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Background: This study aimed to describe the technique and outcomes of hemostasis for ultrasound-guided lauromacrogol injection for active bleeding after renal biopsy.
Methods: Data from patients with active bleeding after renal biopsy between January 2018 and December 2020 were retrospectively collected. Patients who still had active bleeding after 30 min of compression were then injected with lauromacrogol under ultrasound guidance. The patient’s symptoms before and after operation were collected to assess whether they had severe complications. Changes in hemoglobin and serum creatinine values were collected.
Results: Data from a total of 15 patients with active bleeding after renal biopsy were collected, including data of 6 men and 9 women. After the operation, there were 11 cases of mild back pain; 1 case of chills, cold sweats, and back pain; 1 case of cold sweats and blood pressure reduction, and 2 cases with no obvious symptoms. No severe complications occurred in this study, and active bleeding was stopped in all patients. After the operation, compared with before the operation, there was no statistically significant difference in the hemoglobin value and serum creatinine value (p = 0.10 > 0.05, p = 0.78 > 0.05).
Conclusion: Ultrasound-guided lauromacrogol injection is a relatively simple, safe and feasible method, which could be helpful in treating active bleeding in the immediate post-procedure period after renal biopsy.
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INTRODUCTION
Ultrasound-guided renal biopsy is currently one of the routine examination procedures in the nephrology department for pathological analysis and to determine precise treatment; however, it is an invasive examination. Bleeding is a complication of renal biopsy (Korbet et al., 2014; Preuss et al., 2017; Shen and Ro, 2019), with an incidence of 5–7%. Most cases can be relieved by conservative treatment, but 0.5% of patients still have poor results after conservative treatment, with severe hemorrhagic shock requiring surgery or interventional treatment (Bakdash et al., 2019; Prasad et al., 2015; Tøndel et al., 2012; Whittier and Korbet, 2004). Interventional therapy has the advantages of timely positioning of abnormal blood vessels and blocking under angiography (Somani et al., 2006). However, the patient needs to be taken to the angiography operating room for embolization, which may cause delays in treatment. In addition, the iodine contrast agent used in angiography has shortcomings such as allergic reactions and acute kidney injury. After embolization there might be complications such as postembolization syndrome, infection, and renal insufficiency (Dinkel et al., 2002; Onuigbo et al., 2020; Sayani et al., 2012). Postembolization syndrome, which is the most common complication, can affect up to 90% of patients (Ginat et al., 2009). Furthermore, embolization treatment is time-consuming and expensive. Therefore, it is necessary to develop a treatment with fewer adverse reactions that is simple, safe, and feasible.
Lauromacrogol injection is a sclerosing agent that has certain local anesthesia, adhesion, and hemostatic effects. It has been successfully used in sclerotherapy for varicose veins, cysts, and vascular malformations. Its operation is simple, fast and less time-consuming. The application of lauromacrogol injection has a good curative effect and few side reactions (Xue and Geng, 2015; Liu L. et al., 2016; Chen et al., 2016; Dong et al., 2019; Rosa, 2019). However, to the best of our knowledge, lauromacrogol injection has not been reported in the treatment of active bleeding after renal biopsy. Therefore, this study aimed to describe the technique and outcomes of hemostasis for ultrasound-guided lauromacrogol injection for active bleeding after renal biopsy.
MATERIALS AND METHODS
Study Patients
Data from patients who underwent ultrasound-guided renal biopsy between January 2018 and December 2020 were retrospectively collected. All patients had native kidneys and not kidneys transplants. Patients who underwent color Doppler ultrasound that showed no active bleeding after 30 min of compression and had incomplete clinical data were excluded. Patients who underwent color Doppler ultrasound that showed active bleeding after 30 min of compression were included in this study. This retrospective study was approved by the Ethics Committee of our hospital.
Preoperative Preparation
