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Objective: To describe the effects of various fluid strategies on mechanical ventilation time and other outcomes in patients with 
diastolic dysfunction undergoing non-cardiac surgery.
Methods: After evaluation, 192 Intensive Care patients met the inclusion criteria. Based on infusion volume and fluid balance, we 
categorized patients into quartiles using two grouping methodologies. The first quartiles for total infusion volume on day one of ICU 
admission after surgery were as follows: Q1 ≤ 2.02 mL/kg/h; Q2 > 2.02 to 2.69 mL/kg/h; Q3 > 2.69 to 3.86 mL/kg/h; Q4 > 3.86 mL/ 
kg/h. The second quartiles for fluid balance divided by actual body weight multiplied by the corresponding number of hours were as 
follows: G1 ≤ −0.07 mL/kg/h; G2 > −0.07 to 0.56 mL/kg/h; G3 > 0.56 to 1.54 mL/kg/h; G4>1.54 mL/kg/h. The primary outcome was 
mechanical ventilation time. The research utilized both univariate and multivariate negative binomial regression models.
Results: The fourth group (Q4 and G4) had a significant impact on mechanical ventilation time(P<0.05).There were also significant 
differences between Q4 or G4 and some other groups in terms of ICU time, ICU cost, total hospital time, and total hospital cost (P < 0.05). 
After negative binomial regression analysis,Q2 and Q4 were approximately 2.406 times (95% CI 1.153–5.017, P = 0.019) and 3.532 
times (95% CI 1.812–6.883, P < 0.01) longer than Q1 respectively, when grouped by infusion volume, but there was no significant 
difference between G groups. And Q4 or G4 also differed significantly from other parameters of clinical outcomes (P < 0.05).
Conclusion: For patients admitted to the ICU following non-cardiac surgery with left ventricular diastolic dysfunction, the greater the 
fluid infusion or fluid balance, the greater the mechanical ventilation time, ICU or hospital time, and cost.
Keywords: fluid strategies, left ventricular diastolic dysfunction, non-cardiac surgery, mechanical ventilation time, perioperative 
period

Introduction
Intensive care unit (ICU) patients a high prevalence of left ventricular diastolic dysfunction (LVDD), which is an independent 
predictor of mortality in critically ill patients in the ICU.1–3 In critically ill patients in the ICU, left ventricular diastolic 
dysfunction (LVDD) is also associated with difficulty weaning mechanical ventilation and prolonged ICU time.4,5 Further, 
LVDD complicates the treatment of surgical patients in the ICU; post-operative surgical patients are unable to consume food 
or medication orally and require fluid infusions to maintain the stability of the internal environment and treat diseases 
associated with it. However, in surgical patients in the ICU with LVDD, fluid infusions can affect the lungs through the heart, 
resulting in pulmonary edema and increasing the duration required for mechanical ventilation. On the other hand, insufficient 
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fluid infusion volume may indirectly increase the time required for mechanical ventilation; inadequate fluid infusion volume 
further reduces the left ventricular filling pressure, resulting in a decrease in cardiac output, which then leads to tissue 
perfusion.

In a 2018 epidemiological survey, Li et al6 found that the incidence of diastolic dysfunction among patients in the ICU was 
as high as 59%. The prevalence of LVDD is partially driven by the patient demographic: a significant proportion of patients in 
the ICU are elderly and suffer from multiple comorbidities that are chronic risk factors for diastolic dysfunction, such as 
hypertension, diabetes, chronic kidney disease, valvular heart disease, and coronary artery disease. Patients can also develop 
LVDD in the ICU due to acute factors such as acute hemodynamic changes, sepsis or septic shock, hypoxia, mechanical 
ventilation, myocardial ischemia, atrial fibrillation, drug withdrawal, acute renal failure, anesthetic drugs, and cardiac 
compression.7 Normal diastolic dysfunction, impaired relaxation, pseudonormal pattern, and restrictive filling diastolic 
dysfunction were observed in 49%, 16%, 19%, and 16%, of patients in the ICU, respectively.

