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A= AR BRI B4 0 s 4 g /) A 220 R R Y I R
FHE SR ML ) T e A ER S R E R R

FhE R RN, IS, EEE, RRA KRR REE AR T AU, 1
130 g A2 N BB B O] i 8 R B ) 7 LR, 30T S 4500005 2. M K748 I Il R 4 B

FE:BH T A A BH Pk A Ve 4% A0 R /R #2219 (PPGL) B 35 B I R ARAE, 4R HAR S i sh AR
(IHD M fa i R 2, MG RIS W & BT AR A R . A3k WIS BT 2016 4F 12 7 & 2023 47 11 A A6
HEAREREZFRIFZLHEIEMISH 181 B PPGL & MG KB, MRS M3 s S5 FIRE (MN) 5
F AL 25 B R 3 (NMIND KO, o (B 35 2 R B AR B PR 4 (n = 52) FIAE AL BH PR AL (n = 129) o Hl W 20 A 35 7 11
IRFI ., SIS R A | SRR L AR SR P L 3h ) 24 A8 A S 7 T 1 25 575 lF— 2B X AR R B PR A R 3 o
THT 5 THT W4 47 B R 2 logistic [ 434, LARRSE THI RYAHCIRN . &R APIEHABE KRR, Rk
e K A 2R T A AL PHE 4L, B DR RO 2R . Wi TR AL 3R AR T AR AL FH PR 2 (39 P<<0.05) o AR AL PR 2H B il
B i 3K 2R R R K S I T A A PR AL, T S I B L) S T (38 P<<0.05) . AR
R, AR B M 2H 3 i 52 1% 2 E A SR AK T BH A 4H (63.6% Eb 100%, P = 0.008), Il fx R AR 0R B F B/, R4
THI SR % Az 278 A A BH PR 2 B4 (23.4% L 42.1%, * = 4.778, P =0.029) , (AT A5 ¥ 43 B 2 ok A2 3 LR 3 2%
WeBh, BAPE logistic [ 943 H7 7R, 25 18 L5 (OR = 1.961, 95%CI: 1.128~3.410) . 25 i i 4 I+ &5 (OR = 6.125,
95%CI; 1.425~26.328) K fih I i 42 >4 cm(OR = 7.071, 95%CI: 1.328~37.651) 5 IHI kL AH5E . &5t E1LBAME:
PPGL H.A AT B BE (IR T3 AR =R o B A AR P IEAE HL X . Mg AR >4 om, SE A &S
THI &A= G, BT A 3 7 ot XU 371l 545 28
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Clinical characteristics of patients with biochemically negative
pheochromocytoma/paraganglioma and risk factors for

intraoperative hemodynamics instability
SUN Tingxi', XIE Junpeng?, SUN Jialin®, WANG Lulu?>, CHEN Jiaxuan?, ZHANG Chen',
QU Huiyun', DU Huiyu?, HAO Yibin?, LIU Min'
1. Department of Hypertension, People's Hospital of Henan University (Henan Provincial People's Hospital), Zhengzhou,
Henan 450000, China, 2. Henan Provincial People's Clinical Medical School of Zhengzhou University
Abstract:  Objective To investigate the clinical characteristics of biochemically negative pheochromocytoma and
paraganglioma (PPGL) and to identify risk factors associated with intraoperative hemodynamics instability (IHI), providing
guidance for diagnosis and perioperative management. Methods A retrospective analysis was conducted on 181 PPGL
patients who underwent surgical resection and were pathologically confirmed at Henan University People’s Hospital between
December 2016 and November 2023. Patients were divided into a biochemically negative group (n = 52) and a biochemically
positive group (n = 129) based on plasma free metanephrine (MN) and normetanephrine (NMN) levels. Clinical features,
laboratory data, imaging findings, preoperative preparation, and intraoperative hemodynamic changes were compared
between groups. Logistic regression analysis was performed to identify risk factors for IHI among the biochemically negative
subgroup. Results The weight, duration of onset and incidence of shock in the biochemical negative group were higher
than those in the biochemical positive group, while the prevalence of diabetes, systolic blood pressure and heart rate were

lower than those in the biochemical positive group (all P<<0.05). Biochemically negative patients exhibited lower serum
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calcium, renin activity, and cortisol levels, whereas the aldosterone-to-renin ratio was higher (all << 0.05). Functional
imaging positivity was significantly lower in the negative group (63.6% vs 100%, P = 0.008), and the maximal tumor
diameter was smaller. Although the overall incidence of IHI was low in the biochemical negative group (23.4% vs 42.1%,
¥ = 4.778, P = 0.029), there were still some patients with significant hemodynamic fluctuations. Univariate logistic
regression analysis showed that fasting glucose (OR = 1.961, 95%CI: 1.128 to 3.410), elevated fasting glucose (OR = 6.125,
95%CI: 1.425 to 26.328), and tumor diameter >4 cm (OR = 7.071, 95%CI: 1.328 to 37.651) were significantly associated
with THI.

patients remain at risk for IHI. Tumor diameter >4 cm, elevated fasting blood glucose were associated with IHI. Therefore,

Conclusions  Biochemically negative PPGL presents with relatively subtle clinical and imaging features. These
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enhanced risk assessment and management should be implemented during the perioperative period.