Firstly, routine blood tests were performed on the patients. Blood pressure was controlled for hypertensive patients to below 140/90 mmHg. We retrospectively collected the bleeding time, prothrombin time, liver, and kidney function, etc., and confirmed that the patient’s coagulation function was within the normal range and there was no contraindication to the operation. Patients were then instructed to empty their urine and bowels, andmenstrual periods were avoided in female patients. Written informed consent was routinely obtained from each patient before the biopsy, so all patients were fully informed of the advantages and disadvantages of the following operation.
Equipment and Operational Tools
Ultrasound examinations and renal biopsies were conducted using Mylab90 and Twice (Esaote, Genoa, and Italy). A convex array probe (CA541) with 1.0–8.0 MHz was used for conventional ultrasound examinations. The puncture frame matched with the convex array probe was used to guide the puncture. Lidocaine injection was administered before the biopsy. Kidney tissue was obtained by core biopsy using a Bard® Max-Core® Disposable Core Biopsy Instrument (#MC1616; Bard Biopsy Systems, AZ, United States ), and the ejection distance was 22 mm. A 22-gauge PAN needle, the cell biopsy needle (Gallini Medical Devices, size 22G 15 cm, Mantova, and Italy), was used to inject the lauromacrogol (lauromacrogol injection, 10 ml: 100 mg; Tianyu Pharmaceutical Co., Ltd., Shanxi, China), which was slowly injected at active bleeding points at a rate of about 0.2 ml/s after renal biopsy.
Ultrasound Examination
All patients were treated by a doctor with 15 years of puncture experience. Before renal biopsy, conventional ultrasound examinations were performed to observe and measure the location, shape, size, and renal parenchyma thickness, to understand the patient’s kidney activity, and to determine whether there were stones in the renal parenchyma or space-occupying lesions. Color Doppler ultrasound was performed to observe the blood supply to the kidneys.
Ultrasound-Guided Renal Biopsy and Lauromacrogol Injection
Patients were placed in the prone position with their arms facing up and head tilted to one side. A 5–10 cm thick cotton pillow was placed on the abdomen. Simultaneously, an abdominal band was placed under the abdomen to prepare for postoperative compression and bandaging. Routine ultrasound was used to scan the kidneys to determine the location and route of the biopsy. The thicker renal parenchyma at the lower extreme lateral edge of the right kidney was usually chosen as the puncture target. If the lower pole of the right kidney was blocked by the ribs, intestines, etc., the lower pole of the left kidney was chosen. After determining the biopsy target, patients were asked to inhale deeply and hold their breath to ensure that the kidney could be fixed for at least 3 s and positioned on the body surface. The depth of the skin from the renal capsule was measured in the breath-hold state. Local anesthesia was performed with 5 ml of 2% lidocaine, starting from the skin layer and stopping at the renal capsule. Under ultrasound guidance, a 16-gauge needle was inserted through the marked puncture point. When the tip of the biopsy needle reached outside the renal capsule, patients were asked to inhale deeply and maintain a breath-holding state. The biopsy needle was quickly pierced into the renal capsule to reach the lower pole of the kidney. The biopsy device was used to take the specimen 1–2 times, which must be larger than 10 mm, and then the biopsy device was removed. The specimens were fixed with 10% formaldehyde and sent to the pathology department for pathological examination.
After the needle biopsy, color Doppler ultrasound was used to observe active bleeding at the puncture site. After 30 min of local compression, color Doppler ultrasound was performed again. If there was still active bleeding at the puncture site, the 22-gauge PAN needle was punctured to the bleeding point of the renal capsule under the guidance of color Doppler ultrasound, and lauromacrogol injection was slowly injected at active bleeding points at a rate of about 0.2 ml/s, until the color Doppler ultrasound showed that the blood flow signal disappeared. After the operation, the puncture point was locally compressed, and the abdominal band was bandaged.
Follow-Up Procedure
After renal biopsy, all patients were in the supine position. Vital signs were continuously monitored for 24 h and whether the patients had adverse reactions were collected. The hemoglobin and serum creatinine values within 2 h after the operation were collected.
Statistical Analysis
