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Abstract

Objective: To investigate the role of hydrogen proton magnetic resonance spectroscopy (H-MRS)
combined with yellow fluorescence staining in glioma surgery. Methods: The clinical data of 90
cases of glioma surgically removed in the First Affiliated Hospital of Anhui Medical University from
January 2020 to December 2022 were retrospectively analyzed. All patients were examined by
hydrogen proton magnetic resonance spectroscopy (*H-MRS) before operation. Among them, 32
cases were treated with tH-MRS + yellow fluorescence staining technique (hereinafter referred to
as the experimental group), and 58 cases were treated as the conventional operation group. The
tumor distance of 42 patients was less than 1 cm from the ventricle, 32 cases were located in the
forehead, 34 cases were located in the temporal part, 7 cases were located in the top part, 8 cases
were located in the ventricle, 6 cases were located in the occipital part, and 3 cases were located in
the cerebellum. Intraoperative neuroelectrophysiological monitoring or awake anesthesia was used
in all patients. To compare Cho/NAA, Cho/Cr, NAA/Cr in 1H-MRI of high and low grade gliomas.
Results: There were statistically significant differences in Cho/NAA, Cho/Cr, NAA/Cr in tumor pa-
renchyma between high-grade glioma patients and low-grade glioma patients (P < 0.05). Cho/NAA
and Cho/Cr in high-grade glioma were higher than those in low-grade glioma, and NAA/Cr in low-
grade glioma was higher than those in high-grade glioma. There was significant difference between
experimental group and conventional group (54.5% and 45.5%) (P < 0.001). When the distance to
the ventricle was < 1 cm, the total resection rate of the experimental group and the conventional
group (65.9% and 41.3%) was significantly different (P < 0.05). Conclusion: TH-MRS combined
yellow fluorescence staining can shorten the time of tumor resection, improve the degree of tumor
resection and reduce the occurrence of perioperative complications in the treatment of glioma.
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IO FS2 J 968 2 i AR T M 4o 22 s I 4 R P PR, o e IR SR R PP R, 2021 A B Tkt R P AR
L (WHO) AR AP RS8R 70 SR I IR R IR 20 N 1~4 2, 1 2 SR 5 i i 53 88 (low-grade glioma,
LGG), 3~4 Z N2 [z 5% (high-grade glioma, HGG) [1]. B i i 8 e i AE fE R Uk, AR
A LUWHO) b 1 1 5 SEAEAFHN 24%, IV G 4%. BT R (A AR i, ARy
FLR AT B R IR A s e B — B M . AR, AR e 5 0 R R D) ok 1A 5 R B O A 4
[, JFSBIREUR R, Wi . TR 2O E IR, R MRI, R CT, R, ARk
PR JRR I S b 20 W 2 B A 0 45, A PR ) A DD R 3R A B4R S [2]» BB P B BR BRI R RN
(sodium fluorescein, FL) R 7500 0L 57 o (6 Jo e G €, FEAFIAROGE RN T MR 4124 A2 90, A B
T XA IEF L KM 2R, 8 R AE AR s 2 Hh oy e i S [3] . SR T W 3L AR 1
(*H-magnetic resonance spectroscopy, “H-MRS) ft % % 5 1 753 20 B (1) A = M0k P AT RS MEAG I, =i L
A IO AT o A SR 23 BT 22 BB B K 22 58 — P B ER Be #2240 BL T 2020 4 1 H & 2022 4 12 A RHF
ARIBIT  GIRELZAUE LK 90 {51 i iz B R0 2B AR Bk, BRI BR A I2 ) "H-MRS FIAR 38 Tt g iR
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29N 90 il fErh, B 50 191(55.5%), & 40 191(44.5%); 4EHS N 14~80 % . 42 1l F ) e S i
=NF 1 om, 32 BINZ TS, 34 GIALFHES, 7 G610, 8 fIfr Tz, 6Bt FH, 3Ff+
AN, LG, 1A 2340, 1, IV 2R 63 Bl FT A R AR SR AR SO R TR . AR AR TS
X NE RS ARE (32 B, IR AR SR e e ot RAL(58 ], AR MFARA). W
AEBRFRIMER . F#s . ARAT Karnofsky THAEIRSPEN(KPS), LKL WHO I IV 203 J R 3 BT
P2 R gt L P > 0.05); 2L, FEEMERES <1 cm EEMHRLRETHHF
RM, ZEREGIFE (P <0.05). Fif HH K EXHGT M FEIFEE SR &,