Keywords: pheochromocytoma; paraganglioma;

hemodynamics instability

& % 41l Jitd % ( pheochromocytoma, PCC) Al &l # 22 7
J& (paraganglioma, PGL) &k i T Wg #%5 2l 4L i 28 N 49
WA . AR TS ERRRE ST, 5 W A R
AN A TR ) A2 ok 22 T R U B R A Ve R
41l g 5 /R #h 28 15 988 (pheochromocytoma-paraganglioma,
PPGL) . H &5 % 1/6 500~ 1/2 500, 4 K k5 3R Ky
2/100 J5 A~ 6/100 T3 Ao 330 6 i 388 3 43 db it )L
A5 T Wi e AR 7= 4, AT SRR S B M P v i
N E S S NS I E R B e N R <] I B2 =0 WA Y e
G E S Kb SR, T R = g R IR B
AR SR, BEIN T IR RIS W ME R

H 4 3L B I I & (metanephrine, MN) A1 B 42 5 22
F 1 F i & (normetanephrine, NMN) J& JL 5% Wy iz (1) 3=
SR, S b R E BT M PPGL B AR HF 2L 5 T
Bk ™. BT MN 5 NMN 7EJB3F fr s R fa s, i
AL IR 225 I (metanephrines, MNs) &l £
B R i A PPGL 1Y B 3% 7 i, R MR = FE s T
PR OLZS M e B 24 h B 2318 MNs I 700 SR, I A
SRR HPAT A EAE — 8 S £8 1 I3 U B MINs &b T IE
5, B A AR B PPGLE . AL BT PPGL (%% %
B RI2 R TC Yy e vk MR S A B b R R, DA B
ARAGTHER AL ARl 3 7 2 i 3l B S, 38 m R
RIS . H T, BE 022 8 09I PR A AR B TR
WY Bh ) 2 B A D, FEAR R A B . AR5
3 3o [ B P 43 T 9 R A N R BE B 2016—2023 4E iR
() 181 {5 PPGL & &, M8 A AL BV 5 R L B M AR
I IRAFIE . SEd 3 Fabn SOAR =R, T — PR Ak
B PPGL & AR Il i 30 /1 27 A £ € (intraoperative
hemodynamics instability, THI) f4 15 5 [H 25, DA A% 28
S 0 SR R TR A A SR Rl

1 ME57F%

1.1 & H20164 12 HFE 20234 11 H FEA

biochemically negative;

metanephrine; intraoperative

N R Be#:52 T ARG 7 I 2R J5 7 B 2 11 PPGL A&
AT 220 1], HEBR AR T AR SEF A IRA T VTR Y
AE L IR 52 AR PPGL Y S8 A L R A i 3 i B
MNs 5 # MNs iC g A 5208 H | RTEAR B HEZ T
AR WIS W A 5t Ve T 1] IR 54 22 E (primary
aldosteronism, PA) alt H: At B fff 4k & 1 &5 1 & s [ 3,
RN 181 ) 22955 B 12 1) PPGL J8 3 1 A WIS %)
4, o, PCC [B3% 157 ], PGL [ 3% 24 {9 . AR 44 1)
L5y A AR BIPELL (MN 5 NMN B IEH# , n=52) 5
ALY (T —F8 45 m T2% B, n=129).

AWEFE H PPGL B AR BT i2 B i f n F : Fr A7 SE B
PPGL f # ¥ Yo 352 M K 7 B MN S NMIN A o 7
MNs T I1 45 & CT 55 /% 348 i 1% (magnetic resonance
imaging, MRI) $2 75 i AU 52 /8 == K¢ E (40 B 2 5 1k 5%
T2 &5 ), I R & B2 14 %€ PPGL JF 17 FARIAIT .
XF T MNs 1E H {H 5245 27 w5 2 0] BE 2 (0 i 20 58 0 4
fiE . BeboRg FEAT PRI R EAF AR SR ), it — 2B AT T RERY
Bk, RS Ga bric A KR I I f 7 & 5T
Wi 2 AR /X 26T LA 1% (Pgallium DOTATATE
positron emission tomography/computed tomography,
%Ga-DOTATATE PET/CT) g "'I-[i] B ¢ A (*'iodine-
metaiodobenzylguanidine, "'I-MIBG) 1% . # hEER 1R
PR, BR AR T RE R R 2 2 R
PPGL H i fiF B i &, 2 2 R ig e gl
TARERA . A AR I A 2R 5 o5 B2 4G A
120 PPGL. I, A BIFFE T 40 A8 AR A B S 2 1 L
A BT ARIGIE S 2O BUE S, AAFTE R AT Y)
REME R 15 O

