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Effect of first-day fluid intake after transferring to ICU on 7-day risk for death in
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[Abstract] Objective Patients with chronic liver diseases often exhibit unique hemodynamic
abnormalities and metabolic disorders. Postoperative fluid management presents numerous challenges,
especially for critically ill patients admitted to the intensive care unit (ICU) after surgery. This study aimed at
exploring the relationship between postoperative fluid therapy and prognosis. Methods Based on 2 414
patients with chronic liver diseases who underwent surgical treatment and were subsequently transferred to the

ICU in the MIMIC-IV database, a retrospective cohort study was conducted on the final 2 143 patients after
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our inclusion and exclusion criteria. Multivariate adjusted logistic regression model was used to analyze the
association between fluid therapeutic regimens on the first day after ICU admission and the risk of 7-day death
after surgery. Restricted cubic spline (RCS) was applied to analyze the dose-response relationship.
Results Multivariate analysis indicated that restrictive fluid resuscitation was an independent protective
factor. Compared with the non-restrictive fluid resuscitation group, restrictive fluid resuscitation significantly
reduced the 7-day postoperative mortality rate (6. 4% vs 12. 4%, OR=0. 44, 95%CI: 0. 22~0. 88, P=0. 021),
decreased the use of mechanical ventilation (42. 9% vs 72. 3%, OR=0. 29, 95%CI: 0. 24~0. 35, P<0. 001), and
shortened the ICU stay (1. 86 vs 3. 47 d, OR=0. 81, 95%CI: 0. 78~0. 84, P<0. 001). RCS curve showed that
the fluid intake on the first postoperative day and the 7-day postoperative mortality risk presented a J-shaped
curve relationship, with an inflection point at 1 850 mL. Beyond this threshold, the 7-day postoperative
mortality risk was increased. Subgroup analysis results indicated that the protective effect of restrictive fluid
resuscitation was consistent across different age and comorbidity groups. Conclusion For patients with
chronic liver diseases, adopting a restrictive fluid therapy on the first day after surgery can effectively reduce
the risk of short-term death. Moreover, there is a non-linear dose-effect relationship between the fluid intake
and the 7-day mortality risk. When the fluid intake exceeds 1 850 mL, the risk of death significantly increases.
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Table 1 Baseline data of the patients with chronic liver diseases on 7 d after surgery [x+s, M(P,;, P,;), cases (%) ]

Variable The survival group n=1946(90. 81%) The death group n=197(9. 19%) P

Preoperative information
Male, n (%) 1276 (65.6) 125 (63.5) 0. 605
Age (years) 59.77 (51.58, 68. 10) 64. 14 (54.05, 76.97) <0. 001
Weight (kg) 80.95 (70.0, 96.0) 80.0 (68. 10, 95.0) 0. 154
Congestive heart failure, n (% ) 383 (19.7%) 54 (27.4%) 0.013
Chronic lung diseases, n (%) 439 (22.6%) 46 (23.4%) 0. 870
Diabetes, n (%) 632 (32.5%) 53 (26.9%) 0. 129
Kidney diseases, n (%) 414 (21.3%) 46 (23.4%) 0. 558
Cancer, n (%) 328 (16.9%) 50 (25.4%) 0. 004
CClI(score) 5.0(4.0,7.0) 6.0(5.0,9.0) <0. 001

Type of surgery, n (%) 0.001
Non-liver surgery 1697 (87.2%) 188 (95.4%)
Liver surgery 249 (12.8%) 9 (4.57%)

Postoperative information
Hemoglobin (g/dL) 98.0 (83.0, 113.0) 100.0 (83.0, 118.0) 0. 185
Albumin (g/dL) 31.0(26.0, 36.0) 27.0(21.0, 34.0) 0. 002
Creatinine (mg/dL) 1.0 (0.70, 1.60) 1.50 (0. 90, 2.55) 0. 001
ALT(U/L) 37.0(23.0, 100.0) 63.0(25.5, 191.75) 0. 149
AST(U/L) 66.0 (36.0,158.0) 133.0 (60. 0,685.50) 0.019
TBIL(mg/dL) 1.90 (0. 80,4. 40) 2.0 (1.00,6.40) 0. 046
INR 1.40 (1.20,1.80) 1.80 (1.40,2.35) <0. 001
PT(s) 15.90 (13.60,19.50) 19.10 (15.35,25.25) <0.001
APTT(s) 34.40 (29. 85,42.90) 41.7 (33.80,63. 10) <0. 001
First SOFA (score) 2.0(0,5.0) 4.0(1.0,6.0) <0. 001
First—day urine volume (mL) 1985.35(1175.79,3201. 62) 721.32(305.22,1698. 11) <0. 001
First-day limited fluids, n (%) 1066 (54.8%) 73 (37.1%) <0. 001
First—day total fluid (mL) 1731.21(766.54,3374. 34) 2798.11(1115.25,4721.10) <0. 001
First—day vasoactive agent, n (% ) 868 (44.6) 165 (83.8) <0.001
First—day vasoactive agent dosages (mg) 0. 0(0.0,0.28) 1.48 (0.86,4.71) <0.001
Mechanical ventilation, n (%) 1066 (54.8%) 149 (75. 6%) <0.001
Duration of mechanical ventilation (h) 19.79 (0.0,67.0) 23.0(1.0,61.25) 0. 540
Length of ICU(day) 2.33(1.48,4.24) 2.47(1.31,4.53) <0. 001
Hospital stay(day) 9.15(5.58,16.39) 3.30(1.51,6.28) <0. 001
Hospital deaths, n (%) 127 (6. 53%) 191 (97. 0%) <0. 001
90-day death after surgery, n (%) 328 (16.9%) 197 (100%) <0.001
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Table 2 Outcomes of patients with chronic liver diseases with different fluid replacement on the first day after surgery

