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Research status and trend of 4D spatiotemporal longitudinal
analysis in biomedical field

Xu Chunyuan, Zeng Xiaotian, Song Zeyu, Tang Xiaoying
Laboratory of Medical Engineering and Information Technology, School of Life Science, Beijing Institute of Technology, Beijing 100081, China

Abstract; Clinicians and experimenters can obtain a time series of three-dimensional images in a fixed time period, that is,
4D (3D + time) longitudinal data with both time and space information, such as two-photon microscopy, CT/MRI ( com-
puter tomography/magnetic resonance imaging) Cine scanning mode, or artificially select a time point to scan, and use 4D
tensor representation to integrate the collected data in one time and three spatial dimensions, which is suitable for longitudi-
nal analysis. Longitudinal analysis describes the collection of data on one or more variables of the same object at multiple
time points to study their changes over time or a set of diachronic research methods that track the influence of some varia-
bles, which are commonly used in the medical field : disease changes and causes. However, many studies in the past sliced
4D data into 2D/3D pictures due to the lack of suitable processing algorithms, resulting in significant information loss. In
recent years, artificial intelligence has given full play to its natural advantages in massive data processing and has brought
new solutions to solve the problems of 4D longitudinal data with high dimensions, large amount of calculation, and difficulty
in analysis. Among the solutions, convolutional neural networks, long- and short-term memory networks, and other deep

learning algorithms have achieved good results in the processing of different modalities, such as natural language, audio,

%5 H #A:2020-05-20; & [B] H #7:2020-07-10 ; i EN 7% H #:2020-07-17
E&UWH: HEARFEIEEIH (81471743)
Supported by : National Natural Science Foundation of China (81471743)
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image, and video. They have exceeded the traditional methods. In the longitudinal medical image analysis using 4D data,
deep learning uses spatial information and time-varying information and plays an important role in studying the dynamic
changes of goals over time. The main application directions can be divided into two categories: moving target tracking and
positioning in the field of biomedicine and tumor growth prediction and auxiliary diagnosis, where moving target tracking
and positioning includes matching between complex moving targets in the biological field, 4D longitudinal medical imaging,
automatic data segmentation, and vascular dynamics research. Tumor growth prediction and auxiliary diagnosis use volume
longitudinal data with time information to model tumor growth, calculate the change in tumor size over a period of time, that
is, the growth characteristics of the tumor, and assist the doctor in the diagnostic stage from the perspective of growth rate
(benign tumors generally grow slower than malignant tumors) . Cancer grades are recommended for patients to review.
During the treatment phase, tumor changes are accurately measured ; the effects of radiotherapy or drug treatment are evalu-
ated; survival is predicted; personalized treatment plans for patients are developed, and drug development is promoted.
However, the abovementioned longitudinal analysis only focuses on the change of the macroscopic morphology of the lesion
and cannot reflect all tumor biological information or predict the clinically relevant tumor properties. In the future, horizon-
tal correlation analysis can include temporal features, capture the relationship between temporal and spatial changes, and
map the quantitative values of molecular features to histopathological changes, thereby proving the relationship between the
secretion of cytokines and the severity of lesions in the image relevance to explain the causality of the disease from the table
and achieve personalized treatment. In addition, the accuracy and generalization of the abovementioned artificial intelli-
gence algorithms depend on large-scale and high-quality data. Medical data have fewer samples, larger acquisition costs,
and higher resolution requirements than data in other fields. Problem and longitudinal data make data collection difficult
because they contain time information not previously involved. Future medical longitudinal data points can be combined with
federal learning and transfer learning: federal learning is used to ensure that no data exchange is observed while improving
the generalization of the model, making the same model suitable for data from other hospitals, and protecting the privacy of
medical data. On the contrary, transfer learning is used to solve the problem of few high-quality samples and the lack of
frame-by-frame labels, improve the accuracy of the model, and solve hidden security risks such as user privacy when the
product is launched in the future.