Post-operative patients, particularly those who have undergone surgery requiring anesthesia, represent a significant 
proportion of patients in the intensive care unit who may require mechanical ventilation. About 300 million patients 
worldwide receive non-cardiac surgery annually to treat a variety of primary diseases, which increases patient life expectancy 
and improves quality of life.8,9 However, non-cardiac surgery also increases the risk of post-operative complications, 
particularly cardiovascular complications, and mortality.10,11 Elderly patients constitute a significant proportion of post- 
operative ICU patients and are especially susceptible to post-operative cardiovascular complications due to a higher 
prevalence of pre-existing coronary heart disease, LVDD, and/or comorbid risk factors.12 In Belgium and the United 
States, about 45% of patients age more than 45 years12 and about 37% of patients age more than 65 years13 who underwent 
non-cardiac surgeries were at risk of developing independent cardiovascular disease. In China, approximately 74 million non- 
cardiac surgeries are performed annually, 30% of which are performed on patients with coronary heart disease.14 With the 
acceleration of the aging process of the population, the number of elderly patients who require non-cardiac surgery 
increases year by year. Therefore, a significant and increasing proportion of non-cardiac surgery patients in the ICU have 
diastolic dysfunction, which is an independent risk factor for post-operative cardiovascular events.15–18

While clinicians can roughly evaluate the presence of diastolic dysfunction through commonly accepted indicators, it is 
currently not feasible to precisely measure diastolic function,19 and specific assessments of diastolic function are less prevalent 
than specific assessments of systolic function. Diastolic dysfunction is frequently neglected in postoperative fluid manage-
ment; clinicians pay more attention to fluid management in patients with systolic dysfunction and frequently disregard fluid 
management in patients with diastolic dysfunction. However, findings indicate that patients with diastolic dysfunction are 
more likely to have pulmonary edema20 and fluid accumulation, and that fluid management in non-cardiac patients with 
diastolic dysfunction may affect mechanical ventilation duration through increased extravascular lung water.

Existing research on fluid management strategies for non-cardiac surgery patients focuses on open fluid strategy,21–25 

goal-directed fluid strategy,26–29 and the impact of varying fluid volumes during anesthesia on patient clinical 
outcomes.28 The impact of post-operative fluid management strategies for patients with left ventricular diastolic 
dysfunction on the duration of mechanical ventilation has not been thoroughly investigated.

Methods
Study Protocol and Approval
The Biomedical Ethics Committee of Peking University International Hospital reviewed and approved this retrospective 
study on April 2, 2023 (2023-KY-0010-01). This study was conducted in accordance with the declaration of Helsinki. 
Due to the retrospective nature of the study, the requirement of patient consent for inclusion was waived. Patient personal 
privacy and data confidentiality has been upheld.

Patients
The ethical committee of Peking University International Hospital approved this retrospective study initiated by the 
investigator. The medical records of 1,830 patients admitted to the Department of Intensive Care, Peking University 
International Hospital between January 2020 and December 2021 were reviewed. This study enrolled 192 patients. (Figure 1).
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Inclusion criteria: 1) Patients older than 40 years of age; 2) surgical grade of 3 or higher; 3) patients who were 
diagnosed with left ventricular diastolic dysfunction by results of preoperative or postoperative echocardiography 
examinations (When viewed in the apical four-chamber view using pulsed Doppler echocardiography, the ratio of 
early diastolic mitral flow velocity (E) to late diastolic mitral flow velocity (A) should be less than 1; alternatively, 
when measured by tissue Doppler imaging, the ratio of early diastolic mitral flow velocity (E) to early diastolic mitral 
annular velocity (e’) of the left ventricular lateral wall should be equal to or greater than 10);30,31 and 4) with an artificial 
airway to receive mechanical ventilation when transferred to the ICU.

Exclusion criteria: patients 1) with decreased ejection fraction (< 50%), 2) with the presence of atrial fibrillation, 3) 
who had been admitted for emergency surgery, 4) receiving vasoactive drugs (due to severe circulatory disturbance), 
and 5) who had undergone lobectomy or hepatectomy surgery (due to particularities of mechanical ventilation and fluid 
management for these patients).28

Recorded Variables
General data on patients, including sex, age, BMI, history of smoking and drinking alcohol, major diagnosis, diagnosis of 
complications, and APACHE II (Acute Physiology and Chronic Health Evaluation Second Edition) score, were collected 
when they were admitted to the ICU after surgery. Data pertaining to operations included surgery type, surgical grade, and 
duration of the operation. Fluid balance data included the total ICU fluid volume and balance on the day following surgery.