Statistical analyses were performed using SPSS version 20.0 (IBM Corp., Armonk, NY, United States). The paired t-test was performed to analyze differences in mean hemoglobin and creatinine values before and after operation. A p-value of <0.05 was considered statistically significant.
RESULTS
Data from 15 patients (6 male and 9 female, average age 39 ± 18 years). The pathological diagnosis was glomerular disease in 11 cases, ANCA-associated vasculitis in 2 cases, and lupus nephritis in 2 cases (Table 1). After injection, there were 11 cases of mild back pain, 1 case of chills, cold sweats, and back pain, 1 case of cold sweats and blood pressure reduction, and 2 cases with no obvious symptoms. No serious adverse reactions were observed. The mean dose ±SD of lauromacrogol injection was 3.8 ± 1.4 ml (range, 2–7 ml). All patients with active bleeding successfully stopped bleeding after lauromacrogol injection (Figure 1).
TABLE 1 | Clinicopathological data of the patients, n = 15.
[image: Table 1][image: Figure 1]FIGURE 1 | Glomerular disease in a 63-year-old woman. (A), Core needle biopsy of renal parenchyma. (B), Hematomas can be seen around the kidney. (C), 30 min after the biopsy, active bleeding within the biopsy track indicated by color Doppler. (D), 22-gauge PAN needle was punctured to the bleeding point of renal capsule under the guidance of color Doppler ultrasound, and after 4 ml lauromacrogol injection, the color Doppler ultrasound showed that the blood flow signal disappeared.
Before the operation, the patient’s average hemoglobin level was 107.4 g/L (median: 104.0 g/L, range: 68.0–156.0 g/L, standard deviation (SD): 28.9 g/L, 95% confidence interval (CI): 91.4–123.4 g/L). The average hemoglobin level within 2 h after the operation was 102.9 g/L (median: 103.0 g/L, range: 61.0–147.0 g/L, and SD: 27.0 g/L, 95% CI: 88.0–117.9 g/L). The change in the average hemoglobin level before and after the operation was not statistically different (p = 0.10 > 0.05).
Before the operation, the average serum creatinine level was 157.8 μmol/L (median: 102.0 μmol/L, range: 46.0–557.0 μmol/L, and SD: 146.3 μmol/L, 95% CI: 76.8–238.8 μmol/L). The average serum creatinine level within 2 h after operation was 168.0 μmol/L (median: 99.9 μmol/L, range: 42.0–576.0 μmol/L, and SD: 158.7 μmol/L, 95% CI: 80.2–255.9 μmol/L). There was no statistically significant difference in the change in the average blood creatinine levels before and after operation (p = 0.78 > 0.05).
DISCUSSION
Ultrasound-guided biopsy is currently a widely used renal biopsy technique in clinical practice for its characteristic of being a simple operation with high accuracy; however, it is still an invasive examination with bleeding and other related complications, and can even be life-threatening (Korbet et al., 2014; Preuss et al., 2017). Renal artery embolization can be used to treat bleeding after renal biopsy, but it has complications such as post-embolization syndrome, infection, and renal insufficiency (Dinkel et al., 2002). Therefore, this study proposed to explore the safety and feasibility of ultrasound-guided lauromacrogol injection in treating active bleeding after renal biopsy.
After renal biopsy, local compression was performed for 30 min. Color Doppler ultrasound once again showed the presence of active bleeding, and lauromacrogol was injected immediately into the bleeding point of the renal capsule. After the operation, there were 11 cases of mild back pain, 1 case of chills, cold sweats, and back pain, 1 case of cold sweats and blood pressure reduction, and 2 cases with no obvious symptoms. Mild back pain may be caused by damage to the patient’s tissues, organs, and skin (Haochen et al., 2019). Sweating, nausea, and lowered blood pressure may be caused by the patient’s nervousness and vagus nerve reflex, caused by the stimulation of the nerves of the renal capsule by the biopsy (Tanaka and Okusa, 2020). When the patients rested supine for 30 min, their symptoms were relieved. Due to the short interval between lauromacrogol injection and biopsy, patient’s mild adverse reactions could have been caused by the renal biopsy, lauromacrogol injection, or a combination of the biopsy and lauromacrogol injection. However, it is obvious that the patients showed only mild side effects, and that no obvious serious side effects occurred after lauromacrogol injection. Previous studies have shown that lauromacrogol injection has been used to treat varicose veins, cysts, and vascular malformations, with few side reactions and a good curative effect (Xue and Geng, 2015; Liu W. et al., 2016; Chen et al., 2016; Dong et al., 2019). Therefore, ultrasound-guided lauromacrogol injection in patients with active bleeding after renal biopsy is a simple and fast method, without severe adverse reactions.
