

[image: Impact of Intraoperative Norepinephrine Support on Living Donor Liver Transplantation Outcomes: A Retrospective Cohort Study of 430 Children]
Impact of Intraoperative Norepinephrine Support on Living Donor Liver Transplantation Outcomes: A Retrospective Cohort Study of 430 Children





ORIGINAL RESEARCH

published: 14 August 2020

doi: 10.3389/fphar.2020.01254

[image: image2]


Impact of Intraoperative Norepinephrine Support on Living Donor Liver Transplantation Outcomes: A Retrospective Cohort Study of 430 Children


Jiang-Long Chen 1,2†, Yuan-Li Chen 1†, Bo Qi 3†, Zhi-Ying Pan 3, Ye-Feng Lu 4, Wei Zhang 5, Jiao Zhu 6, Wei-Feng Yu 3, Jin-chao Song 7* and Yu-Gang Lu 1,3*


1 Department of Anesthesiology, Shanghai Pulmonary Hospital, Tongji University School of Medicine, Shanghai, China, 2 Department of General Surgery, Children’s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 3 Department of Anesthesiology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 4 Department of Hepatic Surgery, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China, 5 Department of Biostatistics, School of Public Health, Fudan University, Shanghai, China, 6 Department of Anesthesiology, Eastern Hepatobiliary Surgical Hospital, Second Military Medical University, Shanghai, China, 7 Department of Anesthesiology, Shidong Hospital of Shanghai, University of Shanghai for Science and Technology, Shanghai, China




Edited by: 
Olayinka Olabode Ogunleye, Lagos State University, Nigeria

Reviewed by: 
Kotone Matsuyama, Nippon Medical School, Japan

Brian Godman, Karolinska Institutet (KI), Sweden

*Correspondence: 
Jin-chao Song
 sjch2013@163.com
 Yu-Gang Lu
 luyugang2018@aliyun.com


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Pharmaceutical Medicine and Outcomes Research, a section of the journal Frontiers in Pharmacology








Received: 26 September 2019

Accepted: 30 July 2020

Published: 14 August 2020

Citation:
Chen J-L, Chen Y-L, Qi B, Pan Z-Y, Lu Y-F, Zhang W, Zhu J, Yu W-F, Song J-c and Lu Y-G (2020) Impact of Intraoperative Norepinephrine Support on Living Donor Liver Transplantation Outcomes: A Retrospective Cohort Study of 430 Children. Front. Pharmacol. 11:1254. doi: 10.3389/fphar.2020.01254



Norepinephrine (NE) is often administered during the perioperative period of liver transplantation to address hemodynamic instability and to improve organ perfusion and oxygen supply. However, its role and safety profile have yet to be evaluated in pediatric living donor liver transplantation (LDLT). We hypothesized that intraoperative NE infusion might affect pediatric LDLT outcomes. A retrospective study of 430 pediatric patients (median [interquartile range] age, 7 [6.10] months; 189 [43.9%] female) receiving LDLT between 2014 and 2016 at Renji Hospital was conducted. We evaluated patient survival among recipients who received intraoperative NE infusion (NE group, 85 recipients) and those that did not (non-NE group, 345 recipients). The number of children aged over 24 months and weighing more than 10 kg in NE group was more than that in non-NE group. And children in NE group had longer operative time, longer anhepatic phase time and more fluid infusion. After multivariate regression analysis and propensity score regression adjusting for confounding factors to determine the influence of intraoperative NE infusion on patient survival, the NE group had a 169% more probability of dying. Although there was no difference in mean arterial pressure changes relative to the baseline between the two groups, we did observe increased heart rates in NE group compared with those of the non-NE group at anhepatic phase (P=0.025), neohepatic phase (P=0.012) and operation end phase (P=0.017) of the operation. In conclusion, intraoperative NE infusion was associated with a poorer prognosis for pediatric LDLT recipients. Therefore, we recommend the application of NE during pediatric LDLT should be carefully re-considered.
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Introduction

Living donor liver transplantation (LDLT) was first introduced in China in June 1997 as a life-saving treatment for children with end-stage liver disease (ESLD) due to the consistent shortage of donor organs. Benefiting from the innovation and development of surgical technique, immunosuppression and perioperative management over the past few decades, pediatric LDLT has achieved promising short- and long-term patient and graft survival (Kasahara et al., 2013; Kasahara et al., 2018). Nowadays LDLT has become the mainstream method for pediatric liver transplantation (LT) in Asia (Chen et al., 2013).