(@) FZIL TR B E AR H-MRS; (b) 720 TR A R AT R MR o Rt 2 FE SOt S 43 Sk b
B, KM (¢) Mo iR B ARG AR R MRIE R R 5 TR (d) EEGERA TR () %
RN EMR: () WEARALE R T EA.

Figure 1. Preoperative and postoperative images of high-grade glioma patients
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KFl GE3.0T BAARIARECGHATA I, 2K Je47 % M MRI 46, J547 'H-MRS. ##l MRI: £
PR TRIR b, RS GLRIE, Eh ks, e BIEsE T2WL i, &, R, BfEREa
FEXFMIM LB AT L. AR E, EATACEE A, R BN RIS mE, RS X . K
B X HEATRFE . AT, X HE D ST I N- 288K T T4 & B2 (N-acetyl asparticacid, NAA). AHET#(choline,
Cho). HILE%(creatine, Cr)ikJE, FFil% NAA/Cr. Cho/Cr. NAA/Cho fE. %55t W 4 k)% i 8t 4%
BRI E S W e, o B 7 G AT I AT
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ARHET 1 h 30 min JeATR e RANEBORLS, WA G ARIE LA TR E KA, R, TARE 1h¥
WL R 20%I1) 5% Y6 2 BN % 2.5 mg/kg B REAT i Bk HETE: » P AR Ay ARAE DL KA TE [ 92 R AR o LT i,
BYFRAAN A, A AR AN, 7540 B EE AR R, A A3 YELLOW 560 nm JE A (¥ KINEVO900 & i (18
[ 22 7] A F) BT B F S F ARIEAE . MR 30 e B L I W oRg i 7L, s AR 1 5 2 230 3 iR
WUk VAR, R I A e DAOR e O R B I B YRR B AR e . R TR R AR e R X 3
EARATHE FHFRIC X EAEEZ R, T ERIEEFRAEEM, ZE6%Emme i E. ey
I T REDCI, HY 2H 35) 50 FH e 0 e A A 00 () A s P BRI R o 7)o Tt A v 2 85 A0 P S A B ) 3 A
KPR WA VIR, T ERFMF MTRBERYI R4S, REMassl ICU ksl 24
/NIE,  [EIINHAE 24~72 /NIF S BEAT R S IG5 MRIASES,  SPAS ORI DI BR FE R LA R 5%k B8 IR AR AL

3. RiRTT

BEARFHAT 4 FRBOT + B5EmRgFbyT, FIZ U EE R0 12 A H . @il thBom AR
AT, REEARE AP FRRE, REHREER, W 1.
4. GHEFERE

AW A HdE R A SPSS 25.0 AT TS UM, THEBEIR T 50 #4417 Kolmogorov-Smirmoy
EATER, 4it&E%0RVNT 50 #il47 ShaPiro-Wilk IEASTERE, &80 2 IEA /01 F 8 L brie 2
(X+s)Row, PR HBCR MR t i, 5 80E £ 4RS00 A 2 (U 20 %) M (Pas, Prs)
For, WALEELECRH Mamn-Whitney U #5536, T80 R SIE (%) For, ARILEBCR RS, Brf
BT R I T XU RIS FH B R 2 A0 22 R 2% logistic [819 43 47 75 92220 T I VD R R B O S R 25 DA P
<0.05 %R BA G E L.
5 &R

1) 2 e S PR A AT oA o 88 R R S (X 322 5P < 0.05), = 2 5 J8F Cho/NAA.,
Cho/Cr 5 TARZ M 58, ARG TR NAAICT & T s B B . e 1.

