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Abstract

Enhanced recovery after surgery (ERAS) refers to the use of a series of specific evidence-based and proven effective

measures during the perioperative period to enable quick recovery of patients. It can reduce the physiological and psychological

pressure of patients, reduce the occurrence of postoperative complications, thereby shortening the hospital stay and reducing

hospitalization costs. Percutaneous nephrolithotomy is the main method for the treatment of renal calculi and upper ureteral calculi.

It is widely used in clinic because of its small trauma, high stone clearance rate, short postoperative recovery time and short

hospital stay. This article reviews the current status of ERAS combined with percutaneous nephrolithotomy in urology and the

role of ERAS in percutaneous nephrolithotomy.
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1. Introduction

Percutaneous nephrolithotomy (PCNL) has been

widely used in clinic since it was first reported by fernstorm

and Johansson in 1976 because of its advantages of small

trauma, high stone removal rate and rapid postoperative

recovery. The concept of enhanced recovery after surgery

(ERAS) was proposed by Kehlet et al.[1] in 1999 and

successfully applied in practice. Eras mainly includes the

following three aspects: ①  Preoperative education and

evaluation. ② Optimization of anesthesia and application

of minimally invasive surgery. ③  Postoperative

rehabilitation measures include early eating, early activity

and early removal of drainage tube[2]. The concept of eras is

patient-centered, which is similar to PCNL. The

combination of eras and PCNL should play a better role in

clinical practice.

2. Application of percutaneous
nephrolithotomy

Percutaneous nephrolithotomy refers to lithotripsy and

lithotomy under nephroscope. At present, the European

Association of Urology (EAU) guidelines recommend

PCNL mainly for kidney stones larger than 2cm and lower

calyceal stones larger than 1.5cm, and the American

Urological Association (AUA) guidelines recommend

PCNL for the treatment of staghorn kidney stones. It is easy

to cause hemorrhage in the early stage of operation,

especially in the renal parenchyma and around the kidney,

which is easy to cause hemorrhage in the early stage of

operation. In 1998, Li et al.[3] proposed a microchannel

percutaneous nephrostomy with a puncture channel of 14 ~

16 F, and used this channel for secondary PCNL. Later, Li[4]

proposed a more simple and convenient minimally invasive

surgical method of simultaneous puncture and lithotomy,

which was gradually popularized and applied in China.

However, the symptoms such as bleeding, fever and pain

after PCNL cause serious postoperative psychological

obstacles and limit the postoperative recovery of patients.

The recently widely recognized era concept can significantly

shorten the hospital stay, reduce postoperative complications

and hospitalization expenses. The combination of era

concept and PCNL should make up for the above

deficiencies.

3. Perioperative management of eras
In recent years, in order to reduce patients’

perioperative trauma stress and psychological pressure and

accelerate postoperative rehabilitation, the traditional

perioperative treatment mode has been constantly

challenged, such as no preoperative intestinal preparation,

avoiding long-term preoperative fasting, multimodal

analgesia, early postoperative activities, early postoperative

eating, etc. These measures are called perioperative safety

measures. In the field of colorectal surgery, the ERAS

principle has been proven to reduce incidence rate of

postoperative morbidity and hospital stay[5]. At present, the

application of eras in urology is relatively few in China. The

perioperative application of eras is mainly divided into three

stages: preoperative, intraoperative and postoperative.

3.1. Preoperative
Preoperative education the preoperative education of

eras is to conduct psychological communication with

patients and inform patients of the operation plan and the

recovery plan of each stage. Adequate preoperative

education can alleviate the patient’s tension, fear and anxiety,

enhance the confidence to overcome the disease, reduce the

physiological stress response, and promote the patient’s

postoperative recovery. Clinical studies have confirmed that

smoking can lead to decreased tissue oxygenation,

postoperative mouth infection, pulmonary complications

and deep venous thrombosis. Quitting smoking for 4 weeks

before operation can significantly reduce the incidence of

perioperative complications[6].

