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Abstract 

Objective To assess the clinical safety and efficacy of percutaneous nephrolithotomy 
(PCNL) under paravertebral nerve block anesthesia in the lateral decubitus position for 
high-risk old patients. Methods According to preoperative American Society of 
Anesthesiologist (ASA) scores, 33 patients (ASA Ⅲ 27 and ASA Ⅳ 6) were enrolled. All 
the patients got the operation of PCNL under paravertebral nerve block anesthesia in the 
lateral decubitus position. The preoperative complications, length of preparation, 
operative time, stone-free rate, length of hospital stay, and surgical complications were 
recorded and evaluated. Results The patients mean age was 73 years ( 65 -83 years ) with 
3～9 kind of preoperative complications and the mean stone diameters was 28 mm(20～
40 mm) in 18 cases on the left side and 15 cases on the right side. PCNL were performed 
in all the patients. The mean operation time was 75 min(30～165min) and the time of 

cracking stone was 54min(30～ 165min). 28 cases (84.8%) of stage I stones were 
completely removed, and 3 cases (9.1%) of stage II stones were completely removed. The 
average hospital stay was 21 (15 ~ 31) days, of which the average preoperative 
hospitalization days was 15 (7 ~ 22) days. Postoperative bleeding occurred in 3 patients 
and fever occurred in 8 patients, which improved after conservative treatment. No 
patient had serious respiratory and cardiovascular and cerebrovascular complications 
after operation. Conclusions PCNL under paravertebral nerve block anesthesia in the 
lateral decubitus position is save and convenient for high-risk old patients which was 
deserved clinical popularizing use. 
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1. Introduction 

Percutaneous nephrolithotomy (PCNL) has the advantages of less trauma, quick recovery and 
high stone-free rate, and it is an important method to treat complicated upper urinary calculi 
at present. PCNL’s current surgical position mainly includes prone position, supine position and 
lateral position, and the improved positions based on the above three positions. General 
anesthesia or spinal anesthesia is the most commonly used anesthesia method in PCNL at 
present, each with its own advantages and disadvantages. High-risk elderly patients often have 
serious comorbidities. How to implement PCNL safely and effectively for these patients is a 
problem worthy of discussion. From May 2018 to October 2020, we performed PCNL under 
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lateral decubitus paravertebral  nerve block to treat 33 high-risk elderly patients with upper 
urinary calculi, and the results were satisfactory. 

2. Materials and methods 

2.1. Clinical data  

According to the preoperative scores of American society of Anesthesiologists (ASA), 33 high-
risk patients with ASA-Ⅲ or Ⅳ were included in the study, including 27 ASA-Ⅲ and 6 ASA-Ⅳ. 
The mean age was 73 years ( 65 -83 years ). All cases were diagnosed by ultrasound, KUB, IVU 
or urinary CT. There were 18 cases of stones on the left side and 15 cases on the right side; 25 
cases of renal pelvis calculi and 8 cases of upper ureteral calculi; 20 cases of single calculi and 
13 cases of multiple calculi. The average diameter of stones is 28 mm(20 ~ 40 mm). All 33 
patients had different degrees of hydronephrosis or calyx hydronephrosis, of which 7 patients 
had percutaneous nephrostomy due to  stage I urinary sepsis. There were 8 patients who 
underwent open pyelotomy for lithotomy in the past, and 14 patients who received 1 to 3 ESWL 
treatments. The above patients had 3 to 9 underlying diseases, including 13 cases of diabetes 
mellitus, 12 cases of cerebrovascular accident sequelae, 18 cases of hypertension, and 16 cases 
of coronary atherosclerotic cardiomyopathy, including 7 cases of coronary stent implantation 
and 3 cases of heart failure. 19 cases of respiratory diseases, including 3 cases of pulmonary 
heart disease; 17 patients with liver cirrhosis, 21 cases of renal insufficiency, 23 cases of 
hyperuricemia,  and 12 cases of hyperlipidemia. There were 6 patients with BMI>30. 

2.2. Surgical steps 

The patient is placed in the lithotomy position, and after local mucosal infiltration anesthesia 
with obucaine mucilage, the ureteroscope is inserted under direct vision to find the opening of 
the ureter on the affected side, and placed F5 ureteral catheter. If the patient can't tolerate this 
process, a small amount of propofol was added intravenously if necessary. 

