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[Abstract] Objective To evaluate the impact of continuous renal replacement therapy (CRRT) on the
plasma concentration and clinical efficacy of imipenem/cilastatin in critically ill patients, and to provide a
reference for optimizing individualized dosing regimens in infected patients undergoing CRRT. Methods A
retrospective analysis was conducted on patients treated with imipenem/cilastatin at the Second Affiliated
Hospital of Nanjing Medical University from June 2024 to December 2025. Patients were divided into a CRRT
group and a non-CRRT group based on whether they received CRRT. Baseline characteristics, imipenem dosing
regimens, steady-state trough concentrations (target threshold =2 mg/L), and clinical outcomes were collected
and compared between the two groups. Results A total of 174 patients were enrolled in this study, including 66
patients in the CRRT group and 108 patients in the non-CRRT group. The steady-state trough serum drug
concentrations were 2.84 (1.69, 4.70) mg/L in the CRRT group and 2.25 (0.91, 5.25) mg/L in the non-CRRT
group, with no statistically significant difference (P > 0.05). The proportion of patients with imipenem trough
concentrations below the effective target (< 2 mg/L) was 45.37% in the non-CRRT group, which was markedly
higher than the 34.04% observed in the CRRT group. In the non-CRRT group, the trough serum drug
concentration was significantly negatively correlated with patients' creatinine clearance (r=-0.253, P=0.008),
whereas no statistically significant correlation was found in the CRRT group (P > 0.05). In the CRRT group, the
median levels of PCT and CRP decreased from 7.390 ng/mL and 142.970 mg/L before treatment to 0.996 ng/mL
and 69.310 mg/L after treatment, respectively. In the non-CRRT group, the median baseline PCT and CRP levels
were 4.470 ng/mL and 113.400 mg/L, which declined to 0.487 ng/mL and 44.915 mg/L post-treatment. The
pathogen clearance rates differed significantly between the two groups (83.87% vs. 70.49%, P < 0.05).
Conclusion The pharmacokinetics of imipenem are more complex in critically ill patients receiving CRRT, and
the association between its plasma concentration and the patient's own renal function is weakened. Although the
overall clinical efficacy was similar between the two groups, a significant proportion of patients in both groups
failed to achieve the pharmacokinetic/pharmacodynamic (PK/PD) target. Therefore, therapeutic drug monitoring
of imipenem should be actively implemented for critically ill infected patients undergoing CRRT, especially those

with severe renal impairment, to achieve individualized and precise dosing based on PK/PD targets.
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21 —/RIER

WFFE I A B 1744, Hirp CRRT 44 66 1],
3 CRRT 41108 f5il . 241 4TS . PRI . A IF I
MPTE Y mE R LG EE L (P>
0.05), FEREZ, CRRTAShFEAemE T
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Table 1. Baseline characteristics of the two groups[M(P.s, P;s), n(%)]

FAE CRRT4 (n=66) JECRRTZ (n=108) AU P
AEIE (%) 71.50 (60.25, 80.00) 74.50 (61.75, 82.00) 3189.5 0.246
P 2.175 0.140
5 47 (71.21) 65 (60.19)

s 19 (28.79) 43 (39.81)

FERIEEIA

R 18 (27.27) 34 (31.48) 0.346 0.556
[ 30 (45.45) 47 (43.52) 0.062 0.803
S 22 (33.33) 23 (21.30) 3.095 0.079
lIRES TS 15 (22.73) 34 (31.48) 1.552 0.213
LUIREAA 22 (33.33) 23 (21.30) 3.095 0.079
=R NN 55 (83.33) 28 (25.93) 54.120 <0.001
iR N 14 (21.21) 22 (20.37) 0.018 0.894
i 12 (18.18) 28 (25.93) 1.388 0.239
I HAbBTR 254 18 (27.27) 38 (35.19) 1.175 0.278