AW IR R R, IR SRR A AR
B A8 B 2 51 23 L E (HE45:2NO.2018-79) , AR 45 BT A5 1
FEXF R R[] &
12 HABWEREX WEEBHEMEN . FiY, AE
EER 3 QNI WA ST NE: N e 3 N v I 137 SR NN 9 3 e
FEBAE DL . IO MBS . MR . FELAR BT, DD RE . TR
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P LR TG L R B A S AR A [N A [ R AR 2
OB RHTH 2 . TR SRR % . A e 325 R
A s A2 Ak

B A WG R G T RS IR AR AP R K O . il
G (19 =IO = I i A S e = 7 P e o & ) R
A BT iE I e GH AR TS A E R K 26 ) o IR B %=
T A B R BRI (T e B2 R R T R FH S
ST E (HHECER A5 MGLM20) . 1fil 3¢ MNs
SR FH it EEK A P2 12 0 RakR) e DR iRl R B 3k 12 Wi 7
A BR N 7] Wi AR : Thermo Fisher Multiskan MK3) , &
(B AR A 2R B 1 ] 5 SR B A SRR A2 1E S5
Fil: MN <90 ng/L, NMN <180 ng/L.

JIT AT R AR DN 48 h P 3k B tee A 25 ohin i A1 1) £
PIRVER fib o W PR AT B8 AL U ARG 0 B 44 1) S8 8, 2 B
HEJ7 B PRSI, U S EAE I 2% . B E AR B
S91R] H AR S AR )T AR BT i 3% MNs

SRR OB R DR R A
I BT 7 Xk oS 8 B = 6.1 mmol/L, HK g A7 =
PRI I64E T (2024 ) YHE 2 WikmifE Y

AR JG R B2 Wk A U IR R S5 G S 2 Ak 45
ZEEHE . AN -4 (hematoxylin-eosin, HE) 4 {4,
T, PPGL =22 38 9y b 96 240 Y 522 S5IR (zellballen #%) |
FRRE A RHES, BB s S B ™ . s d e,
Jib 98 3= 41 it 28 fiih X (synaptophysin, Syn ) Fl/5} R & ki 25
1 A(chromogranin A, CgA) FHM:$& 7R # 28 P 43 Wik 431k,
S-100 % 1 (S-100 protein, S-100) £F 37 35 4 g 7 £ bk
oy R BHE, A Bh F SCRF PPGL i2 Wi 3% 317K I &
B V. & (succinate dehydrogenase subunit B, SDHB) F &
F T 82 7R 3% 50 R I U 52 5 1K I R ik ] (succinate
dehydrogenase complex subunit genes, SDHx) #H & 73+
a4 G R 48 £k Ki-67 M AR PS3 EEH T
il B VTAR R A= W 2247 ol , ASAE i PPGL #6112 1Y Pl —
WAl o X T AE AR B R, B ORI ISR I 25 MN AN
NMN K F i, (HER G A B4 iR BRI 212238
el AUARRHAE, 158612 ) PPGLM>

AR E LN : WA R 2 R AL EE CT 59
T 8 iR ] R 53R Ak, 5 MRI /R T2 B 15
S SR FREE AL ELS U 5 5 AR B B 1Y g s
4 2% 41 45 P'I-MIBG 1% & *Ga-DOTATATE PET-CT.
18 R R AE AT BE Kk A ] Sk, O SR BE P, e bR
WS 2% RN A% [ 2 b 2 A e FE

AR LIRS 7 2 E s MR S B R S8 B 3l ok,
5 min FRE— . HIE X: AR PI4E =200 mmHg
(1 mmHg = 0.133 kPa) FI/2¢F- 2 5 ik [t <60 mmHg, #f
Szt i) =5 min, H75 02590,

o 32 1A BHL 700 75 43 fet R A 40 2 s o K 90 g 4% 2

e 3 A B A B R (2025 Bl ) il L A4 IR
4 (120410)/(80£10) mmHg, />3 70~90 YK /min,
W R P vy I R A a2, A B 48 o i 4 B L 2 R B
SRR

1.3 RO LA E MG R RN . L5 %
AR L RATHER SO SR P i =P sh . #E—20
Xof A= Ak 1 20 BB A b THT 53R THI W 4 E 47 e %%, O
& THI ARG %

1.4 ZitZFEHE KA SPSS 27.0 A 47 4811 4%
Bro HHEFREESHERRE, fF8 BRI & L
BEPRIERZE () R, PIALIR] HLBCR ST REAR ¢ 46
555 AE IE 2550 A0 B0 LA 1 8 (P, Pos) 6o, ALIRN HLAR
H Mann-Whitney U £ 56 o 11209 Bk LA £ (%) Fw,
2 [v] He R FH R 5 K 30 5% Fisher KSR AG 56 . SR T8
2 logistic [0 594347 7 2 THI A9 W57 52 [ 22, 154
HAH FE (OR) J 95%CI. WA K, LA P<<0.05 h 22
SAGIEE L.