The traditional concept of preoperative fasting and

fasting believes that the preoperative fasting time of water

should be as long as 10~12 hours, so as to reduce the risk of

lung inhalation during anesthesia, and long-term fasting and

fasting will cause thirst, hunger, anxiety and so on. At

present, many studies have shown that it is safe to eat solid

food 6 hours before operation and liquid food 2 hours before

operation. Oral carbohydrate liquid diet 2 hours before

anesthesia can supplement water and energy, improve the

patient’s tolerance to surgical trauma, promote the secretion

of autologous insulin, reduce postoperative insulin

resistance[7], improve body surface temperature and reduce

postoperative shivering[8]. In the eras consensus, oral



carbohydrate drinks 2 hours before operation are considered

to be one of the most important reasons to shorten the length

of hospital stay, which can accelerate the postoperative

rehabilitation of patients[9].

3.2. Intraoperative
Compared with open surgery, percutaneous

nephrolithotomy has less trauma, but the impact of a large

amount of high-pressure water will take away a lot of heat,

the core body temperature decreases (≤36�), and

catecholamine and cortisol are released during rewarming,

which increases the surgical stress response. Studies have

confirmed that hypothermia will increase intraoperative

bleeding, increase the incidence of cardiovascular and

cerebrovascular accidents, cause postoperative shivering,

increase oxygen consumption and postoperative wound

infection[10]. Therefore, it is very important to keep the

patient’s normal temperature during operation. It is the key

to reduce surgical stress and organ dysfunction. For patients

with long operation time, preoperative use of carbohydrate

drinks, mattress preheating, intraoperative central body

temperature monitoring, heated infusion and lavage fluid can

effectively reduce intraoperative body temperature loss and

avoid hypothermic injury.

Optimization of anesthesia methods general anesthesia

and intraspinal anesthesia are generally used in traditional

PCNL. General anesthesia is suitable for intraoperative

management, controlling respiratory tidal volume and

reducing the possibility of pleural injury. Intraspinal

anesthesia is also a safe and effective way of anesthesia, but

the intraoperative experience is  not as good as the former.

Wang et al.[11] proposed to try to complete PCNL under

paravertebral block (PVB) anesthesia. Compared with

general anesthesia, PVB reduces the application of opioids,

reduces the incidence of perioperative pulmonary

complications, and accelerates the postoperative

rehabilitation of patients. Studies have shown that

subcutaneous injection of anesthetic drugs (ropivacaine or

bupivacaine is the first choice) has obvious analgesic effect,

which can last for 12 hours, so as to reduce the occurrence

of complications such as pulmonary infection and

thrombosis[12].

3.3. Postoperative
The postoperative diet is traditional. The first

postoperative eating can be carried out only after anal

exhaust or initial recovery of intestinal function.

Postoperative starvation is not conducive to the early

recovery of postoperative intestinal function. Eras concept

suggests that early postoperative eating should be promoted

by maintaining fluid balance, avoiding nausea, vomiting and

intestinal paralysis. Early feeding can supplement enteral

nutrition, maintain water electrolyte balance, further

promote intestinal peristalsis, prevent bacterial migration,

reduce the incidence of postoperative infection, shorten

hospital stay and promote postoperative recovery[13].

Postoperative nausea and vomiting postoperative

nausea and vomiting (PONV) is the main cause of patients’

discomfort and prolonged hospitalization. The causes of

postoperative nausea and vomiting are multifaceted[5],

mainly including patients, anesthesia and surgery. Female

patients, non-smokers and patients with a history of motion

sickness are particularly at risk. Avoiding the use of inhaled

anesthetics and opioids will reduce the risk of PONV. In the

currently recognized PONV consensus, serotonin receptor

antagonists are recommended as first-line drugs for the

prevention of postoperative PONV[14].

Use of drainage tube perioperative drainage aims at

early detection and control of complications. In the report of

eras consensus, it is recommended not to place drainage tube

as far as possible. The indwelling of drainage tube leads to

limited activity and pain, which is a potential risk factor for

infection in the operation area and prolongs the length of

hospital stay[15].

Postoperative analgesia postoperative pain should be

actively treated, which may amplify surgical stress response

and organ dysfunction and delay postoperative recovery.

Postoperative analgesia is the core content of eras concept[16],

which is a prerequisite for rapid rehabilitation. Postoperative

analgesia under eras concept advocates the use of non

steroidal anti-inflammatory drugs and try to avoid the use of

opioids.