[ M(P,;, P,), cases (%) ]

Variable

Non-restrictive fluid therapy

Odds Ratio

restrictive fluid therapy

P

(n=1004) (n=1139) (95%CI)
First-day urine volume (mlL) 1 672.25(938.33, 2795.68) 2116.29 (1 244. 83,3 328.27) 1.00 (1.00~1.00) 0. 005
Mechanical ventilation(n) 726 (72.3) 489 (42.9) 0.29 (0.24~0.35)  <0.001
Duration of mechanical ventilation(h) 19.79 (0.0,67.0) 0.0 (0.0,10.43) 0.99 (0.98~0.99) <0. 001
Length of ICU(d) 3.47 (2.05,6.54) 1.86 (1.19,2.95) 0.81 (0.78~0.84)  <0.001
Hospital stay(d) 10. 65 (6. 66,20. 81) 6.77 (4.16,12.01) 0.96 (0.95~0.96)  <0.001
Hospital deaths 207 (20.60) 111 (9.75) 0. 42 (0.32~0.53) <0. 001
7-day death after surgery 124 (12. 40) 73 (6.41) 0.49 (0.36~0.66)  <0.001
90-day death after surgery 284 (28.3) 241 (21.2) 0.68 (0.56~0.83)  <0.001

#:3 Logistic BlJFH £ & M2 BT

Table 3 Collinearity diagnostics of logistic regression

Variable VIF Tolerance value
Preoperative information
Gender 1.19 0. 84
Age 1.77 0.56
Weight 1.25 0. 80
Congestive heart failure 1. 40 0.72
Chronic lung diseases 1.18 0.85
Diabetes 1.24 0. 81
Kidney diseases 1. 65 0. 60
Cancer 1.48 0.67
CCI 2.81 0.36
Type of surgery 1.24 0. 81
Postoperative information
Hemoglobin 1.25 0. 80
Albumin 1.29 0.77
Creatinine 1. 64 0.61
ALT 2.62 0.38
AST 2.80 0.36
TBIL 1.65 0.61
INR 71. 64 0.01
PT 74.17 0.01
APTT 1.30 0.77
First SOFA score 1.57 0. 64
First—day limited fluids 1.21 0.83
First—day vasoactive agent dosages 1.30 0.77
Duration of mechanical ventilation 1.30 0.77
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Table 4 Logistic regression analysis model for postoperative 7-day mortality in patients with chronic liver disease after surgery

and restrictive fluid administration on the first postoperative day

The risk of death 7 days after the operation 0dds Ratio(OR) AIC
Model 1 (Liquid Therapy Plan) 0. 49 (0. 36~0. 66, P<0.001) 1297.04
Model 2 (Liquid Therapy Plan+Demographic data) 0. 46 (0. 33~0. 62, P<0.001) 1 270. 08
Model 3 (Liquid Therapy Plan+Demographic data + Preoperative related variables ) 0. 47 (0. 34~0. 64, P<0.001) 1254. 86
Model 4 (Liquid Therapy Plan+Demographic data+Preoperative related variables+ 0. 44 (0.22~0. 88, P=0. 021) 313, 60

Surgical and postoperative related variables )

Variable Count OR (95% CI)
Fluid Restriction 2143 0.54 (0.39t0 0.74)
Age
aged =65 years 1405 0.51(0.32 to 0.81)
aged =65 years 738 0.56 (0.36 t0 0.89)
Sex
Male 1401 0.44 (0.30to 0.67)
Female 742 0.76 (0.44 to 1.30)
Type of surgery
Liver surgery 1885 0.52(0.381t00.73)
Non-liver surgery 258 2.11(0.38to 11.85)

Chrenic heart failure

No
Yes

0.69 (0.47 to 1.00)
0.30 (0.15 to 0.58)
Chronic lung disease

No 1658 (.58 (0.40 to 0.83)

Yes 485 0.43 (0.21 to 0.86)
Diabetes

No 1458 0.56 (0.38 to 0.82)

Ves 685 0.51(0.28 to 0.93)
Kidney Diseases

No 1683 0.57 (0.40 to 0.83)

Yes 460 0.42(0.21t00.83)
Cancer

No 1765 0.41(0.28 to 0.60)

Yes 378 1.22 (0.62 to 2.39)
Vasoactive agent

No 1110 0.83(0.39t0 1.77)

Yes 1033  0.50(0.35t00.72)

B2
Figure 2
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