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Introduction
Advances in managements of cancer lead to a remarkable 

improvement in survival rates in patients with cancer; therefore, 

an increasing number of patients with cancer were admitted to 

the intensive care unit (ICU) for cancer-associated complications 

or standard ICU admission indications in the past decade. In 

critically ill cancer patients, a number of studies have shown that 

outcomes, mainly the short-term outcomes, were correlated with 

elder age, advanced cancer status, the severity of illness, 

mechanical ventilation use, and the need for renal replacement 

therapy. Fluid balance plays a fundamental role in the 

management of critically ill patient, and increasing evidence 

including our previous study in critically ill influenza patients have 

shown that a positive fluid balance is associated with poor 

clinical outcomes including prolonged ICU-stay, duration of 

mechanical ventilation, hospital mortality and other short-term 

outcomes.  However, evidence regarding the long-term impact of 

fluid balance in critically ill patients, particularly in those with 

cancer, is currently limited. Herein, we linked electronic medical 

records with nationwide cancer registry database to investigate 

the long-term impact of fluid balance on one-year mortality 

among critically ill cancer patients.

Material and method
This study was approved by the Institutional Review Board of the 

Taichung Veterans General Hospital (TCVGH) (CE16250A-1).  

We conducted this retrospective cohort study at TCVGH, a 

tertiary-care referral hospital with 1,514 beds and six ICUs in 

central Taiwan and enrolled all adult patients who were 

registered in the TCVGH cancer registry and had admitted to 

ICU between 2011 and 2016 following their cancer diagnosis.     

We linked two databases, including the clinical data warehouse 

at TCVGH and the Taiwan Cancer Registry, in the present study 

to address the long-term impact of fluid balance in critically ill 

cancer patients. 

Results
A total of 942 patients were enrolled for analyses. The in-

hospital mortality was 22.9% (216/942), while 1-year 

mortality was 38.8% (365/942) (Fig. 1 and Table 1). 

Compared with patients who survived, patients who died 

within one year were more likely to have a higher age (65.0 

vs 61.3 years, p<0.01), presence of shock (72.3% vs 

48.2%), and a higher Acute Physiology and Chronic Health 

Evaluation II scores (24.1 vs 20.5). Survival analysis found 

that a positive cumulative day-4 fluid balance was 

associated with increased 1-year mortality in those with 

shock (Table 2 and Fig. 2). Multivariable Cox proportional 

hazards regression analysis found that cumulative day-4 

fluid balance was independently associated with 1-year 

mortality (adjHR 1.227, 95% CI: 0.132–1.329) (Table 3). 

Discussion
Accumulating evidence have shown that early fluid balance may affect the 

hospital mortality in critically ill patients through complex fluid-associated 

complications including edema formation, dilutional coagulopathy, dilutional 

anemia, electrolyte imbalance including hyperchloremic acidosis and 

endothelial glycocalyx dysfunction, and these complication may further lead 

to the organ dysfunction, including pulmonary edema, cardiac failure, neuro-

muscular dysfunction, delayed wound healing, and impaired bowel function.  

In the present study, we provide evidence of the long-term detrimental 

impact of a positive fluid balance among critically ill patients, and these 

findings indicate the crucial need of early fluid balance in critically ill cancer 

patients, particularly in those with shock. 

Conclusion
A positive cumulative day-4 fluid balance was an independent predictor for 

1-year mortality in critically ill cancer patients, and these findings indicate the 

vigilance of the early fluid balance in critically ill cancer patients.

Table 1. Characteristics of the 942 cancer patients with ICU-admission categorized by 

one-year survival

All Survivor Non-survivor
p value

(N=942) (N=577) (N=272 )
Basic characteristics 
Age (years) 62.7±14.5 61.3±14.3 65.0±14.4 <0.01

