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Abstract
BACKGROUND
Resistant hypertension (RH) has always been a difficult problem in clinical diagnosis and treatment. At present, there is no recognized safe and effective minimally invasive treatment.

CASE SUMMARY
An 80-year-old woman was admitted to hospital due to trigeminal neuralgia (TN). The patient had a history of RH for more than 10 years and her blood pressure (BP) was not well-controlled. Before the treatment for TN, we decided to perform chemical renal sympathetic denervation with ethanol in the Pain Department of our hospital. One year after the operation, she stopped taking antihypertensive drugs, and her BP was satisfactorily controlled within 4 years after surgery. 

CONCLUSION
Computed tomography-guided chemical renal sympathetic modulation may be a feasible method for the treatment of RH.
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Core Tip: We report the use of computed tomography-guided renal sympathetic nerve modulation, for the first time, in the treatment of resistant hypertension in a patient with trigeminal neuralgia.

INTRODUCTION
Hypertension is a common cardiovascular disease. Resistant hypertension (RH) is defined as failure to achieve target blood pressure (BP) when a patient adheres to the maximum tolerated doses of three antihypertensive drugs, including a diuretic[1]. A linear correlation has been established between BP and the risk of cardiovascular events[2]. Although the prevalence of RH has plateaued and decreased in recent years, RH is still common in the hypertensive population[3], and hence, treatment of RH is urgently required. Based on the continuous development of sympathetic modulation, we propose, for the first time, the use of computed tomography (CT)-guided chemical renal sympathetic nerve modulation in the treatment of RH. This provides a novel technique for renal sympathetic denervation (RSD) in the treatment of RH.

CASE PRESENTATION
Chief complaints
We report an 80-year-old female patient with paroxysmal pain in the right maxillary region for > 20 years, which was aggravated for six months.

History of present illness
Twenty years ago, without obvious inducement, the patient developed right facial pain, which was located in the maxillary region. The pain was paroxysmal, which could be induced when brushing her teeth and eating. During the past six months, the pain was aggravated and seriously affected her quality of life.

History of past illness
The patient had a history of RH for > 10 years, with the highest BP of 200/120 mmHg. We found that she did not take her medication according to the instructions and only took amlodipine besylate 5 mg/d, and the efficiency of this treatment was unsatisfactory. She also had a history of diabetes for more than 10 years.

Personal and family history
No relevant personal or family history.

Physical examination
Physical examination was normal.

Laboratory examinations
Laboratory examinations were normal.

Imaging examinations
Imaging examinations were normal.

FINAL DIAGNOSIS
The final diagnosis was trigeminal neuralgia (the second branch), RH, diabetes.

TREATMENT
She was scheduled to undergo radiofrequency thermocoagulation of the trigeminal nerve. The BP of the right upper limb was measured for the first time as 210/108 mmHg. Hence, 10 mg nitroglycerin (0.2 mg/mL) was injected intravenously at a speed of 5 mL/h. BP was continuously monitored until and after it was stable.
After consultation with the cardiologists, we added valsartan hydrochlorothiazide (each containing valsartan 80 mg, hydrochlorothiazide 12.5 mg) and amlodipine besylate 10 mg/d. The mean blood pressure (MBP) within 24 h was 172/73 mmHg, and from 6 a.m.–10 p.m. was 176/77 mmHg, and from 10 p.m.–6 a.m. was 168/70 mmHg. In order to ensure the safety of the operation, we used RSD in the treatment of RH. Although CT-guided percutaneous puncture was easily performed, locating the renal artery under the guidance of CT was the key to success, and then anhydrous ethanol was used to modulate the renal sympathetic nerve in the adventitia of the renal artery to achieve renal denervation.
The patient was placed in the prone position and monitored. After a single CT scan, the depth and angle of the puncture needle were measured. When the puncture point was determined, the body surface was marked. After local infiltration anesthesia, the puncture was made according to the proposed path. After several adjustments, the puncture needle was finally close to the renal artery or adjacent to the abdominal aorta (Figure 1). When the return pump was determined to be free of blood, gas, and liquid, a mixture of 30% iohexanol (1 mL) and 1% lidocaine (4 mL) was injected, and the diffusion of anhydrous ethanol was observed after the CT scan confirmed the decrease in lidocaine and iohexanol. The diffusion of anhydrous ethanol was observed after the injection of ethanol (containing 0.9 mL ethanol and 30% iohexanol 0.1 mL) (Figure 2). All vital signs were stable after 20 min, and the patient was sent back to the ward.