Figure 1 Study flow diagram illustrating the surgical cohort used for data analysis.
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Measures of Outcomes
The primary outcome was the duration of mechanical ventilation following surgery. The secondary outcomes included 
ICU time, total hospital time, ICU cost, and total hospital cost. The hospitalization information system was used to 
calculate ICU time and total hospital time. The ICU cost and total hospital cost were derived from an internal financial 
monitoring system and represent the sum of direct and indirect expenses incurred by the institution.

Grouping
Based on infusion volume and fluid balance, we grouped patients into quartiles according to two grouping methodologies.

On days two and one of ICU admission following surgery, the total infusion volume was calculated by adding the volumes 
of crystalloid and one-and-a-half times colloid.32 Total infusion volume on day one of admission to the ICU after surgery 
divided by actual body weight multiplied by the corresponding number of hours was analyzed as quartiles: quartile 1 (Q1) ≤ 
2.02 mL/kg/h; quartile 2 (Q2) > 2.02 to 2.69 mL/kg/h; quartile 3 (Q3) > 2.69 to 3.86 mL/kg/h; quartile 4 (Q4) > 3.86 mL/kg/h.

The fluid balance was calculated by subtracting the total fluid volume from the total fluid loss, which included urine volume, 
drainage volume, blood loss, etc. on day one of admission to the ICU following surgery. As quartiles, fluid balance divided by 
actual body weight multiplied by the corresponding number of hours was analyzed: quartile 1 (G1) ≤ −0.07 mL/kg/h; quartile 2 
(G2) > −0.07 to 0.56 mL/kg/h; quartile 3 (G3) > 0.56 to 1.54 mL/kg/h; and quartile 4 (G4) > 1.54 mL/kg/h.

Statistics
Continuous variables with a skewed distribution are expressed as the median with interquartile ranges (IQR), whereas 
data with a normal distribution are summarized as the mean ± standard deviation. The covariance analysis was used to 
compare the differences between the observation groups, and BMI, APACHE-II score, operation time, surgical classi-
fication, diabetes, hypertension, and pulmonary disease were adjusted. The incidence rate ratios (IRR) were calculated 
using a negative binomial regression to analyze the effect of the infusion volume and fluid balance volume on the number 
of ventilator hours, the length of stay in the ICU and hospital, and the cost incurred in the ICU and hospital. First, this 
analysis was conducted without any adjustments, and then it was adjusted for variables such as BMI, APACHE-II scores, 
operation time, surgical classification, diabetes, hypertension, and pulmonary disease. A P value < 0.05 was considered 
significant. The statistical analysis was performed with SPSS version 25.0.

For the outcome variables were all count data, to explore whether different fluid balance volumes and different 
infusion volumes were related to the duration of mechanical ventilation, length of ICU stay, total length of hospital stay, 
ICU cost, and total hospitalization cost, negative binomial regression was used for analysis. The outcome of the group 
with the lowest fluid balance volume (Q1) was used as the control group. The relationship between the outcomes 
corresponding to the other three groups of fluid balance and the Q1 outcome was calculated, and the Incidence rate ratio 
(IRR) value and the corresponding 95% CI were also obtained. To further reduce the possibility of other potential 
variables affecting the outcome, this study also adjusted for BMI, APACHE-II, operation duration, operation grade, 
diabetes, hypertension, and pulmonary disease, and obtained the adjusted IRR value and corresponding 95% CI.

Results
Patient Characteristics
Table 1 displays the clinical data and prognosis of patients. Abdominal surgery (n = 86), craniocerebral surgery (n = 63), 
maxillofacial head and neck surgery (n = 35), urinary surgery (n = 3), thoracic surgery (n = 3), and orthopedic surgery (n = 2) 
were among the surgical procedures undergone by the patients in this study.