Assist the patient to change to the lying position on the healthy side, so that the waist of the 
unaffected side faces the lumbar bridge, and the lumbar bridge is not raised for the time being. 

Paravertebral nerve block: oxygen monitoring, intravenous injection of pentazocine 30mg. 
Routine sterilized drape, the ultrasonic probe is placed next to the lumbar spine, moving from 
the caudal end to the cephalic end. The first rib is the 12th rib, and the transverse process of 
T12 is located along the 12th rib, that is, T12/L1 is located, and the T11, T10 and L1 transverse 
processes can be located by moving the probe  from the caudal end to the cephalic end 
respectively. Under the guidance of ultrasound, T10/T11, T11/T12 and T12/L1 paravertebral 
block were performed respectively. Thoracic paravertebral block: sagittal scanning, in-plane 
needle insertion, needle tip development, 0.375% ropivacaine 1ml after the needle tip passes 
through the supracostal ligament, 6 ~ 9 ml if the pleura moves down, 7 ~ 10 ml for each 
segment. Lumbar paravertebral block: 0.375% ropivacaine 7 ~ 10 ml is injected after the 
needle point passes through the intertransverse ligament. Judge whether the acupuncture 
block plane works or not, and re-block segments with unsatisfactory block effect if necessary. 
The above operation is shown in Figure 1. 

 
Figure. 1 Lateral position PVB, raise lumbar bridge and expand lumbar space. 
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Raise the waist bridge appropriately, unfold the waist of the affected side, disinfect the cloth, 
and select the 11th intercostal or the area between the posterior axillary line of 12th rib and 
the scapular line as the puncture point. Ultrasonic examination select the target calyx, and 
under the guidance of ultrasound, a 18G puncture needle is used for "two-step" puncture, which 
enters the collection system through the calyx fornix, pull out the needle core after successful 
puncture, and clear urine is seen, insert a J-shaped guide wire.  (see Figure 2). 

 
Figure. 1 Percutaneous renal puncture in lateral position shows clear urine. 

For stage I nephrostomy, zebra guide wire is directly inserted and the nephrostomy tube is 
pulled out. Cut the skin about 1cm, gradually expand it to F16 ~ 22 with fascia expander along 
the guide wire, and insert the peel-way sheath of the corresponding model. Insert a F8/9.8 
ureteroscope (German wolf Company), rinse with normal saline, keep the vision clear, and after 
finding renal pelvis stones or ureteral stones, perform holmium laser lithotripsy (American 
Medical Company). Double-channel lithotripsy was used for  complicated stones stage I or II, 
after the lithotripsy, a double J tube is indwelled, and retain the corresponding type of 
nephrostomy tube. 3 ~ 7 days after operation, KUB was rechecked to find out whether the 
stones remained and the position of double J tube. If there is no need for re-operation of 
lithotripsy, the nephrostomy tube should be removed, and stage II PCNL or ESWL were selected 
for those with large or multiple stones. The double J tube was pulled out about 4 weeks after 
operation. 

3. Results and discussion 

The operation of 33 patients was successfully completed. During the operation, the mean 
arterial pressure of the patients did not fluctuate significantly, and no bradycardia occurred, 
and no patient changed the anesthesia method due to pain or other reasons. Among the 33 
patients, 9 cases were stage I double-channel lithotripsy, and 3 cases were stage II 
reconstructed channel lithotripsy. 28 cases (84.8%) of stage I stones were removed, 3cases 
(9.0%) of stage II stones were removed. Two patients were treated with drug calculus removal 
or dynamic observation. The average operation time (including ultrasound-guided puncture, 
dilatation, sheathing, lithotripsy, double J tube placement and indwelling nephrostomy) of 
stage I PCNL was 75 (30 ~ 165) min, of which the average lithotripsy time was 54 (14 ~ 115) 
min. There was no blood transfusion during the operation, and 3 patients had postoperative 
bleeding, among which 1 patient had bleeding after pulling out the nephrostomy tube, which 
improved after blood transfusion and hemostasis treatment, and no patient had renal artery 
embolization and nephrectomy due to massive bleeding. Intraoperative renal pelvis 
perforation occurred in 2 cases, and no serious complications occurred. Eight patients 
developed fever after operation, which improved after anti-infection treatment. Postoperative 
nausea and vomiting occurred in 2 patients. There were no complications such as 
pneumothorax, colon injury, liver and spleen injury, water poisoning and perirenal infection. 
No patient died after operation due to serious complications of respiratory, cardiovascular and 
cerebrovascular systems. The average hospital stay was 21 (15 ~ 31) days, of which the average 
preoperative hospital stay was 15 (7 ~ 22) days. 

