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[Abstract] Objective To investigate the diagnosis rate of heparin-induced thrombocytopenia (HIT), the incidence
of new thrombosis, the dynamic evolution pattern of platelets, and the clinical characteristics in patients with suspected
HIT after cardiac surgery; and to evaluate the diagnostic value of HIT antibodies (HIT-Ab), 4T's score, and Lillo-Le Louet
(LLL) score for HIT. Methods A retrospective cohort study was conducted. A total of 307 patients with suspected HIT
after cardiac surgery at Fuwai Hospital of the Chinese Academy of Medical Sciences from April 2023 to December 2024

were included. Clinical and laboratory data were collected. All patients underwent 4T's score, LLL score, and HIT-Ab
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testing. Patients were divided into the non-HIT group (n = 269) and the HIT group (n = 38) based on the final clinical
diagnosis. The platelet evolution patterns and other clinical characteristics of the two groups were compared. HIT-Ab
concentration was divided into four groups: negative (< 1.0 U/mL, n = 257), weakly positive (1.0-4.9 U/mL, n = 34),
moderately positive (5.0-9.9 U/mL, n = 11), and strongly positive (= 10 U/mL, n = 5). Differences in the incidence of new
thrombosis and the diagnosis rate of HIT among the groups were analyzed, and the diagnostic efficacy of HIT-Ab
concentration, 4T's score, and LLL score for HIT was evaluated using receiver operating characteristic (ROC) curves.
Results The diagnosis rate of HIT was 12.38% (38/307), and the incidence of new thrombosis in the HIT group was
63.16%, higher than the 34.57% in the non-HIT group (P < 0.001). Among HIT patients, 76.32% showed a biphasic
decline pattern of platelets (pattern A), and their risk of HIT was significantly higher than that of patients with pattern B
(odds ratio [OR] = 10.32, 95% confidence interval [CI]: 4.64-22.95). The incidence of new thrombosis increased stepwise
with higher HIT-Ab concentration (32.7% in the negative group to 100% in the strongly positive group, P < 0.001), and
the diagnosis rate of HIT increased from 0 in the negative group to 64.71% in the weakly positive group, reaching 100% in
the moderate/strong positive group. The areas under the ROC curves for HIT-Ab concentration, 4T's score, and LLL score
for diagnosing HIT were 0.996 (95% CI: 0.991-1.000), 0.799 (95% CI: 0.727-0.870), and 0.860 (95% CI: 0.811-0.908),
respectively. When the HIT-Ab concentration was 1 U/mL, the diagnostic sensitivity and negative predictive value (NPV)
were both 100%. Compared with the traditional diagnostic criteria for high-risk HIT populations (4T's score cutoff of 4,
LLL score cutoff of 2), the optimal cutoff value of 4T's score selected by the maximum Youden index was 5, and the
optimal cutoff value of LLL score was 3. Conclusion The incidence of new thrombosis in patients with suspected HIT
after cardiac surgery increases stepwise with higher HIT-Ab levels. The diagnostic value of the LLL score for HIT is
superior to that of the 4T's score. HIT-Ab testing has high sensitivity and negative predictive value, making it a reliable
tool for guiding early discontinuation of heparin and excluding HIT. Combining HIT-Ab concentration, platelet
evolution pattern, and clinical scores helps more accurately identify HIT risk, initiate alternative anticoagulation therapy,
and optimize anticoagulation management strategies.
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During the period from April 2023 to December 2024, there were
488 suspected HIT cases among inpatients at Fuwai

168 patients did not undergo cardiac surgery

320 patients with suspected HIT underwent cardiac surgery

10 patients aged < 18 years

1 patient with a previous diagnosis of HIT

2 patients with incomplete data

(257 cases were HIT-Ab negative, 50

307 patients with suspected HIT met the inclusion criteria

cases were HIT-Ab positive)

!

Non-HIT group: 269 cases
(New thrombosis occurred in 93 cases)

HIT group: 38 cases
(New thrombosis occurred in 24 cases)

B 1 HRmEE
Fig 1 Research flowchart

PAFRUE: DFEWE =184 ; QiEZ ODIEAMNEFFA (2
FEONERRE T AR | IR SIS B AR A . FZIRTFA . L
PERS A A S ) 1 (8 IF R Befih o2 ; @IF 2RI 5 M/
M ECR LR T FRIR I = 30%; OGS Bz MM .
KM R BB UERAYT