Active bleeding after renal biopsy generally stops within a few seconds after the ultrasound-guided lauromacrogol injection. The interval is very short. For example, after reviewing the operation records, it was found that seven of the patients were recorded as follows: 2, 5, 7, 9, 6, 5, and 17 s. In this study, 15 patients with active bleeding after renal biopsy were successfully treated with lauromacrogol injection. Ultrasound-guided lauromacrogol injection can quickly identify the bleeding location, allowing the drug to act directly on the lesion in a short time, destroying vascular endothelial cells, promoting thrombosis, stimulating the formation of a fibrous tissue-protective layer around the ruptured blood vessel, enhancing vascular resistance, slowing blood flow speed, and promoting blood vessel protection, to achieve hemostasis (Liu L. et al., 2016). Before and after operation, there was no significant change in hemoglobin level (p = 0.10 > 0.05), indicating that ultrasound-guided lauromacrogol injection is a safe and feasible method for treating active bleeding. In addition, there was no significant change in blood creatinine levels before and after operation (p = 0.78 > 0.05), indicating that lauromacrogol injection did not impair renal function.
It is reported that ultrasound-guided injections of thrombin can also be useful in the treatment of active renal bleeding (Mark and William, 2021). Thrombin is a serine protease responsible for converting fibrinogen to fibrin and has demonstrated utility in several applications involving vascular complication. When thrombin is used for active bleeding after renal biopsy, a large dose of thrombin is injected into the perinephric space immediately adjacent to the bleeding site to stop bleeding, instead of a direct injection of thrombin into the blood vessels. If thrombin is injected into the blood vessel by mistake, it can cause thrombosis, local necrosis and even be life-threatening. Lauromacrogol has also been widely used in varicose veins and other fields, and has a good clinical therapeutic effect (Xue and Geng, 2015; Liu W. et al., 2016; Chen et al., 2016; Dong et al., 2019; Rosa, 2019). In this study, the dosage range of lauromacrogol used was 2–7 ml. Lauromacrogol can be injected directly into the local bleeding point, without high-dose injection, and the hemostatic effect can act quickly and efficiently.
The study has several limitations given the relatively small number of patients. First, inherent bias and variations are inevitable because this was a retrospective study. Second, local compression was performed for only 30 mins for patients with active bleeding. Thus, it’s uncertain whether the bleeding would have stopped if we had pressed longer. This is because a continuous active bleeding would receive positive intervention to prevent massive bleeding in clinical work. By reviewing the examination results of these patients 2 h later, we found that there was no delayed bleeding in 15 cases. There was, however, a lack of long-term follow-up to assess rebleeding since assessment of active bleeding at 2 h after injection might have missed delayed bleeding in some cases. The strength of the study, therefore, is that a novel method was performed to control post-renal biopsy bleeding.
CONCLUSION
In conclusion, this preliminary study demonstrates that ultrasound-guided lauromacrogol injection is simple, safe and feasible for the treatment of active bleeding on renal biopsy. The successful attempt of lauromacrogol injection for active bleeding after renal biopsy has expanded its application range and has the advantages of relatively low risk, easy operation, and low cost.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by The Ethics Committee of Second People’s Hospital of Shenzhen. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.
AUTHOR CONTRIBUTIONS
LW and GX designed the study. LQ, XL and LZ acquired the data. JC and LJ contributed to manuscript preparation and data analysis. LW revised the manuscript. All authors contributed to the article and approved the submitted version.
FUNDING
This study was supported by Grants from the Shenzhen Science and Technology Innovation Foundation (JCYJ20170413161913429), Shenzhen Key Medical Discipline Construction Fund (SZXK052), and Sanming Project of Medicine in Shenzhen (SZSM201612027).
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Bakdash, K., Schramm, K. M., Annam, A., Brown, M., Kondo, K., and Lindquist, J. D. (2019). Complications of Percutaneous Renal Biopsy. Semin. Intervent Radiol. 36, 97–103. doi:10.1055/s-0039-1688422