After operation, there were 15 cases of calcium oxalate monohydrate stones, 3 cases of calcium 
oxalate dihydrate stones, 12 cases of infectious stones and 3 cases of uric acid stones. 
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Upper urinary calculi can lead to hydronephrosis, kidney infection, loss of renal function, and 
even urinary sepsis, which seriously endangers the life safety of patients. There are many basic 
diseases in elderly patients. Once upper urinary tract stones appear, it is easy to cause urinary 
tract infection, which leads to a significant increase in the incidence of urinary sepsis and 
mortality [1]. PCNL is currently the first choice for the treatment of complicated upper urinary 
calculi [2]. In recent years, how to reduce the complications of anesthesia in PCNL surgery and 
improve the treatment effect has been a constant exploration of urologists and 
anesthesiologists. ASA score is a widely used method of anesthesia and surgical risk assessment 
in the world, which can accurately assess the operation-related mortality of elderly patients, 
especially high-risk patients (ASA III and above),  and assess the tolerance of patients to surgical 
posture and anesthesia [3]. High-risk elderly patients are often have heart, lung and brain 
diseases, and have chronic diseases of osteoporosis and motor system. For PCNL, the 
appropriate anesthesia method and surgical position should be carefully selected to reduce 
passive position conversion, so as to achieve the goal of safe and effective treatment of stones. 

Prone position is the earliest and most classic surgical position adopted by PCNL. This position 
is convenient for C-arm or (and) ultrasonic positioning, which can provide a larger puncture 
range, and at the same time, it is convenient for the mirror to swing during lithotripsy, which is 
beneficial to the operation. The adjacent liver and spleen rotate downward due to gravity, and 
the probability of puncture injury is small. Therefore, it is still the most widely used position in 
PCNL at present. However, when the patient is in prone position, abdominal compression can 
lead to hemodynamic disorder and ventilation dysfunction, which increases the risk of 
cardiovascular accidents [4]. Prone position is also not convenient for anesthesia management, 
and once respiratory and circulatory disorder and position limitation occur, it is not convenient 
for emergency treatment. Therefore, prone position is not suitable for some high-risk patients, 
especially those with severe heart and lung diseases. Supine position reduces the pressure on 
chest and abdomen, has little influence on cardiovascular and respiratory functions, and is 
convenient for anesthesia monitoring. However, the puncture area is very narrow, and the 
position and angle of needle insertion are obviously limited. Lateral position and supine 
position can also reduce intra-abdominal vascular pressure. For urologists, lateral position is 
also the most commonly used position in many urology operations. EL-Husseiny et al [5] applied 
PCNL to high-risk patients (ASA score III and above), and thought that this position had little 
influence on the respiratory and circulatory system during operation, which was beneficial to 
surgical anesthesia and also very suitable for obese patients. For patients with spinal deformity 
in kidney calculi, PCNL in lateral decubitus  position can also achieve good therapeutic effect [6]. 
Based on the full consideration of the above three postures, we finally adopted the lateral 
decubitus position for PCNL. Percutaneous renal puncture in lateral decubitus position is not 
suitable for C-arm positioning, but can only be performed under the guidance of ultrasound, 
which reduces the radiation exposure of patients and doctors. In the lateral decubitus position, 
PCNL raises the waist bridge, lifts and fully expands the affected waist, and increases the scope 
of puncture and operation space. By adjusting the height of the patient's head and feet, the 
position of the kidney can be moved down, and the site that originally needed to be punctured 
through the 11th intercostal space can be adjusted to the 12th rib puncture, thus reducing the 
probability of pleural injury caused by puncture. When lying on the side, the intestinal tract of 
the patient sags to the opposite side, which also reduces the risk of intestinal injury. Compared 
with prone position, the lateral decubitus position of kidney shifted to ventral side and 
contralateral side, and the mobility increased, which required higher puncture accuracy. After 
successful puncture, it was suggested to use J-shaped guide wire to reduce the channel loss 
during dilatation. When the channel is expanded, the kidney is easily pushed away due to the 
high mobility of the kidney, and the expansion depth is often deeper than the puncture depth. 
However, if it is too deep, it is easy to cause damage to the collection system, so it is necessary 
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to "prefer shallow to deep", and adjust it after observation under the microscope if necessary. 
For patients with large stones, the F16 sheath can be placed first to observe the establishment 
of the channel, check whether there is channel loss or channel bleeding, and then further 
expand the channel to the required size.  In the process of lithotripsy, due to gravity, stones will 
gather in the lowest renal pelvis. Therefore, the calyx with a wide and short neck and easy angle 
to enter the renal pelvis should be selected for puncture, which is convenient for later stone 
cleaning and double J tube placement. Because the crushed stones are easy to accumulate in the 
renal pelvis, it is convenient to remove the stones, improves the efficiency of stone removal, 
reduces the  swing of the mirror body and reduces the residual rate of stones. 

