Name of Journal: World Journal of Clinical Cases
Manuscript NO: 70138
Manuscript Type: ORIGINAL ARTICLE

Retrospective Study
Endoscopic surgery for intraventricular hemorrhage: A comparative study and single center surgical experience

[bookmark: _Hlk89888581]Wang FB et al. Endoscopic surgery for intraventricular hemorrhage

Feng-Bo Wang, Xiao-Wa Yuan, Jin-Xiao Li, Ming Zhang, Zhao-Hui Xiang

Feng-Bo Wang, Xiao-Wa Yuan, Jin-Xiao Li, Ming Zhang, Zhao-Hui Xiang, Department of Neurosurgery, Xinyi People's Hospital, Xinyi 221400, Jiangsu Province, China

Author contributions: Wang FB and Xiang ZH conceived of the presented idea. Wang FB, Yuan XW wrote the manuscript with support from Li JX and Zhang M; all authors discussed the results and contributed to the final manuscript.

Corresponding author: Zhao-Hui Xiang, BSc, Neurosurgeon, Department of Neurosurgery, Xinyi People's Hospital, No. 16 Renmin Road, Xinyi 221400, Jiangsu Province, China. xiangzhaohui40752@163.com

Received: August 8, 2021
Revised: January 19, 2022
Accepted: April 2, 2022
Published online: 

Abstract
BACKGROUND
Intraventricular hemorrhage is a neurosurgical emergency, and a dangerous condition associated with high morbidity and mortality. Previously, hematoma evacuation is generally executed by external intracranial drainage (EVD) or surgical evacuation. Nowadays, endoscopic evacuation is emerging as a good alternative because it brings relatively less invasion and injury. However, successful endoscopic evacuation requires skilled manipulation of endoscopic devices and the evidence supporting its efficacy differs in different reports. 

AIM
To improve the technique usage and provide more evidence of endoscopic evacuation efficacy, we summarize our surgical experience and compared the outcomes of the endoscopic evacuation with EVD using real-world data.

METHODS
We retrospectively studied 96 consecutive patients with intraventricular hemorrhage who underwent either endoscopic surgery (n = 43) or non-endoscopic surgery (n = 53) for hemorrhage evacuation between November 2013 and September 2019 in our center. Patients’ conditions prior to and after the operation were evaluated and analyzed to assess the efficacy of the operation. The consciousness status improvement and perioperative in-hospital parameters in the two types of operation groups were assessed and compared.  

RESULTS
Patients in the endoscopic and non-endoscopic groups presented with a similar state of consciousness, with a comparable Glasgow Coma Scale (GCS) index. The average operation time of the endoscopic group was longer than that of the non-endoscopic group (median 2.42 h vs 1.08 h, P < 0.001). Although the endoscopic group was older and had a baseline Graeb score that indicated more severe hemorrhage than the non-endoscopic group (Graeb median: Endoscopic group = 9 vs non-endoscopic group = 8, P = 0.023), the clearance rate of hematoma was as high as 60.5%. Both the endoscopic and non-endoscopic groups showed an improved GCS index after surgery. However, this improvement was more marked in patients in the endoscopic group (median improvement of GCS index: Endoscope group = 4 vs non-endoscopic group = 1, P < 0.001). Additionally, the endoscopic group had a lower Graeb score than the non-endoscopic group after the operation. The intensive care unit stay of the endoscopic group was significantly shorter than that of the non-endoscopic group (median: endoscopic group = 6 d vs non-endoscope group = 7 d, P = 0.017).

CONCLUSION
Endoscopic evacuation of intraventricular hemorrhage was generally an effective and efficient way for hemorrhage evacuation, and contributed remarkably to the improvement of consciousness in patients with intraventricular hemorrhage.
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Core Tip: Endoscopic evacuation is a minimally invasive technique used to treat intraventricular hemorrhage. However, skilled manipulation is required when applying the technique, the evidence supporting its efficacy differs in different reports. Here, we present our experience in patients with intraventricular hemorrhage who underwent endoscopic intraventricular hematoma evacuation, and compared the efficacy of the technique with traditional external ventricular drainage using real-world data. The results indicate that endoscope evacuation was effective and efficient for treating intraventricular hemorrhage, and led to a higher rate of hemorrhage evacuation and a more remarkable recovery in consciousness than patients who underwent non-endoscopic surgery.