HEBR AR DI RECHE A 565 ; QHITHA 23 @A IfiL
RGP ; DG B
1.2 FHik
1.2.1 BLE XA

HIT-Ab# % 4 H ACL TOP7504: [ 30 Ifil 5E 1%
HIT- AbRG I A 221755 1l /Nl s /D 70 444G D) 3
F & (IRFF, 0020302700) , 5514 & AR I LR BURL Y
B, WUk R I PRA-IF R B AR s s BB A (T
BUHIT B M P I HURSS SRR o Kl s 32k
FH LI~ 48 58 5 LU Y 2 R K I HIT A8 25 1003 rh e
PR4-IF R E AW EIUIA (1gG/IgM/IgA) . HIT-AbE 4%

R 0.1,
1.2.2 w5 HRAAE XL

FEFHITAI BE S R B ie st hal HNER, R
A AT [ B 5 LLLIE A ; 4T sPRoM0c i o 25 52
Livee= el 20 ) 477 N SR e 92 s S W P 2 3 g
E: AR KU (0 ~ 343 ) o m B2 XUR: (4 ~ 5493 ) o i KU
(6 ~843)1"?', LLLPEZr AU HITHE 3R K1) 43 b5 v« AR HE R
(<243). R (=240,

4T'sPE4r FLLLIE A3 FRPEFIWARUE: 4T'sPF5r = 443Ny
FHPEPEZ, LLLIES) =240 0 FHPE PRS0

/A EE A AR A: PRSP N R, 5 d
M EFE30%, IFAES ~ 10 dZ [RIFFRRCE B BEB: ARG R
N RIS, T4 4,

ML/ MR KAE (platelet maximum, PLTmax): /R
it RIS RNIT A 25 5. BRCA: /MR8
N B JEIRAE Z 0, Pt SR R AR A e o 5 A



370 PR (BE2E R

5 5745

B: ARt AHT /MR B KA

ML/ 4B /IME (platelet minimum, PLTmin): Ifl
AINB TR T 4 28 B I s A B

IR B RPUEERYT: ARSI HARIF R ISP (n
BThARBE . FeARS )

B MR bR 2 7 S CTHE, Bl I 25
JE SR TR R A, JF-0 S AR o

BHINHIT: B T SRAJy 2= IR, ABFFEHIT 12
ZEA T WG R ITAR . S50 2 AN K A8 3545 24 i 1 s A bR
AR, AT 2 HRIS SRR
123 %itFFik

S FlEmpower Stats }2 SPSS 25.04¢ 114k /4 % S 47
AEFFN 5347, FHGraphPad Prism 9.0E Bk {34142 il 1]

TERIFAE . AR ES A A A5 (P, ~ Py RO, IE
BB LA X+ s R . AHIRNEA /A i S8 5 1 A
RIS AREA ek 55, A TE AR50 9 22 B 40 R i Mann-
Whitney Ut 5 L 22 57 o % T3 228 1 (i R 7
P22 5 o LAImIRZE G2 W M HI TS R 0 S An i, 2316
HIT-AbIZWiRHE 1 5210 & TAERHE (receiver operating
characteristic, ROC) f1£%, PARIZE T 14 (area under the
curve, AUC) HIWTHIT-AbXTHITHZ WAL AE . P<0.05H
ERAGITFE L

2 #R

2.1 —RER
AR IN G ARG B ILEL, E307F1 5L HIT

£ 1 HITREMIFEHITEFIGRILIQIELER
Table 1 Clinical data and test results of HIT patients and non-HIT patients

