 

review that concentrates on image retrieval in the medical do- 

main, where the techniques used in medical image retrieval, in- 

cluding visual feature extraction, image comparison, system evalu- 

ation, etc. are summarized. Subsequently, Long et al. (2009) intro- 

duced four medical CBIR systems, i.e., CervigramFinder ( Xue et al., 

20 08 ), SPIRS ( Hsu et al., 20 07 ), IRMA ( IRMA, 2016 ), SPIRS-IRMA 

( Antani et al., 2007 ). The authors also discussed future directions 

of medical image retrieval. Akgül et al. (2011) presented a compre- 

hensive review about recent techniques of content-based image re- 

trieval in radiology until 2011, including image features/descriptors, 

similarity measures and state-of-the-art systems. Additionally, they 

discussed challenges and future directions for the coming decade. 

Hwang et al. (2012) reviewed both text-based and content-based 

medical image retrieval systems, drawing a conclusion that the 

image retrieval service will be more effective if CBIR and seman- 

tic systems are combined. In 2013, Kumar et al. (2013) surveyed 

several applications and approaches to medical CBIR that focus on 

clinical imaging data that are multidimensional or acquired using 

multiple modalities such as combined PET-CT images. 

Besides the above mentioned survey articles, the image retrieval 

task of the Conference and Labs of the Evaluation Forum, named 

ImageCLEF ( ImageCLEF, 2016; Müller et al., 2010 ), has held sev- 

eral medical image retrieval tasks from 2004 to 2014. ImageCLEF 

provides a platform for research groups submitting results and 

competing on the performance of their medical image retrieval 

methods. After each ImageCLEF medical image retrieval task, an 

overview is provided to summarize the methods and results of 

each competition groups ( Kalpathy-Cramer et al., 2015; de Her- 

rera et al., 2013; Müller et al., 2012; Kalpathy-Cramer et al., 2011 ), 

which demonstrates the state-of-the-art in the medical image re- 

trieval field. A benchmark for case-based retrieval including full 

volumetric images of more than 300 patients was run as part of 

the VISCERAL benchmark ( Jimenez-del-Toro et al., 2015 ). 

1.2. Contributions and organization of this article 

This survey provides a structured and extensive overview of 

large-scale retrieval for medical image analytics. Despite existing 

reviews having summarized varieties of medical retrieval systems 

and methods, none of them focused on the retrieval techniques for 

large-scale medical data, which is currently the main challenge in 

the field of medical analytics. This survey offers a focused overview 

of the retrieval approaches for the large-scale medical image data 

by expanding multidisciplinary components that involve a nexus 

of the idea from machine learning, computer vision, information 

retrieval, and bioinformatics. It explains the entire process from 

scratch and presents a comprehensive pipeline that discusses ev- 

ery processing step from feature extraction to knowledge discov- 

ery and decision support. Fig. 1 illustrates a general pipeline of 

large-scale medical image retrieval. Given a set of medical images 

(e.g., MRI, CT, microscopy, etc.), feature extraction methods are em- 

ployed to represent each image. Unlike traditional medical retrieval 

methods that directly compare the image similarity via original 

feature vectors, large-scale approaches often first train a retrieval 

model, e.g., organizing and transforming image features that can 

improve the performance of feature indexing. In the query phase, 

the query image is compared only to similar images based on the 

well-designed retrieval model rather than an exhaustive search of 

the whole database. The retrieval results can be provided to users 

for further analysis. According to Fig. 1 , retrieval with large-scale 

medical image databases is different compared with classical CBIR 

systems. In recent years, many researchers in the medical domain 

have moved their attention to the analytical questions of large- 

scale image analysis ( Zhang and Metaxas, 2016 ). Therefore, in this 

era of big data, it is necessary to present a comprehensive review 

of recent advances in large-scale medical image analytics. 

In this paper, we organize the survey into five parts: chal- 

lenges/opportunities, methodology review, evaluation protocols, 

applications, and future directions. In Section 2 , challenges and op- 

portunities related to big data in medical image analytics are pro- 

vided. Section 3 and 4 discuss the methodology details relevant 

to the large-scale medical image retrieval, which mainly includes 

two parts, i.e., feature representation, feature indexing and search. 

Following Section 5 introduces evaluation protocols in medical im- 

age retrieval. Based on the existing approaches, Section 6 reviews 

several applications of large-scale medical image retrieval. Finally, 

Section 7 explores potential directions for future work on large- 

scale medical retrieval. 

2. Challenges and opportunities 

The challenges of large-scale medical image retrieval can be 

summarized as a good trade-off between efficiency and accuracy. 

Despite traditional methods having already achieved good perfor- 

mance in many very specific medical scenarios, keeping efficiency 

and accuracy in large-scale approaches still faces many problems. 

Additionally, in the era of big data, large-scale medical image anal- 

ysis provides many opportunities for both academia and industry. 

2.1. Challenges 

One major concern in the big data era is system efficiency. 

Given the huge amount of medical image data ( WPS, 2010 ), how to 
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