INTRODUCTION
Intraventricular hemorrhage (IVH) is a neurosurgical emergency, and a dangerous condition associated with high morbidity and mortality[1]. IVH in adults generally results from aneurysm rupture, trauma, vascular malformation and tumor (primary causes), or entrance of intracranial hemorrhage into the ventricle system (secondary cause)[2]. In such cases, it is essential to evacuate the hematoma and normalize intracranial pressure. Hematoma evacuation is generally executed by external intracranial drainage or surgical evacuation, but endoscopic evacuation is emerging as a good alternative[3]. 
Endoscopic evacuation is a minimally invasive technique for IVH treatment, and has been reported to efficiently improve surgery outcomes[4]. However, successful endoscopic evacuation requires skilled manipulation of endoscopic devices. Here, we present in detail our experience in 43 patients with IVH who underwent endoscopic intraventricular hematoma evacuation and catheter drainage of residual hematoma. Surgery outcomes were generally satisfactory, and we believe that our experience of IVH surgery may constructively improve the clinical practice of endoscopic evacuation.

MATERIALS AND METHODS
Study population
We retrospectively enrolled patients diagnosed with IVH and underwent endoscopic surgery or external ventricular drainage (EVD) surgery between November 2013 and September 2019 in Xinyi People’s hospital (Jiangsu province). The inclusion criteria were as follows: (1) 15–80 years of age; (2) with clinical signs of moderate to severe IVH; (3) Head computed tomography (CT) images showed the existence of hemorrhage breaking into the third and fourth ventricles or primary IVH; and (4) A Glasgow Coma Scale (GCS) score < 10. Patients over 80 years old, with any anticoagulation/anti-aggregation-related bleeding, a serious disease in other major organs or systems, or who rejected the surgery treatment were excluded. Generally, the treatment choice was made based on integrating surgeons’ experience, CT appearance, and the patient’s clinical conditions and financial situation. Finally, a total of 96 patients were studied; of these, 43 received endoscopic surgery and 53 underwent EVD surgery. The conscious states of all patients were assessed using the GCS[5] upon admission. The Graeb score was used to assess the severity of hemorrhage[6]. The Graeb score components are as follows: Each lateral ventricle, 1 = trace of blood, 2 = less than 50% filled, 3 = more than 50% filled, 4 = completely filled and expanded (each lateral ventricle was assessed individually); third and fourth ventricles, 0 = no blood, 1 = blood present and size normal, 2 = filled with blood and expanded. The total score was 12.

Ventriculoscopic system
A KARL STORZ high-resolution ventriculoscopic system was used. The 6° 28164 LA LOTTA ventriculoscope was 6.1 mm in outside diameter and 18 cm in length, with a 2.9 mm working channel and two 1.6 mm irrigation/suction channels (Figure 1A). The working sheath was 6.8 mm for the outside diameter and 13.3 cm long A holding arm was used to hold and stabilize the ventriculoscope.

Surgical technique
All procedures were performed while patients were under general anesthesia in the supine position. The procedures began from the side with the least hemorrhage. At 3 cm posterior to the hairline and 2.5 cm lateral to the midline, a 3 cm scalp incision parallel to the midline was made. A 1.2 cm burr hole was made at the midpoint of the incision. After hemostasis, a cross-shape incision of the dura mater was made. Then, a drainage catheter (O.D. 4 mm) was inserted perpendicularly to the surface of the brain into the lateral ventricle. Generally, bloody cerebrospinal fluid flowed out when the catheter reached a depth of 5 cm-6 cm inside the brain. Then, the catheter was removed, and the working sheath (with an obturator) was placed carefully through the trajectory of the catheter. After reaching the lateral ventricle, the sheath was advanced 0.5 cm deeper. Then, the obturator was removed and the ventriculoscope was placed into the lateral ventricle frontal horn through the working sheath. 
Normal saline (23 ℃-25 ℃) was continuously infused through one of the irrigation/suction channels and drained from the other one to irrigate the lateral ventricle. Visible hematomas were aspirated through the irrigation/suction channel or the working channel, and removal of hematomas in the third ventricle was conducted if necessary. When blood clots could not be removed by aspiration, or an important ventricular structure was suspected to be beneath the clots, forceps were advanced through the working channel to pull out the clot (Figure 1B). A bipolar coagulation electrode was used to stop active hemorrhages. Finally, the ventriculoscope and the working sheath were slowly removed while avoiding injuring brain tissue along the trajectory. A ventricular drainage catheter was inserted before closing the scalp incision. The same procedure was repeated on the other side. A head CT scan was conducted immediately after the surgery (Figure 1C). If there was residual hematoma in the fourth ventricle, ventricular irrigation was performed by pumping 40000 IU urokinase and 100 mL normal saline through the drainage catheter at 4.3 mL/h. Patients were followed up to monitor the occurrence of complications, including hydrocephalus.