There were statistically significant differences between groups in terms of BMI, operation time, diabetes, hyperten-
sion, pulmonary disease, and surgical classification. Patients in the higher quartiles of infusion volume had lower BMIs, 
longer operation durations, and were less likely to have a history of diabetes, hypertension, or pulmonary disease, and 
this was also consistent for patients in the higher quartiles for fluid balance.
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Table 1 Patients Characteristics at Inclusion

Overall (n=192) Infusion Volume per Hour per Kilogram Fluid Balance per Hour per Kilogram

1st Quartiles 2nd Quartiles 3rd Quartiles 4th Quartiles P 1st Quartiles 2nd Quartiles 3rd Quartiles 4th Quartiles P

Male (%) 103 32 28 22 21 0.080 23 32 27 21 0.115

Age(year) 64.40±10.71 67.13±11.99 65.21±10.63 63.54±10.54 61.73±9.05 0.082 63.33±9.87 63.46±12.36 67.27±10.31 63.54±9.90 0.203

BMI (kg/m^2) 24.10  
(21.60-26.61)

25.37  
(22.89-28.03)

24.22  
(22.32-26.75)

23.26  
(21.17-25.32)

22.66  
(20.55-25.33)

0.001 24.67  
(21.64-26.22)

25.76  
(22.46-27.97)

23.85  
(21.91-26.15)

22.49  
(20.68-25.35)

0.005

APACHE II score 14 (12-17) 14 (12-16.75) 14 (12-16.75) 14 (13-16) 14 (11-18) 0.969 13 (11.25-16) 14 (13-17) 14 (11-17) 14 (11.25-17) 0.794

Diabetes (%) 39 13 15 8 3 0.011 10 13 9 7 0.491

Coronary artery disease (%) 20 9 4 4 3 0.178 5 7 5 3 0.618

Hypertension (%) 98 35 24 21 18 0.003 25 25 28 20 0.432

Pulmonary disease (%) 18 3 9 6 0 0.012 4 9 4 1 0.044

Surgical site (%)

Abdomen 86 13 20 17 36 <0.001 22 13 20 31 0.003

Neurosurgery 63 13 17 22 11 0.083 24 19 13 7 0.002

Urology Surgery 3 1 0 1 1 0.797 0 1 1 1 0.797

Thoracic Surgery 3 1 1 1 0 0.797 0 0 1 1 0.568

Orthopaedics 2 1 1 0 0 0.568 0 1 1 0 0.568

Surgical classification (%)

Class 3 37 19 10 7 1 <0.001 4 17 9 7 0.006

Class 4 155 29 38 41 47 44 31 39 41

Operation time(h) 5.5 (4.0-8.0) 4.49 (3-5.90) 5(3.63-6) 6(4.58-8.19) 7.98 (5.31-10.00) <0.001 5.34 (3.31-7.56) 4.96 (3-7.51) 5.28 (4.29-7.23) 7(5-9.30) 0.016
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Primary Outcome
Our findings show a correlation between perioperative infusion volume and fluid balance with mechanical ventilation 
time following non-cardiac surgery. The group with the most fluid and the longest mechanical ventilation time. When the 
infusion volume exceeded 3.86 mL/kg/h or the liquid balance exceeded 1.54 mL/kg/h in the fourth group (Q4 or G4), it 
had a significant impact on mechanical ventilation time (P < 0.05). However, there was no statistically significant 
difference between the three groups with relatively low infusion volumes or liquid balances (Figures 2A and 3A).