Key words: artificial intelligence; medical image processing; longitudinal analysis; 4D image; spatiotemporal data
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Table 1 Application of deep learning method in 4D spatiotemporal analysis
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Bt 2 BR AR on nI AT

4D SR KU B 3 F) M B W AR BE 2
A58 [0 JHUFHE JF ( stereotactic body radiation therapy,
SBRT ) 4503, il /P i S8 3 76 W Wz 5l e v g
AN AR A A1 W] S ) 5 8% Bl SO RS A R
FRIRE I, A m PRAE DR M — A A R
i 2 A 5 58 4, (ELIR] I o 25 (8 il 41 4152 3 A b B 1)
R 5f (Nath 25,2011 ; Chen 45,2004 ) , > 55 #Eff b
THEC 25 TR DI A 2R 105 5, il A W i
SRS TR R B S AR A, W B A R
W2z B i R o7 O & o BT AR B s, itk
T SR O BBOGER A o BIFY B S S
B 45 P (real-time position management, RPM) £ i il
Cine FIHEH AL 5% 8 5 I IF I i 3 14 1 ) 45 2,
BAH) CT BZ v, 14 3 5 0 Wz 3l A A /Y 28 ) iz
SRR, I 4D 9\ BE 2 SRR AR ()RR
& 2020) ., Sundarapandian Z¢ A (2016) FI Li 4 A
(2018) 73 51 %F iF [8] 73 B 19 4D-CT K dfa piy i i 25
JRA] R FEHLIF ( Markov random field, MRF) FliF#%
] Bk R I B O B30 A A e AR
(internal gross target volume, IGTV) , 45 R mit i T
MBI o [F] BRAG 4D fhE MRT £ 47 i
BB, JCHL B R AT L CZH 2] B B, Pham
SN (2019) Fl Yang 45 A (2014 ) 43 51| 11 I 32 b7 384
98 22 2 SRR 45 A1 26 1 245 ( ADMLP-NN ) FIARRR I 25 5
SRR HES B ik A 8o

3 MmMEHHFEHR 4D-CTA

4D-CTA ( computed tomography angiography ) Ifl

B AR B RE S I 5 S A s 20 Jok R P A 2l Bk I e
Bl 17 F R B, RPN Sl R G i A P A B P 2E
5 I LA % e P s 0 Jok e 2 %) JAG A A e A L
N AE , 4% B A CT HEE L4 ( computed tomo-
eraphy perfusion, CTP) £ A UL v B Sz i i 1148 15
o ENKRZEW I IRELE £ 5, BRETH
4D-CTA 5 3D-CTA U7 1 45 15 5% ( digital sub-
traction angiography, DSA) & fEXJ LG 38 B 12 55 H:
b 110 A8 IR AR AT R BRI E  H BEBEL I AL
B PIZH, 50 3 (o AN TR 414875 58, ik 4D-CTA e 5%
993 12 T T I o R M SNy AL, AR gk TE SN
(2020) R4 SF A (2019) B FH T Sk ke 78
Sk G L SRR R IR Sk B, S B
HEAT B . In” v Veld 5 A (2020) 3% 25655
A(2020) 435115 DSA F13D-CTA #4755 B, SiF B 4%
YCHS 50 A Sl Dk 20 iz 2l 17 0 5 Bl S R E 1) I R
o S5 N (2019) FIZEZ04H(2019) Bk A5 CTP £2
A TR AR T 285 K A3 i S i 167 ek 1 SR B
JEEFMER LS5

BRf8F 4D-CTA 4, Gur ¢ A (2020 ) 34 B 5
2 3 A8 4351 28 T T 36 B8O S s m i o o
BEMSTA] 224, IF R B & PRSIk 5K . Dewhurst
£ N (2020) fgi 1 4D Flow MRI f&A6A7 .0 5 (14 1L 3 2
J15 VL KoAE 56 W) b s i ik ((superior vena cava,
SVC) #1F & # ik (inferior vena cava, IVC) Jii A

4 #EZFZF 4D-MRI

TEM R U, T RERE IL 4R B8 (TMRD) HA
I ) i e, 30 AR L ) AR AR AR 22T B, O
RIS P9 DA Hii 3% 315 D0 i 8y 1 1) 2 TR A6 LA e sk
A0 1) I [B) — 2 A7 fif . IMRT 4k J 7R /&5 (29 100
T3 HEHE 4R B CR BR GE i /N T 200 ASFEA/ X
2, H S Uy s B AT PR, —SE S
LA 4D Hodls , 2 s L Al B O3 O 2D K]
%, Sarraf 25 A (2019) FI Puranik % A (2018) fii
FHAS BN 22 0 25 HEA T ] JR K 8 BRAE ( Alzheimer dis-
ease, AD) F1%% B I\ 1 % 5 ( mild cognitive impair-
ment, MCI) 732, X FhJ7 UG 1 — & 1 isi, H
Eklund £ A (2016 ) UEH , 40 SR 75 IMRI J3 Hr 2o 4
2 W B AP A B[] A s () B AR DG, 2 3
SRIUERA AT ] R 2E o n] W 4D-IMRT £ 455
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[F] i A ki ) R X 45 17 B 25 A X 2 i 28Rk 2 1)
HEAith, SMOE PR 55

