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Abstract

Objective: This study aims to compare clinical outcomes between hematogenous and non-hematog-
enous periprosthetic joint infections (PJIs) following surgical treatment, analyze factors contrib-
uting to outcome disparities, and identify associated risk factors. Methods: We conducted a retro-
spective analysis of 138 P]I cases treated at the Affiliated Hospital of Qingdao University from Janu-
ary 2001 to June 2022. Patients were stratified into hematogenous and non-hematogenous groups
based on infection etiology, with postoperative surveillance spanning 3~18 years. Results: Among
138 PJI patients, 54 cases were hematogenous PJI (hematogenous group) and 84 cases were non-
hematogenous PJI (non-hematogenous group). Knee infections (83 cases) showed significantly
higher prevalence than hip infections (55 cases) (P < 0.05). Of the 138 patients, 99 demonstrated
positive microbial cultures. Among these 99 patients, 4 cases were mixed infections and 95 were
single-microorganism infections. Of the monomicrobial infections, 74 cases involved Gram-positive
(G+) bacteria (including 26 Staphylococcus aureus cases), while 13 cases involved Gram-negative
bacteria (including Pseudomonas aeruginosa, Escherichia coli, Acinetobacter baumannii, Brucella
spp., Klebsiella oxytoca, and Ralstonia pickettii). The hematogenous group showed significantly
higher Gram-negative bacterial infections than the non-hematogenous group (P < 0.05). Fungal in-
fections occurred in 8 cases. Treatment failure occurred in 20 hematogenous group patients and 18
non-hematogenous group patients, demonstrating significant intergroup difference (P < 0.05). Uni-
variate analysis identified diabetes mellitus, G+ infections, fungal infections, and debridement with
prosthesis retention as significant risk factors for treatment failure. Multivariate analysis revealed
G+ infections, fungal infections, and prosthesis retention as independent risk factors for treatment
failure, with prosthesis retention being the sole independent risk factor in hematogenous PJI (P <
0.05). Kaplan-Meier survival analysis with Log-rank test demonstrated significantly lower prosthe-
sis survival rates in the hematogenous group compared to the non-hematogenous group at 3, 6, and
12 months post-surgical intervention (P < 0.05). Conclusion: Hematogenous PJIs exhibit signifi-
cantly higher treatment failure rates compared to non-hematogenous infections. Prosthesis reten-
tion during debridement represents the sole independent risk factor for treatment failure in hem-
atogenous PJIs.
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fE A & Bl J8% % (periprosthetic joint infection, PJI) & & BHi PR - X LLAL PR IG PR M R [1] [2], —HE K
AR ERE RITBRATE NN M AFGIL L, HFBREREZRFARULKIAMRAbUAZ . MR 4E B
BARMAE, PI o 9 yFEEFEE MR, SEIRTEEANIMNGITHER , X 38 (A3 %A A% 1 X
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2. W&EE5H*
2.1, W&

(1B 3 A 2000 4F 1 H~2022 4% 6 H T & KM E R AT 4bRHAIT I PIL B3 138 {5 il R Bt
BE, HrP ey 83 4, WioeT 55 4. BEAER 31~81 . AW FUE T & M B E B B A 4
LS : QYFY WZLL 29757).

2.2. il

IINARHE: 2 W ST B 5 B A R G AR 2011 438 LA & B% I G P23 (muscular skeletal
infection society, MSIS)iZ Wi bxifE € L PIl. MYEPERE L MPEPE PIAE SCRKRTTEIAR >14H H3L
FER, OIS LSRR, IR DR — R DL, (1) M FRBA P S S A — B i A iR Gkt
(2) RO R FRBANE, HAUEHE R BT ARGkt 50 JF A — 8 (3) EBE — IR KW EHBASS =14
SRR, LA 0 A B G ok B 35 BV IR 5 (4) B B A% G 27 SR e PR RN AR ARRRAIE DL S A
YR B WA g P [6] [7].

2.3. BT ELERHE

AHEFER A TSR VT B r G BT, BE VN R 3 4F . AT STl A Diaz-Ledezma by FI B4 2]
RETI: (1) BAGHER, HREIESHE, MR, BRI L. (2) RERZTATHA
7o (3) ARKAIKGAMIRICT HAF(UWIRERESE) . HBE R VI T HUIRIUE 2993 6 77 fE A0 7 b il oy
FERTT R

2.4. Gyt e

XA 4T, Fisher KiR 36 102848 &, Mann-Whitney U #6560 H T 42488, XU P {H <
0.05 #i & XN EA Gt 25 . @it Kaplan-Meier 41723 e AR EAE SR, f ) 828 B [al A 50 Hr iff 52
WIT R MBI R, RIEET 208, AR PE < 0.1 MR, XHTHdEEE,
Excel v 16.53 (f#k, FEE)x TGt E #7504, H 1BM SPSS Statistics 27,
3. /R
31 FEBEELRER

7F 138 i PJI &g, ik P (L YE4H) 54 41(39%), AFMLiEE PI(AEMLIEL) 84 #1(61%). fETT
JER YL 83 141l (60%0) LLA71 W ¥ vy T #8 5C 9 /B8 4% 55 151(40%) (P < 0.05), 4+ 1 ffrs.