Statistical analysis
Continuous variables with normally distributed data are presented as the mean ± SD, and were compared using t-tests. Non-normally distributed data are presented as the median and interquartile range (IQR), and were compared using the nonparametric Kruskal–Wallis test. Categorical variables are expressed as absolute numbers with percentages, and were compared using Chi-square tests. A two-tailed P < 0.05 was considered as statistically significant. All statistical analyses were performed using SPSS 22.0 (IBM SPSS Statistics, IBM, Chicago, IL, United States) and GraphPad Prism (version 7.0; GraphPad Software, Inc, San Diego, CA, United States).

RESULTS
Baseline characteristic of patients
Twenty (46.51%) and twenty-two (41.51%) men were included in the endoscopic and EVD groups, respectively, and the two groups did not show a significant difference in sex distribution. Patients in the endoscopic group were significantly older than those in the EVD group [endoscopic group: (median, IQR) 60.40 ± 9.55 years; EVD group: 55.34 ± 12.17 years]. The preoperative GCS score was comparable between the two groups (Table 1). The total ventricular hemorrhage and hematoma into the third and fourth ventricles (blood volume ≥ 30 mL) were regularly recorded by head CT scans (Figure 1C). Among all patients, 12 had a pre-operative history of hypertension and 2 had a history of moyamoya disease. Compared with the non-endoscopic group, the baseline Graeb score was higher in the endoscopic group, which indicated more severe hemorrhage.

Outcomes of endoscope surgery for IVH
The median operation time was 2.42 h and 1.08 h for the endoscopic and EVD groups, respectively (Table 1). During the endoscopic operation, conversion to craniotomy was necessary in 10 cases (23.3%) (including 5 patients with moyamoya disease, 2 with aneurysm ruptures at the basilar artery junction, and 3 with hypertensive intracerebral hemorrhage in the basal ganglia) as a result of intraoperative massive hemorrhage. Eight (18.6%) patients with hypertensive intracerebral hemorrhage had a history hematoma evacuation by craniotomy before endoscopic evacuation, and their hematoma volumes were over 30 mL. The ventricular hemorrhage and hematoma in the endoscopic group were evaluated by head CT scans before and after surgery (Figure 2). The average clearance rate of the hematoma was 60.5% in the endoscopic group, and only 10.2% in the EVD group (Table 1).
In the short term, 28 (65%) patients in the endoscopic group showed marked improvement in conscious states, with a mean GCS score increase of more than 3. Five patients (11.7%) had postoperative communicating hydrocephalus and were cured by ventriculoperitoneal shunt. No other complications, such as intracranial infection, were observed in any patients. In the long term, consciousness was restored in most patients, as revealed by increased GCS scores after surgery (Figure 3A and Table 1).

Comparison of clinical outcomes between endoscope and EVD surgery groups 
The total ventricular hemorrhage and hematoma in the non-endoscopic group were visualized using head CT scans before and after surgery (Figure 2, lower panel). Drainage tube indwelling time (Figure 3C and Table 1) was comparable between the endoscopic and non-endoscopic groups. Despite a longer operation time, older age, and more serious hemorrhage, the endoscopic surgery dramatically improved the clearance rate of hematoma (Figure 3D). The endoscopic group had a longer operation time than the non-endoscopic group (Figure 3E). Although both groups exhibited an increased GCS after surgery (Figure 3A & 3F), the endoscopic group had a higher GCS index than the non-endoscopic group after surgery (Figure 3G and Table 1), which indicates that endoscopic surgery for IVH contributed to the recovery of consciousness. In addition, the endoscopic group showed a lower Graeb score than the non-endoscope group after surgery (Figure 3H), which suggests that endoscopic surgery leads to more successful hemorrhage evacuation. Finally, although there was no significant difference in hospitalization time between the two groups, the intensive care unit stay of the endoscopic group was shorter than that of the EVD group (Table 1).

