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Background: The enhanced recovery after surgery (ERAS) program is focused on improving surgical
outcomes and enhancing the patient experience before, during and after surgery. We performed this study to
evaluate the effect of ERAS in perioperative period of laparoscopic nephron sparing surgery (LNSS).
Methods: A retrospective analysis of 287 consecutive patients with localized renal cell carcinoma (RCC)
who underwent LNSS from December 2015 to June 2017 was conducted. Our study design included two
cohorts. Patients underwent conventional care in one group (n=136), and ERAS protocol in the other group
(n=151). The data of recovery of gastrointestinal function, catheter and drainage tube removal time, length
of stay (LOS), hospitalization expenses and incidence of postoperative complications were compared between
the two groups.

Results: Compared with conventional group, cases in ERAS group presented with shorter time of recovery
of gastrointestinal function (P<0.05) and LOS (P<0.05), shorter catheter and drainage tube removal time
(P<0.05), lower hospitalization expenses and lower perioperative complications (P<0.05).

Conclusions: Program of ERAS used in perioperative period of LNSS can apparently accelerate the time
of postoperative recovery, reduce complications, shorten time stay in hospital and cut down the total cost,
finally improve patients’ satisfaction.
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Introduction collaboration which would transform traditional care

Laparoscopic nephron-sparing surgery (LNSS) has been programs into an effective postoperative rehabilitation

widely accepted as an effective way to treat T'1 renal cell program, in order to realize a shorter hospitalization,

carcinoma (RCC) (1). Nowadays, LNSS has been greatly
improved, especially the novel technique of laparoscopic

reduced complications and a reduction of medical cost

with increased satisfaction and safety after discharge (3). To

partial nephrectomy with precise segmental renal artery
clamping widely adopted in our center (1,2). The enhanced
recovery after surgery (ERAS) represents a multidisciplinary
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date, no studies have shown whether the ERAS protocol is
superior to conventional method after LNSS.

In this study, we retrospectively compared postoperative
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outcomes and perioperative complications of patients with
RCC after the ERAS or conventional protocols between
December 2015 and March 2017. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/tau-19-924).

Methods
Ethics statement

Approval for this study was granted by the ethics committee
of Nanjing Medical University (China) (NO.:2015-
SRFA-042) and informed written consent was received from
all participants. All research procedures were conducted in
accordance with the Declaration of Helsinki (as revised in
2013).

Clinical materials

A retrospective analysis of 287 consecutive patients
with localized RCC who underwent LNSS with precise
segmental renal artery at our department between
December 2015 and March 2017 was performed. Inclusion
criteria: Renal cancer diagnosed by pathology; R.E.N.A.L.
nephrometry score (RNS) <10; Body mass index (BMI)
<35; ASA score <3; clear minded; fluency in expressing;
the patient or his agent is informed of this study. Exclusion
criteria: RNS >10; BMI >35; ASA score >3; mental
anomaly; combined with severe cardiovascular disease,
nervous system disease or motor system disease. The effects
on perioperative outcomes were examined by comparing
136 consecutive patients before introduction of the ERAS
protocol (conventional group) with 151 consecutive patients
after introduction of the ERAS protocol (ERAS group).

The principle of conventional care and the ERAS
protocol were shown in Table 1.

Protocols of ERAS and conventional groups

The variables that were recorded included the recovery time
of gastrointestinal function, removing time of catheter and
drainage tube, postoperative hospital stay, hospitalization
expense and complications. Postoperative recovery of
gastrointestinal function was evaluated as recovery time of
bowel sound, first exhaust time and first defecation time.
Perioperative complications were assessed as preoperative
hypoglycemia, postoperative chills and fever, postoperative
hypostatic pneumonia, postoperative abdominal
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distention, postoperative stress ulcer, postoperative cardiac
cerebrovascular accident, incision fat liquefaction, urinary
system infection and venous thrombosis.

Statistical analysis

Statistical analyses were performed with SPSS 13.0
software. Student’s #-test and the Chi-square test were used
to analyze the differences between groups. P<0.05 was
considered to indicate a statistical significant difference.

Results
Patients’ characteristics

As shown in Table 2, there was no statistical significance
about the demographics and tumor characteristics of
patients between two groups (P>0.05).

Intraoperative data and Postoperative outcomes

No significant differences were observed in operation time
{ERAS group 85 [50-122] min vs. conventional group
82 [55-130] min, P>0.05}, and blood loss {ERAS group
200 [10-600] mL vs. conventional group 180 [5-500] mL,
P>0.05} between both the groups.