Male 694 (73.4%) 417 (72.3%) 274 (75.1%) 0.19 

Type II diabetes mellitus 241 (25.6%) 148 (25.6%) 93 (25.5%) 0.51 

Cerebrovascular disease 175 (18.6%) 107 (18.5%) 68 (18.6%) 0.52 

Congestive heart failure 87 (9.2%) 50 (8.7%) 37 (10.1%) 0.26 

Chronic pulmonary disease 206 (21.9%) 127 (22.0%) 79 (21.6%) 0.48 

Chronic renal disease 43 (4.6%) 22 (3.8%) 43 (4.6%) 0.11 

Types of cancer  <0.01

Gastro-esophageal cancer 206 (21.9%) 137 (23.7%) 69 (18.9%) 0.09 

Head neck cancer 137 (14.5%) 95 (16.5%) 42 (11.5%) 0.03 

Lung cancer 124 (13.2%) 45 (7.8%) 79 (21.6%) <0.01

Colon cancer 105 (11.1%) 61 (10.6%) 44 (12.1%) 0.52 

Brain cancer 98 (10.4%) 86 (14.9%) 12 (3.3%) <0.01

Hepatocellular carcinoma 61 (6.5%) 28 (4.9%) 33 (9.0%) 0.01 

Prostate cancer 28 (3.0%) 19 (3.3%) 9 (2.5%) 0.56 

Hematological malignancy 26 (2.8%) 12 (2.1%) 14 (3.8%) 0.15 

Other cancer types 157 (16.7%) 94 (16.3%) 63 (17.3%) 0.72 

Presence of metastasis 502 (23.3%) 263 (45.6%) 239 (65.5%) <0.01

Etiology for ICU admission <0.01

Scheduled surgery 398 (42.3%) 319 (55.3%) 79 (21.6%) <0.01

Emergent surgery 106 (11.3%) 61 (10.6%) 45 (12.3%) 0.46 

Acute respiratory failure 171 (18.2%) 58 (10.1%) 113 (31.0%) <0.01

Acute cardiac conditions 64 (6.8%) 36 (6.2%) 28 (7.7%) 0.43 

Acute neurological conditions 37 (3.9%) 17 (2.9%) 20 (5.5%) 0.06 

Pulmonary embolism 39 (4.1%) 12 (2.1%) 27 (7.4%) <0.01

Acute renal conditions 21 (2.2%) 8 (1.4%) 13 (3.6%) 0.04 

Others 106 (11.3%) 66 (11.4%) 40 (11.0%) 0.92 

Severity and management 
APACHE II score 21.9±6.7 20.5±6.2 24.1±6.9 <0.01

Use of vasopressors 542 (57.5%) 278 (48.2%) 264 (72.3%) <0.01

Mechanical ventilation 795 (84.4%) 473 (82.0%) 322 (88.2%) 0.01 

Renal replacement therapy 38 (4.0%) 13 (2.3%) 25 (6.8%) <0.01

Positive culturea 447 (47.5%) 226 (39.2%) 221 (60.5%) <0.01

White blood cell count (count/μl) 12443.8±11641.6 11,563.1±7,921.8 13,836.0±15,744.2 <0.01

Hemoglobin (g/dL) 10.5±2.2 10.9±2.1 9.9±2.2 <0.01

Platelet (103/μL) 181.0±102.3 189.3±97.2 167.8±108.8 <0.01

Creatinine (mg/dL) 1.2±1.1 1.0±1.0 1.5±1.3 <0.01

C-reactive protein (mg/dL) 10.9±9.7 9.9±10.2 11.9±9.2 0.02 

Outcomes 

ICU-stay (days) 11.0±9.8 9.4±8.7 13.5±10.8 0.04 

Hospital-stay (days) 23.6±17.5 22.6±16.5 25.1±19.0 <0.01

In-hospital mortality 216 (22.9%) NA 216 (59.1%) NA
a
Cultures were obtained from blood, respiratory tract, urinary tract, skin and soft tissue, or abdomen during  index admission. Data were

presented as mean ± SD and N(%). APACHE, Acute Physiology and Chronic Health Evaluation; ICU, intensive care unit.

Cancer patients who were registered in the TCVGH 

cancer registry and had admitted to ICU after the 

diagnosis of cancer between 2013 and 2016 

(N=1,212)

Incomplete day 1-4 fluid data 

1. Mortality within 4 days (N=64) 

2. Incomplete fluid data (N=206)

Patients with cancer requiring ICU care with 

eligible data of fluid management 

(N=942)

Table 2. Daily fluid status of the  the 942 cancer patients with ICU-admission 

categorized by one-year survival

All (N=942) Survivor (N=577) Non-survivor (N=365)
p 

valuea

Input (I) Output (O) IO balance Input (I) Output (O) IO balance Input (I) Output (O) IO balance

Daily fluid status 

Day 1 3120.6±2315 1596.5±1374.7 1588±1937.3 2967.3±2158.5 1653.4±1259.4 1368.5±1763.5 3361±2526.3 1506.6±1537.1 1932.7±2140.2 <0.01

Day 2 3825.7±2006.3 2626.9±1458.2 1200±2031.9 3660.4±1754.5 2753.1±1493.4 909.1±1663.8 4087±2328.8 2427.9±1379.6 1659.1±2438 <0.01

Day 3 3120.7±1170.2 2868.3±1487 256±1381.2 3167.5±991.5 3031.7±1260.1 137.2±1215.4 3046.6±1405.5 2609.1±1759.9 444.4±1593.2 <0.01

Day 4 2725.4±1094.3 2822.6±1343.6 -97.2±1280.8 2743.4±1050.6 2955±1344.4 -211.6±1197.9 2697±1160.9 2613.3±1317.4 83.7±1384.3 <0.01