Early postoperative activities avoid lying in bed after

operation. Early out of bed activities can reduce pulmonary

complications, insulin resistance, muscle atrophy and

shorten hospital stay[17]. Early ambulation has been shown to



be an important component in the prevention of

postoperative venous thrombosis complications[18]. The

early activities under eras advocate that they should be

implemented within 24 hours after operation, and list the

daily exercise goals, which is conducive to the rapid

recovery after operation.

Postoperative fluid therapy surgery usually adopts a

large amount of fluid replacement to treat intraoperative or

postoperative hypotension and maintain fluid perfusion of

important organs. Low blood pressure can be avoided by

reducing the time of fasting and fasting before operation.

Zhen et al.[19] believed that excessive fluid treatment after

operation would affect patients’ cardiopulmonary function,

gastrointestinal function and coagulation function. Goal

directed fluid therapy (GDFT) in eras concept is currently a

more scientific perioperative volume management method,

which emphasizes the ability to continuously and

instantaneously understand the volume status of the body.

The latest research confirmed that target oriented liquid

therapy can effectively reduce the incidence of postoperative

complications, such as infection, intestinal obstruction,

intestinal paralysis, nausea, vomiting and other

complications[20]. However, how to standardize the

perioperative rehydration scheme and the amount of crystal

fluid and colloidal fluid is still a subject worthy of study.

4. Application of eras in PCNL of urology
There are relatively few reports on the application of

eras in PCNL in urology. For patients undergoing traditional

PCNL, the perioperative nursing of eras has also achieved

certain results. Zhuang et al.[21] divided 98 patients

undergoing PCNL into eras group and control group.

General anesthesia was used in both groups. The control

group was treated with intravenous patient-controlled

analgesia pump after operation, while eras group was treated

with incision local infiltration anesthesia + oral nonsteroidal

anti-inflammatory drugs before and after operation to relieve

pain, early enteral nutrition and early out of bed activities.

The results showed that the recovery time of intestinal

function and defecation time in eras group were significantly

earlier, while the average time in bed after operation was

(1.50 ± 0.43) days. The indwelling time of urinary catheter

was (1.13 ± 0.23) days and the hospital stay was (4.14 ± 0.85)

days. The postoperative pain score in eras group was lower

than that in control group, and the overall satisfaction rate

was significantly higher than that in routine group. Li et al.[22]

randomly divided 120 patients who underwent super mini

percutaneous nephrolithotomy (SMP) into experimental

group and control group. The experimental group adopted

eras nursing mode and the control group adopted traditional

nursing. The results showed that the satisfaction of

preoperative visit in the experimental group was

significantly lower than that in the control group. Due to the

control group, the degree of anxiety, the incidence of

complications and the length of hospital stay of the patients

in the experimental group were significantly lower than

those in the control group. Eras nursing mode can promote

patients’ early postoperative rehabilitation and shorten

hospital stay. Zhou et al.[23] found that the incidence of

postoperative adverse events in the eras mode group was

lower than that in the control group and the length of hospital

stay was significantly shorter than that in the control group.

5. Application of PCNL based on eras
The core of eras concept is to reduce the physiological

and psychological stress of patients during perioperative

period and realize rapid postoperative rehabilitation.

Indwelling nephrostomy tube and ureteral stent after

traditional PCNL is considered as a standard operation.

Indwelling ureteral stent and nephrostomy tube can play the

role of support and drainage, and avoid postoperative

secondary bleeding and urine extravasation. However, more

and more studies have shown that indwelling nephrostomy

tube will increase the postoperative pain experience and

prolong the hospital stay. In 1984, Wickham et al. [24] first

proposed the concept of tubeless PCNL. Through the

implementation of tubeless PCNL in 100 patients, ureteral

stent and nephrostomy tube were not placed during the

operation, and there were no obvious complications after the

operation, which confirmed the feasibility of tubeless PCNL.

However, at that time, there was a great risk of tubeless, and

urine extravasation may be caused by tubeless after

operation, so tubeless could not be widely used in time.