As shown in Table 3, the ERAS group had marked shorter
time to the recovery of gastrointestinal function (recovery
time of bowel sounds, first exhaust time and first defecation
time) than did the conventional group (P<0.01). Compared
with conventional group, the ERAS group also showed
shorter time of removing catheter (P<0.01) and drainage
tube (P<0.01), shorter postoperative hospital stay (P<0.01)
and lower hospitalization expenses (P<0.01).

Perioperative complications

Patients in both groups were discharged successfully and there
was no death case. As shown in 7able 4, there were only 5 cases
of complications in ERAS group, which was significantly less
than that of conventional group (36 cases, P<0.01).

Discussion

The ERAS protocol is standardized, multidisciplinary and
evidence-based tools that provide guidelines for clinical
decision-making for enhancing recovery of patients after
surgery (4). The key goals of ERAS protocol are to reduce
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Table 1 Differences of perioperative management methods between ERAS and conventional groups

Management Conventional group

ERAS group

Health education
operation

Preoperative fasting
operation

Bowel preparation
Removal of catheter 3-5 days after surgery

Removal of drainage
tube

5-6 days after surgery

Intraoperative warming Not stressed

Pain control On-demand analgesia

Thromboembolic Not stressed

prophylaxis

Postoperative fluid

infusion operation, 2,500-3,000 mL fluid given every day

after operation, lasting for 3—-4 days
Postoperative Strictly confined to bed for 1-2 weeks after
mobilization surgery

Postoperative feeding

soft to solid food after exhaust

1,500 mL of crystalloid and colloid given during

Regular medical knowledge about surgery before Education about ERAS plan, general time of the rehabilitation

phase, and various recommendations that would promote
recovery, such as early oral feeding, early mobilization and so
on

Fasting for 12 h, water-deprivation for 4 h before Fasting for 6 h, water-deprivation for 2 h. 500 mL of 5%

glucose was given 2 h before surgery (water instead for
diabetic patients)

Cleaning enema with soapy water before surgery No enema

1-2 days after surgery
2-3 days after surgery

Mediating room temperature; avoiding unnecessary exposure
of patients; using an insulating blanket; warming the
intravenous infusion

Ropivacaine infiltration at incision; utilizing epidural or
other local anesthetic techniques; postoperative analgesia
pump; active and proper analgesia was performed through
intravenous infusion

Early anticoagulant therapy with low molecular heparin if the
volume of drainage allows

Infusion volume was controlled within 500 mL during
operation, no more than 1,500 mL on the day of surgery, and
resume normal diet as soon as possible

Enforcing patients to mobilize limbs early, parts of them were
encouraged to take lateral or semireclining position 2 days
after surgery

Food and water forbidden after surgery, patients  Liquids allowed 6 h after surgery, and then step over to
are given as a diet progression from liquids to

normal diet which is 60-70% of the regular volume on the
2nd day after operation

ERAS, enhanced recovery after surgery.

postoperative complications, shorten hospitalization
and cut medical cost as well as enhance safety. In this
study, a multdisciplinary ERAS program for LNSS was
implemented at our center. Eventually, postoperative
recovery was apparently accelerated, complications were
reduced, time stay in hospital was shortened and the total
cost was obviously cut down. Several pivotal items among
ERAS concept have played a crucial role in enhanced
recovery after LNSS. First of all, clear fluid should be
allowed up to 2 h and solids up to 6 h before induction of
anesthesia. Carbohydrate should be used regularly up to
2 h prior to surgery. Secondly, mechanical bowel preparation
should be abandoned before renal operation. Thirdly,
administering too much fluid during or after surgery might
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result in bowel enema, pulmonary edema, water intoxication
and so on, all of which would prolong the recovery. Thus,
intraoperative and postoperative restricted fluid therapy
should be used. In addition, early removal of catheter and
drainage tube as well as satisfactory pain control can promote
early mobilization, which can also reduce complications as
hypostatic pneumonia and venous thrombosis.

Recovery of gastrointestinal function is an important
indicator of postoperative recovery. The ERAS protocol
suggests avoiding of preoperative mechanical enema,
preoperative carbohydrate loading and restricted fluid
therapy, which have been strictly performed in our
ERAS group. It was reported that the time of first flatus
was shorter in fast-track laparoscopic retroperitoneal
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Table 2 Patient demographics and tumor characteristics
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Category ERAS (n=151) Conventional (n=136) ¥/t value P value
Male/Female 88/63 81/55 0.12 0.73
Age, years 56.1+3.5 54.7+4.3 1.65 0.05
RNS 6.1£1.7 5.9+1.6 1.02 0.15
BMI 23.2+5.1 22.3+4.7 1.56 0.06
ASA score 1.5+0.6 1.4+0.6 1.41 0.08
Tumor side 2.84 0.09