One of the most common anesthetic problems during the whole surgical phase of liver transplantation procedure is hypotension (Perilli et al., 2016; Mizota et al., 2017), which is partially induced by ESLD-related pathophysiological changes, such as portal hypertension (Wright and Rikkers, 2005) and cardiorespiratory changes (Raval et al., 2011). Most LT anesthesiologists have tended to use norepinephrine (NE), which is one of the powerful vasoconstrictors released by sympathetic nerve endings and one of the most widely used cardiovascular active drugs in clinical anesthesia, to maintain hemodynamic stability during LT anesthesia. Previous studies have shown that intraoperative application of vasoconstrictors could reduce the occurrence of postreperfusion syndrome (Ryu et al., 2012), improve renal perfusion (Fayed et al., 2013; Sahmeddini et al., 2013) and reduce the frequency of percutaneous interventions and the length of hospital stay (Reddy et al., 2017). However, there is little evidence focusing on the relationship between intraoperative vasoconstrictor infusion and the prognosis of LT, especially LDLT in children.

Improper perioperative NE infusion in pediatric LDLT patients with ESLD is likely to increase cardiac stress, aggravate cardiac injury, and ultimately lead to poor perioperative prognosis. It has been estimated that 40% to 50% of patients with ESLD have some signs of cirrhotic cardiomyopathy (CCM) (Zardi et al., 2010; Carvalho and Kroll, 2019), and the incidence of CCM in infants with ESLD even higher (Desai et al., 2011). CCM is a severe cardiovascular condition characterized by a hyperdynamic circulatory state, altered diastolic relaxation, impaired contractility, and rhythm abnormalities, particularly QT interval prolongation (Desai et al., 2017; Carvalho and Kroll, 2019). It is a condition easily tolerated because of the near-normal cardiac function at rest, manifesting only under conditions of physical or pharmacological stress. It is exactly this characteristic that causes the insufficiency of a more accurate description of this entity in pediatric patients and a pediatric-specific diagnostic plan. Fortunately, attention has been paid to this situation. In addition, the appeal for more pediatric studies in the field of CCM has been made (Fattouh et al., 2016). Basic research findings suggest that the cardiotoxic effects of bile acids and their varied receptor-mediated functions play a crucial role in their involvement in cardiovascular dysfunction in cirrhosis (Voiosu et al., 2017). A very recent study on pediatric CCM indicates that CCM-associated cardiac changes might impact peritransplant care and posttransplant hospitalization time, but were not correlated with patient survival pre-LT or post-LT, and they were reversed after LT (Junge et al., 2018). However, for these patients with underlying CCM, more attention should be paid to the selection and application of cardiovascular active drugs during pediatric LDLT, so as to avoid increasing cardiac stress and aggravating cardiac injury, and to improve outcomes.

NE is an important regulator of myocardial contractility and metabolism (Rona, 1985). As one of the powerful vasoconstrictors released by sympathetic nerve endings and the adrenal medulla, NE is characterized by α-adrenergic agonistic activity in addition to a weak β-adrenergic agonistic activity. It is the first-line agent to maintain end-organ perfusion pressure, especially in critically ill patients with low systemic vascular resistance. Many centers use it to minimize transfusion volume and fluid administration during the pre-anhepatic and anhepatic phase, and to reduce the occurrence of postreperfusion syndrome during the neohepatic phase of LT (Barjaktarevic et al., 2018). Previous studies have shown that NE-induced, β1-mediated increase in myocardial contractility played a crucial role in increasing the cardiac index of septic, postcardiotomy vasodilatory shock (Nygren et al., 2010; Redfors et al., 2011) and LT (Skytte Larsson et al., 2018) patients. Obviously, the administration of exogenous NE is mandatory to support the failing circulation in critically ill patients. However, in contrast to these short-term benefits, prolonged adrenergic stress is detrimental to the cardiovascular system, especially when the cardiovascular system of these pediatric recipients has been under the cardiotoxic effects of bile acids for a long time and some of them has already shown some signs of CCM.