Figure 2 Effect of infusion volume on outcomes. The association between infusion volume and primary or secondary outcomes was analyzed using multivariable models 
adjusted for BMI, APACHE-II scores, operation time, surgical classification, diabetes, hypertension, and pulmonary disease. (A) The results of paired comparison among 
groups by analysis of variance showed that there was a correlation between mechanical ventilation time and excessive infusion volume (Compared with Q4: *1P < 0.01, *2P = 
0.035, *3P < 0.01). There were no relationships between Q1, Q2, and Q3 in pairs. (B) The results of paired comparison among groups by analysis of variance showed that 
there was a correlation between ICU time and excessive infusion volume (Compared with Q4: *1P, *2P, and *3P were all < 0.01). There were no relationships between Q1, 
Q2, and Q3 in pairs. (C) The results of paired comparison among groups by analysis of variance showed that there was a correlation between ICU cost and excessive 
infusion volume (Compared with Q4: *1P,*2P, and *3P were all < 0.01). There were no relationships between Q1, Q2, and Q3 in pairs. (D) The results of paired comparison 
among groups by analysis of variance showed that there was a correlation between total hospital time and excessive infusion volume (Compared with Q4: *1P,*2P, and 
*3P were all < 0.01). There were no relationships between Q1, Q2, and Q3 in pairs. (E) The results of paired comparison among groups by analysis of variance showed that 
there was a correlation between total hospital cost and excessive infusion volume (Compared with Q4: *1P,*2P, and *3P were all < 0.01). There were no relationships 
between Q1, Q2, and Q3 in pairs. 
Abbreviations: APACHE, acute physiology and chronic health evaluation; BMI, body mass index.
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Furthermore, when the incidence rate ratios were calculated, the results indicated that after adjusting for BMI, 
APACHE-II score, operation time, surgical classification, diabetes, hypertension, and pulmonary disease, the mechanical 
ventilation times of Q2 and Q4 were approximately 2.406 times (95% CI 1.153–5.017, P = 0.019) and 3.532 times (95% 
CI 1.812–6.883, P < 0.01) longer than Q1 respectively when grouped by infusion volume (Table 2). However, for the 
fourth group with the greatest liquid balance, there was a trend toward prolonged mechanical ventilation time, but no 
significant multiple relationship, which may be due to the small sample size (Table 3).

Figure 3 Effect of fluid balance on outcomes. The association between infusion volume and primary or secondary outcomes was analyzed using multivariable models 
adjusted for BMI, APACHE-II scores, operation time, surgical classification, diabetes, hypertension, and pulmonary disease. (A) The results of paired comparison among 
groups by analysis of variance showed that there was a correlation between mechanical ventilation time and fluid balance (Compared with the G4: *1P = 0.018, *2P < 0.01, 
*3P = 0.011). There were no relationships between G1, G2, and G3 in pairs. (B) The results of paired comparison among groups by analysis of variance showed that there 
was a correlation between ICU time and fluid balance (Compared with the G4: *2P and *3P were all < 0.01). There were no relationships between G1, G2, and G3 in pairs. 
(C) The results of paired comparison among groups by analysis of variance showed that there was a correlation between ICU cost and fluid balance (Compared with the G4: 
*2P < 0.01, *3P = 0.01). There were no relationships between G1, G2, and G3 in pairs. (D) The results of paired comparison among groups by analysis of variance showed 
that there was a correlation between total hospital time and fluid balance (Compared with the G4: *1P < 0.01, *2P = 0.015, *3P < 0.01). There were no relationships between 
G1, G2, and G3 in pairs. (E) The results of paired comparison among groups by analysis of variance showed that there was a correlation between total hospital cost and fluid 
balance (Compared with the G4: *1P,*2P and *3P were all < 0.01). There were no relationships between G1, G2, and G3 in pairs. 
Abbreviations: APACHE, acute physiology and chronic health evaluation; BMI, body mass index.
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Table 2 Effect of Infusion Volume on Outcomes

Overall (N = 192) Q1 (N = 48) Q2 (N = 48) Q3 (N = 48) Q4 (N = 48)

Primary outcome

Mechanical ventilation time (h) Median (IQR) 14.00 (4.00-22.00) 7.00 (2.00-20.75) 13.00 (3.25-20.00) 13.00 (3.00-21.00) 18.50 (11.25-58.00)

Unadjust IRR (95%CI) Reference 1.883 (0.898-3.951) 1.276 (0.738-2.206) 3.056 (1.728-5.405)
P value Reference 0.094 0.382 <0.001

Adjusta IRR (95%CI) Reference 2.406 (1.153-5.017) 1.496 (0.813-2.753) 3.532 (1.812-6.883)

P value Reference 0.019 0.196 <0.001
Secondary Outcomes

ICU time (h) Median (IQR) 22.98 (17.16-62.28) 21.62 (19.14-26.12) 21.51 (16.68-43.57) 22.15 (14.93-46.83) 67.45 (17.80-113.01)

Unadjust IRR (95%CI) Reference 1.224 (0.718-2.087) 1.063 (0.702-1.609) 2.269 (1.522-3.383)
P value Reference 0.459 0.773 <0.001