DISCUSSION
In this paper, we present our experience of treating patients with IVH using endoscopic surgery, and compared their perioperative metrics with patients who received traditional EVD surgeries. We found that endoscopic evacuation was effective and efficient for treating IVH. Furthermore, endoscopic surgery led to a higher rate of hemorrhage evacuation and more marked consciousness recovery compared with the non-endoscopic surgery group. Herein, we will combine clinical evidence, our clinical experience, and previous publications to discuss the key factors for hemorrhage evacuation using the endoscopic approach.
IVH can induce a cascade of lethal symptoms. Cerebrospinal fluid circulation obstruction by hemorrhage clots in the third and fourth ventricles leads to drastic elevation of intracranial pressure and loss of consciousness. Blood clots and breakdown products compress and squeeze the hypothalamus and brain stem, resulting in multiple organ dysfunction. Immediate clearance of intraventricular blood is the key to an improved prognosis[7]. Currently, many methods are available for the evacuation of IVH, such as catheter drainage with or without fibrinolytic therapy, neurosurgical evacuation, and minimally invasive endoscopic surgery. A recent meta-analysis[8] has reported that endoscopic evacuation is more favorable than catheter drainage. However, other researchers claim that the latter is more favorable[4,9]. Moreover, with the help of more accurate instruments and neuronavigation methods, endoscopic hematoma evacuation can be conducted under the guidance of visualization of ventricles. Previous reports have shown that patients with IVH treated by endoscopic management tend to have more favorable outcomes, a shorter recovery time[3, 7, 10], and a lower incidence of infection[11]. Generally, subdural effusion, intraventricular hemorrhage and infection are the main complications in endoscopic procedure, which is similar with conventional indwelling ventricular drainage tube operation. However, as with the application of endoscopic methods in other fields, the techniques and experiences of surgeons have great impacts on the efficacy and outcome of ventricular endoscopic surgery. Subdural effusion always occurs during the operation of intraventricular lesions, which cases needed drilling and drainage. When the thick intraventricular endoscope entering ventricle from the cortex, it is equivalent to ventriculostomy. Cerebrospinal fluid flow from the ventricle to the subdural canal caused by the endoscope, resulting in subdural effusion, and few patients could heal themselves. It is worth noting that the rate of communicating hydrocephalus was relatively low (11.7%) in our study. Blood residue in the ventricles after intracranial hemorrhage evacuation is a risk factor for communicating hydrocephalus[12], which suggested that the evacuation was effective.Intraventricular endoscopic surgery is an operation with high aseptic requirements，which need the instruments be strictly disinfected, and the aseptic operation should be strictly carried out during the operation. It is best to use antibiotics before the operation. In our series, no patients showed signs of intracranial infection. Effective prevention of infection may have been done because the drainage was completed within 3 d in our series. Therefore, our operation method greatly prevents the occurrence of complications, and has operability and safety.
We have summarized several features of our experience in surgical techniques. First, the frontal horn of the lateral ventricle is a safer trajectory towards lesions in the lateral ventricle in intracranial procedures[13], which was effective and less traumatic in our patients. Meanwhile, careful positional adjustments of the ventriculoscope could help to improve the efficacy and safety of hematoma evacuation. Second, clearing the visual field increased the accuracy of hematoma removal. The vision of the endoscope was often blurred by bloody cerebrospinal fluid as the endoscope entered the lateral ventricle. The incidence of injury may significantly increase without clear vision, and blind manipulation under blurred or “red-out” endoscopic vision is not recommended[14]. Thus, we used normal saline to displace the bloody cerebrospinal fluid before aspiration. Intraoperative hemorrhage can also obscure the endoscope vision, so continuous rinsing and avoiding blind operation are particularly important issues to highlight. In addition, the endoscope can be interfered with by hemorrhages from small vessels on the puncture trajectory and damaged choroid plexus and ventricular walls, which can usually be attenuated or prevented by rinsing, which is consistent with previous reports[15,16]. After regaining a clear vision, the hemorrhagic spots can be identified and cauterized with a bipolar coagulation electrode to stop bleeding. 
We considered navigation to be necessary at the beginning of the surgery since the loss of cerebrospinal fluid during an evacuation may cause a position shift of the brain. Moreover, given that rinsing ensures a better visibility in the ventricle, the endoscopy can be more precisely navigated to avoid damaging the brain. Therefore, performing endoscopy in the center of the hematoma is not necessary.
The irrigation fluid used was normal saline (23 ºC -25 ºC) at 5 cm -10 cm H2O, which is not consistent with other authors who have claimed that artificial cerebrospinal fluid is the better choice for irrigation[17-19]. The use of low-temperature saline should indeed be avoided in infants[20]. However, there is no evidence to suggest that normal saline is more harmful than irrigation fluid in adults, and, considering accessibility, we used normal saline in our series. No irrigation-related intraoperative or postoperative side effects were observed. 
Three patients had an intraoperative massive hemorrhage, which is a challenge in neurological procedures[21]. A conversion to craniotomy was conducted to manage intraoperative hemorrhage in these cases. All three patients exhibited large volumes of red bloody fluid and intracranial hypertension (elevated blood pressure and pulse pressure), compared with the previously mentioned minor hemorrhage. Massive hemorrhage cannot be stopped by irrigation. Based on our experience, we suggest that a large hematoma volume and significant brain position shift after hematoma evacuation are likely to be signs of an intraoperative massive hemorrhage, in which case craniotomy should be considered.
This study has some limitations, such as the small sample size and the retrospective nature of the study. Future prospective studies with a larger series are required to further confirm the efficacy and safety of endoscopic evacuation.