When blood pressure needs to be rapidly restored, NE is a reliable first-line agent. However, doubts about the utilization of NE have never stopped, mainly because of the adverse effects of NE. Experimental studies have shown that NE infusion caused acute myocardial necrosis (Todd et al., 1985) in dogs, impaired splanchnic hemodynamics and oxygenation in pigs (Priebe et al., 1995), and induced an impairment of hepatic macrocirculation and microcirculation in the early phase after porcine LT (Mehrabi et al., 2005). Clinical evidences have suggested that NE administration in patients with community-acquired septic shock was associated with worse outcome (a 3.5 increase in the 28-day mortality risk) (Povoa et al., 2009), using NE in dialysis-required septic acute kidney injury patients was associated with higher 90-day mortality (Chen and Wu, 2018), about 10% of patients with septic shock on NE infusion had serious adverse events leading greatly to increased mortality (Anantasit et al., 2014), and exogenous administration of NE was a major risk factor for broken-heart syndrome (Kido and Guglin, 2017). Nowadays anesthesiologists have been accustomed to using NE to maintain hemodynamic stability during the perioperative period of LT, however, more prospective clinical investigations should be conducted to determine the impact of NE infusion on outcomes of pediatric LDLT.

Scarce literature and empirical evidence led us to study the influence of intraoperative NE infusion on LDLT outcomes. The aims of this retrospective study were to review our experience over the past few years with LDLT for children and to analyze the effect of intraoperative NE infusion on recipients’ survival following pediatric LDLT.



Patients and Methods

We retrospectively analyzed the medical data for all living donors and recipients, who underwent primary LDLT surgery from January 1, 2014, to December 31, 2016, at Renji Hospital, Shanghai, China. The last follow-up record was up to June 2018.

Patients were enrolled in this cohort if they: (1) age under 12 years; (2) underwent LDLT for End-Stage Liver Disease (ESLD); (3) available and complete clinical records of the patients’ peri-transplantation procedure. Patients were excluded if they: (1) underwent LT for acute liver failure and cancer; (2) underwent combined organ transplantation, heterotopic transplantation and re-transplantation; (3) incomplete clinical and instrumental follow-up.

A total of 430 patients who met the inclusion and the exclusion criteria were divided into two groups (NE group and non-NE group) according to whether infused NE during surgery. The primary outcome considered in the analysis was patient survival among the different studied groups during follow-up.

Perioperative variables included in the analysis were sex, age, body weight (BW), graft-to-recipient weight ratio (GRWR) measurement, diagnosis of primary diseases, Kasai procedure, Pediatric End-Stage Liver Disease (PELD) score, donor/recipient ABO compatibility, preoperative white blood cell (WBC) and hemoglobin (Hb) levels, operative time, duration of anhepatic phase, amount of blood loss, amount of intraoperative fluid, and red blood cell infusion.

Intraoperative hemodynamic parameters including mean arterial pressure (MAP) and heart rate during the four phases (beginning phase, anhepatic phase, neohepatic phase, and ending phase) of transplantation, and the duration and dosage of NE infusion were extracted from the anesthesia note.

Approval for this study was obtained by the Renji Hospital Ethics Committee.


Statistical Analysis

Continuous variables are described as median (interquartile range, IQR) and categorical variables as frequencies (percentages). A t test or Wilcoxon rank-sum test was used for continuous variables, and chi-square tests or Fisher’s exact tests were used for categorical variables, as appropriate. A P value < 0.05 was considered statistically significant. Survival probabilities were estimated by the Kaplan-Meier method and the log-rank test was applied for comparisons of survival curves. In order to ascertain the influence of intraoperative NE infusion on LDLT recipients’ survival, multivariate regression, and propensity score regression adjustment were conducted to adjust for potential confounding factors. All analyses were performed using the SPSS 25.0 statistical package (IBM, Inc., Chicago, IL).