 Chen, J., Zeng, X. Q., Ma, L. L., Li, B., Tseng, Y. J., Lian, J. J., et al. (2016). Randomized Controlled Trial Comparing Endoscopic Ligation with or without Sclerotherapy for Secondary Prophylaxis of Variceal Bleeding. Eur. J. Gastroenterol. Hepatol. 28, 95–100. doi:10.1097/MEG.0000000000000499
 Dinkel, H. P., Danuser, H., and Triller, J. (2002). Blunt Renal Trauma: Minimally Invasive Management with Microcatheter Embolization Experience in Nine Patients. Radiology 223, 723–730. doi:10.1148/radiol.2233011216
 Dong, Y., Zhou, J., Liu, Z., Luo, T., and Zhan, W. (2019). Efficacy Assessment of Ultrasound Guided Lauromacrogol Injection for Ablation of Benign Cystic and Predominantly Cystic Thyroid Nodules. Front. Pharmacol. 10, 478. doi:10.3389/fphar.2019.00478
 Ginat, D. T., Saad, W. E., and Turba, U. C. (2009). Transcatheter Renal Artery Embolization: Clinical Applications and Techniques. Tech. Vasc. Interv. Radiol. 12, 224–239. doi:10.1053/j.tvir.2009.09.007
 Haochen, W., Jian, W., Li, S., Tianshi, L., Xiaoqiang, T., and Yinghua, Z. (2019). Superselective Renal Artery Embolization for Bleeding Complications after Percutaneous Renal Biopsy: a Single-center Experience. J. Int. Med. Res. 47, 1649–1659. doi:10.1177/0300060519828528
 Hoegger, M. J., and Middleton, W. D. (2021). Ultrasound‐Guided Thrombin Injection for the Treatment of Bleeding Following Kidney and Liver Biopsies. J. Ultrasound Med. 9999, 1–7. doi:10.1002/jum.15699
 Korbet, S. M., Volpini, K. C., and Whittier, W. L. (2014). Percutaneous Renal Biopsy of Native Kidneys: a Single-center Experience of 1,055 Biopsies. Am. J. Nephrol. 39, 153–162. doi:10.1159/000358334
 Liu, L., Liu, D. X., Zhao, J. H., Cai, Y., and Zhong, H. Y. (2016). Clinical Efficacy of Lauromacrogol Combined with Pingyangmycin in the Treatment of Venous Malformation: Clinical Analysis of 120 Consecutive Cases. Shanghai Kou Qiang Yi Xue 25, 588–592.
 Liu, W., Wang, L., and Guo, C. X. (2016). The Effects of Lauromacrogol Injection into Rat Endometrial Cysts: a Preliminary Experimental Study. Arch. Gynecol. Obstet. 294, 555–559. doi:10.1007/s00404-016-4095-9
 Onuigbo, M. A. C., Sharma, V., Balogun, O. O., and Ghimire, A. (2020). Post-renal Biopsy Acute Kidney Injury and Page Kidney from Intra-renal Hematoma Aggravated by Reversible Contrast-Induced Nephropathy Following Renal Arterial Embolization. Am. J. Case Rep. 21, e919701. doi:10.12659/AJCR.919701
 Prasad, N., Kumar, S., Manjunath, R., Bhadauria, D., Kaul, A., Sharma, R. K., et al. (2015). Real-time Ultrasound-Guided Percutaneous Renal Biopsy with Needle Guide by Nephrologists Decreases post-biopsy Complications. Clin. Kidney J. 8, 151–156. doi:10.1093/ckj/sfv012
 Preuss, S., Kuechle, C., Wagenpfeil, S., Schmaderer, C., Renders, L., Heemann, U., et al. (2017). Retrospective Analysis of Ultrasound-Detected Bleeding Complications after Ultrasound-Guided Transcutaneous Kidney Biopsies. Ultrasound Med. Biol. 43, 153–162. doi:10.1016/j.ultrasmedbio.2016.09.012
 Rosa, B. (2019). Polidocanol Foam: A Breath of Fresh Air for the Treatment of Internal Hemorrhoids. GE Port J. Gastroenterol. 26, 153–154. doi:10.1159/000493440
 Sayani, R., Azeemuddin, M., ul Haq, T., Hamid, R. S., and Salam, B. (2012). An Institutional Review of Transarterial Embolization in Haemorrhagic Urological Emergencies. J. Pak Med. Assoc. 62, 107–111. 
 Shen, S. S., and Ro, J. Y. (2019). Histologic Diagnosis of Renal Mass Biopsy. Arch. Pathol. Lab. Med. 143, 705–710. doi:10.5858/arpa.2018-0272-RA
 Somani, B. K., Nabi, G., Thorpe, P., and McClinton, S. (2006). Endovascular Control of Haemorrhagic Urological Emergencies: an Observational Study. BMC Urol. 6, 27. doi:10.1186/1471-2490-6-27
 Tanaka, S., and Okusa, M. D. (2020). Crosstalk between the Nervous System and the Kidney. Kidney Int. 97, 466–476. doi:10.1016/j.kint.2019.10.032
 Tøndel, C., Vikse, B. E., Bostad, L., and Svarstad, E. (2012). Safety and Complications of Percutaneous Kidney Biopsies in 715 Children and 8573 Adults in Norway 1988-2010. Clin. J. Am. Soc. Nephrol. 7, 1591–1597. doi:10.2215/CJN.02150212
 Whittier, W. L., and Korbet, S. M. (2004). Timing of Complications in Percutaneous Renal Biopsy. J. Am. Soc. Nephrol. 15, 142–147. doi:10.1097/01.ASN.0000102472.37947.14
 Xue, J., and Geng, X. (2015). Curative Effect of Lauromacrogol and Absolute Ethyl Alcohol Injection Guided by Ultrasound on Simplex Hepatic Cyst. Pak J. Pharm. Sci. 28, 697–700. 
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 © 2021 Liu, Jin, Lian, Xu, Lin, Lu and Gong. 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.
OPS/xhtml/nav.xhtml
Contents