21 MABREWIRAKRZIR A 181 4] PPGL &
H, Horp AR B 52 61 (28.7%) , A= Ak BH P 129 i
(71.3%) . AL E N . FtE . B, KT
(body mass index, BMI) | % 12 J& A | i 95 2 AU
(PCC/PGL) . J& 5585 . FM s st G4 Bk . A1 o
I e R FE SR A 5 1 22 ¥ g i e L SR, A
FEEA PR B R, R K, HARSE R AR T
FHAEZE (337 P <<0.05) 5 M PR SE s 26 . W& 1 00 232 )
fRF P (35 P<0.05) . W4 —HRAFE & A F 25T
GiiteE Lo AEARBAEAAR b THI &A= 34K F B PE 4
(23.4% It 42.1%, * =4.778, P=0.029) , WL 1.

22 WAREWNIRERET MWAABREEMAS. MR
[T (1IN AN R A OV = v =2 W 1 e ==
S o AR A Ak BF P 41 1 45 7K SR F PR 4L (P = 0.013) 5
FiMSE K 37 A7 i 2 2R PR AR T B 4 (P<<0.01), i
1S [ i /' R HAE s T B R4 (B2 P = 0.015, S P =
0.019) . IAh, 08:00 Kz i f K ~F- 7R AIE T FH M 41 (P =
0.041), W& 2,

23 WABENEGERREZER W4 HEMN
S o7 B MR AR S R = R G L. A
Pk 20 2 fig 52 18 2% BHPE 2248 T FHPE 4 (63.6% X 100%,
P =0.008), fi i i K AR/ [4.0(2.5, 6.0) cm b
6.0(4.0, 7.6) cm, Z = 4.487, P<<0.0011. 7 1fiL . IRFE .
PEVES B 4 PiE A AL A5 AT (Ki-67 768k . Syn. CgA. S-100.,
P53, SDHB %) J5 [, Wi [H) 25 3 gt it X (P>
0.05). U3k 3.
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Table 1 Clinical characteristics of PPGL patients in the two groups
2051 % AR (%) FE(%)] H&(cm) fATE (kg) BMI
Group n Age (years) Male Height Body weight (kg/m?)
A AL BT Biochemically positive 129 49 (32, 60) 58 (45.0) 163 (158, 171) 62.7+124 232437
H: LB Biochemically negative 52 52 (45,59) 25 (48.1) 164 (160, 174) 66.8+11.3 242435
K2 -1.650 0.145 ~0.757 2014 ~1.409
PlH 0.099 0.703 0.449 0.046 0.161
ZJRIA [n(%)] Reason for visit EIMLEZER [#(%)] Type of hypertension R
K i3 2N et W& pE Rt IR U1
ikl Mass found Symptoms e I S eIl Disease
Group Persistent Paroxysmal Persistent with duration
paroxysmal (months)
exacerbation
HAEBAPE Biochemically positive 49 (38.0) 80 (62.0) 87 (93.5) 4(4.3) 2(2.2) 2.0 (0.3, 12.0)
H: AL B Biochemically negative 27 (51.9) 25 (48.1) 28 (87.5) 4(12.5) 0 10.0 (0.5, 24.0)
Pa AL 2.956 -2.036
PlE 0.086 0.253" 0.042
PCC g7 PPGLZ PPGLAH LR &1k IR fESR
20 5] [n(%)] (n(%)] [n(%)] [n(%)] [n(%)]
Group Metastasis Family history of PPGL-related Hypertensive
PPGL hereditary syndromes crisis
HAEBA Biochemically positive 109 (84.5) 6(4.7) 2(1.6) 2(1.6) 5(3.9)
H:AEBAE Biochemically negative 48 (92.3) 1(1.9) 1(1.9) 1(1.9) 0
18 1.966
PfH 0.161 0.663" >0.999" >0.999" 0.348"
20 5] R [7(%) ] 3 [n(%)] BERRG (n(%)]  W&iE(mmHg)  &F5KJE(mmHg) L2 (P /min)
Group Hypotension Shock Diabetes mellitus SBP DBP HR (beats/min)
A AL BT Biochemically positive 1(0.8) 0 19 (14.7) 136 (124, 162) 84 (75, 100) 81 (77, 94)
H LB Biochemically negative 0 3(5.8) 2(3.8) 130 (119, 137) 82 (74, 90) 79 (72, 82)
XZ/Z/Z{E 2.647 1.726 2.478
PlH >0.999° 0.023" 0.039" 0.008 0.084 0.013
205 ZIRIE [n(%)] K [n(%)] O [n(%) ] 2 [n(%)] TesEk [n(%) ] IHI
Group Classic triad Headache Palpitation Hyperhidrosis Asymptomatic [n(%)]
H: B BAE: Biochemically positive 4(3.1) 24 (18.6) 34 (26.4) 27 (20.9) 32 (24.8) 40 (42.1)
A AL Biochemically negative 1(1.9) 9(17.3) 9(17.3) 6 (11.5) 15 (28.8) 11 (23.4)
)(z/t/Z{E 0.042 1.675 2.193 0.315 4.778
P >0.999" 0.838 0.196 0.139 0.575 0.029

FE IE A AT O U B bR 22 G )R, RIES S A R R A AR (2B (Pys, Po) R o M I Fisherk§ W K25 . PPGLJg W % 401 A
SR /R A 22 98T s BMIDK (AT 415 5505 PCCA I 8% A0 T 5 THICA AR PP I 380 30 2 AN AR o

Values are (x=£s) for normally distributed data, and which are median (P, P;;) for non-normally distributed data."Fisher’s exact test was used.