22 BEVRBBLER

ity 0 e e 2 2 A RR A A UL R R T
CRRT#H40.91%, JECRRT#H 42.59%; H M
JEYY s HAERYSIO AL FERE R . WRARSGE . ITFIRAR
Yidks, HOME 22 2 IR LS E X (P>
0.05) . FEIRIESA AT, Stk gy (RIRIR
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F2 2HEBEBLBURBREZERR (%) ]
Table 2. Infection sites and microbiological findings in the two groups [n(%)]

Y| CRRT (n=66) 4ECRRT (n=108) X P
1 22 (33.33) 24 (22.22) 2.602 0.107
i RilEl 9 (13.64) 11 (10.19) 0.480 0.488
Jiti 27 (40.91) 46 (42.59) 0.049 0.827
R 8 (12.12) 15 (13.89) 0.112 0.738
J 8 (12.12) 23 (21.30) 2.360 0.125
Bk 1 (1.52) 0 (0.00) — 0.379"
fBN 0 (0.00) 1 (0.93) — 1.000°
A 0 (0.00) 1 (0.93) — 1.000°
ZHBA 10 (15.15) 14 (12.96) 0.170 0.685
2 PE 2y 21 (31.82) 36 (33.33) 0.043 0.836
i B 757 B Bt 2 AN B TR 8 (12.12) 10 (9.26) 0.362 0.547
N7 T 12 (18.18) 28 (25.93) 1.388 0.239
Jifi 5 5T AT 1A 8 (12.12) 13 (12.04) 0.000 0.987
TR0 040 i 4 e A A T 4 (6.06) 6 (5.56) 0.020 0.890
gl SR BT 4 (6.06) 3 (2.78) 1.140 0.285
A ¥ 0 i e A L T 1 (1.52) 1 (0.93) — 1.000
A ST 2 (3.03) 2 (1.85) 0.250 0.615
it | 2 (3.03) 3 (2.78) 0.010 0.923
FAte 8 (12.12) 8 (7.41) 1.090 0.296
TR R 6 (9.09) 6 (5.56) 0.800 0.372

T WAL MO R A R, B I 7 A SRS 100% 5 R Fisher K5 816 -

2.3 WRZEEmMARRES
CRRTA5E CRRT 44 RS ML 25 4 Wk 2
g9k 2.84 (1.69, 4.70) mg/L 5 225 (091,
5.25) mg/L, 24IMZKEZE T RGI#E X (P=
0.306) . CRRT £H W i 15 7 i 45 1L 25 45 e 7 <
2 mg/L B3 7 L L T9E CRRT 4L (P=0.040),
HARB WL B H A 2 RgtE L (P>
0.05). HARILF3,
2.4 Ab, Ccr5TErR Mz &R EHE X
i
CRRTZHAIbHECH31.55 (27.52, 34.40) ¢/L,
4E CRRTZ Alb i #0CH 31.10 (28.40, 34.42) ¢/L,
R 2HEBETIEMMABTREANTER (%) ]
Table 3. Distribution of imipenem steady—state trough
concentrations in the two groups [n(%)]

BUE CRRT 4 4k CRRT 41

(mg/L) (n=66) (n=108) o P
<2 24 (36.36) 49 (45.37) 1.983  0.040
2~4 21 (31.81) 24 (22.22) 1.189  0.158
4~8 11 (16.67) 19 (17.59) 0.025 0874
>8 10 (15.15) 16 (14.81) 0.004  0.952

Spearman A R4 R B8, CRRTA (=
-0.174, P=0.162) F19E CRRT4 (r=-0.052, P=
0.592) A1) Alb 7KV 0 e 855 B 45 Tk B AH Gk
WISt 22 X . CRRT 4 Cer W {37 5k K 21.27
(13.26, 39.33) mL/min, JF CRRT 4 Cer W 7 %%
780.86 (60.21, 98.40) mL/min, HHI4Hr 4k 4
7R, AE CRRT A Cor 5 RERT RS I 2575 ¢
BB ERAE (=-0.253, P=0.008), HjH¥&
Cer iy, HYTHBRERPL, #FWREBAL; CRRTH
B Cor 5V e 15 w125 75 R B AR DG M T S 12
X (r=0.041, P=0.748).
25 IR, REFRES'ShEES