3.2. MENEMFERER

YR B 15 51(28%) FEAMEHATT IS FE AR Re s 77 R JEZE A, %2 IRPBHPE RO Z A R H 1 E
BEHUR R (46%), HUCNE L RITETE(17%), & W E A4 5 ORI 5 3K (22%), JEMLIRA 85 24 41(29%)
TEAMRHATT IR PR BERT 77 R IR A, 22 RBH P B (R R i 2 A8 3 6 30093 14 (58%) , 5 L TR MR
R % BR 1 (25%) A1 4 5 0,587 21 BR B (17%) o L I Y20 rp 24 PRBH P R I e 9 91 (179%0) 5% 2 TR 4
2% AL R, 4 151 (5%) (P < 0.05), f1# 2 fios.
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Table 1. Basic information of the two patient groups
1 MABEEERER

ek ff I 3P I 5 PH
Pt 138 54 84
8 AP
i 55 21(39) 34(40) 0.023*
i 83 33(61) 50(60)
*Fisher’s exact test.
Table 2. Etiological microbiological culture results of the two patient groups
2 PMUEBERENMEYMFERER
T3 JE A A=) IMYFLE e 1M P50 P {H
Bt 54 84
iR 15 (27.78%) 24 (28.57%) 1.000
B — T A R 38 (70.37%) 57 (67.86%) 0.706
22 B PE B 25 (46.30%) 49 (58.33%) 0.221
SR U A R 12 (22.22%) 14 (16.67%)
A BRI 2 (3.70%) 21 (25%)
A Hp ) A AT BR B 1 (1.85%) 2 (2.38%)
IR IR BR 1 (1.85%) 1 (1.19%)
NHIE R B 1 (1.19%)
T I8 2 IR 1 (1.19%)
R e 5% i K pRf 1 (1.85%)
A JHR P B A 2 (3.70%)
A O BR B 1 (1.85%)
15 AL FERR 1 (1.85%) 3 (3.57%)
Hh AR B 2 (3.70%) 2 (2.38%)
MR 2 (3.70%) 2 (2.38%)
LS | 1 (1.19%)
GUTHRARAT B 1 (1.19%)
LG 9 (16.67%) 4 (4.76%) 0.033
KIG545 i 4 (7.40%)
R A 5P B 1 (1.85%) 2 (2.38%)
ifd AN B AT B 1 (1.85%)
BH 1 (1.85%) 2 (2.38%)
PR v A AT B 1 (1.85%)
AR B 1 (1.85%)
FLH 4 (7.40%) 4 (4.76%) 1.000
DOI: 10.12677/acm.2025.1551389 428 Il PR % 2 3k e


https://doi.org/10.12677/acm.2025.1551389

KA

Yk

He R 22 BELE 3 (5.56%) 2 (2.38%)

ANGEEY AL 1 (1.85%)
S PR S D AR T 2 (2.38%)

TRAIRYL 1 (1.85%) 3 (3.57%) 1.000

NG EAE L Epetid AL T ] 1 (1.85%)
ST LL I B 5 3% B A A R A 1 (1.19%)
S OEE R S 2R 1 (1.19%)
Iy BOFF B 5 R R R A R A 1 (1.19%)

3.3. EFERA I

MIFLAZAMENATT PI G B RS T RDNSMEHETT 3 HJGHA 14 BIEFIRIT RIW, 4MRHEYT 6
HIGA 18 BB FIRIT R, AMEHAIT 12 AJH 19 BB 07 R, miEA S0 EHEYT 3. 64 12 A5
KR A Y B LE AR RN 74.07%. 66.48%. 64.46%F MLIF AL AN BHEYT PIL H B B GE I 18]y
SMEHEIT 3 HJGA 12 Bl HIT KR, AENATT 6 AJEf 14 BlEEHIT R, 4MEHEIT 12 AJEH 15
Bl B F ST R, AEMIRHEINEHEST 3 6. 12 AJF R B RABEIBIALEAF23 N 85.45%. 82.90%-
81.62%, H Kaplan-Meier A1t HAAEZRIF L0 EAAHI 24 Log-rank Fule o, MIEAEE 3. 6. 12 H
PR GARAAE A7 2R B PEK(P < 0.05), Wil 1 fR.
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Figure 1. Prosthesis survival rate in the blood-source and non-blood-source groups
E 1 miFESIEmFAREEFE