Abbreviations: BMI, body mass index; PCC, pheochromocytoma; PPGL, pheochromocytoma-paraganglioma; SBP, systolic blood pressure; DBP, diastolic

blood pressure; HR, heart rate; IHI, intraoperative hemodynamics instability.

24 HWPAMAEEARP HWHEXEER 7524
A AR I A b, 47 ) R4 58 B OR I i 3l g A AR
P, Horp 11491 (23.4%) & 4= THI, 5 G THI B35 A L,
THI 20 5 2 i 98 1542 > 4 cm A9 FL 451 (72.7% Lt 38.9%,
7 =3.875, P =0.049) , =5 JiF 1fi 4 /K F 5 15 [6.40(6.00,
6.96) It 5.21(4.75, 6.09) mmol/L, Z = —2.865, P = 0.003],

25 M AR T v %) B A S 25 48 0 (63.6% L 22.2%, i =
4.881, P=0.027) . WALEER] . Fil . IR EHE. 2
e o SZARBE A R . AR I 2 R TR B ] 45 1 2
SRR () P>0.05). L% 4,

Sy it — 2L PPl THI EZEAE OC 2R, FHER A & logistic
[H 8o S5 R B, 25 17 A (OR = 1.961, 95%CI:
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1.128~3.410, P = 0.017) . =5 & il 4 7} = (OR = 6.125,
95%CI: 1.425~26.328, P = 0.015) }z i 98 {42 >4 cm
(OR =17.071, 95%CI: 1.328~37.651, P =0.022) ¥ 5 THI

RHAMR . WS, BTALH HI A5 (11 41),
il R AU, AP R 22 R logistic 911
BT, R A RATY 5 75 S RAEAWTIE rh i — 2P Bk

R 2 W4l PPGL & ML & A6 Ay

Table 2 Laboratory findings of the PPGL patients in the two groups

417 ks SRR (mmol/L) i =R (mmol/L) HDL-C LDL-C
Group n TC TG (mmol/L) (mmol/L)
H: AL FEE Biochemically positive 129 4.64 (3.90, 5.59) 1.29 (0.95, 1.65) 1.29 (1.07, 1.52) 2.54(2.02,3.11)
H:AEBAE: Biochemically negative 52 4.53 (3.65, 5.60) 1.18 (0.93, 1.80) 1.18 (1.08, 1.42) 2.46 (1.86, 3.16)
t/ZH 0.401 0.095 1.254 0.289
PlE 0.689 0.924 0.210 0.772
bl M PRER (umoVL) — IALAF(pmol/L) %S B iM% (mmol/L) 18 (mmol/L) 114 (mmol/L)
Group UA Ser FBG Serum potassium Serum sodium
A= 4LFHPE Biochemically positive 268 (218, 336) 54 (46, 65) 5.70 (4.85, 6.99) 4.11+0.47 141 (139, 143)
H:ALBATE Biochemically negative 262 (203, 313) 51 (42, 66) 5.47 (4.84,6.51) 4.00+0.45 141 (138, 143)
A1 1.028 1.233 0.691 1.416 1.361
Pl 0.304 0.218 0.489 0.158 0.173
215 15 (mmol/L) 145 (mmol/L)  EMEFZE [pg/(L-h)] B [ug/(L-h)] fiMyz Ang IT (ng/L)
Group Serum chloride Serum calcium Supine renin Upright renin Supine Ang I
H:AEBA: Biochemically positive 4.4(1.7,8.8) 75.0(60.2,91.9)  104.4 (101.8, 107.0) 2.28(2.19, 2.39) 0.8 (0.2,3.3)
AL B Biochemically negative 1.4 (0.4,5.8) 72.8 (56.4,85.5)  104.9 (103.0, 107.8) 222 (2.11,2.29) 0.2(0.2,0.8)
1Z{H 2.861 1.056 -1.621 2.490 3.068
PlE 0.004 0.291 0.105 0.013 0.002
o SAzZAng I Fib 2 [ S {378 [ R FM3ARR 7 AZARR
Group an/L) '(ng/dL) . (ng/dL) [(ng-dL’l)'/(ug-L’l-h’l)] [(ng-dL*‘?/<ug-L*‘-h’1)]
Upright Ang Il Supine aldosterone  Upright aldosterone Supine ARR Upright ARR

H: AL BA4: Biochemically positive
H:AEBA P Biochemically negative

83.6 (66.4, 101.5)
78.4 (66.4, 95.0)

109.9 (64.6, 153.5)
86.2 (63.1, 115.8)

156.7 (93.3, 231.0)
146.4 (87.2,213.3)