Adjusta IRR (95%CI) Reference 1.263 (0.711-2.243) 1.072 (0.668-1.719) 2.168 (1.313-3.579)
P value Reference 0.426 0.774 0.002

ICU cost (¥) Median (IQR) 12636.96  
(8542.23-32173.21)

9822.46  
(8052.66-13975.91)

10586.89  
(7715.22-18986.68)

12676.55  
(8355.32-29019.71)

35348.86  
(17146.66-57683.91)

Unadjust IRR (95%CI) Reference 1.100 (0.674-1.794) 1.490 (0.929-2.391) 3.337 (2.024-5.502)

P value Reference 0.702 0.098 <0.001

Adjusta IRR (95%CI) Reference 1.214 (0.717-2.053) 1.659 (0.977-2.818) 3.621 (1.956-6.702)
P value Reference 0.471 0.061 <0.001

Total hospital time (d) Median (IQR) 22.86  

(16.95-32.96)

19.94  

(14.92-24.87)

22.89  

(16.25-31.71)

22.70 (16.95-29.50) 34.69 (21.72-49.81)

Unadjust IRR (95%CI) Reference 1.188 (0.988-1.429) 1.151 (0.954-1.389) 1.746 (1.426-2.137)

P value Reference 0.067 0.142 <0.001

Adjusta IRR (95%CI) Reference 1.101 (0.924-1.312) 0.992 (0.814-1.208) 1.385 (1.091-1.758)
P value Reference 0.283 0.934 0.007

Total hospital cost (¥) Median (IQR) 125525.83  

(89585.32-190272.29)

77762.59  

(63893.27-119680.21)

119526.28  

(93223.40-158792.69)

138089.29  

(100082.38-176265.75)

224248.13  

(134234.24-269880.28)

Unadjust IRR (95%CI) Reference 1.357 (1.123-1.639) 1.493 (1.243-1.793) 2.290 (1.869-2.807)

P value Reference 0.002 <0.001 <0.001
Adjusta IRR (95%CI) Reference 1.240 (1.039-1.480) 1.259 (1.059-1.496) 1.733 (1.384-2.170)

P value Reference 0.017 0.009 <0.001

Note: aAdjusting for BMI, APACHE-II score, operation time, surgical classification, diabetes, hypertension and pulmonary disease.
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Table 3 Effect of Fluid Balance on Outcomes

G1 (N = 48) G2 (N = 48) G3 (N = 48) G4 (N = 48)

Primary outcome

Mechanical ventilation time (h) Median (IQR) 4.50 (2.00-21.00) 15.00 (4.00-21.00) 15.00 (6.00-21.00) 18.00 (12.25-43.25)

Unadjust IRR (95%CI) Reference 1.059 (0.530-2.115) 0.910 (0.485-1.707) 2.048 (1.012-4.144)

P value Reference 0.872 0.769 0.046

Adjusta IRR (95%CI) Reference 0.966 (0.489-1.912) 0.878 (0.461-1.673) 1.785 (0.891-3.578)

P value Reference 0.922 0.692 0.102

Secondary Outcomes

ICU time (h) Median (IQR) 20.79 (14.87-62.50) 22.21 (19.01-46.96) 21.10 (16.93-45.50) 42.18 (17.80-89.05)

Unadjust IRR (95%CI) Reference 0.816 (0.514-1.293) 0.698 (0.460-1.060) 1.378 (0.865-2.195)

P value Reference 0.386 0.092 0.177

Adjusta IRR (95%CI) Reference 0.819 (0.523-1.283) 0.701 (0.460-1.069) 1.277 (0.803-2.030)
P value Reference 0.383 0.099 0.302

ICU cost (¥) Median (IQR) 11043.76 (7587.96-32033.97) 10596.63 (8054.17-18821.65) 10543.97 (8389.71-19223.23) 28024.91 (12258.88-49245.98)

Unadjust IRR (95%CI) Reference 0.692 (0.377-1.271) 0.706 (0.379-1.318) 1.438 (0.769-2.690)

P value Reference 0.235 0.275 0.255

Adjusta IRR (95%CI) Reference 0.663 (0.359-1.223) 0.706 (0.379-1.315) 1.324 (0.746-2.351)
P value Reference 0.188 0.273 0.337