Tubeless PCNL includes partial tubeless PCNL and

complete tubeless PCNL. Partial tubeless PCNL does not

retain nephrostomy tube, but only ureteral stent tube, while



complete tubeless PCNL does not retain nephrostomy tube

or ureteral stent tube. Pande and other researchers believe

that tubeless PCNL is mainly suitable for patients with single

channel, less bleeding, no collective system perforation and

no need for secondary PCNL operation. Tubeless PCNL and

standard PCNL are similar in postoperative complications

and stone removal rate, but have advantages in postoperative

pain score and early activity, shortening hospital stay and

reducing cost[25]. Through the diagnosis, treatment and

experience summary of 231 patients with tubeless PCNL,

Zhao et al.[26] proposed that the selection of cases with

tubeless PCNL should comply with the following aspects:

① No injury of renal collecting system during operation and

no active bleeding after operation. ② There is  no need to

perform PCNL again. ③ There was no obvious infection

before and during operation. ④ There was no other organ

injury during the operation. ⑤  The contralateral renal

function was good. ⑥ If the operation time is≤2H and the

operation time is prolonged, it may cause postoperative renal

mucosal edema and postoperative bleeding. Liang Shanling

et al.[27] referred 43 patients who underwent tubeless PCNL

to eras perioperative nursing mode after operation, and

found that it can improve the operation effect, reduce

postoperative pain, reduce operation and anesthesia related

complications, and accelerate the postoperative

rehabilitation of patients. Tubeless PCNL is a further

optimization of traditional PCNL surgery, which can reduce

the postoperative analgesic needs of patients and promote

the early postoperative rehabilitation of patients. However,

its surgical indications, case selection and prognosis still

need to be verified by more clinical studies.

It  was  found  that  reducing  the  size  of  PCNL channel

can reduce channel related complications[28]. In 1997, Helal

et al.[29] and Jackman et al.[30] first reported minimally

invasive percutaneous nephrolithotomy(MPCNL), which

completed MPCNL by establishing 11f-15f channel. At

present, channels below 20f are generally called MPCNL.

The miniaturization of the channel reduces the damage to the

renal parenchyma and collecting system, reduces

postoperative pain, reduces the occurrence of complications

such as bleeding and urine extravasation, but the operation

time is prolonged. GÜ ler et al. [31] randomly divided 97

patients into MPCNL group and standard PCNL group. It

was found that the decrease of hemoglobin, blood

transfusion rate and hospital stay in MPCNL group were

lower than those in standard PCNL group. Standard PCNL

and MPCNL were safe and effective treatment techniques.

Luo Hui et al.[32] divided 243 patients with kidney and

ureteral stones into traditional group and eras group

according to different treatment measures. It was found that

there was no significant difference in age, gender, stone size

and location, preoperative urinary system infection and

operation time between the two groups. Compared with the

traditional group, the time of removing nephrostomy tube

and urinary catheter was significantly earlier. The patients

with hypothermia and postoperative fever in eras group were

significantly reduced. In addition, Desai et al.[33] reported the

concept of micropcnl, which is based on the 4.85 fr PCNL

channel for visual operation, and can be crushed without

expansion after puncture. Studies have shown that micropcnl

can play a unique role in 1.0 cm~1.5 cm kidney stones in

adults and children[34]. Subsequently, Desai et al.[35] reported

the application of Ultra Mini percutaneous nephrolithotomy

(UMP) with a channel of 3.5 fr. At present, minipcnl,

micropcnl and UMP all adopt channel miniaturization to

reduce surgical trauma, reduce the occurrence of

complications such as renal parenchymal tear and bleeding,

collecting system injury and urinary extravasation, promote

postoperative rehabilitation and shorten hospital stay, which

is consistent with the concept and goal of eras. However,

whether the combination with eras has obvious advantages

and is beneficial to the prognosis of patients still needs to be

confirmed by more clinical studies.

6. Conclusion and Prospect
The application of eras concept in perioperative period

reduces postoperative pain.

Pain, promote postoperative rehabilitation, shorten

hospitalization time and improve patients’ hospitalization

satisfaction, which is consistent with the goal of PCNL.

However, the current limited research can not explain

whether PCNL can improve the prognosis of patients on the

basis of eras, and the length of hospital stay can not reflect

the postoperative recovery of patients. With the

improvement of PCNL operation mode and the optimization



of eras concept, we can better achieve the purpose of taking

patients as the center, adhering to the principle of

individualization and benefiting patients. However, the

implementation of eras is still affected by many factors,

including the physiological and psychological changes of

patients after readmission, compliance with eras concept and

postoperative quality of life. It is hoped that with the

accumulation of eras clinical practice and the progress of

science and technology, eras can be widely used in the

treatment of more diseases in the future.
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