10.85 (4.15, 28.05)
24.28 (7.85, 38.75)

4.25(2.25, 8.93)
6.84 (2.72, 31.65)

HZIE 0.819 1.841 0.621 -2.444 -2.338
PlH 0.413 0.066 0.535 0.015 0.019
) B2 il (ug/dL) Cortisol MN NMN
Group 08:00 16:00 00:00 (ng/L) (ng/L)

H AL FHTE Biochemically positive
H AL B Biochemically negative

11.69 (9.16, 14.07)
10.13 (8.33,12.21)

6.89 (4.55, 10.51)
6.42 (4.77, 9.09)

3.39(1.70, 6.68)
3.04 (1.88, 5.06)

105.56 (26.94, 328.89)
24.50 (13.51, 38.17)

760.82 (376.15,2827.81)
63.40 (23.46, 129.82)

t/Z(8
Pl

2.042
0.041

0.946
0.344

0.761
0.446

5.460
<<0.001

9.713
<<0.001

BRI T BOR A E B 2E (X + )RR, FRIES AT BB L A 8 (Pos, Pr) 7R o BETIEN, 1 ng/dL =27.7 pmol/L; J% FiEE, 1 pg/dL =
27.6 nmol/L. HDL-CJy % % J& I £ 1 AH %1 B%; LDL-C b 1% %5 B2 B £ H BE 1185 Ang 1T b 48 555K 36 115 ARRCW B [ B 55 P 3% LU MINOA HY 4 2
B MRS NMNOY AR S IR

Values are (X+s) for normally distributed data, and which are median (P, P;;) for non-normally distributed data. Aldosterone, 1 ng/dL = 27.7 pmol/L;
Cortisol, 1 pg/dL = 27.6 nmol/L. Abbreviations: PPGL, pheochromocytoma-paraganglioma; TC, total cholesterol; TG, triglyceride; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; UA, uric acid; Scr, serum creatinine; FBG, fasting blood glucose; Ang Il , angiotensin I ;
ARR, aldosterone to renin ratio; MN, metanephrine; NMN, normetanephrine.

3 it # Fr Al SR A, Z A B E R E T E N
PR, R | o0 38 BB PR B R A . AR
I, Ky fE W AR B R AL (63.6% L 100%) , H 9 B
RN, SER B R HOM R A S S PR AR .

A FEAE B R D AR AR R G s, A Ak B M
PPGL( 5 28.7%) HAG Ifi IR 5 A= Ak 2 BRAF X << 38K ) e
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AT, A A AR B B TR BRSO AR (UK
AARAR AR, TR 5 T 255 5 B AR Kl R AG o D
RUBH IR MNs S RERZ i I R 7R S, (ELIA fie

AL A5 R B B W B AT PR R R, 22 RS
JEATAT FARIBSY, 2 BIESZ N PPGL. X /R TR
SETEOLT, Bl AR A5 AR T RESE Il i2 KB

R3 ULERE R EE SRRTOR

Table 3 Comparison of imaging and pathological characteristics between the two groups

AR AR RERAR 2= Wb 3 2 (%) ]
415 Bi% [n/N(%) 17 [n/N(%) 17 Tumor location
Group n Typical imaging Positive functional PAEF LR XU 1 R
features imaging Unilateral adrenal Bilateral adrenal ~ Retroperitoneal

A= ALBATE Biochemically positive 129 10/11 (90.9) 22/22 (100) 106 (82.2) 3(2.3) 20 (15.5)
HALFATE Biochemically negative 52 14/15 (93.3) 7/11 (63.6) 46 (88.5) 2(3.8) 4(7.7)
11ZfH
PlE >0.999" 0.008" 0.353"

415 PRI K A% (em) PR [n/N(%) ] B L/N(%) 1T SRIEL/N(%) ] Ki-6745%50(%)

Group Maximum tumor diameter Cystic degeneration Hemorrhage Necrosis Ki-67 index
A= 4L B Biochemically positive 6.0 (4.0, 7.6) 10/133 (7.5) 28/133 (21.1) 19/133 (14.3) 1(1,3)
HALEA M Biochemically negative 4.0 (2.5, 6.0) 5/54 (9.3) 15/54 (27.8) 11/54 (20.4) 2(1,3)
P/ 4.487 0.010 0.981 1.056 ~0.953
PlE <0.001 0.920 0.322 0.304 0.340

215 Syn( +) CeA(+) S-100( +) P53( +) SDHB( + )

Group [n/N(%)]! [n/N(%)]! (n/N(%)]" (n/N(%)]T [n/N(%)]!
A= AL B Biochemically positive 126/127 (99.2) 127/128 (99.2) 109/122 (89.3) 1/22 (4.5) 42/50 (84)
AL B Biochemically negative 51/51 (100) 53/53 (100) 39/47 (83.0) 1/5 (20.0) 19/20 (95)
PV 1.263 0.717
PlE >0.999" >0.999" 0.261 0.342" 0.397