Results

This cohort included 430 children, 85 (19.8%) recipients received intraoperative NE infusion (Table 1). The proportion of children aged over 24 months and weighing more than 10 kg in NE group was larger than that in non-NE group (NE group vs. non-NE group, 22.4% vs. 7.5%, 23.5% vs. 12.5%, respectively). In addition, a larger proportion of children in NE group were diagnosed with metabolic diseases (NE group vs. non-NE group, 15.3% vs. 6.1%). Meanwhile, intraoperative factors analysis indicated that children in NE group had longer operative time (NE group vs. non-NE group, Median [IQR], 438.5 min [397–497.5] vs. 398 min [360–451]), longer anhepatic phase (NE group vs. non-NE group, Median [IQR], 40 min [35–51] vs. 38 min [32–45]), more fluid infusion (NE group vs. non-NE group, Median [IQR], 1810 ml [1,550–2,400] vs. 1685 ml [1,450–2,110]) and more blood loss (NE group vs. non-NE group, 200–400 ml, 20.0% vs. 11.9%; > 400 ml, 8.2% vs. 2.0%).


Table 1 | Baseline Characteristics.



The median follow-up time was 658 days (887, 1108) [median (IQR)]. 37 death events happened throughout the follow-up period, among them, 36 (97.3%) pediatric recipients died within 6 months after transplantation and one child survived 439 days before the graft failure. The 1-, 3- and 6-month patient survival rates in non-NE group versus NE group were 97.7% vs. 87.1%, 96.2% vs. 84.7% and 94.2% vs. 82.4%, respectively (log-rank P<0.001; Figure 1).




Figure 1 | Kaplan-Meier cumulative patient survival for the group without intraoperative norepinephrine infusion (NE-NO) and the group with intraoperative norepinephrine infusion (NE-YES).



In order to adjust for potential confounding factors, the survival of NE group and non-NE group was compared by multivariate regression and propensity score regression adjustment. Factors with P < 0.1 in the baseline statistical test were then included in the multivariate analysis. The result of multivariate regression analysis suggested that intraoperative NE infusion was an independent risk factor for overall survival after LDLT in pediatric patients, with a hazard ratio (HR) of 2.69 (95% CI, 1.34–5.37), while the other seven variables were not associated with survival according to our results (Table 2). In the propensity score regression adjustment analysis, NE was also defined to be associated with survival (p=0.013), with an HR of 2.45 (95% CI, 1.21–4.96) after correction of potential confounding factors (Table 2).


Table 2 | Multivariate regression and propensity score regression adjustment analysis for recipient’s survival.



The duration and dosage of NE infusion for patients in NE group were 198 min (108–308) [Median (IQR)] and 138.4 μg (70.4–346.7) [Median (IQR)], respectively. There was no statistically significant difference with regarding to the baseline mean arterial pressure (MAP) (NE group vs. non-NE group, Mean ± SD, 67.3 ± 7.5 vs. 68.6 ± 7.6) and heart rate (NE group vs. non-NE group, Mean ± SD, 114.2 ± 14.3 vs. 117.1 ± 14.4) between the two groups at the beginning phase of the operation (Table S1). As the operation proceeded, MAP decreased in both groups, but there was no difference in changes relative to the baseline between the two groups (anhepatic phase, P=0.503; neohepatic phase, P=0.067; operation end phase, P=0.177) (Figure 2A). However, compared to the non-NE group, the heart rate of NE group recipients increased more significantly at different phases of operation (anhepatic phase, P=0.025; neohepatic phase, P=0.012; operation end phase, P=0.017) (Figure 2B).




Figure 2 | The changes of hemodynamic parameters at the three phases of liver transplantation in both groups. (A) Mean arterial pressure (MAP). (B) Heart rate. The changes of MAP and heart rate relative to the baseline between the two groups were compared. All the values are presented as mean ± standard deviation. *p < 0.05.





Discussion

Here we reported our experience with 430 pediatric LDLT recipients at a high-volume hospital and demonstrated that intraoperative NE infusion was significantly associated with mortality within 6-month after LT. In this retrospective cohort study, our results have shown that intraoperative NE infusion was associated with poor prognosis for pediatric LDLT recipients, implying that NE might not be the best choice for circulatory support during pediatric LDLT.

In the present study, the change of MAP at each phase of LDLT in NE group was similar to that of patients in non-NE group, while the heart rate of patients in NE group increased significantly at different phases of LDLT operation. These effects of NE on adults’ hearts may be minimal (Ngan Kee et al., 2015; Hasanin et al., 2019), but they can be fatal for pediatric hearts which mainly rely on heart rate to increase cardiac output.