Table 1. Analysis of metabolite indexes in tumor parenchyma of patients in the two groups
= 1. PLARRE B A MBS R X S EFR o 4

(AMViEZEi2nn
ZH5 IR
NAA/Cr Cho/Cr Cho/NAA
(R FIE 27 1.36 (1.17~1.68) 2.18 (2.08~2.54) 2.14 (2.06~2.51)
=Sl 63 0.47 (0.43~0.59) 4.71 (4.21~4.97) 6.31 (5.89~6.77)
Z1E ~7.448 -6.780 ~7.085
P1{E <0.001 <0.001 <0.001

£ Kolmogorov-Smirmoy 1IEZS 4%, NAA/Cr. Cho/Cr. Cho/NAA £ 34EIEZS 7AiM A B (MU /3 hi 20 M (Pas, Prs)
R, WIdLIA ELECSR A Mamn-Whitney U K656, P < 0.05 N2 57 B 425 L.
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2) PP RYIGRUIE LR 2: ARSI, AL AT 2] 5 75% (24132).
S A R B 2 T PR A2 U 1 34.5% (20/58), 25 R Giit s () P < 0.05). PE4LEH I AR .
BRI <1em, ARAT KPS 4iit2 8 X (P < 0.05).

Table 2. Comparison of clinical data of glioma patients between the two groups [cases (%)], M (Ps, P7s)

= 2. MERRBEEIRARZERITEE[B1(%)]. M (Pas, Prs)

TiH SAK(n = 90) ffiFH 4 (n = 32) A4 (n = 58) For 9 B P&
P 2.803" 0.094
50 (55.6) 14 (43.8) 36 (62.1)
40 (44.4) 18 (56.3) 22 (37.9)
A 59.00 (46.75~67.25)  57.50 (35.50~62.50)  60.00 (49.25~68.00)  —1.835° 0.067
WHO %% 0.083" 0.773
1~2 % 27 (30.0) 9(28.1) 18 (31.0)
3~4 %% 63 (70.0) 23 (71.9) 40 (69.0)
DIBRFESE 13.548° <0.001
24 44 (48.9) 24 (75.0) 20 (34.5)
w4l 46 (51.1) 8 (25.0) 38 (65.5)
PN 0.311°% 0.577
<3cm 42 (46.1) 16 (50.0) 26 (44.8)
>3 cm 48 (53.9) 16 (50.0) 32 (55.2)
P i 6.859° 0.009
<1 42 (46.7) 9 (28.1) 33 (56.9)
>1 48 (53.3) 23 (71.9) 25 (43.1)
ARHT KPS 7.007° 0.008
<70 30 (33.3) 5 (15.6) 25 (43.1)
>70 60 (66.7) 27 (84.4) 33 (56.9)
FARIS (/) 4.00 (3.00~5.05) 4.00 (3.00~4.08) 4.20 (3.41~5.30) —2.924° 0.003

N A, YA tE, S Z 18 4 Kolmogorov-Smirmoy TEZASTER I, ERE . TH AR E) S HE IE A 4045 ) FH b Az s (1Y
IBEED) M (Pos, Prs) o, MZELIA] LR A Mamn-Whitney U K256, 1H 50508 A% (%) 27, 4L1A]) LR R 7 H5%,
P<0.05 AZRHAA G R Lo
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3) S v i R R DI FE A G AT s . e 3 T L, SUIBRdLAR, T 54.5%
(24/44), A4V, DN 17.4% (8/46). VIERAH, BEEME <1 cm 5 65.9% (29/44), dE
SUIRAF, BEEME <1com b 41.3% (19/46). %53 HA G2 X (4 P <0.05).