Total hospital time (d) Median (IQR) 21.94 (15.91-29.32) 20.95 (14.92-30.01) 22.24 (16.95-30.44) 30.38 (20.18-45.44)

Unadjust IRR (95%CI) Reference 0.956 (0.780-1.172) 1.000 (0.831-1.203) 1.391 (1.128-1.716)

P value Reference 0.666 >0.999 0.002

Adjusta IRR (95%CI) Reference 0.970 (0.800-1.176) 1.015 (0.848-1.214) 1.277 (1.039-1.568)
P value Reference 0.759 0.872 0.020

Total hospital cost (¥) Median (IQR) 118871.39 (94755.33-165443.46) 115181.90 (69866.13-158206.54) 108786.79 (83981.45-158945.41) 180289.78 (124222.13-255770.88)

Unadjust IRR (95%CI) Reference 0.842 (0.681-1.042) 0.914 (0.736-1.136) 1.373 (1.105-1.706)

P value Reference 0.115 0.419 0.004

Adjusta IRR (95%CI) Reference 0.855 (0.694-1.053) 0.939 (0.765-1.153) 1.227 (1.003-1.502)

P value Reference 0.140 0.551 0.047

Notes: aAdjusting for BMI, APACHE-II score, operation time, surgical classification, diabetes, hypertension and pulmonary disease.
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Secondary Outcomes
When grouping by infusion volume, there were significant differences in ICU time, ICU cost, total hospital time, and 
total hospital cost between the Q4 group and the other three groups, with the group receiving the most fluid having the 
longest ICU and hospital time and the highest cost (Figure 2B–E). Other than grouping by fluid balance, there were 
significant differences in ICU time, ICU cost, total hospital time, and total hospital cost between the G4 group and the G2 
and G3 groups, and between the G4 group and the G1 group (Figure 3B–E).

Moreover, when grouped by infusion volume and after the BMI, APACHE-II score, operation time, surgical 
classification, diabetes, hypertension, and pulmonary disease were adjusted, the ICU time of Q4 was 2.168 (95% CI 
1.313–3.579, P = 0.002) times longer than Q1, the ICU cost was 3.621 (95% CI 2.024–5.502, P < 0.001) times, the total 
hospital time was 1.385 (95% CI 1.091–1.758, P = 0.007) times, and the total hospital cost was 1.733 (95% CI 1.384– 
2.170, P < 0.001) times. In addition, the total hospital costs for Q2 and Q3 were 1.240 (95% CI 1.039–1.480, P = 0.017) 
and 1.259 (95% CI 1.059–1.496, P = 0.009) times higher than Q1, respectively (Table 2).

After adjusting for BMI, APACHE-II score, operation time, surgical classification, diabetes, hypertension, and 
pulmonary disease, the only significant differences between G4 and G1 when grouped by fluid balance were total 
hospital time and total hospital cost. The total hospital time was 1.277 (95% CI 1.039–1.568, P = 0.020) times, and the 
total hospital cost was 1.227 (95% CI 1.003–1.502, P = 0.047) times (Table 3).

Discussion
During perioperative recovery from non-cardiac surgery in patients with left ventricular diastolic dysfunction in the ICU, 
we retrospectively analyzed patient data to investigate the relationship between fluid volume or fluid balance and 
mechanical ventilator time, as well as related issues such as cost and length of stay. The objective was to guide the 
ICU clinician on fluid infusion during the perioperative period in patients with left ventricular diastolic dysfunction.

Effect on Mechanical Ventilation Time
The results demonstrate that perioperative fluid volume and fluid balance following non-cardiac surgery are indeed 
closely correlated with mechanical ventilation time. The group with the greatest infusion volume (Q4) tended to have the 
longest mechanical ventilation time, and that increased by more than 3.5 times.

But for the fourth group with the greatest liquid balance, there was a trend of prolonged mechanical ventilation time but no 
significant multiple relationship, which may be due to the small sample size. Another factor to consider could be that the 
infusion volume response fluid volume over a brief period is not calculated. Consequently, the impact on cardiac function and 
pulmonary edema may be more direct. And in some patients with a relative deficiency in blood volume, even though a small 
quantity of fluid was administered, the outflow may be reduced, resulting in a greater volume balance. And at this stage, the 
impact on cardiac function or pulmonary edema is minimal. Therefore, infusion volume may have a greater effect on ventilator 
duration in patients with diastolic dysfunction who have not undergone cardiac surgery.

