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Background: The effects of intraoperative fluid management on the patients with constrictive pericarditis undergoing pericardiectomy remain unclear. This study explored the relationship between intraoperative fluid management and postoperative outcomes in these patients.

Methods: We retrospectively studied 92 patients with constrictive pericarditis undergoing pericardiectomy and assigned them to the restrictive group and the liberal group according to the intraoperative total fluid infusion rate. Postoperative outcomes were compared between the two groups. Binary logistic regression analysis was performed to determine the relationship between the intraoperative total fluid infusion rate and postoperative outcomes.

Results: There were 46 (50.0%) cases in the restrictive group and 46 (50.0%) cases in the liberal group. Compared with the liberal group, the restrictive group had significantly lower incidences of postoperative complications and cardiac complications (P = 0.005 and P = 0.006, respectively). Binary logistics regression analysis also showed the increased risks of postoperative complications (OR, 3.551; 95% CI, 1.192–10.580; P = 0.023) and cardiac complications (OR, 6.037; 95% CI, 1.472–25.052; P = 0.013) at the liberal group. In addition, the restrictive group had shorter postoperative hospital stay (P = 0.026) in comparison to the liberal group.

Conclusion: In patients with constrictive pericarditis undergoing pericardiectomy the intraoperative total fluid infusion rate was significantly associated with postoperative outcomes. Restrictive fluid management strategy was related to the positive effects on enhanced recovery after surgery and could be advised as the preferred intraoperative fluid management policy.
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INTRODUCTION

Constrictive pericarditis is a rare disease with poor prognosis (1). The inelastic pericardium leads to impaired filling and diastolic dysfunction (2). The etiology of constrictive pericarditis varies widely. In developing countries, tuberculosis is the major cause, while in developed countries the most frequent causes are idiopathic, post-cardiac surgery and post radiation (3, 4). Constrictive pericarditis is chronic and progressive in most cases (4). As a result, conservative treatment is only used as a temporary measure and surgical pericardiectomy is necessary to relieve the pericardial constriction (5–7). However, despite being considered effective, pericardiectomy is accompanied with high incidence of postoperative complications and in-hospital mortality (8–10).

The disordered hemodynamics is a common complication after pericardiectomy and a major cause of in-hospital death (11, 12). The status of hemodynamics is significantly associated with fluid management which exerts great influence in perioperative course. Optimal fluid management plays an important role in the enhanced recovery after surgery (ERAS) and the improvement of postoperative outcomes (13), but the evidence in pericardiectomy is limiting. This study aimed to explore the effect of intraoperative fluid management on postoperative outcomes and find an optimum range of the intraoperative fluid infusion rate in the patients undergoing pericardiectomy for constrictive pericarditis.



METHODS


Study Population

We retrospectively reviewed the records of the patients diagnosed as constrictive pericarditis in our department between November 2012 and June 2020. The patients were excluded if they were not performed pericardiectomy or if their data of intraoperative fluid infusion were missing. Finally, a total of 92 patients were enrolled. Their perioperative characteristics were extracted from the hospital electronic medical records system. The study protocol was approved by the Institutional Review Board of Affiliated Hangzhou Chest Hospital, Zhejiang University School of Medicine.

The preoperative diagnosis of constrictive pericarditis mainly depended on the clinical symptoms, echocardiography, chest enhanced computed tomography and central venous pressure (CVP). CVP was measured through the catheter placed in internal jugular vein. Pericardiectomy was routinely performed by median sternotomy in all patients without the use of cardiopulmonary bypass. The extent of pericardiectomy included at least the anterolateral pericardium between the two phrenic nerves, the basal pericardium over the diaphragmatic surface, the pericardium on the great arteries and the pericardium from superior vena cava-right atrium junction to inferior vena cava-right atrium junction (14).



Exposure Variable

The exposure variable was the intraoperative total fluid infusion rate. The volume of intraoperative total fluid was collected from the anesthesia record and defined as the volumes of crystalloid, colloid, and blood products administered between initiation of anesthesia care and arrival in the postanesthesia care unit (15). The crystalloid was Ringer solution and the colloid was hydroxyethyl starch. Hydroxyethyl starch was not used in the patients with renal dysfunction. The intraoperative total fluid infusion rate (ml/kg/h) was defined as the intraoperative total fluid volume per kilogram of weight divided by the operation duration.



Statistical Analysis

The correlation between the intraoperative total fluid infusion rate and postoperative complications was analyzed by the receiver operating characteristic (ROC) curve and the optimal cutoff value of intraoperative total fluid infusion rate was determined by calculating the Youden Index. The enrolled patients were divided into the restrictive group and the liberal group according to the cutoff value. The measurement data of the two groups were statistically analyzed with the t-test. The χ2-test, the corrected χ2-test or the Fisher exact test was used for the enumeration data, depending on the actual situation. Binary logistic regression analyses were performed to determine the relationship between the intraoperative total fluid infusion rate and postoperative outcomes. Confounders were included, based on univariate analysis. These analyses were conducted using SPSS software (version 24.0, IBM SPSS Inc. United States). Statistical significance was set at P < 0.05 (all P-values presented were two-sided).