Day 5 2744±1411.7 2876.5±1516.1 -130.8±1375.6 2780.2±1038.5 3039.9±1271.6 -256.7±1209.3 2695±1798.2 2655.8±1772.5 39.2±1558.4 <0.01

Day 6 2605.3±969.7 2840.1±1353.3 -240.7±1339.7 2620.4±914.4 2976.6±1192.2 -363.1±1138.4 2586.7±1035.2 2670.4±1515.3 -89±1542.3 0.01 

Day 7 2561.5±1001.8 2717.7±1261.7 -155.6±1191.1 2629.4±1064.2 2918±1289.9 -288.6±1110.8 2484.4±922 2488.4±1190.3 -3.4±1261.8 <0.01

Cumulative fluid status

Day 1-2 6911.5±3472.9 4216.1±2341.2 2753.6±3161.2 6620.1±3221.3 4400.7±2266.2 2269.6±2744.2 7368.2±3794.2 3924.6±2429.9 3512.5±3597.6 <0.01

Day 1-3 10032.8±3974.1 7086.7±3086 3009.4±3695.9 9805.5±3706 7454.8±3016.2 2393.5±3104.5 10389.1±4343 6502.4±3109.8 3980.8±4301.7 <0.01

Day 1-4 12763.2±4457.9 9904.4±3738.2 2918.2±4116.2 12565.5±4173.7 10405.7±3686 2187±3380.7 13073±4860.2 9108.6±3687.3 4071.5±4849.9 <0.01

Day 1-5 15969.3±5157.2 12822.5±4602.9 3199±4626.1 15960.7±4813.6 13606.2±4490.4 2366.8±3716.8 15980.9±5591.1 11769.9±4549 4312.2±5427.3 <0.01

Day 1-6 18768.4±5633.3 15579.6±5280.1 3264.5±4888.5 18906.5±5262.2 16511.6±5065 2416.2±3860.9 18599.8±6060.9 14423.3±5321.9 4308.2±5751 <0.01

Day 1-7 21594.6±6200.7 18054±5892.1 3642.5±5093.6 21786.3±5752.4 19296.8±5537.4 2489.2±3921.8 21380.6±6671.2 16637.5±5975.2 4947.2±5898.5 <0.01

aComparison of IO balance between the survivors and non-survivors. Data are presented as mean ± SD. 
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Table 3. Cox proportional hazards regression for one-year mortality 

Characteristics 
Univariable Multivariable

HR (95% C.I.) p value HR (95% C.I.) p value

Age, per 1 year increment 1.016 (1.009-1.024) <0.01 1.000 (0.992-1.008) 1.00 

Male gender 1.076 (0.848-1.363) 0.55 1.117 (0.869-1.435) 0.39 

Gastro-esophageal cancer 0.732 (0.563-0.951) 0.02 1.135 (0.813-1.585) 0.46 

Head neck cancer 0.653 (0.474-0.901) <0.01 0.779 (0.533-1.137) 0.20 

Lung cancer 2.331 (1.817-2.992) <0.01 1.518 (1.102-2.092) 0.01 

Brain cancer 0.226 (0.127-0.402) <0.01 0.557 (0.299-1.036) 0.06 

Hepatocellular carcinoma 2.010 (1.405-2.876) <0.01 1.842 (1.249-2.716) <0.01

Presence of metastasis 1.842 (1.485-2.287) <0.01 1.727 (1.349-2.210) <0.01

Scheduled surgery 0.229 (0.178-0.294) <0.01 0.339 (0.251-.0458) <0.01

APACHE II, per 1 increment 1.093 (1.076-1.111) <0.01 1.048 (1.028-1.068) <0.01

Use of vasopressors 2.630 (2.090-3.311) <0.01 1.468 (1.140-1.889) <0.01

Mechanical ventilation 1.549 (1.127-2.130) <0.01 1.252 (0.887-1.765) 0.20 

Renal replacement therapy 2.891 (1.922-4.350) <0.01 0.974 (0.633-1.501) 0.91 

Positive microbial culture 1.945 (1.576-2.400) <0.01 1.144 (1.029-1.068) 0.25 

Cumulative day 1-4 fluid balance, per 1 liter 

increment 
1.231 (1.124-1.348) <0.01 1.227 (1.132-1.329) <0.01

HR: hazard ratio; C.I.: confidence interval; APACHE: acute physiology and chronic health evaluation. 
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Figure 1. Flow chart of patient enrollment

Figure 2. Kaplan-Meier survival curves for positive (blue) and negative (red) cumulative 

day 1-4 fluid balance in the shock (A) and non-shock (B) groups
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