Table 3. Comparison of experimental data between the two groups with or without tumor resection [example (%)], M (Pas, P7s)
2 3. SEMEYIPRAELE LI BRIEEE[51(%)] M (Pas, Prs)

T H SAK(n = 90) AR (n = 44) E4 DR (n = 46) for 9 B P&
P 1.076% 0.300
50 (55.6) 22 (50.0) 28 (60.9)
40 (44.4) 22 (50.0) 18 (39.1)
A 59.00 (46.75~67.25)  58.00 (43.00~64.50)  60.00 (49.25~68.00)  —1.329° 0.184
WHO %% 2.168% 0.141
1~2 % 27 (30.0) 10 (22.7) 17 (37.0)
3~4 %% 63 (70.0) 34 (77.3) 29 (63.0)
FATTA 13.548? <0.001
KA 58 (64.4) 20 (45.5) 38 (82.6)
R B 32 (35.6) 24 (54.5)% 8 (17.4)
PN 0.292° 0.589
<3cm 42 (46.1) 19 (43.2) 23 (50.)
>3 cm 48 (53.9) 25 (56.8) 23 (50.0)
P o 5.470° 0.019
>1 42 (46.7) 15 (34.1) 27 (58.7)
<1 48 (53.3) 29 (65.9) % 19 (41.3)
ARHT KPS 2.690° 0.101
<70 30 (33.3) 11 (25.0) 19 (41.3)
>70 60 (66.7) 33(75.0) 27 (58.7)
TR E] 4.00 (3.00~5.05) 4,00 (3.30~5.00) 4,00 (3.00~5.30) -0.037° 0.971

N A, YA tE, S Z 18 4 Kolmogorov-Smirmoy TEZASTER I, ERE . TH AR E) S HE IE A 4045 ) FH b Az s (1Y
IBEED) M (Pos, Prs) o, MZELIA] LR A Mamn-Whitney U K256, 1H 50508 A% (%) 27, 4L1A]) LR R 7 H5%,
P <0.05 NZERHA G2 o
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4) MRS E <1 om M PUR B E VIR IR G T 4 R e 4 mI L, fEREBSNE <1lcm
v Fiz o 98 iR rh A DR AL AR O o L 40% (6/15), AR4APIALHE F EE Ok S HE 11.1% (3/27). 2
SEASEE (¥ P <0.05).

Table 4. Comparison of experimental data between the two groups for tumor resection < 1 cm away from ventricle [example
(%)], M (P25, Pzs) R
F 4 BERE <1om ZEMEVIFRAESL SHRELRBI(%)] M (Pas, Prs)

i H Bk = 42) 24 (n = 15) VIR H N = 27) It Al P
el 0.036% 0.850
Uy 26 (61.9) 9 (60.0) 17 (63.0)
57 16 (38.1) 6 (40.0) 10 (37.0)
GRS 60.00 (45.75~68.25)  58.00 (38.00~68.00)  60.00 (50.00~69.00) ~ —1.038° 0.299
WHO 434 0.840° 0.359
1~2 %% 12 (28.6) 3(20.0) 9(33.3)
3~4 % 30 (71.4) 12 (80.0) 18 (66.7)
FARTTA 4.780% 0.029
KAt 33 (78.6) 9 (60.0) 24 (88.9)
R B 9 (21.4) 6 (40.0)7 3(11.1)
i I8 RN 0.467° 0.495
<3cm 14 (33.3) 4(26.7) 10 (37.0)
>3 cm 28 (66.7) 11 (73.3) 17 (63.0)
AT KPS 0.201° 0.654
<70 13 (31.0) 4(26.7) 9(33.3)
>70 29 (69.0) 11 (73.3) 18 (66.7)
FA ] 5.00 (3.41~5.48) 5.00 (4.00~6.00) 5.00 (3.10~5.30) -0.515° 0.606

VE: 29 G, DN tAE, °N Z fH: % ShaPiro-Wilk IEASERE, AL, TR ) 5k 1A 405 0 oo R R (4
$0) M (Pas, Prs) 277, WA E A FI Mamn-Whitney U ka3, +-5070 B SIEL (00) 27, 4RI ELECSR I kB, P <
0.05 N 5 AA Gt 27 .
6. g

P I J 988 1 S PG 9 o T o L9 K [5], 8 2 MR SAE SR B 6] ALAESK, I R A
TIRKMHER. REm, aArROS)WRBINT]. HRATIEGIT T REFEREETERTIG. BUT Rk
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7o SR, IXEAL G TVEAEIRTT XMW 7 ARV 2 RBRTE, BABENE KRR . i, Tl
ST RAT ] SR AR T RN, M BURE ARV R R FE[8] [9].