RESULTS


Group Division

The result of ROC curve showed that the intraoperative total fluid infusion rate statistically correlated with postoperative complications. The area under curve (AUC) was 0.638 (95% CI = 0.521–0.755, P = 0.029) (Figure 1). The Youden Index was further calculated and the result showed the optimal cutoff value of the intraoperative total fluid infusion rate was 7.47 ml/kg/h (sensitivity 69.7%, specificity 61.0%, Youden Index 0.307). According to the cutoff value, the patients were divided into the restrictive group and the liberal group. In the restrictive group, the range of intraoperative total fluid infusion rate was from 2.68 to 7.46 ml/kg/h (median = 5.99). In the liberal group, the range was from 7.47 to 20.55 ml/kg/h (median = 9.45).


[image: Figure 1]
FIGURE 1. The area under the ROC curve for postoperative complications determined using intraoperative total fluid infusion rate. ROC, receiver operating characteristic; AUC, area under the curve.




Baseline Characteristics

A total of 92 patients were enrolled in this study, with 46 (50%) cases in the restrictive group and 46 (50%) cases in the liberal group. Table 1 presented the comparative results of baseline characteristics between the two groups.


Table 1. Clinical characteristics of the patients based on the intraoperative total fluid infusion rate.
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Postoperative Outcomes

The comparison of outcomes between the restrictive group and the liberal group was shown in the Table 2. Compared with the liberal group, the restrictive group had significantly lower incidences of postoperative complications and cardiac complications (P = 0.005 and P = 0.006, respectively). Cardiac complications included 6 cases of low cardiac output, 3 cases of cardiac failure and 4 cased of arrhythmia in the liberal group and 3 cases of low cardiac output in the restrictive group. The incidences of pulmonary complications and acute liver or kidney injury were comparable in the two groups. In addition, the restrictive group had shorter postoperative hospital stay (P = 0.026) in comparison to the liberal group. There was no mortality within 30 days after pericardiectomy in the two groups.


Table 2. Comparison of restrictive and liberal groups on postoperative outcomes.
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Multivariate Analysis

In order to determine the degree of contribution of the intraoperative total fluid infusion rate on postoperative outcomes and cardiac complications, we performed univariate analysis at first and then included the statistically significant factors in multivariate regression model (Supplementary Tables 1, 2). Because nearly one third of the patients had only crystalloid during the surgical procedure, the infusion rate of intraoperative total fluids in these patients was the intraoperative crystalloid infusion rate, so this was excluded in the regression model.

Binary logistic regression analysis demonstrated that compared with the restrictive group, the risk for postoperative complications was significantly increased in the liberal group (OR, 3.551; 95% CI, 1.192–10.580; P = 0.023) (Table 3). Similarly, the risk for cardiac complications was also increased in the liberal group (OR, 6.037; 95% CI, 1.472–25.052; P = 0.013) (Table 3).


Table 3. Effect of intraoperative total fluid infusion rate on postoperative outcomes.
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DISCUSSION

The elevated burden of mortality and morbidity after cardiac surgery presents a tremendous opportunity for enhanced recovery (16). Although ERAS is relatively new to cardiac surgery, the evidence-based protocols have shown promise (17). The infusion volume and rate of intraoperative fluid are important components of ERAS, but clinically applicable standards in pericardiectomy have yet to emerge, and anesthesiologists offer a relatively random adjustment during the surgery, especially in the emergency condition such as hypotension or bleeding. This study provided some references to clinical intraoperative fluid management in the patients undergoing pericardiectomy for constrictive pericarditis. The results of our study supported the view that the difference in infusion rate of intraoperative total fluid was associated with significant differences in postoperative outcomes.

In constrictive pericarditis, heart diastolic function is limited due to the thicken and inelastic pericardium, leading to the hemodynamic paradox of low preload but high filling pressures (18). One of the major complications is the disordered hemodynamics which can be caused by the disease itself and surgical pericardiectomy (19). Because of the myocardial atrophy, acute overdistension of ventricles after dissecting pericardium could lead to cardiac failure, especially in cases of long-standing constriction (3, 20). Additionally, in order to prevent pulmonary edema, the ideal approach is to decorticate the left ventricle before the right ventricle but this is not always technically feasible (21). In theory, optimal intraoperative fluid management could reduce the risks of acute volume overload, ventricular failure, and pulmonary edema.