CONCLUSION
Our study showed that endoscopic evacuation of IVH was generally effective and efficient. The included patients showed significant improvement in consciousness, long-term recovery, and the Graeb index. In addition, this research demonstrates our preliminary experience in practicing endoscopic evacuation.

ARTICLE HIGHLIGHTS
Research background
Intraventricular hemorrhage (IVH) is a neurosurgical emergency, and a dangerous condition associated with high morbidity and mortality. In traditional treatment, hematoma evacuation is generally executed by external intracranial drainage (EVD) or surgical evacuation,but endoscopic evacuation is emerging as a good alternative approach, which brings relatively less invasion and injury. Accordingly, we need more successful endoscopic evacuation skilled experience to support endoscopic evacuation development.

Research motivation
With the development of endoscopic evacuation approach in Intraventricular hemorrhage therapy,we need more successful endoscopic evacuation skilled manipulation of endoscopic devices and the evidence supporting its efficacy differs. Thus, in this research, we retrospectively studied 96 consecutive patients with intraventricular hemorrhage who underwent either endoscopic surgery or non-endoscopic surgery for hemorrhage evacuation in different reports, which could provide guidance for endoscopic evacuation treatment in IVH.

Research objectives
In this research, we try to improve the technique usage and provide more evidence of endoscopic evacuation efficacy. Besides, we summarize our surgical experience and compared the outcomes of the endoscopic evacuation with EVD using real-world data.

Research methods
We retrospectively studied 96 consecutive patients with intraventricular hemorrhage who underwent either endoscopic surgery (n = 43) or non-endoscopic surgery (n = 53) for hemorrhage evacuation between November 2013 and September 2019 in our center. Patients’ conditions prior to and after the operation were evaluated and analyzed to assess the efficacy of the operation. The consciousness status improvement and perioperative in-hospital parameters in the two types of operation groups were assessed and compared.  

Research results
Patients in the endoscopic and non-endoscopic groups presented with a similar state of consciousness, with a comparable Glasgow Coma Scale (GCS) index. It was found that the average operation time was longer in the endoscopic group; the endoscopic group had a baseline Graeb score that indicated more severe hemorrhage than the non-endoscopic group, and the clearance rate of hematoma was as high as 60.5%. In the endoscopic group, the improved GCS index was more marked. Besides, the intensive care unit stay of the endoscopic group was significantly shorter than that of the non-endoscopic group.