I 5 AT DX o g S 9 3 E A SR 3G 0, AR BRI MRIZEFRAT TR IR TAE B B tHr 2 A 2, o2
T i 7 R 55 ) v £ ) SR RS YT MR SR B S B SR R R R T T . R TR L S5 AT AL, TR
g e W AnBE U, LA R B ROZ SR AR O T TR B 2 1945 B [10]. MRS & —FhRe R G SR
A, HTEMALNEREFER) P RIAFERREY . EIRK TS, W0EHEEE R TSRS,
'H-MRS 1 EZREZE N-LHERLZER(NAA). BRI (Cho) FILER(Cr), BT % F Tl RS W F bt v
F R AR[11], A2 H RTME— I RERS AT L RIER IS L &P & S AR . B T AR A% B Ak i)
WIREEAE, HIRMEAATESR, P AENRESEREE AR, MAEA RBP4 B R
R, ZERITARR IR IR 4, R EE, R mT DU RS HE e Ar . FEARSLER
FTRG £ 2E Cho/NAA B KAE N 7.56, BB N 1.03, HARHHIRFIR K Cho/NAA FHME AN 2.14, &
AL IR Cho/NAA 141854 6.31. #5335 Cho/Cr it KAE N 6.83, IMME N 1.48, H AR HIR
JFIR 1) CholCr “F-H41{E ly 2.18, T4 IR TR 1) Cho/Cr “FH41{E M 4.71. #5303 NAA/Cr i K1E N 2.34,
RACE A 0.34, HARONEFUR I NAAICT “F3{E N 1.36, =l IR BRI NAAICT ~FI4{E K 0.47.
Porto £\ A 7E A K S 8 1) B 4B AR 2 NAA/Cho HuAl . SRR IR BRAEL, w0 I R NAA
ydb, Cho BiMN[12]. ASCEE R, EgBITR Cho/NAA, Cho/Cr & TR R, (K2 Mg it
T8 NAA/Cr i1 5 A L SR (P < 0.08), X — S5 Huidk— i8R T RHIAT "H-MRS 24k . #REEH L MR,
AR IR 1 o3 G R E R, AR R PE A B K e Bl s A 0L o RIS AE SO B R b, Xt
AN IWLINZWES . FECWATE SO R, T LMEH MRS SRSHISMAME B . BCG R R 2R
Cho/NAA I S I 73 2,  FHAG IR nT AL A s A8 A 22 HN 26 1, e it 48 o Y R U 1 4 G2 i 2 )
[13]. Toyooka tH#i&, 7EMGHEFRH, —MAIRINZ NAA R Cr B#A%, AR bE S IR o 2 1 T =
WA, UL WU (A7 A SR UM AR S 2w AR [14] . BbAh, AIFFED, il FI A *H-MRS s 558 ,
e R, MR TR AT S A W, IR LA L AAELE NAA, IR NAA, Cho BA6Anfix
JR IR [15] . #8535 o JeE S8 v BRI, JCHR S = ZOn I R [16], AR R, SR )
SRR U, R AL S NAA K3 BFK[17]. MRS TEARJERE U PR B2, FE27E
RPN . WRTHTIR, MRS i FH A i P52 S5 98 12 W R0 B 1 00— Fho (eI TR [18]. i f S 5 mT
LGB IR 5% B AR R B S k. Ak, M UIRR S, S UERLST G, S IO YERSE, &
Pk AR R IX =R . U VSR TR A A R B VR IT I R BB AR K fE . 4 20%1) GBM &
BEBUHAIT /G 3N AR VAWML, Rl AE 5 520 U ) & T [L91 A BE AT T J5 [20] . Rttt
B e SON— PP A B BRI AFRE I, 29 20% 46T 7 707 I B E R YT AR )G 2~5 DA L, BN
SEIRYT ISR L 57 5% 9 35 PRI VR A RN o B 5 52 R P P 1 468 ) PRI, S OR P AT 1 MIRI 2547 ks
DA i S AR F AT g 52 [21] o AR Mg Fe AT e 52 2 TR PR X il — B e PR AR (R R A, S fil
L MRIARAEX 7, B FA1EEE A *H-MRS 7 FJ ] Cho/NAA Al Cho/Cr EEARE I 05 e & R AT R [22]
Btk TR YE MRS IS 5T B RIS . Sl — et 50/ N A B — 25 3 R, DAL T i
RE RIS, Galijasevic A EM, B MGMT A EGFR IRZA IS LI GBM AL EACEIN 2 572,
Tt MGMT AR, 75 MGMT FIEAL AT EGFR 344 bR 4T i 58 S, 7F EGFR 74 Jifsg o
R TIEPE23].