Characteristic Total Non-HIT group HIT group P
Case (%) 307 (100) 269 (87.62) 38 (12.38)
Sex (male/female)/case 215/92 191/78 24/14 0.323
Age/yr., median (P,-P,;) 62 (52-69) 61 (53-69) 64 (42-68) 0.890
HIT-Ab/(U/mL), X+ s 1.00 + 3.50 0.24 +0.38 6.33 £8.20 <0.001
New thrombosis/case (%) 117 (38.11) 93 (34.57) 24 (63.16) <0.001
Death/case (%) 23 (7.49) 20 (7.43) 3(7.89) 0.920
Alternative anticoagulation/case (%) 61 (19.87) 30(11.15) 31 (81.58) <0.001
4T's scores
4T's scores (median [P,;-P,.]) 4 (3-5) 4(3-5) 6 (5-6) <0.001
Positive 4T's scores/case (%) 226 (73.62) 189 (70.26) 37(97.37) <0.001
PLTmax/(x 10° L"), T+s 203.50 + 80.76 198.81 + 80.51 230.78 + 77.46 0.014
PLTmin/(x 10°L™"), T+s 4546 % 25.55 45.93 +25.38 42.16 % 26.89 0.136
Timing of platelet count decrease/d, X+ s 6.60 +9.25 6.77 £9.27 5.45+9.16 0.783
Lillo-Le Louet scores
Lillo-Le Louet scores (median [P-P;:]) 2(1-3) 2(1-3) 4(3-4) <0.001
Positive Lillo-Le Louet scores/case (%) 189 (61.56) 151 (56.13) 38 (100) <0.001
Duration of CPB/min, median (P,-P.) 180 (125-252) 170 (124-246) 238 (153-267) 0.046
Time from heparin exposure to HIT testing/d, median (P,;-P5;) 4(2-7) 4(2-6) 7 (5-10) <0.001
Platelet kinetics/case (%)
Pattern A 93 (30.29) 64 (23.79) 29 (76.32) <0.001
Pattern B 214 (69.71) 205 (76.21) 9 (23.68) <0.001
Type of cardiac surgery/case (%)
Aortic surgery 50 (16.29) 41 (15.24) 9 (23.68) 0.187
Valve surgery 49 (15.96) 44 (16.36) 5(13.16) 0.614
CABG 58 (18.89) 54 (20.07) 4(10.53) 0.159
HT 33 (10.75) 28 (10.41) 5(13.16) 0.609
Aortic surgery + CABG 31(10.1) 27 (10.04) 4(10.53) 0.925
Valve surgery + CABG 30(9.77) 24 (8.92) 6(15.79) 0.182
Valve surgery + Aortic surgery 16 (5.21) 16 (5.95) 0(0) 0.123
Valve surgery + Aortic surgery + CABG 8(2.61) 5(1.86) 3(7.89) 0.063
Other surgeries 32(10.42) 30 (11.15) 2 (5.26) 0.266

Positive 4T's scores: 4T's scores = 4; Positive Lillo-Le Louet scores: Lillo-Le Louet scores = 2; Pattern A: the platelet count decreased rapidly after surgery,

increased by 30% within 5 days, and then decreased again between days 5 and 10; Pattern B: the platelet count decreased rapidly after surgery and this trend

persisted, with the condition worsening for more than 4 days; CABG: coronary artery surgery; HT: heart transplant surgery; PLT: platelet; Timing of platelet

count decrease: the time from admission and exposure to heparin to the PLT count falling below the normal range.



52 W

T 55 5 O AR R A AT 3R 5 T /IR B K PRI ALE 2 BT e 2 TR AR 1A 371

B, HITATHIAR 412.38%(38/307) . AHAFARHIT
SR, HITHE BB A IR & AR 2R3 155 (34.57% vs. 63.16%,
P<0.001), Ifil /MRS AR £ 3 LU il B 5 (23.79%
vs. 76.32%, P<0.001) . RITK 4558 o, M TA
B, XA 5 L&A HITHAEAE CHR (P<0.001) . HfE L (0dds

Non-HIT group

LLL score positive : Both positive
4T's score negative ' n=104
S5rn=47 . - ' . .
'
'
4+ . » (1] L] .
8 '
s ]
23t s ¢ a
a '
— ]
= |
2hco b B __R__ s _.___
'
0
1+ - a [ ] @8 LLDscore negative
Both negative : 4T's score positive
n=33 . 1, n=385 .
0 1 2 3 4 5 6 7 8

4T's scores

ratio, OR) 10.32(95% ¥ 15 X [i] (confidence interval,
Cl): 4.64 ~22.95), UbHIRI AR K AHITH GRS &R .
HITHEF ™, LLLIEr Y =243, 97.37%(37/38) L& 11
4T'siF5r =451, AEHITEE Y, 56.13%(151/269) H B FH LLL
W53 =247, 70.26%(189/269) ) FEE AT sTF4 = 447 (1¥12) .

p HIT group
LLL score positive : Both positive
4T's score negative A n=237
Srn=1 e ° ‘
(B
v
41 . s . . -
@ (B
e i
o '
23 : - - -
L]
— 'H
— :
= i
hccccccccccee= T S
l
1l : LLL score negative
Both negative : 4T's score positive
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E 2 HITHFIEHITA R ZEWHITIES 5%
Fig 2 The distribution of HIT scores among patients in the HIT group and the non-HIT group

LLL scores: Lillo-le louet scores; 4T's scores positive: 4T's scores =4; LLL scores positive: LLL scores =2.
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Table 2 Clinical characteristics of patients in different HIT-Ab titer groups

Negative group

Weak positive group

Moderate positive group Strong positive group

Characteristic (<1U/mL,n=257)  (1.0-4.9 U/mL, 1 = 34) (5.0-9.9 U/mL, n = 11) (=10U/mL, n=5) P