TERYSIRIT I, 2 ZHH4 R P S PR
YRR . 2 2HIAY7 5 PCT. CRP (1 i B4 5834
JPRTIE TR (P<0.001), WF24, JBIFHTHIR
“PHPESE S, CRRT4L3141, JECRRTZ 614,
BT IS, CRRT AR 26 19 (83.87%), dE
CRRT 4420 R TE bR 43 1] (70.49%), 2 419 i 1A
HEEERTRITFE L (P>0.05),

BT 2B TR R B e g .
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R4 2HBERLIEREEFRIM (P, Pyg) ]
Table 4. Improvement of infection indicators in the two groups [M(P,s, P,s)]
o ‘ MPCT (ng/mL)‘ P _ CRP (mg/L) : P P
TR H BITIE YRITHT BITIE
CRRT# 7.390 0.996 142.970 69.310
(n=66) (2.085, 33.740)  (0.592, 3.395) -5.101<0.001 (86.315, 208.995)  (37.595, 101.955) 4801 <0.001
N 4]
4 CRRT 4L 4.470 0.487 2651 <0.001 113.400 44.915 5116 <0001

(n=108) (0.698, 21.337)  (0.123, 1.152)

(60.760, 197.090)  (12.508, 84.082)

CRRTH Cer HIBITTHTAY 80.86 (60.21,98.40) mI/min
2 G I7 S5 19 93.05 (63.69, 113.18) mL/min,
LRI EE Y (P<0.05); CRRTA Cer A

JTRTIY 21.27 (13.26, 39.33) mL/min JF2IGIF )5
() 40.04 (19.06, 81.91) ml/min, ZE5FH G
B (P<0.001), EUAILFES, %o,

#&5 CRRTARREBHARNIGKTBRANFESEIM (P, Py ]
Table 5. Clinical efficacy and pharmacokinetic parameters of different dosing regimens in the CRRT group [M(P.s, P;s)]

Cer (mL/min)

. oy
I ESpE S BE AR (%) BUEEME (mg/L) T M

0.5g, ql2h 1 100.00 1.40 12.19 8.29

lg, ql2h 12 66.67 2.47 (0.80, 3.02) 12.06 (6.56, 18.97) 17.84 (13.33, 26.00)
lg, q8h 25 72.00 3.90 (2.80, 4.84) 25.75 (13.26, 38.78) 41.30 (19.42, 71.07)
1g, q6h 4 75.00 6.27 (2.02, 11.15) 18.88 (16.08, 23.82) 81.66 (66.00, 99.16)
2g, ql2h 1 100.00 0.50 22.90 97.71

2g, q8h 21 80.95 2.02 (1.52, 4.70) 36.09 (21.89, 56.93) 69.25 (39.08, 83.87)
2g, qbh 2 50.00 221 (2.00, 2.41) 58.76 (43.17, 74.35) 93.14 (91.75, 94.53)
&t 66 72.72 2.84 (1.69, 4.70) 21.27 (13.26, 39.33) 40.04 (19.06, 81.91)

%6 FCRRTARRBALHRNIGKTT R RANESEIM (P, Ps) |
Table 6. Clinical efficacy and pharmacokinetic parameters of different dosing regimens in the non—CRRT group [M(P.s, Pys)]