Research conclusions
Endoscopic evacuation of intraventricular hemorrhage was generally an effective and efficient way for hemorrhage evacuation, and contributed remarkably to the improvement of consciousness in patients with intraventricular hemorrhage, which could be a potential surgical methods to be developed.

Research perspectives
In our retrospective analysis, our study showed that endoscopic evacuation of IVH was generally effective and efficient. The included patients showed significant improvement in consciousness, long-term recovery, and the Graeb index. This research provides us more preliminary experience in practicing endoscopic evacuation.
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Figure Legends
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Figure 1 The structure and procedure of endoscopic surgery for intraventricular hemorrhage. A: The structure of the KARL STORZ high resolution ventriculoscope system (provided by KARL STORZ Co. Ltd.); B: A representative image showing how to pull out the clot by advancing through the working channel using forceps; C: Representative images of head computed tomography in the endoscopic group before and after surgery.
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Figure 2 Representative head computed tomography images in the endoscopic and non-endoscopic groups. The upper and middle panels show images from patients in the endoscopic group. The lower panel shows images from the non-endoscopic group. Three time points are shown, including before surgery, two days after surgery, and one week after surgery.
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Figure 3 The endoscopic surgery group showed better clinical outcomes than the non-endoscopic group. A: The change of the Glasgow Coma Scale (GCS) score in the endoscopic group after surgery. n = 43. A two-tailed paired t-test was performed; B: The comparison in the GCS score between the endoscopic group and non-endoscopic group before surgery. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed; C: The comparison of the drainage tube indwelling time between the endoscopic group and non-endoscopic group before surgery. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed; D: The operation time in the endoscopic and non-endoscopic groups. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed; E: The clearance rate of hematoma in the endoscopic and non-endoscopic groups. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed; F: The change of the GCS score in the non-endoscopic group after surgery. n = 53. A two-tailed paired t-test was performed; G: The comparison of the GCS score between the endoscopic group and non-endoscopic group after surgery. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed; H: The comparison of the Graeb score between the endoscopic group and non-endoscopic group after surgery. Endoscopic group, n = 43; Non-endoscopic group, n = 53. The Kruskal–Wallis test was performed. aP < 0.05, bP < 0.01, cP < 0.001; P < 0.05 was considered as statistically significant. Two-tailed unpaired t-tests were performed.

Table 1 The baseline and perioperative characteristics of the study population
	Metrics
	Endoscopic group
	Non-endoscopic group
	P value

	Baseline
	
	
	

	Age, yr
	60.40 ± 9.55
	55.34 ± 12.71
	0.033

	Sex (male), n %
	20 (46.51%)
	22 (41.51%)
	0.623

	Pre-operative GCS score
	6.00 (6.00-7.00)
	7.00 (6.00-8.00)
	0.216

	Graeb score
	9.00 (7.00-10.00)
	8.00 (6.00-9.00)
	0.023

	Perioperative
	
	
	

	Operation time, hours
	2.42 (2.17-2.88)
	1.08 (0.82-3.33)
	< 0.001

	Hematoma clearance rate, %
	60.50% (53.20%-70.40%)
	10.20% (6.60%-18.90%)
	< 0.001

	GCS score improvement
	4.00 (2.00-4.50)
	1.00 (-1.00-2.00)
	< 0.001

	Drainage, d
	5.00 (5.00-6.00)
	5.00 (5.00-6.00)
	0.288

	ICU stay, d
	6.00 (3.00-9.00)
	7.00 (5.00-10.00)
	0.017

	Hospitalization time, d
	26.00 (18.50-33.00)
	26.00 (19.00-40.00)
	0.292


[bookmark: OLE_LINK122][bookmark: OLE_LINK121][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK50][bookmark: OLE_LINK49][bookmark: OLE_LINK48]Normally distributed variables are presented as the mean ± SD and were compared using t-tests. Non-normally distributed variables are presented as the median and interquartile range and were compared using nonparametric Kruskal–Wallis tests. The Graeb score was used to assess the severity of hemorrhage. aP < 0.05. GCS: Glasgow coma scale.
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