Sex (male/female)/case 184/73 22/12 5/6 4/1 0.245
Age/yr., median (P,:-P;) 62.0 (52.8-69.0) 59.5 (45.5-66.0) 65.0 (53.0-72.0) 68.0 (66.0-71.0) 0.282
HIT-Ab/(U/mL), X+ s 02+0.3 22+1.0 6.1+1.3 23.1£135 <0.001
HIT-positive/case (%) 0 (0) 22 (64.71) 11 (100) 5 (100) <0.001
New thrombosis/case (%) 84 (32.7) 22 (64.7) 6 (54.6) 5 (100) <0.001
Death/case (%) 16 (6.2) 5(14.7) 1(9.1) 1(20) 0.229
4T's scores (median [P,-P,;]) 4 (3-5) 5(5-6) 6 (5.5-6) 7 (7-8) <0.001
Moderate risk/case (%) 148 (57.6) 19 (55.9) 3(27.3) 0(0) <0.001
High risk/case (%) 30 (11.7) 13 (38.2) 8(72.7) 5 (100) <0.001
LLL scores (median [P,;-P.]) 2(1-3) 4 (3-4) 4(3-4.5) 4(3-4) <0.001
Low probability/case (%) 117 (45.53) 1(2.94) 0(0) 0(0) <0.001
High probability/case (%) 140 (54.47) 33 (97.06) 11 (100) 5(100) <0.001

Moderate risk of the 4T's scores: patients with a 4T's score of 4 to 5; high risk of the 4T's scores: patients with a 4T's score = 6; low probability of LLL scores:
patients with LLL score < 2; high probability of LLL scores: patients with LLL score = 2; the other abbreviations are explained in the note to Table 1.
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Fig 3 Confirmation rates of HIT across different HIT-Ab concentration
intervals
Negative group: HIT-Ab < 1 U/mL; weak positive group: HIT-Ab at 1.0-4.9
U/mL; moderate positive group: HIT-Ab at 5.0-9.9 U/mL; strong positive group:
HIT-Ab = 10 U/mL.

0.799(95%CI1:0.727 ~0.870) F10.860(95%C1I:
0.811 ~0.908) . M4HIT-Ab¥ K1 U/mLIY, Hi2 WU
£ 41100%, BAPETHMI{E (negative predictive value, NPV ) Ay

Bl 4 REIHIT-AbR B X B H3 & it =
Fig 4 Probability of new thrombosis by different HIT-Ab concentration
ranges

All abbreviations are explained in the footnotes to Fig 3.

100%. SEGERHIT S G AR 2 BibRifE (4T sPF50 8
Wi K44y, LLLFSMRIBHE A 253) A EL, DAR R 2848 50
VEE (AT s A3 e AR RUWTE Ry 543, LLLIE 23 S A b8
9343 HIT-AbVE S WHITH B 1 U/mL, 3
L3R4, K5,

®3 HAmigER

Table 3 Types of new-onset thrombosis

New thrombosis/case (%)

Group Total/case (%)
Venous thrombosis ~ Arterial thrombosis ~ Arterial and venous thrombosis Microvascular thrombosis
Negative group (1 = 257) 60 (23.35) 8 (3.11) 8 (3.11) 8 (3.11) 84 (32.68)
Weak positive group (n = 34) 15 (44.12) 3(8.82) 3(8.82) 1(2.94) 22 (64.71)
Moderate positive group (n = 11) 2(18.18) 3(27.27) 1(9.09) 0(0) 6 (54.55)
Strong positive group (n = 5) 0(0) 0(0) 4 (80) 1(20) 5(100)
Total (n =307) 77 (25.08) 14 (4.56) 16 (5.21) 10 (3.26) 117 (38.11)
P 0.03 0.001 <0.001 0.183 <0.001
% 4 ROCH LT HIT-AbITHITHI IS BT 3¢
Table4 ROC curve evaluation of the diagnostic efficacy of HIT-Ab for HIT
Indicators AUC (95% CI) Cut off point Specificity/% Sensitivity/% PPV/% NPV/%
4T's scores 0.799 (0.727-0.870) 4 points 29.7 97.4 16.4 98.8
5 points® 59.9 84.2 22.9 96.4
LLL scores 0.860 (0.811-0.908) 2 points 439 100 20.1 100
3 points’ 66.2 92.1 27.8 98.3
HIT-Ab 0.996 (0.991-1.000) 1 U/mL* 95.5 100 76 100

NPV: negative-predictive value; PPV: positive-predictive value. ROC: receiver operating characteristic; AUC: area under the curve. * Optimal diagnostic

threshold (maximum Youden's index).
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Fig 5 Receiver operating characteristic curves for HIT-Ab, 4T's score,

and LLL score in diagnosing HIT
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