At present, the two most commonly used anesthesia methods of PCNL are general anesthesia 
or spinal anesthesia. General anesthesia has the advantages of controllable respiratory tract 
management and good patient comfort, but it has disadvantages such as atelectasis, drug 
reaction and high incidence of postoperative nausea and vomiting [7]. Spinal anesthesia is a safe 
and effective method. Compared with general anesthesia, it has the advantages of shorter 
hospital stay and lower postoperative nausea and vomiting rate [7]. It is especially suitable for 
elderly patients with lung diseases, but it can lead to unstable circulation when the body 
position changes[8]. PCNL under local anesthesia is also an option, but the block range of local 
anesthesia is limited, and extensive use of local anesthetic drugs can lead to local anesthetic 
poisoning, muscle looseness leads to difficult operation,  so it is often necessary to apply 
analgesics or sedatives during operation[9], and even change the anesthesia mode because 
patients can't tolerate pain during operation. PVB is also a kind of local anesthesia, which was 
used in the early stage for analgesia of angina pectoris, cancer, etc. and anesthesia of fracture 
surgery[10]. After that, some scholars applied ultrasound-guided PVB to PCNL. Through the 
paravertebral nerve block of T10/T11, T11/T12 and T12/L1, the body pain from PCNL 
puncture channel and visceral pain from kidney and ureter  can be blocked, which can meet the 
operation requirements[10]. At the same time, PVB has little influence on respiratory circulation 
and digestive system, and no influence on lower limb movement. Therefore, patients can eat 
early and get out of bed early after operation, which is helpful for patients to recover quickly 
after operation[11]. In addition, compared with general anesthesia and spinal anesthesia, PVB 
has lower incidence of blood pressure drop and slow heart rate[11], less emergency response to 
injury and lower incidence of adverse reactions[12]. All the patients in this group are high-risk 
elderly patients, most of whom have serious heart and lung diseases, have poor tolerance to 
surgery and anesthesia, and the preparation time for preoperative evaluation and 
improvement of physical condition is longer than that of ordinary patients. After preoperative 
anesthesiology consultation, PVB anesthesia is finally selected. All patients had good tolerance 
during operation, no obvious aggravation of cardiopulmonary diseases after operation, and low 
incidence of complications such as nausea and vomiting. 