Cer (mL/min)

s oy
H575% %L AHFE (%) BN (mg/L) T, e

0.5g, q6h 2 50.00 5.40 (4.45, 6.35) 57.21 (53.47, 60.96) 89.62 (72.60, 106.65)
0.5g, q8h 1 100.00 5.80 26.40 43.40

lg, ql2h 2 0 0.80 (0.65, 0.95) 47.85 (27.37, 68.32) 54.40 (29.99, 78.80)
lg, q8h 39 76.92 2.16 (0.86, 4.65) 62.37 (32.56, 84.94) 87.13 (64.65, 103.48)
lg, q6h 10 90.00 4.41 (3.56, 9.62) 66.83 (40.38, 83.37) 96.69 (66.11, 107.47)
2g, ql2h 2 100.00 0.50 (0.50, 0.50) 94.09 (90.19, 98.00) 100.19 (94.06, 106.32)
2g, q8h 47 70.21 2.28 (0.87, 4.80) 68.82 (42.36, 89.84) 93.14 (63.88, 117.56)
2g, qbh 5 80.00 1.11 (1.01, 1.33) 114.14 (100.52, 129.86) 131.57 (117.59, 133.20)
ait 108 74.07 2.25 (091, 5.25) 80.86 (60.21, 98.40) 93.05 (63.69, 113.18)

26 ARAHHEESMmMEGRE TDM $& 75 A W J& R 35 b 3086 g 455 i A A Y

BAEAVRPURGIRIT S 2T R R BIR,
CRRT A e M Jr % H 1 g, q8h (37.88%)
52g, q8h (31.82%); dECRRTHLL2 g, q8h
(43.52%) F11 gq8h (36.11%) AT, LiLER
3% CRRT, EHBTEY N1 g, 8h52¢,
q8h. CRRTAfFH 1 g, ql2h %25 M
FZWTAECRRT 4 (P <0.05), HH31.82% 1y
BERXRM2eg, ShmyE HAE T E, FEM
TR AR S L I L PR N
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TECRRTH N, 1g, q8h 52 g, ¢ShFiAPJy
FA RS BN 72.00% 5 80.95%, 255 T04E
T2 E X (P >0.05), P340 25 4 W B AH I
(3.90 vs. 2.02) . EIECRRTZHN, XMA T %Y
BRCRD R 76.92% 5 70.21%, 2275112
B (P>0.05), X—45RER, FEARDFIEARE
BRI AR 45 2 R TR W R IR R A
weR, BARWLZES. 6.
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3 it

3.1 CRRT il p%1Z R PKAFEHI R0

AW K& B CRRT 415 9E CRRT 4 4 19 -
KRS M2y EMIT, 5o Rl
CRRT £ i 25 R AR 245 1 e F (X WL A5 BT AN T )
A RESEH TAIG 2 S IR A i K 2 5%,
4E CRRT 41 Cer H {37 4435 80.86 mL/min, [fif CRRT
21 83.33% WA G IFE e A4, Cor PAIEUT
421.27 mL/min. MRS FE 2 70%~80% 25 B i HE
M, HEEEREAYNEGNETRRES,
CRRT 5 A A5 MNE Bk 5 58 4 B T e T BEAH 4K
W, A5 2 4l Bk 2y ) B #E m AT . #2785 CRRT
AR B 4TS ELA WA 0 S B 5 T RV, Hson £
B E IR B OIREEIES , IRIRARER 2 41°F- ik
JFEFHAT I Z A8 CRRT % PK 5200 .

HE— 2 A M T B UE T R AL, R
CRRT 4 W e 5 rA AR R 5 Cor 2 B E AL (=
-0.253, P=0.008), £F4H FZ4 BN PK
A [H7E CRRTAL, AR Cor TTHT AR M
(r=0.041, P=0.748). Z53487R, XT3 CRRT
FIERF, Z9WTERM ERNEC MRS A GE
JIE T BE L AL R ANATT BITERRECR 1 T CRRT
FVE BRABCRZ RIS L ERRIAT R . R
SENTREF RS, X R R I AE
FHRTREE S5 T R4 B D REXT I 25 1k B (g f i '
KL, 7ElRIRPUBGRIT o, AURTE B 1Y Cer
SR T A 4 CRRT B35 B R 2 AT
I3, PTREFEURE ML25 W E Tk AR
3.2 CRRT XL fZEEF PK/PD A FRFEHY
Gy