Extensive comparative studies have been reported in the literature on the intraoperative fluid management in elective non-cardiac surgery. A systematic review and meta-analysis suggested that compared with the liberal fluid policy, the restrictive policy could reduce 35% risk of postoperative complications in elective surgery (22). In addition, a recent large observational study conducted by Shin and his colleagues showed that liberal intraoperative fluid management was associated with increased postoperative complications, length of stay and total cost of hospitalization (23). Intraoperative fluid management should maintain the patient in a euvolaemic state and excessive fluid has been proven to be associated with more harm in non-cardiac surgery (24). Similarly, our study demonstrated that restrictive fluid infusion rate (2.68–7.46 ml/kg/h) was associated with a lower incidence of postoperative complications and cardiac complications but was not linked to an increased risk of acute liver or kidney injury. Postoperative length of stay was significantly increased in the patients receiving liberal fluid infusion rate, presumably because of the need to treat complications. The incidence of postoperative pulmonary complications was also lower in the restrictive group, but the difference was not statistically significant. Numerous studies have suggested that the excessive fluid administration was associated with postoperative pulmonary edema, but it was not the sole culprit and was just one of the anesthetic- and surgery-related risk factors (25).

This study verified the correlation between postoperative outcomes and intraoperative total fluid infusion rate but there are some limitations. First, because this is a single-center retrospective study, selection bias is inevitable. Although the baseline characteristics were comparable between the two groups, it was difficult to completely balance the preoperative conditions of the patients. Second, body mass index and preoperative CVP between groups were uneven, which was related to the grouping variable of fluid infusion rate. Finally, because only a small fraction of patients received colloid, we were not adequately powered to independently reproduce the association between colloid infusion rate and outcomes.



CONCLUSION

Although the intraoperative period is a relatively brief portion of the perioperative course, it represents a uniquely vulnerable and complex physiologic state. Intraoperative fluid management strategy could significantly influence postoperative outcomes and should routinely be discussed preoperatively in consultation with anesthesiologists. This study confirmed the difference in infusion rate of intraoperative total fluid was associated with significant differences in postoperative outcomes. Restrictive fluid management strategy was related to the positive effects on ERAS and could be advised as the preferred intraoperative fluid management policy.
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Postoperative lactate, mmol/L 19(0.8-4.8) 1.7(0.7-4.6)
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Postoperative complications 10@21.7%)  23(50.0%)
Cardiac complications 3(6.5%) 13 (28.3%)
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/

Values presented as median (range) for continuous variables and N (percentage) for

categorical variables.

CVP, central venous pressure; BNR, brain natriuretic peptide; ICU, intensive care unit.
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group (N=46)  group
(N =46)

Gender

Male 36 (78.3%) 34 (73.9%)

Female 10@1.7%)  12(26.1%)
Age, years 56(16-80) 61 (17-83)
Etiology

Tuberculosis 43(985%)  42(913%)

Other 3(6.5%) 48.7%)
Symptom duration, months 20(0.3-180) 2.0(0.3-12.0)

Preoperative NYHA functional class
| 4(8.7%) 3(6.5%)
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1] 22 (47.8%) 27 (58.7%)

Y 1(2.2%) 4(8.7%)
Hypertension 6(13.0%) 9(19.6%)
Diabetes 3(6.5%) 2(4.3%)
Atrial fibrilation 5(10.9%) 8(17.4%)
BMI, kg/m? 21.7 (18.0-28.7) 200

(16.3-27.5)
SBP, mmHg 117/(90-147) 115 (91-156)
DBP, mmHg 80(50-114) 78 (62-106)
Pulse rate (beats/min) 105 (67-145) 98 (76-145)
Preoperative CVP, cmH,0 285(180-420) 260
(15.5-35.0)
Pleural effusion 43(935%)  44(95.7%)
Ascites 25(54.3%)  24(52.2%)
Pericardial effusion 38(82.6%)  35(76.1%)
LVEF, % 58.1(39.9-780) 580
(46.0-72.0)
Hemoglobin, g/dl 124/(94-167) 122 (90-151)
Albumin, /L 33.1(25.1-488) 321
(24.7-45.2)
Total bilirubin, wmol/L 18.1(6.4-66.7) 16.6 (4.4-59.2)
Direct bilirubin, wmol/L. 108 (3.2-42.5) 9.1 (2.7-503)
Serum sodium, mmol/L 1382 1372
(126.7-144.5)  (120.5-143.1)
Serum potassium, mmol/L 40(286.1) 38@7-50)
Preoperative lactate, mmol/L 150627)  1.4(05-24)
Preoperative BNP, pg/ml 181(21-786) 169 (21-961)
Operative duration, min 270 (140-400) 214 (144-390)
Blood loss, ml 125 (40-400) 175 (50-800)
Intraoperative urine output, mL 650 (50-2,000) 700
(100-1,500)
Intraoperative crystalloid infusion 49(20-75) 7.0(39-17.0)
rate, mUkg/h
Intraoperative colloid infusion rate, 110029 25069
mUkg/h
Intraoperative blood transfusion, mi 0 0

P-value

0.625

0.235
1.000
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0.397
1.000
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0.003
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0.029
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<0.001
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<0.001
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/

Velues presented as N (percentage) for categorical variables and median (range) for

continuous variables.

NYHA, New York Heart Association; BMI, body mass index; SBR, systolic blood pressure;
DBR, diastolic blood pressure; CVP, central venous pressure; LVEF, left ventricular ejection

fraction (measured on echocardiogram); BNR, brain natriuretic peptide.
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