Qi 28 A (2019) #£H “GICA + ICA ( group inde-
pendent component analysis + independent component
analysis) " B 575, ok B 24000 57 43 43 B (GICA)
() MRI i 8] 15 B & I 2 57 47 /9 20 57 8 43 73 A
(ICA) HEZRrp, SIS 1 2% IMRT FRAE 5 HABAR S,
INZERREIEAR AR (structural MRI, sMRI) f9 B #Fil
B R IURS P73 BL0E DI BE M 245 FES I R BME

WA, WA R B2 2 ) B vk E R AL B 4D ds
Zhao Z5 N\ (2018 ) $2 1 1) ST-CNN I 45 42 B 25 ¢
fiE, B BN R D s v R 2%, I AT IMRT £c4f iy
BRIAFE R N 4% ( default mode network, DMN) {74k &
PIRCR o Li 45 A (2019 ) $2 Hh I 32 i 12 U4 A 3l 2
fith#5% (deep sparse recurrent auto-encoder, DSRAE) ,
PLTG B 1 07 2 A I Zs RN R 2% 45 21 iR
IHREZEAE , ] LAE— 20 B T IRl B 46 , B4y
by i S 0 Bl El-Gazzar 58 A (2020) fifi 1]
3D CNN FIRL[i] 3DC-LSTM M 4D Hofis v 2 B ) 25
FRAE, IFAEAIF ) ABIDE Zudla 45 EIFA RS, 72 5
PARE 5% 22 % 5 (autism spectrum disorders, ASD) 432
[a]f8 | Fl-score i 0.78, Bengs 4¢ A (2020) 3% i
4D B2 ) 25 F A U A AR DA I 25 EMRT 254
ez o) | FAE 5 AR B AT 2028, H Fl-score iy 0. 71,
Li 22 A (2020) {8 Ff] 3D CNN-LSTM #£ ADNI % #i 4
HEAT AD By H 12 W, S50 45 R Uk 58 43 1 HT 4D-
fMRT s Hh O B8 09 3 88 i 23 {5 8 Al 3 8 e e vk
AE, A BT AD A

5 BEERTNRHE L

o P AN st 18] 45 2 B PR R ) Bl 2 7 1 e £
KA, At — Bt 1a] A g /N AR v 0, BRI
iR ) A AR AT AR W o B B B 2R DA K e
JEE £ BE BT R (R A PR 3l i R P 2 T
18) JEAE > BB R A E] . £EIR T B B,
RN AR AL ARG DL, SRR T 25 MR T O
M AEAY, 8 e AR O 3 IR E it 2y
Yio¥ s, FATEZA 3 B 2.l sl R AR e
IEREFNRE ]

5.1 @ BIGKIER
E Ao AN [ P ] 52 B8 0, DA R (A AR A i)

A, sl B SR A R AR KM . Nakamura
&5 N (2011) HAEARFE R ] [E] ( volume double time,
VDT) S548 b i A ARG 1 — A5 T d A I ], 3£l 2R
BRRKIIEAEL 2o 72 4D A R G, Janas 55
A(2019) F1 Martins 55 A (2011 ) 38 33 B 25 UG AH &
£ ('spatio-temporal image correlation, STIC) 4% AR 315
Mk 8 2 B 3 45 4L (volume pulsatility
index, vPI) F1 & FHIR 45/ &F 5K 5 %% ( volume systolic/
diastolic, vS/D) A48 HR, Xf 4% B FI AL LU IR #E AT 6
DA i, LASPTAG EES4o0 28 PN 20 A e IR 55«