In addition, insufficient infusion in the first group could theoretically result in insufficient left ventricular filling 
pressure and impact cardiac output, thereby influencing the duration of mechanical ventilation. However, this phenom-
enon was not observed in this study. This may be due to the fact that patients were treated postoperatively under close 
observation in the ICU unit, where the fluid volume was not administered at a level that would cause systemic 
hypoperfusion and interfere with the duration of mechanical ventilation.

Therefore, in patients admitted to the ICU with left ventricular diastolic dysfunction who have undergone non-cardiac 
surgery, an excessive infusion volume has a significant impact on mechanical ventilator time and should be given more 
consideration.

Effect on Hospital Time and Hospital Cost (Either in the ICU or Total Hospitalization)
The influence of infusion volume and fluid balance on mechanical ventilation time may have a potential impact on hospital 
time and hospital cost (intensive care unit and total). Therefore, it may have a certain impact on social and medical resources 
from the perspective of medical economics. According to studies, reducing the mechanical ventilation time can shorten 
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hospital time and costs.33 On the other hand, prolonged mechanical ventilation also increases the risk of ventilator-associated 
pneumonia, which increases the length and cost of hospitalization and places a significant burden on families.34–38

ICU Time and ICU Cost
Similar to mechanical ventilation time, when grouping by infusion volume, ICU time and ICU cost of the fourth group 
were significantly different from the other three groups and more than doubled with ICU time and closed three times with 
ICU cost than the group with the least infusion volume. However, when the groups were classified based on their fluid 
equilibrium, there was no significant difference between them. The possible explanation is that it is the same as ventilator 
time, and patients are typically transferred out of the ICU shortly after they are weaned from the ventilator.

Therefore, for patients with diastolic dysfunction who have undergone non-cardiac surgery, when the infusion volume 
is at a relatively low level, it has almost no effect on the time and cost of ICU; however, when the infusion volume 
reaches a certain level, it will have a certain impact on ICU medical resources and place an economic burden on patients. 
When managing these patients, we must pay close attention to this.

Total Hospital Time and Cost
The results of our study demonstrate that the influence of fluid on the hospitalization time and cost was identical; that is, 
the fourth group had the highest infusion volume, or balance volume, which significantly prolonged the hospitalization 
length and increased the cost. Therefore, minimizing the quantity of infusion or negative balance may reduce the length 
and cost of hospitalization, thereby preventing the waste of medical resources and easing the financial burden of patients.

Limitations
Although the ICU recovery period for patients who have undergone non-cardiac surgery is only a small portion of the 
perioperative period, the body remains in a particularly fragile physiological state, and the internal environment is 
unstable, especially for patients with cardiac dysfunction. However, diastolic dysfunction is frequently ignored by 
clinicians. Therefore, the treatment strategy during the period may have some effect on the mechanical ventilation 
time of patients, and through the effect of mechanical ventilation time on the cost and length of hospitalization, it will 
have a corresponding impact on them as well as an effect on the reasonable distribution of medical resources and 
expenses. Currently, relevant studies are restricted to the anesthesia process,28,39–41 and there is a lack of research on 
postoperative time in the ICU. This study is an investigation in this regard. However, as a single-center retrospective 
study, there are inevitably some limitations; additional prospective studies are required to refine diastolic function and 
fluid volume infusion strategies in order to clarify the optimal infusion volume or fluid balance volume for clinical work. 
The true relationship between ventilator time and infusion volume or fluid balance volume during postoperative time in 
the ICU in patients with left ventricular diastolic dysfunction who have undergone non-cardiac surgery can be described 
more scientifically if multi-center case data can be added to increase the sample size.

Conclusion
For patients admitted to the ICU after non-cardiac surgery with left ventricular diastolic dysfunction, there was a non- 
linear relationship between fluid volume or balance and mechanical ventilator time, and the group with the highest fluid 
volume or balance had a significant impact on mechanical ventilator time. In addition, increased fluid volume and 
balance had significant effects on hospital time and cost (either in the ICU or total hospitalization).
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