BRI OGN — PR T RIANA, B DR [24]. DRI IR i Zlde, K
JEA B AL B e 52 BRI, BT 5 o 2R AN T JE e I o B R N R 42, I BAERR AR BN, £
WL~ P 560 nm JEBE T, PG o G ta iR, (RIS OR B8 R R B S0, AT A PR AR L ) DR A
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wIaR &

Z AT — AN XA A A, FARBMER S € 11 IEEA B TR KA 4 YIks, JHldARE MRI 432156
ke TEL 2R A RIS FOC R R I IE RAEBATAT A REIER . Jesper BFFTRM, EHRIEHR
B E AL AR IR 1A YRR, FARIFRIERN, VIR MAAE R IRF& EBrbriE, JOHZ @i
B, IR AMRHEE AR AE R G 51 3 TR VIR I 5T B3 40 e 88 R o % A% 988 1) — AN ORI B R
[25]. Jared F &5 I\Ky, LUEET 03 BFAH SR (GBM) B 3 FE AR 1) 5% 6 R AN(SF) FIA Rl 5 (1OUS)FE A Hh
%77, SF T VIBRTEE (94% + 11%) % % /= T 10US (87% + 20%; P = 0.032) [26]. #8458 15 i ik
i BRI AR, (AR H A m AR, BB E, Al RS T RE[27].

NG 2 55 (14 J2 SRR T LA B DA K 5 T (R R NS 5 R IR 5 2R 6 B SR R s TR
P, AR ARG A SR R — AN EK Pk AR [28] . TEBIAR, BEE W DhREMN ARG . 1028 UG A B A Ak
RHER R R 3, JCHOR SO AR BR A R, A2 SRR A T DAB DT I 28 55 1 R IR #EAT TR,
JOH R GBI [29] o ARAS T E G i) 22 ML Fh AR I A, SISk, 55 WA IS I RAE 2 iR
KAE, HARGIEMAUK, 7 OEBAIESy, Wi gy, Wil imssE. ERAIEE T, R EME
T, VIBRAS, BEENE <1com [ 65.9% (29/44), dEeVIFRAS, FEERE <1cm (5 41.3% (19/46),
5 A G ER (3 P < 0.05). il #5¢ e ey, m LB i R A2, [ I RGN i 1 R mT R
WEEE ARG HBUBR R AE, T A RN R 8 PP 3E i, s W B, [ AR5 — 45 P JE
FRAE, AN R W A R .

7. BE

Zi BT, H-MRS IZEA VPGB K3, 7] IS S DA e e B it e A o e e, 6 #5
TR OEOR, AR S IR I FE, BA PR e, KO R 1
DIk, BeERHENE . MESREARZMARB MG, AR MRIL R CT. Rz
AR TR IR ). B ITIEHA B R EARERYE, Xt oMU b, TR B R, &
PR S FE T AR AL i i A0 B AT P AR AT TN, X T O RV, JCI R E <1
cm, BIEARFTTEE 'H-MRS, R EHIOERN, o LURFREEIRR IR, RIS BT AR IF AR R 2
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