Left 73 78

Right 78 58
Tumor location 0.07 0.79

Upper pole 44 40

Middle pole 49 41

Lower pole 58 55
Tumor size, cm 2.6+0.9 2.8+1.3 -1.28 0.11
ERAS, enhanced recovery after surgery.
Table 3 Comparison of postoperative outcomes between conventional and ERAS groups
Variable Conventional ERAS t P
Number 136 151 - -
Recovery time of bowel sounds (h) 27.3x2.6 21.1+£3.6 18.03 <0.01
First exhaust time (h) 47.3+9.2 33.6+8.9 12.93 <0.01
First defecation time (h) 71.3+9.6 55.4+9.2 11.26 <0.01
Time of removing catheter (d) 3.5+1.1 2.0£0.5 12.03 <0.01
Time of removing drainage tube (d) 4.6+0.7 3.2+1.1 9.15 <0.01
Postoperative hospital stay (d) 8.1+1.6 4.6+1.7 14.86 <0.01
Hospitalization expenses (ten thousand yuan) 5.1+£0.3 4.3+0.1 21.71 <0.01

ERAS, enhanced recovery after surgery.

adrenalectomy compared with the conventional protocol (5).
In our study, the ERAS group had significantly shorter time
to the recovery of gastrointestinal function than did the
conventional group. Besides, enforced postoperative early
mobilization might be another important factor for fast
recovery of gastrointestinal function (6). Thus, patients in
ERAS group were enforced to mobilize limbs early, parts
of whom were encouraged to take lateral or semireclining
position 2 days after LNSS, as long as suture was reliable.
In addition, postoperative early oral feedings can promote
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intestinal peristalsis, maintain the function of intestinal
mucosa, prevent bacterial translocation, and help patients
to recover as soon as possible (7). In this study, a liquid
diet was recommended for patients 6 h after operation in
ERAS group. And if there was no nausea, vomiting, or ileus,
normal eating can resume 3 days after surgery.

In the current study, there were significant differences
of several complications between both groups. Among
these, lower incidence of preoperative hypoglycemia in
ERAS group might be attributed to a regular diet until
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Table 4 Comparison of perioperative complications between ERAS and conventional groups

Variable ERAS Conventional $ P
Number 151 136 - -
Preoperative hypoglycemia 0 4 4.52 <0.05
Postoperative chills and fever 1 7 5.23 <0.05
Postoperative hypostatic pneumonia 0 4 4.52 <0.05
Postoperative abdominal distention 3 5 0.8 -
Postoperative stress ulcer 1 3 1.28 -
Cardiocerebral events after operation 0 2 2.28 -
Fat liquefaction of incisions 0 2 2.28 -
Urinary infection 0 4 4.52 <0.05
Venous thrombosis 0 5 5.63 <0.05

ERAS, enhanced recovery after surgery.

6 hours before surgery and a drink of 500 mL 5% glucose
2 hours before operation. Recent clinical studies have
shown that preoperative intake of a carbohydrate drink may
also reduce the postoperative endocrine catabolic responses
and improve insulin resistance (8). Secondly, low rate of
postoperative hypostatic pneumonia may be due to early
postoperative mobilization and restricted fluid therapy.
Finally, there was an obvious lower incidence of venous
thrombosis than did the conventional group. In ERAS
group of this study, low molecular-weight heparin has
been administered as soon as the volume of drainage is less
than 50 mL, maintained to discharge. ASCO guideline has
recommended most patients with active cancers to receive
prophylactic treatment of thrombus throughout the hospital
stay. It seems that regular thromboembolic prophylaxis after
LNSS has significant clinical value.

To the best of our knowledge, this is the first study
to introduce the ERAS protocol for LNSS. However,
there were several limitations of this study. Firstly, this
study was not a randomized study and was a single centre
retrospective study. Besides, the size of sample population
was simply based on the number of patients enrolled at our
department, which was not specifically calculated according
to a study design. Additionally, the management of protocol
might be slightly changed due to subjective factor from
patients, which might result in inevitable bias of results.

Conclusions

A comprehensive revision of postoperative care called
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ERAS in patients, who accepted LNSS, may accelerate
rehabilitation, decrease complications, cut down
hospitalization expenses and increase satisfaction of
patients. But implementation of the ERAS protocol
is especially difficult when only performed in urology
department. Successful application of the ERAS protocol
depends on close cooperation with anesthesiologists, nurses,
physiotherapy staff, patients and their family and so on.
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