FE AR IE A AN A T GO AP LB (Pus, Poy) F75 o Ml T FisherkS K 36 0 TAR SC R A7 He S B vl 3R A% BORHT 3, o oh B 328 % R BRI 2
RS AR 25 FE M 3 e 52 4 52 AR NE ARG 4 A9 10 8500 0, 90 40 R 88 20 A 38 s e S PR s BB o ol T 0 00 R A A XU S 2 o Ak, ARG
TRARS I B BT RE R T & 8. Synh R il 3R ; CgA N & #% L2 H A S-10024 S-1004E 1 ; SDHB A BE #A82 Iit H HE BIE 4

Continuous variables with non-normally distribution are expressed as median (P,s, P;;). * Fisher’s exact test was used. T Relevant indicators were calculated

based on actually available data. The positive rates of typical imaging findings and functional imaging were calculated according to the number of patients who

actually underwent the corresponding examinations. Because some patients had bilateral or multiple lesions, the number of examined lesions may exceed the

number of patients. Abbreviations: Syn, synaptophysin; CgA,chromogranin A; S-100, S-100 protein; SDHB, succinate dehydrogenase subunit B.

HAALBA LS o7 RE 5 2 2w N R A L FR
FE P 2845 (W SDHx ) 7] BES i JLAS B e A5 B3 ¢ 5 i firb
Jo N R 2 TR T A L A3 AR X R B R AT R, B
A EEIR MNs KA TR EAEE R, E
A6 B P R AR e e A S8 R e T R PR 4 (5.8% L
0% ) , $& 7% 1ML 3 30 7 27 0k 3h T R IR A% 48 LA
Bl At 5 X AT BRS04 I AR AE <3 WA s R IR B
A Kes BIE LR 93 e & AR KRR A 50 T, Bebgg A7 vl
30 At EL AT I I M 1 PR 2R B At B TR, G 42
JRY. B EARBER K | Ak AR X
ey I T e LR A L B Al A i M o
o LR I, ERREE . FAR RS R 51 &R
SR IR B 12 R, B R AR . B RIS,
4y PPGL 44U #f 2 ik Y ik T, I 5 AR b ifi 1 ik
BRI B ST 2 0 gk 4R T A A i

F R P28 A, A5 A R R A 2 R
4 cm, 475 K MR TT RE HL A% B A R 1 43 WA AR B A A
WY BT, B, 2R B M IF AN 45 R T D e
1k, HAR OB 1 H BT PPA . AR BFSE N 45 & 2 4%
TBt, R Y058 2 e 00 < B M 20 15, A A HIT A
65 4 J 2 B AL TR o 1) A A A o

A= Ak e D RE S AR U 1 1) 3, R i o B f e
21 AR IR b 7R SRR 43 P B ] Sl MR RREAE, Ki-67 54K
Ko CgA. Syn, S-100, SDHB 1k K WLE< 3| I i 22 3 5
R, $RRIZ B E 1Y A A R D RE s AR B v B ]
RE 5 70 WK BARA 56, TR E M ZH 22 A

EET UL AR, XTIl R AT BEH MNs BP0 5 1
J o 7, R A AR I L bR B/ HL D RE AR B
N5 A AL B M PPGL. 5 454 CT/MRI SR JE 245 2%
FRIEZRA FIWT, ke lni2 .



rh A I R A (R 30 . 653 o

i

2026 4F 7 A5 34 %5 78] Chin J Hypertens, July 2026, Vol. 34 No. 7

R4 AALBAME R THI 2 A0 THI 4 59 F AR 986t

Table 4 Perioperative characteristics between patients with and without IHI in the biochemically negative group