1B bR AT , LLEA A9 (overall surviv-
al, OS) WARUE, TEPI YN Kt b0 T ) AH ¢
1) Cox [nl BRI S5 58 11 J7 v 5 AL e ¥4l (40 RANO
(response assessment in neuro-oncology ) Fr i ) #H L,
SIHTEATA OS /Y SC 2, BNZAE AR e 5 5 S A 4710
ARG, TR TN S A A A 30 5 T A O ( Kick-
ingereder 4¢,2019 ; Fried %%,2014)

{H Henker %5 A (2017) fF58 B« FRARFRIN 5 )5
VRS R PR E AN HER S S BB R R DL,
AR KA A BE I 8] 28 A6 155 B A [R] , HL ) — AR
P 1 A R B BEXR 7 B —

R Rk — R, PR R A ) 22K 2
UREEAE) , LATRE AR R /)N 5 i 3 20 A 155 0 K 9 1 5
i) SN e NP URIIEA €/ NEA =i
AT XA AR 1) i 1) 2 S I [i] — A~ AR Bt I TR] £
AL TE DL AT i e
5.2 HEFEE

T TR oA R g A K D T, P i 12 O
U ) SO BB RN A ) g 2 A T A AR
#(Hou 55,2018 ; Liu £,2014 ; Wong 5% ,2017 ; Roque
55,2018 il i A7 BR 22 70 5 A IR oo & i oK
fifk , AL B S0 A ) SO T ) TR R S M S A S —
SRS, T Je S — A I ] i AR 2, 15 3
AU A4 R ARG 2R, OF 5 WA B Y S5 (E AT 1Y
5, 1 B A %R L 25 (relative volume  difference
RVD) \Dice B & R LAVFAG BRI MER M .

SRR A58 i TS8O A IR LA Sk = A
BRG] RE S 2 B R, AN RESE 2
G MR, , 22 H T R R S WO B BUR .
5.3 REFEI

Zhang 55 N (2019 ) fifi FITR B2 2 ] ) & AR p 242
P 25 IS PRI P B2 R S [R5 A8 ARPALE DA KA i
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HERE, BRX, RiFH, ERX
4D B =N RS EEYEF TSP RN BIRSEE

LI AR £ 35 AR5 L HR o 2T JZ N s
(1454 (3 4k b SCHR A 2 ] AR OGP AT 8] e 571
A RIS R I Ia) L RIS [ 2 4 JR 142 00 1
LA IFTR] 2 R IE) 3 f R R TS Ok, Tt
MR A

55 HA T 1 AT A SR 114 38 (A AR L, R 2
S PR RE TR IR 3 aed A i Y ml A
AR YRR, AnAn S L CT SR B, LK
JHPIAFE SR (Yang 45,2019) o (HIN A7 6035 ATER
W R [R5 B R B B e A B B /RS
BURAS T X 73 B AR SR e 2 1), e 24 1) el
PEHTIMIRIME . AEAS > BERI SR 2 AT R A
[FIRR S EIR BE 27 2] BT iR A Gy i A BLR e 37
R ARCR

6 HIREMERZRKATITIHES

6.1 ZEBSNEEBITEER S DR E XS
ENCIE 2 [PNE S SR P SW/ P N 2 0 G A S
PEGE R iR R U, R SRR — & S Bk, AR
PR ZURIE 728 S, IX 320 T AR EE I IRFE K
AN (ph A 25 ,2018) o fHJMIREE WAL B
S AL ANRE S e BT A7 14 g A W 24 S, TG
e A DG Jf e 1 BT % it 4 25 R 18 A g SR 10
A TR L i 8 A5 — [ B A 1 s S 3 SR AR L
FBFRRIE  XMELAXEHOE I R 5 HA RS R LR 20 T
PERTAR LEPENT S HEAT 328 0 X B PE AL B Rk
Ui, LI COVID-19 A4l , ICU (intensive care unit) f& %
Ifi. 3% 7 IL ( interleukin ) -2 . MIP1A ( macrophage in-
flammatory protein-1alpha) I TNF ( tumor necrosis fac-
tor) -o S 4 i A5~ /K S L AR ICU R (3 B
(Huang 45,2020 , %605 B4R 1 40 i 5 1)
3 WA DU T -5 5 T A 48 S8 e S g 72 ) 1 R R
iEPS
H I — SO AT 5l T2 A5 A 2 DA o) £ 32, ol ]
SAGRAE B HOWIE IR KK R B B o B 18
SFAES ZH SV BRI A P e e R 3 L i R
Pk FR A, B )R T R 24 T R SR A , 1
o H R S A AR T, 4 Gutman 25 A (2013)
e F g B IR 4H K13 (the cancer genome atlas, TC-
GA) Bt 2 b 75 {51 Ji52 J5 JeA 8 25 14 38t 1% L A i
MR &%, 3 i 2 G Cox [Bl A R 43 BT AR 7 AE 5