The biggest drawback of PVB is that the analgesia time is short, generally less than 6 hours, and 
it is not suitable for simultaneous bilateral PCNL. For high-risk elderly patients, the longer the 
anesthesia time, the greater the possibility of surgical complications. The peak incidence of 
urolithiasis is between 30 ~ 50 years old, while the infection stone mostly occurs in the elderly 
over 60 years old, especially in patients with diabetes[13]. In this group of cases, the ratio of 
infectious stones is high (12/33, 36.3%). Some patients underwent nephrostomy in advance 
because of urinary sepsis, and prolonged lithotripsy could easily lead to postoperative fever[14] 
and even urinary sepsis. Therefore, the operation requires the operator to control the 
lithotripsy time, quickly relieve the obstruction, and make the paravertebral block time meet 
the operation requirements. The rate of one-time stone removal for patients in this group is not 
high. For complicated kidney calculi, one-time stone removal is not mandatory because 
strategic staged lithotripsy is safer for high-risk patients. For fear of the risk of reoperation, 
some patients chose conservative observation of residual stones after removing obstruction. 
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During anesthesia in PCNL surgery, it is often necessary to change the position 2 ~ 3 times, but 
there is a potential risk in changing the position under anesthesia. Under general anesthesia, 
complications such as cervical vertebra injury, fracture and eye injury are prone to occur during 
the process of postural change[15]. For the elderly aged 60 ~ 80, the incidence of fractures 
increases obviously with the increase of age. Due to factors such as hyperglycemia, diabetic 
nephropathy, and bone tissue vascular and neuropathy, the degree of osteoporosis in patients 
with diabetes is much more serious than that in the normal population. Patients with chronic 
heart failure suffer from bone metabolism disorder due to insufficient blood supply to 
surrounding tissues, which leads to aggravation of osteoporosis. Most patients with 
cerebrovascular accident are accompanied by limb movement dysfunction, and their 
neuromuscular coordination ability declines, which increases the risk of accidental fracture[16]. 
Therefore, for high-risk elderly patients, we should be alert to iatrogenic fractures during 
operation. Many patients in this group are complicated with diabetes, cardiac insufficiency and 
sequelae of cerebrovascular accident. Ureteral intubation under local anesthesia was 
performed first, and PVB and PCNL were performed in the lateral decubitus position. The 
patient only needs to change the position once during the operation, and the patient can actively 
cooperate. Therefore, the risk of fracture was minimized. In the process of PCNL, the change of 
the patient from the lithotomy position to the prone position under general anesthesia or spinal 
anesthesia is also likely to lead to a drop in blood pressure and bradycardia [11]. Therefore, the 
change of position increases the probability of cardiovascular events. For elderly patients with 
an ASA score of III or IV, minimizing the number of postural changes can further reduce 
intraoperative blood pressure and heart rate fluctuations and increase the safety of surgery and 
anesthesia. For obese patients, independently changing body position and reducing the number 
of body position changes can reduce the physical exertion of doctors and nurses in addition to 
safety considerations. 

In patients with ankylosing spondylitis complicated with kidney stones, because the 
inflammation mainly involves the spine and sacroiliac joints, the spinal fusion shows a 
"bamboo-like" change, and intraspinal anesthesia cannot be performed. Because of the 
limitation of supine head and difficulty in tracheal intubation, it is not suitable for tracheal 
general anesthesia. Luo Jintai et al.[17] used laryngeal mask anesthesia for 23 patients with 
ankylosing spondylitis complicated with kidney calculi. Because prone position is inconvenient 
for airway management and there is a risk of laryngeal mask prolapse, PCNL was performed in 
the lateral position, and the stone removal effect was satisfactory. In this group, there is one 
ankylosing spondylitis patient who underwent PVB smoothly under the guidance of ultrasound. 
The patient can change his posture during the operation, which reduces the damage of passive 
posture to the spine and sacroiliac joint. In order to further avoid injury to the spine, the lumbar 
bridge was not raised as usual during the operation, the space between the costal margin and 
iliac crest was not fully expanded, the choice of puncture point during the operation was limited, 
and the scope swing was limited in the limited operating space, but the stones were successfully 
removed. Therefore, PCNL under lateral decubitus PVB may be a new treatment option for 
patients with kidney stones in ankylosing spondylitis. 

4. Conclusion 

 High-risk elderly patients belong to a special group. Through the design of operation and 
anesthesia methods, we choose PCNL under lateral decubitus PVB to treat upper urinary tract 
stones, so that patients who are intolerant of general anesthesia or spinal anesthesia or have 
extremely high risk can successfully relieve obstruction and avoid related complications caused 
by stones. Through summarizing the experience of 33 patients, we think this method is safe, 
effective and worth popularizing. Of course, due to the limited sample size, large-scale clinical 
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trials are needed to further verify the effect. In addition, because the patient is placed in the 
lateral position during the operation, the intraoperative puncture is influenced by the angle and 
breathing, which requires higher skill and experience of the operator[5]. It is suggested that the 
operator should master PCNL skillfully. 
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