PK FRAF B 204 B RE R T S e K 5 1Y PK/PD
IRFRIEOL . AHIFGE LA B IR B W R 2 MR T T 1Y
B FHAEAR 100%T > MIC (EPRASHWREE = 2 me/L,
X MIC T 45 2 mg/L) PP iAbR=, 9E CRRT 41
BB < 2 mg/L 1Y L) 5 2 = T CRRT 4L (P=
0.040) . ZZ 5524 PKFFAE = JE LR, Ak
CRRTZ A BB IERARE, YNSRI, &
Sy IR EEAN 5 1 CRRT 4 R 3% 4y B Thfig
HSERRS, SIRREKEMAT, AR
CRRT 21 itk 5 M 2 e =2 B M DA AR 1 2R3K 19.7 %
(5 T 0 7 2 0 0 2 AN Bh AT 18T 12.12% . Ttk 75 5
A5 il 9 52 75 A T 6.06% %5 ), L2 Bk MIC £
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>4 mg/L, WM1g, q8hJy IR EE 5T
43.90 mg/L, MELLEFE 100%T > MIC () PK/PD 4
i, PRI 0 e ) R A PR T R K
EAFTER MR, 2 A 77 A 25 il i
PK/PD ANikbpfil, JoHJEdE CRRT 41 R EEA 2
JRUBS B (R, 3T BERG NG T 2 W 55 1755 4 PR i 24
AR 2 kit — 2 L TDM A6 B3 JEiE
B L5 5% CRRT, #7538 i TDM 5L A P Al
PK/PD ikt , Rl P s ks, midE{e
Wi 2R 25 25 . BLAh, AR RGNEES 75
PRI MICAE, [SCR AT R B A 79 2= 3T
A2 mg/LAE N 100%T > MIC O 8EFR . HY TS [6) 14
Fofr, B 2 [) TR RS ] 7 B R 119 MIC A7 7 535 5 o
PR, HAHEFE i ik 75 8 M 2S5 == B 1R Y MIC
% >4 mg/L, [ EYT AT REIC IR AR S SRR 1)
PK/PD iSRG, AR B IR bR 3 0 1 T
FAPT S AIRESFAR T, TGk B UE AR R MIC 7K
TIIF RO, R SIS AN FE MIC Eds DL R
FHAR R HENE
3.3 A [E PK/PD %FiE T BYIlE R 7 35 #7
S 2 B E AR . PR PR 2
S, HERZMIEIRITAL (45 R 16 AR i %
(72.72% vs. 74.07%) SRR HERRS (83.87% vs.
70.49%) ZFHTGIHE . X —4HRIFER
7 PK IRBE XTI T80 TC 00, 7 2 A R ) SR e U5
P AIBTTIES TDM 48 S0 AR 25 24 2 [
YERT, 2418 PKEORTE, (A7 n] SCEAHIT Y
ISR 2 AR 2 A Mk =02 —
H W A W AR TR bR, U HEAE CRRT 4124
YA R LB, XA R IR YT RIS
7 S AN T 25 KU E s . ik, eieEE
JEMIESZ CRRTIRYY , B 1T TDM J& b B
(A, B O T A AR A T AR S BN R 1L 1) PK/PD H
B, DTS AR B 7808 i A T 24
TR 2T Hrh, JoiR & A5 32 CRRT,
R MR 27 (1g, q8h52g, q8h) B
SRV MR BEANTE], (G IRA RORAEL, H2E5
TG 2EE L KT H R 25, 46y
10 25 3¢ JBE 1 1 MIC ) s ] S e 52 7 R4 1) S el A
B, LAl N PR 25 2550 R B R T IR IR
R N TR, PURYGETTRCR T
2GR . R MIC B 1 2 5 B A 25 B
g Bk, X FE R R ez
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CRRTIRIT MR, WIILE G % B2 YR S
CRRT 2%k, FRAAE IIRE . WA IE V- 55 2 & [
F O E MR A 27 %E, T TDM 2 383K
— T R R TR T TR A Y S
AHF5E CRRT 4L 31.82% I # K 2 ¢, q8h Ay
AR, BRSNS et
P£. —JyT, CRRT 2 b ARSI Bk R AR 0 e 15
MR, HAWEH CRRT A MRS B2 2
PETR A H 83K 19.7%, SRR MIC £ > 4 mg/L,
HHL g, q8h 7 RIS T A £ 3.90 mg/L,
MELLERBE 100%T > MIC 1) PK/PD $45R, 35 &k
bR OFB G B—Jr, AFsE2 g, 8hdi4y
Wi BN 2.02 (1.52, 4.70) mg/L, {14.76%
R E AR > 8 mg/LL, Il AR M ok 2 L
FRZE N . R TR A A I e 8 B A DGR R R
N, JC RS BN A 250 ], B R % i AR
CRRT AR e et RAr. M5k, mRlE T RN
I FH 5 RS AR A TDM 45 5 590 2% MICiE s, ikt
SICHRIEE B3N & .
3.4 lgkXEBTREMRFBRE