BRI 7 Z A Y SCI. Hh BB i 45 rhts Qi 2 A
(2018 ) K 2 W 35 % 435 K 7~ microRNA132 5 Z A&
S AR B IR R AE — R AT AR PR G HR BE
FE, FRRPIR 25 AR AE b miR-132 B 5119 5
2538 5 | i —— 2% fALFF ( fractional ampli-
tude of low-frequency fluctuations ) FlI K T /& FHZE35 1
R RRARA K

AR 1) SCIK 43 B AT DA A4 B (R REAE , 2R B
[F] 123 [A] A8 Al 2 [E] R BB 2R, 4 03 TR iR i A (i 5 4
ZUFFE (R U — — X I, TE BT A0 L PR ) 0 D 1
DL 5 AR 28 ™ E R R 2 IR AE DG, B 3R M
F b AR 1 R R OG AR, HLIE AR PR R T
AL SE SR AR A3 S5 A (RIS S Bl A5 5K
PEIEAT R Rl &, X 15 5 (Petridis 25,2018 ; Tao Fl
Busso,2019) | 7 2 #1712 5 ( Hossain 1 Muham-
mad,2019) , X} H SR 15 5 FEURBCG RoR 47 2 8
RN A% 5] (Baltrusaitis 45,2019) , 3R B] T ZHEIEH
T SR IR o) £ B2 DG IR AT R B T A5
6.2 BXFHZEIHBE XIS

N RES R I MR 3 SOz (AR R AR B AR
T RS | o o i A58 , P27 B AR A T At 43
B HAREA D ARIBUSA K W73 PR EOR
AR TEIRE, S Ah b T30 KRR 1) B R ol 2 I =2 TR 54
S P RS I o Tk ) Bl B TR DA
TR K ) I [ 455 0 250 30 WA S o AR X

WNANIE 5T % T B 8 2% 2 (federated learn-
ing, FL) AR PR A IRR , KR 2 AT g —Fh
A HLAS 7 > B AR (Zerka 55,2020 ; Zhu i Jin,
2020) , i AR PRIEEICHE Ba R0 22 A i il | ( Bp A4
A U ) D BB A A A A, T S BT RS ) |
ZAHAGVENGR— BB, 32T AL BRI SR
Chang %5 A (2018) Fil Deist Z£ A (2017 ) 3@33 K H
AN B GRS [) B2 7 HLRE) A A ) 3 v 2 T T IS s
AL BB, R R I ) S S AR h
AJREERIPEREIEAT TR, 4R AR B, 2 SO L Y
HERA P 5 b SO BRUAR L . T WA I A7 o) I T 3] 5
PrEBHIE  BEBE TP AT Z AR

TEBE A\ ) B 43 B 5 T, i PRI A7 2], fRAIE
AN HEAT B S A 1 (] P B2 TR A 1 ol ] —#5E
U5 At 224~ 5 Bt i 50, [] InD 4 B2 5000 1)
BeRh s S HTIEAS 27 > il te g o e AR A /D B TAR 25
R 2R TR Y [ R, SR TSR MR R, A BRI
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G IERS 27 2 FE AR AT LSRR 217 f 7 TP 9
FARE 22 R R AL

7 & &

ENPNEZ S 2L VIS Ui o Vg
T BV XE LA SR B L, {ELGE T A s [a] A
ZSMME SR 4D (3D + I 1)) 528 8tk , EA7 I 25 0
T A= 1% 2 23 A, AT R S [ R 225 8] 728 1 2 1]y B
F AR A ] N R R I R gl A P
ARG — R U3, fE AR AT A A
7 > B B WMV b 5 45 45 22 B2 IO 0 1) B 6 5
T £ JBE SR I , 1 2R S B M R o B PR S &R
HAEMEIE BT
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