34. BRlREZESH

TERAR BRI R R, A G B PR (L %4 LE(OR) 3.589 (95% A 1% [X 1](CI) 1.167~11.036)) . ¥ J5i 1
W) RS IR R B 9RO B 2% IRPH M 1 (OR 2,571 (95% CI 1.189~5.559)) . ¥ 1 (OR 22.355 (95% CI
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2.647~188.823)) #MEHA T e HE A {4 BE 7 G AR (OR 42.311 (95% Cl 13.021~137.487)) 5 2 W & & 2 7t
A, AR R 4 5 IR 2K 0 A bl FR 97 (OR 3.867 (95% CI 1.049~14.248)) 5 EL 7% (OR 8.250 (95% Cl
0.851~79.950)) LA &% {7 B4 544 735 1) R (OR 7.089 (95% Cl 1.942~25.879)) 5 kMR B T w5, I 3.
KA FTR.

Table 3. Univariate analysis of PJI patients

=3P BEBERESR

y 547 B 1H SE Wald & OR 1 95% Cl P
Gt 0.030 0.024 1.635 1.031 0.984~1.079 0.201
PRI 1.278 0.573 4.973 3.589 1.167~11.036 0.026

o Il 0.478 0.429 1.244 1.613 0.696~3.737 0.265

56 LI 0.536 0.480 1.246 1.709 0.667~4.381 0.264
FERIBE T % 0.693 1.429 0.235 2 0.122~32.907 0.628
B IepitE 0.522 0.453 1.327 0.594 0.694~4.093 0.249
2% PR T B 0.944 0.393 5.764 2.571 1.189~5.559 0.016
B RIAPER 0.260 0.688 0.142 1.296 0.337~4.990 0.706
B 3.107 1.089 9.145 22.355 2.647~188.823 0.004
ARG 22.282 10096.485 0 - 0 1.000
BORAT: R A 125 5 0.669 0.472 2.009 1.953 0.774~4.927 0.156
fEAESEIE 0.171 0.525 0.106 1.186 0.424~3.321 0.745
TRERRAR R BIAR 3.745 0.601 38.794 42.311 13.021~137.487 <0.001

Table 4. Univariate analysis of blood source groups

F 4. MRBRRRSH

fak A &= B1E SE Wald {8 OR & 95% ClI P1E

Gt 0.030 0.024 1.635 1.031 0.984~1.079 0.201

W PRI 1.352 0.665 4.130 3.867 1.049~14.248 0.042

o Il 0.332 0.585 0.322 1.394 0.443~4.391 0.570

Sk 097 0.944 0.623 2.298 2.571 0.758~8.720 0.130

FERIBPEITT R 0.552 1.443 0.145 1.737 0.103~29.393 0.702

F IR AE 0.251 0.668 0.141 1.286 0.347~4.764 0.707

2% PR T B 0.855 0.582 2.158 2.352 0.751~7.356 0.142

2 RIAPE R 0.385 0.756 0.259 1.469 0.334~5.469 0.611

HIE 2.110 1.159 3.316 8.250 0.851~79.950 0.069

TRA G 21.785 40192.969 0 - 0 1.000

A i R B e 52 0.616 0.600 1.056 1.852 0.572~5.997 0.304
1FAES2E 20702 40192.991 0 - 0 1

TR B RIEBIAR 1.959 0.661 8.788 7.089 1.942~25.879 0.003
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A P BB Z RE A irrh, EY 5557708 5522 IR M B (OR 5.057 (95% CI 1.990~12.852; p <
0.001)). H I (OR 59.000 (95% Cl 6.300~552.541; P < 0.001)). 14 B4 i 44 )37 €1 K (OR 43.325 (95% CI
12.896~145.557; P < 0.001)) 57697 R MUE ZAH <. EIMIRA A2 RE o Hrd, REERIARTE AR (ORS5.910
(95% CI 1.523~22.933)) MMt —HSr MR 2, Wik 5. % 6 FivR.

Table 5. Multivariate analysis of PJI patients

=5 PIBESERNT

y 547 BfH SE Wald 18 OR & 95% Cl P fH
e R v 1.372 0.785 3.053 3.945 0.846~18.391 0.081
2% PR T B 1.621 0.476 11.6 5.057 1.990~12.852 <0.001
B 4.078 1.141 12.763 59.000 6.300~552.541 <0.001
RN 3.769 0.618 37.153 43.325 12.896~145.557 <0.001

Table 6. Multivariate analysis of blood source groups
7 6. MiFHZE RS

fa iR & B {# SE Wald {4 OR {& 95% ClI P1H
WE IR 0.985 0.754 1.711 2.681 0.612~11.749 0.191
HH 1.547 1.278 1.464 4.697 0.383~57.523 0.226
R ER LA 1.777 0.692 6.596 5.910 1.523~22.933 0.01
4, Fig