BT LR g R, nlmIG RS BRI
A OXFEAEBRYL B, MR 1) A
AR B DhReTe 45, #2552 CRRTIRYT IR
H AN I CRRT MR SNE BRAON ; QBT il
FHN B35 p WO SRE f8 4, JUHUE CRRT AR .
IR, BN IIT R TDM, 454 MIC 4,
R 2577 %, 4K 100%T > MIC ) PK/PD 01
Fr; QEHAHEFE (W12g, q8h) A7ETDM 5
MIC 5 5 F H T CRRT & Jf 5 MIC BRI 19 1R
H, YRS e,

ARIFFRAFAE—E B B E, KRRGIR
B0 JE TR A9 MIC B8, A DL T 3 A7 22 4 A
2 mg/LAE 4 PK/PD 8845, Tk B X5 A [A] 7 Ak 1Y
MIC 5 I AR B AR o HT, AT fig Al sl 1%
fli 52 BR PK/PD iA bR, OB 2518 AT SE k1
FERE 2 —; Hk, AWF5T 31.82% 1Y CRRT 41
B 33.33% W3E CRRT 41 % M & w25
JCEH A [ 2% e MIC 8, i — 25 BRI T PK/PD
SYBTRTHERE ;58 =, ASHIFY g B rbu [l o 15
I, FEAREAEXTARR; 5, 5 R EINEawN
DI AbREfLIC 5 CRRT (UiB 11280 (A5 iR 7
L PR AL | BUER  IE TR AR
), LIRS AT RE R W R 8 R Y AR A i
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B B0 T RSB, AR
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SR I SMEEZ B — e IR . 5 S T R RTRE M
5T, mlE—B bR IRE . CRRT 400
SV e 1 P T A R TTRAN R, 45 MIC B i 2
TR o (A ) AR R kAN, AR A
22.4% B HE AR B IR TDM J5 A7 18 7 = JH B 7ok,
A I I T T TR AR S YT 5 % 4
M, ESTAREILH) TDM TR
3.5 NG

#5352 CRRT [ EAE 8 3 35 me PKORHE (i 3
MR, A BB I RE X I 24 vk R AR T e 55
CRRTRSMERR B I PIHBR I R, RS
241 B BRI R R, (HYAFEA Y L]
() PK/PD ANiEARIE &L, HorbelE CRRT 40 1 25 v
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FIE R E, o HEHEZ CRRTIGF el H o)
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