415 % SR (H) HELn(%)] B (om) 47 (kg) BMI
Group n Age (years) Male Height Body weight (kg/m?)
JEIHI Non-THI 36 53.33+11.30 17 (47.2) 166.50 (158.00, 174.75) 67.28+12.35 24.50+3.51
IHI 11 48.09+16.10 6(54.5) 170.00 (164.00, 176.00) 65.36+9.07 22.894+2.93
7l 1.007 0.181 -1.007 0.476 1.372
PfH 0.332 0.671 0.326 0.637 0.177
415 ZEBIBE (mmol/L)  JELRLLANEIERU%) BRI [n(%)] S (%) FiLUEZEA [n(%)] Type of hypertension
Group FBG Baseline hematocrit Diabetes CHD FR4EPE Persistent [ % 4 Paroxysmal
JEIHI Non-THI 5.21 (4.75, 6.09) 39.14£4.96 2 (5.56) 6 (16.67) 18 (85.7) 3(14.3)
IHI 6.40 (6.00, 6.96) 40.44+3.89 0 1(9.09) 8(88.9) 1(1L.1)
K HZAH ~2.865 -0.790 0.018
PfE 0.003 0.434 >0.999" 0.894 >0.999"
a1l IDEECH 23 M U e {8 FH o2 A BEL T 1] FERIMEERIEE  RERIEE A RIS R] (d) AR [n(%)]
C; ! [511(%)] (n(%)] [n(%)] (mg/d) Duration of Crystalloid/colloid
rou
P Arrhythmia Elevated FBG a-blockers Terazosin dosage terazosin use infusion
JEIHI Non-THI 10 (27.8) 8(22.2) 25 (69.44) 1(0,2) 4(0,9) 25 (69.44)
IHI 5(45.5) 7 (63.6) 9(81.82) 1(0,2) 7(0, 12) 9 (81.82)
Fa AL 0.535 4.881 0.175 0.528 -1.106 0.175
PfH 0.465 0.027 0.676 0.629 0.290 0.676
ZH MR ER >4 em[n(%)] ISR (n(%) ] Y45 & (mmHg) &7k (mmHg) L3 (YK /min)
Group Tumor diameter >4 cm Tumor necrosis SBP DBP HR (beats/min)
JEIHI Non-THI 14 (38.9) 5(13.9) 130 (119, 134) 82.03+13.65 78 (72, 81)
IHI 8(72.7) 4(36.4) 133 (122, 151) 83.18+13.67 80 (80, 114)
Va4~ 3.875 1.489 ~0.806 ~0.245 -1.881
PfE 0.049 0.222 0.434 0.807 0.061
AR VR B s > 140 mmHg [7(%) ] Fiivsgi (i & [n(%)] Tumor location
205 . MN NMN
Maximum SBP > 140 mmHg B AR B | RS
Group o (ng/L) (ng/L)
within 1 week before surgery Adrenal Extra-adrenal
JEIHI Non-THI 12 (33.33) 22.08 (13.83,39.85)  61.64 (24.52, 129.82) 33(91.7) 3(8.3)
IHI 6 (54.55) 23.12(9.32,30.58)  46.48 (19.53,90.74) 11 (100) 0
a4 0.832 ~0.980 0.528
PlH 0.362 0.338 0.611 >0.999"
205 FARI K [n(%)] Surgical approach FANA] (min) He 1l (mL) TERER [n(%) ]
Group iGlaG Laparoscopic surgery JFJ Open surgery Duration of operation Blood loss Asymptomatic
JEIHI Non-THI 32(88.9) 4 (11.1) 141 (118, 203) 40 (13, 150) 13 (36.11)
IHI 11 (100.0) 0 146 (135, 235) 50 (10, 100) 2 (18.18)
K2 ~0.716 ~0.432 0.558
Pl 0.560" 0.479 0.683 0.455

FE IE S YOR DU B AR 22 (X ts) KR, AR IE S - YR L P (2 50 ( Py, Pos) 7 o fili FH Fisherk K0 36 . THDR A Hh il 3
o )12 R R RE s BMIA R EE 36 450 MINOA A28 15 1R 285 NMINCKY 42 5B B R

Values are (x=£s) for normally distributed data, and which are median (P, P;;) for non-normally distributed data."Fisher’s exact test was used.

Abbreviations: THI, intraoperative hemodynamics instability; BMI, body mass index; FBG, fasting blood glucose; CHD, coronary heart disease; SBP, systolic

blood pressure; DBP, diastolic blood pressure; HR, heart rate; MN, metanephrine; NMN, normetanephrine.

fh % b, THI R 5 L 26 1 i KT 14340 56 27,
AHIE K B, B 7E MNs I 5 B0 25 1 9TV 28 3 v,
THI % A 24535 23.4%, 775 AR N AR AL HSBR IE 3 6 AR AL
Fe A 3h 12 R B A . WM 2 logistic (711

OISR, A3 IR R | s R IURE O s KR B >4 em
Y5 HLEAEMS . B TAA HI HPE0A R, Rt
— PR IR, L IR S5 AT 18 3R EEA AT 5T
O — 2D B IE 2 IR O R A ARG T B A
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F, i g6 A BRI BRI R A R T XU 1) B2 S 5
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s PE T, TR R 7w BEVE A LS IR BT, A

1 B 3 17 e s R, AHF5EH THL R W
P R T e, B T RE A A [ B 2 A B IR
BT RS

x5 AEALBITELA PPGL B # A HI H K 2 logistic 8142047 (n = 47)

Table 5 Univariate logistic regression analysis of IHI in patients with biochemically negative PPGL

H 7% & Independent variable B SE Wald 5 {i Pl OR{E 95%CI

2 I 1% FBG 0.674 0.282 5.696 0.017 1.961 1.128~3.410
25 @ I+ Elevated FBG 1.812 0.744 5.934 0.015 6.125 1.425~26.328
IR E AL >4 cm 1.956 0.853 5.256 0.022 7.071 1.328~37.651

Tumor diameter >4 cm

¥ : PPGLJy g % 2 J0 98 1 1) 1 22 150 5 THIDR A o I3 3 00 2 AR A

Abbreviations: IHI, intraoperative hemodynamics instability; PPGL, pheochromocytoma and paraganglioma; FBG, fasting blood glucose.

T AW TS5 R, A A BA £ X A 4L B P PPGL 2
B DAR AR HT XU 43 )2 5 B AR S A BLE I, DU o i R
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