This study highlights the impact of NE infusion on the prognosis of pediatric LDLT. The prevailing opinion seems to be that intraoperative NE infusion was simply a reflection of multiple risk factors such as a sick or septic child, major blood loss, prolonged surgery, reperfusion syndrome etc. However, after eliminating some preoperative and intraoperative confounding factors including preoperative WBC level, PELD score, operative time, the volume of blood loss and fluid infusion by multivariate analysis and propensity score regression adjustment, intraoperative NE infusion persisted as an independent risk factor for recipient survival. Based on our results, we propose that intraoperative NE infusion in pediatric LDLT is reasonable, but not safe. Given that the 1-, 3- and 6-month mortality rates of recipients in NE group versus non-NE group were 12.9% vs. 2.3%, 15.3% vs. 3.8% and 17.6% vs. 5.8%, respectively, clinicians should be fully aware of the potentially adverse consequences when using NE during the perioperative period of pediatric LT.

There are certain limitations in our study. First, this was a single-center retrospective study with potential selection biases including race, surgical techniques, and perioperative management. Second, the preoperative cardiac function of patients was not evaluated because of the insufficiency of cardiac examination data. Third, the low mortality rate was favorable but the statistical analysis was extremely limited. In addition, each anesthesiologist has different tolerance to blood pressure level and different indications for treatment, which leads to great differences in drug use among individuals. Ideally, a multicenter, randomized, prospective study is needed to accurately evaluate the impact of perioperative NE infusion on pediatric LDLT outcomes.

In conclusion, the mortality rate of pediatric LDLT was higher in NE group, suggesting that NE may not be the best choice of vasoconstrictor in pediatric LT. Better preoperative assessment of cardiovascular function and reasonable selection and application of vasoconstrictors will bring benefit to the prognosis of pediatric LDLT. The retrospective characteristic of this study has inherent limitations and prospective analysis would help to reach more convincing conclusions about the impact of NE on pediatric LDLT outcomes.



Data Availability Statement

The datasets generated for this study are available on request to the corresponding authors.



Ethics Statement

The studies involving human participants were reviewed and approved by Renji Hospital Ethics Committee, Renji Hospital, Shanghai Jiao Tong University School of Medicine. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.



Author Contributions

Study design: Y-GL, WZ. Data collection: Y-GL, Z-YP, BQ, and Y-FL. Statistical analysis: WZ and Y-GL. Manuscript drafting: Y-GL, Y-LC, JZ, J-CS, and J-LC. Supervision: W-FY. Project administration: W-FY.



Funding

This work is supported by the 2019 Development Fund of Anesthesiology, Shanghai Pulmonary Hospital.



Acknowledgments

The authors thank Dr. Jeffrey Robens from Editorial Development Manager Nature Research for editing.



Supplementary Material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fphar.2020.01254/full#supplementary-material



References

 Anantasit, N., Boyd, J. H., Walley, K. R., and Russell, J. A. (2014). Serious adverse events associated with vasopressin and norepinephrine infusion in septic shock. Crit. Care Med. 42, 1812–1820. doi: 10.1097/ccm.0000000000000333

 Barjaktarevic, I., Cortes Lopez, R., Steadman, R., Wray, C., Qadir, N., Chang, S. Y., et al. (2018). Perioperative Considerations in Liver Transplantation. Semin. Respir. Crit. Care Med. 39, 609–624. doi: 10.1055/s-0038-1675333

 Carvalho, M. V. H., and Kroll, P. C. (2019). Cirrhotic cardiomyopathy: the liver affects the heart. Braz. J. Med. Biol. Res. 52, e7809. doi: 10.1590/1414-431x20187809

 Chen, Y. Y., and Wu, V. C. (2018). Norepinephrine Administration is associated with higher mortality in dialysis requiring acute kidney injury patients with Septic Shock. J. Clin. Med. 7, 274. doi: 10.3390/jcm7090274

 Chen, C. L., Kabiling, C. S., and Concejero, A. M. (2013). Why does living donor liver transplantation flourish in Asia? Nat. Rev. Gastroenterol. Hepatol. 10, 746–751. doi: 10.1038/nrgastro.2013.194

 Desai, M. S., Zainuer, S., Kennedy, C., Kearney, D., Goss, J., and Karpen, S. J. (2011). Cardiac structural and functional alterations in infants and children with biliary atresia, listed for liver transplantation. Gastroenterology 141, 1264–1272, 1272.e1261-1264. doi: 10.1053/j.gastro.2011.06.082