IEAESR B 2RI R, ST BT ARTZNA, ARG BRI B w0 ™ E R —,
P E S R I ARG R A I [ S AT A B A 1 138 9 N R DG B PII AR I IR BT
BE, R IR M PR PRI G 84 (4 EL 60.9%), IMYF1EEGL 54 4] ( 15 Lk 39.1%). %4> fidFfES Rodriguez %5 %
[l P 22 A Lo A T8 (1) 45 R — 23] [8]-

H AT PI ME0R B DL 2 BAPE R N, o 64.6%~74.3%, L DL ] Bl 9 1 48 46 Bk 58 R 4
TR A ERE I 5 R [9], ARG RER, WAE YU EE O GERE R S s, STk
W —5G B2 S UAREAR R KE, R FURIL, 2% [ B AE R PIL o () L5 B B v,
INRT 5 M3 Bl FR 28 Gt 4 A B 5L AR A TR TIURE AT 6 o 5 2% FRBAME B T2 Zmistowski 25 A [10] 1) (5] A
FEIN A 22 IR B B VAR 97 R B3R A0 HR 48 G AR R 1) o 22 EBH MR R AR, 5 T R 470 b 1) 22 IR BH
WAL, MR IETT RIMCE S, 12 BB FHTEIRIT AT R4S 5 B R B JE R 7R 45 R — 80, T BE
J5 Rl AT R e AR AT B R, TRl PIL WIS L AR YT U N B 2 3 il E Ryl R TR R 5
FRBG G R FREERA—, NS RBERA R 5 BUEFERITIIER S H IR G TR R N
FAPE . ARMIRLE TR TT R B, 10 B B TEAMRHA T AT R 77 5 R R G 55 95— 80 HED I 9Tk
IR ARAGF RN BN 5 BIUREAEIRIT TR 5 R B JG R IR A — 8, DS PR R GuAE O Hoh 141
NIRE Y, ZAMENAIT G R IR G I IR G e ok 1R, 54k 4 BIEEFEEA FARY) O I
FE, NHAFE 2011 [k MSIS i2WibritE, PN FEIRTT R, 3 BIlERH AR IR YT BT HE 77 5 F R B Ja 1
TSI o

WAV FCRIL, EATE G A, S22 IPHME R B AR BRI O 5 RIMCR T = B 5 A
Ky MR N, IRERAR DAIR AR M VIR e ME— o7 fa R R 2, 2 B DAk #4586 H
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Logistic [71)H, J&H TIARALET LM =I5, ERMNPIFAR SR E S B EL T, FN[EES
UL 2 B 5 i TR 3R 5 4 R B DR BRI, FEEAT 22 1R 3R 40 1T N R 08 2 8 B B AL R AN R 3R R N R
Wouthuyzen-Bakker & A [LLJ7EABATR A J5 FHAFIE I v PIL TG ). P A AP IR B (DAIR)G
ST LA BB AR R B, SR 5 A PII AR LG, H 0 R A BR B 51 RS ) S PR e I (R L s 2L 7 2R I
), PIL LA AR EE 74 [ e BA 1 8 2 BR A 5 S I PO TS BE 22 SR R I, 5 2% PG RH P e e
XEF A PIL B T S AT RE A DG fER R R, (EXF EAmN S, HALERfERKFZ. Noam Shohat
N [JEMATN 2 SRS P (KRG 3 AN H LR MM IAT I PIL (KRG 3 A KULE, RAKGEIREF
S 3 A DL B4 01 B R S I LU AR e rh e B, 5 SR ISORE DG IR 0 0 45 12 1k PH ZE M it b
PR3 RS B R 5 s, 7E BRATT B U A PO B3 2 v b PRI 7 PR IR 2 0 T 24 b RIS RO 5k
A ABAR DGR I ARAF BNUESE, PR S FRBTIAT O B 3 T AR BFH R NMIE 8 BA — e, T
B E N RO IR, R R, T REATFARGTT . WREMRIERCN % 1 B AR
B, TS BUBGR N T8 RN B AR D . Knoll 252 A [12)7E AT T BA B A 575 24 o,
MLPEPE PIN BRI 2685 5 5 AMRHA T 4 HOE B0k B B M4 B35 A0 G, DAIR 1R IR AR LT — BB S R %
B, TR S FARRALIEE . FIRERE, DU EE N EFRREEH X[13], A¥EHIANZKRE
HTE G 2 I RVR T B R [14] o FRATHIR 5T 24, ARRNATT PG B OR B R it B35 5 R IO %, TE L
BARRBMIEIT REE SEFRNEEN, WAHRMEZENEEHCHRE. EmBR e, Wi
TRBVARTT T 5, 2B AN AE [B] 58 P RN R 32 45 3 A A S B e A P AR B IBUA T B AR [15]
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