OUTCOME AND FOLLOW-UP
The patient’s BP before and after the operation was recorded for 11 d (Figure 3A). The MBP 3 d before the operation was 109 mmHg, which was defined as the baseline, and the MBP for 8 consecutive days after the operation was approximately 88 mmHg. Therefore, the short-term effect of chemical renal sympathetic modulation could be expected in the treatment of RH. In addition, we followed up this case for 4 years and the use of antihypertensive drugs is listed on Table 1. A telephone follow-up was conducted every 6 mo after discharge. Compared to the baseline, the decrease in systolic blood pressure at each interval within 4 years was -37 mmHg, and that in diastolic blood pressure and MBP was -9 mmHg and -19 mmHg, respectively. Figure 3B shows the changing trends in BP over 4 years.

DISCUSSION
The sympathetic nervous system plays a major role in the regulation of BP and the formation of hypertension[4-6], which in turn, are regulated by changing cardiac output, vascular resistance, and the renin-angiotensin-aldosterone system. Activation of the renal sympathetic nerve significantly increases the absorption of sodium, renal vascular resistance and promotes the release of renin in the kidney[7,8]. Both animal experiments and clinical studies have proved that renal denervation reduces BP to a certain extent[9-12]. The treatments for RH include ultrasound therapy, neurotoxin injection, and radiofrequency ablation; of these, catheter-based radiofrequency renal-nerve ablation (CBRNA) is a mature and well-studied technique[13]. The catheter is withdrawn 1–2 cm and circumferentially rotated with further radiofrequency energy applications performed in this way, such that 4–6 applications on average are applied to the renal artery[14]. However, the heat produced during radiofrequency ablation might damage the renal artery and cause diffuse vasospasm and thrombosis[15,16], thereby necessitating the postoperative evaluation of renal arteriography. Sufficient evidence is lacking to support the long-term effect, safety, and other related complications of CBRNA.
Fischell et al[17] reported a method for renal denervation which involved injecting anhydrous ethanol into the adventitia. Later, the first human trial was carried out, and its safety and feasibility were proved[18]. However, like CBRNA, these methods were performed using a transcatheter puncture, and renal vascular injury is a common and severe risk in such surgery. In addition, if ethanol is inadvertently injected into a blood vessel, it can cause adverse events, such as embolism. 
For several years, we have been exploring the treatment of sympathetically-driven diseases[19-21]. In this case, the application of CT-guided chemical renal sympathetic modulation for RH is reported for the first time. We attempted to transfer the therapeutic target from the lumbar sympathetic chain to the renal artery. During the perioperative period, the decrease in BP on the day of surgery was maximal, and the decrease in MAP was 24 mmHg; the lowest value was 134 mmHg for four years, and the average decrease in BP in the fourth year was -37.5/-11 mmHg.
We speculated that compared to classical transcatheter renal denervation, CT-guided chemical renal sympathetic nerve modulation has several advantages. First, the operation could be completed by percutaneous puncture without the need to insert a catheter, and hence the risks such as blood infection and thrombosis could be avoided. In addition, CBRNA often uses the method of multipoint radiofrequency ablation, but we do not think that the annular area formed by multiple radiofrequencies can cover all the branches of the renal sympathetic nerve around the renal artery, which could be due to the poor effect in some patients after CBRNA. However, due to diffusion, anhydrous ethanol is uniformly distributed around the adventitia of the renal artery after injection of anhydrous ethanol containing contrast agent (Figure 2). In addition, under the guidance of CT, the right puncture needle reaches the target through the erector muscle and intervertebral disc, while the other needle reaches between the lateral side of the abdominal aorta and the anterolateral edge of the lumbar vertebra and near the renal artery. Both sides of the puncture process avoid the kidney and celiac vessels. The incidence of puncture-related complications was low, and chemical modulation was achieved without causing vascular intimal injury. After the operation, we did not perform renal angiography to eliminate the risk of renal artery injury, which has good safety.
The difficulty of this technique lies in the puncture process. CT clarified the correlation between the puncture needle and adjacent important blood vessels or organs. Based on the determination of angle and depth, an ideal puncture path is designed to reduce the times of needle adjustment in the puncture process as much as possible. In addition, vascular damage may cause local hematoma or hemorrhagic shock during the puncture, and anhydrous ethanol should be injected cautiously. Repeated withdrawal should be carried out before injection to ensure that no blood, gas, and other liquids are drawn. Moreover, if, after injection of the mixture of local anesthetic and contrast medium, the contrast medium is not seen on CT scanning, it is necessary to readjust the position of the puncture needle. Also, it is necessary to focus on the possibility that anhydrous ethanol spreads along the interstitial space after injection and can cause adjacent nerve injury[22]. At this time, diluting ethanol with an appropriate amount of saline may be an emergency measure. Embolism caused by the injection of anhydrous ethanol into blood vessels may be the most severe complication. The introduction of CT provides an effective guarantee for the safety of the puncture, and the withdrawal before injection and controlling the amount of anhydrous ethanol are critical measures to reduce the incidence of complications. Overall, simple operation, less trauma, and low surgical risk are the unique advantages of this technique. We have followed up this case for a period of 4 years to provide evidence for the long-term effect of surgical treatment. 
The purpose of this case report was to propose a novel, safe, and effective technique to provide a new minimally invasive treatment for the clinical therapy of RH. Thus, we speculate that the expansion of sample size and randomized controlled trials would provide convincing conclusions.