 Desai, M. S., Mathur, B., Eblimit, Z., Vasquez, H., Taegtmeyer, H., Karpen, S. J., et al. (2017). Bile acid excess induces cardiomyopathy and metabolic dysfunctions in the heart. Hepatology 
65, 189–201. doi: 10.1002/hep.28890

 Fattouh, A. M., El-Shabrawi, M. H., Mahmoud, E. H., and Ahmed, W. O. (2016). Evaluation of cardiac functions of cirrhotic children using serum brain natriuretic peptide and tissue Doppler imaging. Ann. Pediatr. Cardiol. 9, 22–28. doi: 10.4103/0974-2069.171373

 Fayed, N., Refaat, E. K., Yassein, T. E., and Alwaraqy, M. (2013). Effect of perioperative terlipressin infusion on systemic, hepatic, and renal hemodynamics during living donor liver transplantation. J. Crit. Care 28, 775–782. doi: 10.1016/j.jcrc.2013.02.016

 Hasanin, A. M., Amin, S. M., Agiza, N. A., Elsayed, M. K., Refaat, S., Hussein, H. A., et al. (2019). Norepinephrine infusion for preventing Postspinal Anesthesia Hypotension during Cesarean delivery: a randomized dose-finding trial. Anesthesiology 130, 55–62. doi: 10.1097/aln.0000000000002483

 Junge, N., Junge, C., Schroder, J., Pfister, E. D., Leiskau, C., Hohmann, D., et al. (2018). Pediatric cirrhotic cardiomyopathy: impact on liver transplant outcomes. Liver Transpl. 24, 820–830. doi: 10.1002/lt.25076

 Kasahara, M., Umeshita, K., Inomata, Y., and Uemoto, S. (2013). Long-term outcomes of pediatric living donor liver transplantation in Japan: an analysis of more than 2200 cases listed in the registry of the Japanese Liver Transplantation Society. Am. J. Transpl. 13, 1830–1839. doi: 10.1111/ajt.12276

 Kasahara, M., Umeshita, K., Sakamoto, S., Fukuda, A., Furukawa, H., Sakisaka, S., et al. (2018). Living donor liver transplantation for biliary atresia: an analysis of 2085 cases in the registry of the Japanese Liver Transplantation Society. Am. J. Transpl. 18, 659–668. doi: 10.1111/ajt.14489

 Kido, K., and Guglin, M. (2017). Drug-Induced Takotsubo Cardiomyopathy. J. Cardiovasc. Pharmacol. Ther. 22, 552–563. doi: 10.1177/1074248417708618

 Mehrabi, A., Golling, M., Kashfi, A., Boucsein, T., Schemmer, P., Gutt, C. N., et al. (2005). Negative impact of systemic catecholamine administration on hepatic blood perfusion after porcine liver transplantation. Liver Transpl. 11, 174–187. doi: 10.1002/lt.20299

 Mizota, T., Hamada, M., Matsukawa, S., Seo, H., Tanaka, T., and Segawa, H. (2017). Relationship Between Intraoperative Hypotension and Acute Kidney Injury After Living Donor Liver Transplantation: A Retrospective Analysis. J. Cardiothorac. Vasc. Anesth. 31, 582–589. doi: 10.1053/j.jvca.2016.12.002

 Ngan Kee, W. D., Lee, S. W., Ng, F. F., Tan, P. E., and Khaw, K. S. (2015). Randomized double-blinded comparison of norepinephrine and phenylephrine for maintenance of blood pressure during spinal anesthesia for cesarean delivery. Anesthesiology 122, 736–745. doi: 10.1097/aln.0000000000000601

 Nygren, A., Redfors, B., Thoren, A., and Ricksten, S. E. (2010). Norepinephrine causes a pressure-dependent plasma volume decrease in clinical vasodilatory shock. Acta Anaesthesiol. Scand. 54, 814–820. doi: 10.1111/j.1399-6576.2010.02244.x

 Perilli, V., Aceto, P., Sacco, T., Modesti, C., Ciocchetti, P., Vitale, F., et al. (2016). Anaesthesiological strategies to improve outcome in liver transplantation recipients. Eur. Rev. Med. Pharmacol. Sci. 20, 3172–3177.