		Cover

		Ultrasound-Guided Lauromacrogol Injection for the Treatment of Active Bleeding After Renal Biopsy		Introduction

		Materials and Methods		Study Patients

		Preoperative Preparation

		Equipment and Operational Tools

		Ultrasound Examination

		Ultrasound-Guided Renal Biopsy and Lauromacrogol Injection

		Follow-Up Procedure

		Statistical Analysis





		Results

		Discussion

		Conclusion

		Data Availability Statement

		Ethics Statement

		Author Contributions

		Funding

		Publisher’s Note

		References









OPS/images/cover.jpg
* frontiers
in Pharmacology

Ultrasound-Guided
Lauromacrogol Injection for the
Treatment of Active Bleeding
After Renal Biopsy





OPS/images/fphar-12-723634-g001.gif





OPS/images/fphar-12-723634-t001.jpg
Sex  Age,
year

35
18
27
27
63
26
31
59
23
43
27
23
76
66
39

B0 <L S ) S R s L -

Dosage, ml

NOOE®R®aG O ®®

25

&

4
2

Pathological
type

Glomerular disease
Glomerular disease
Glomerular disease
Glomerular disease
ANCA-associated vasculitis
Lupus nephritis

Glomerular disease
Glomerular disease

Lupus nephritis

Glomerular disease
Glomerular disease
Glomerular disease
ANCA-associated vasculitis
Glomerular disease
Glomerular disease

(Scr: Serum creatinine, Hb: hemoglobin).

Symptom

Back pain
Back pain

Back pain

Back pain

No

Back pain

Back pain

No

Chils/cold sweats/Back pain
Back pain

Cold sweats/Blood pressure drop
Back pain

Back pain

Back pain

Back pain

Scr(umol/L)  Scr(umoll)  Hb(g/L)  Hb (g/L)
Before After Before After
operation operation  operation  operation
166.1 165.0 145.0 118.0
102.0 87.2 142.0 1320
488 419 104.0 1030
1439 1345 156.0 147.0
359.8 335.2 730 720
113.4 188.7 97.0 90.0
888 99.9 930 1000
62.0 61.2 126.0 1440
324.0 433.0 68.0 61.0
493 493 115.0 1140
540 470 125.0 1140
168.2 155.0 1300 1190
557.0 576.1 760 720
83.7 93.0 80.0 780
460 535 81.0 80.0









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
, frontiers
in Pharmacology