CONCLUSION
CT-guided chemical renal sympathetic modulation may be a feasible method for the treatment of RH. Randomized controlled trials may provide more reliable conclusions.
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Figure Legends
[image: ]
Figure 1 The puncture needle entering the target. The position of the puncture needle in the same sequence from different levels. The arrows show the tip of the puncture needle.
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Figure 2 Injection and diffusion of anhydrous ethanol. The arrows show the anhydrous ethanol.

[image: ]

Figure 3 The changing trends in blood pressure at different intervals during the perioperative period of 11 d and 4 years after the operation. A: The perioperative period of 11 d; B: 4 yr after the operation. Blood pressure was recorded every 6 mo for 4 yr after the operation. BL: Blood pressure during the 3 d before the operation; T1: Post-0.5 yr; T2: Post-1 yr; T3: Post-1.5 yr; T4: Post-2 yr; T5: Post-2.5 yr; T6: Post-3 yr; T7: Post-3.5 yr; T8: Post-4 yr.


Table 1 Evaluation of the measurements of blood pressure, drugs and complications
	Time intervals
	Blood pressure (mmHg)
	Heart rate (bpm)
	Antihypertensive drugs
	Complications

	
	SP
	DP
	MBP
	
	
	

	Pre-3 d1
	178
	74
	109
	87
	valsartan 80 mg; hydrochlorothiazide; 12.5 mg; amlodipine besylate 10 mg
	Headache

	Operation
	117
	60
	79
	65
	None
	None

	Post-1 d
	133
	62
	86
	71
	valsartan 80 mg; hydrochlorothiazide; 12.5 mg; amlodipine besylate 10 mg
	None

	Post-2 d
	151
	69
	96
	73
	valsartan 80 mg; hydrochlorothiazide; 12.5 mg; amlodipine besylate 10 mg
	None

	Post-3 d
	143
	66
	92
	76
	valsartan 80 mg; hydrochlorothiazide; 12.5 mg; amlodipine besylate 10 mg
	None

	Post-1 yr
	137
	65
	89
	69
	Amlodipine besylate 10 mg
	None

	Post-2 yr
	134
	64
	87
	73
	Amlodipine besylate 10 mg
	None

	Post-3 yr
	145
	71
	96
	77
	Amlodipine besylate 10 mg
	None

	Post-4 yr
	145
	64
	91
	74
	None
	None


1Blood pressure and use of drugs 3 d before the operation were regarded as baseline. SP: Systolic pressure; DP: Diastolic pressure; MBP: Mean blood pressure.
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