 Povoa, P. R., Carneiro, A. H., Ribeiro, O. S., and Pereira, A. C. (2009). Influence of vasopressor agent in septic shock mortality. Results from the Portuguese Community-Acquired Sepsis Study (SACiUCI study). Crit. Care Med. 37, 410–416. doi: 10.1097/CCM.0b013e3181958b1c

 Priebe, H. J., Noldge, G. F., Armbruster, K., and Geiger, K. (1995). Differential effects of dobutamine, dopamine, and noradrenaline on splanchnic haemodynamics and oxygenation in the pig. Acta Anaesthesiol. Scand. 39, 1088–1096. doi: 10.1111/j.1399-6576.1995.tb04236.x

 Raval, Z., Harinstein, M. E., Skaro, A. II, Erdogan, A., DeWolf, A. M., Shah, S. J., et al. (2011). Cardiovascular risk assessment of the liver transplant candidate. J. Am. Coll. Cardiol. 58, 223–231. doi: 10.1016/j.jacc.2011.03.026

 Reddy, M. S., Kaliamoorthy, I., Rajakumar, A., Malleeshwaran, S., Appuswamy, E., Lakshmi, S., et al. (2017). Double-blind randomized controlled trial of the routine perioperative use of terlipressin in adult living donor liver transplantation. Liver Transpl. 23, 1007–1014. doi: 10.1002/lt.24759

 Redfors, B., Bragadottir, G., Sellgren, J., Sward, K., and Ricksten, S. E. (2011). Effects of norepinephrine on renal perfusion, filtration and oxygenation in vasodilatory shock and acute kidney injury. Intensive Care Med. 37, 60–67. doi: 10.1007/s00134-010-2057-4

 Rona, G. (1985). Catecholamine cardiotoxicity. J. Mol. Cell Cardiol. 17, 291–306. doi: 10.1016/S0022-2828(85)80130-9

 Ryu, H. G., Jung, C. W., Lee, H. C., and Cho, Y. J. (2012). Epinephrine and phenylephrine pretreatments for preventing postreperfusion syndrome during adult liver transplantation. Liver Transpl. 18, 1430–1439. doi: 10.1002/lt.23511

 Sahmeddini, M. A., Amini, A., and Naderi, N. (2013). The effect of octreotide on urine output during orthotopic liver transplantation and early postoperative renal function; a randomized, double-blind, placebo-controlled trial. Hepat. Mon. 13, e12787. doi: 10.5812/hepatmon.12787

 Skytte Larsson, J., Bragadottir, G., Redfors, B., and Ricksten, S. E. (2018). Renal effects of norepinephrine-induced variations in mean arterial pressure after liver transplantation: A randomized cross-over trial. Acta. Anaesthesiol. Scand. 62, 1229–1236. doi: 10.1111/aas.13156

 Todd, G. L., Baroldi, G., Pieper, G. M., Clayton, F. C., and Eliot, R. S. (1985). Experimental catecholamine-induced myocardial necrosis. I. Morphology, quantification and regional distribution of acute contraction band lesions. J. Mol. Cell Cardiol. 17, 317–338. doi: 10.1016/S0022-2828(85)80132-2

 Voiosu, A., Wiese, S., Voiosu, T., Bendtsen, F., and Moller, S. (2017). Bile acids and cardiovascular function in cirrhosis. Liver Int. 37, 1420–1430. doi: 10.1111/liv.13394

 Wright, A. S., and Rikkers, L. F. (2005). Current management of portal hypertension. J. Gastrointest. Surg. 9, 992–1005. doi: 10.1016/j.gassur.2004.09.028

 Zardi, E. M., Abbate, A., Zardi, D. M., Dobrina, A., Margiotta, D., Van Tassell, B. W., et al. (2010). Cirrhotic cardiomyopathy. J. Am. Coll. Cardiol. 56, 539–549. doi: 10.1016/j.jacc.2009.12.075



Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 Chen, Chen, Qi, Pan, Lu, Zhang, Zhu, Yu, Song and Lu. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fphar-11-01254-g002.jpg
A beaisenta bootnalitersaiid cnvt SN | Licsnaddondt plea ?
o T
g H H .
] -
g2 g
. £
5 6 &
s s
hahapatc  Neohepatc opeaton and nhepatic Neohepati operaonand
prase Prase

- NE(Yes) @ NE(No)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fphar.2020.01254_cover.jpg
, frontiers
in Pharmacology

Impact of Intraoperative
Norepinephrine Support on Living
Donor Liver Transplantation
Outcomes: A Retrospective Cohort
Study of 430 Children





OEBPS/Images/table2.jpg
Variable

Multivariate Regression Analysis
NE (yes vs. o)

Age (>24 months vs. <=24 months)

Weight (>10 kg vs. <=10 kg)

Dagnoses.

Metabolc diseases vs. biary atresia

Others vs. biary atresia

Ln operation-tme), min

Ln antepatic-phase), min

Blood loss.

Lin (i infusion), mi

Propensity Score Regression Adjustment
NE (yes vs. o)

Propensity score

NA 1ot avaisbie.

HR (95% CI)

269 (1.34-5.37)
080(0.15-4.36)
154 (0.48-4.99)
0:56(0.11-2.80)

NA
667 (0.71-6234)
057(0.15-2.19)
136 0.70-261)
086 (0:22-3:38)

2.45(1.21-4.96)

1927 (2.75-135.29)

0797
0471
0479

NA
0415

0364
0831

0013
0003





OEBPS/Images/fphar-11-01254-g001.jpg
Survival Probabil

o001
g
Number atrisk by time emetient)
Newo) M5 s ws w0 ms s
NEYES) 85 7 o () w % w
M) NE(YES)






OEBPS/Images/logo.jpg
’ frontiers
in Pharmacology





OEBPS/Text/nav.xhtml


  

    Table of Contents



    

		Cover



      		

        Impact of Intraoperative Norepinephrine Support on Living Donor Liver Transplantation Outcomes: A Retrospective Cohort Study of 430 Children

      

        		

          Introduction

        



        		

          Patients and Methods

        

          		

            Statistical Analysis

          



        



        



        		

          Results

        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Supplementary Material

        



        		

          References

        



      



      



    



  



OEBPS/Images/table1.jpg
Variables

General Factors
Sex mismatch

Yes,n (%)

No.n (%)
Age

24 monihs, 0 (%)

<=24 months, n (%)
BW

>10kg,n (%)

<=10kg,n (%)
GRWR

>4.n (%)

<=4,n (%)
Diagnoses

Bilary atresia, n (%)

Metabosc deases, n 04)

Other,n (%)

Kasai
Yes.n (%)
No.n (%)

PELD

<=14,n(%)

>14 and <=23, 0 (%)

>23,n(%)

DIR ABO compatibity

Yes,n (%)

No.n (%)
Preoperative factors
WBC.

Nomal, n (%)

Aonomal, n (%)

Ho

Nomal, n (%)

Aonomal, n (%)
Intraoperative factors
Operative tme (min)

Medan (R)
Anhepatic phass (min)

Medan (QR)

Blood loss ()

<=200

5200 and <=400

>400
Fhid infusion (m)

Median (QR)

RBC transtusion (uni)

Median (QR)

NE group
[n =85 (19.8%)]

45(529)
s06.n

19 (22.4)
65(77.6)

20235
650765

308
82(965)

71635
13(153)
102

w07y
45(629)

237
32676
3059
7467.9)
11129
33 (388)
52(612)
72(847)
13(153)
4385 (397-497.5)
40(@5-51)
610718

17 200)
762)

1,810 (1,850-2,400) 1,685 (1.450-2,110)

10-2)

“Wicoron rank-sum test; Fisher exact tost.
B, bocy woight, GRW, grat torecipiont weght rato; PELD, peditric encstage ver
dissase scoro; VR, donor/recipnt; WEC, white 100d cafl; Hb, hemogiobi; 1OR,
isiousrite farioe: AEC. med biood oak:

Non-NE group
[ =345 (80.2%)]

172 (499)
17360.1)

2605
319(925)

43(125)
302(67.5)

401.2)

241(088)

320(027)
216
402

178(516)
167 (48.4)

118(342)
135 (39.1)
9226.7)
293(849)
52(15.1)
123 (356)
222(64.4)
30588.4)
018

398 (360-451)
38 (32-49)
297 86.1)

a9
70

10-2)

0610

<0001

0010

o142

0020

o454

02%

0619

0588

0353

<0001¢

0020

0.002"

0.008*

0108





