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Abstract. – OBJECTIVE: Laparoscopic sur-
gery offers many advantages compared to in-
vasive surgery but one of the main problems is 
postoperative pain, partially resulting from the 
peritoneal inflammatory process mediated by in-
flammatory cytokines. The rationale of this study 
is that intraperitoneal washing could remove in-
flammatory mediators that are the cause of post-
operative pain and could help in the removal of 
CO2 from the abdominal cavity. This article aims 
to analyze the effects of peritoneal lavage in the 
reduction of postoperative shoulder pain.

PATIENTS AND METHODS: 277 patients en-
rolled to undergo laparoscopic gynecologic sur-
gery were included in the study. Women are ran-
domized into two groups, according to the use 
or non-use of peritoneal lavage with saline solu-
tion at the end of laparoscopic gynecological 
major procedures.

RESULTS: Data show that the peritoneal la-
vage can significantly reduce postoperative pain 
in the first 36 hours after surgery, as well as pa-
tients’ requests for analgesics: during the first 
3 postoperative days, requests for paracetamol 
were lower in the YW (Yes Washing) group than 
the NW (No Washing) group (77 vs. 101; p<0.05); 
similar results are obtained considering ketoro-
lac administration (62 vs. 71; p<0.05).

CONCLUSIONS: Peritoneal lavage after gy-
necological laparoscopic procedures may be 
effective in the reduction of postoperative pain 
and use of analgesics.

Key Words:
Laparoscopy, Postoperative pain, Peritoneal la-

vage, Gynecologic surgery.

Introduction

Mini-invasive surgery offers many advantages 
if compared to traditional laparotomy. Laparo-
scopic surgery provides fewer scars, as well as 

reduced morbidity, pain and post-operative hos-
pital stay compared to laparotomy. Furthermore, 
laparoscopy offers better visualization of the ab-
dominal structures. At the same time, laparosco-
py is related to some complications too, such as 
reduced cardiac function, reduced blood supply 
to vein and peripheral vessels, increased risk of 
deep venous thrombosis and pulmonary embo-
lism, hypothermia and gaseous embolism. Lapa-
roscopy can also induce alterations in pulmonary 
function, due to CO2 retention and diaphragm 
stress due to air insufflation in the abdomen1. 

Despite the great role that laparoscopy plays 
among surgical procedures, post-operative pain 
is still one of the main problems related to this 
mini-invasive technique, despite it is less intense 
than in laparotomy2-4. Visceral pain after laparos-
copy can be caused by peritoneal and diaphragm 
stretching induced by pneumoperitoneum and in-
flammatory cytokines produced by blood present 
in the abdomen. It is a dull and widespread ache, 
located in the abdominal or thoracic region with 
frequent shoulder irradiation. Pain could increase 
hospital stay and alter respiratory functions and 
hemodynamics. It is also linked to higher use 
of analgesics following the strategies regarding 
Enhanced Recovery After Surgery in the preop-
erative and postoperative phase5-7. Hysterectomy 
is a procedure that usually lasts longer than other 
laparoscopic procedures and, for this reason, the 
patient is exposed for a longer amount of time to 
pneumoperitoneum effects, like oxidative stress8. 
Moreover, the Trendelenburg position can in-
crease shoulder pain, with a higher diaphragm 
irritation caused by pneumoperitoneum. 

The rationale of this study is that intraperitone-
al washing could remove inflammatory mediators 
causing pain (like Nerve Growth Factor, Prosta-
glandin E2, bradykinin and tryptase) and help in 
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the removal of CO2 from the abdominal cavity. In 
this way, inflammatory processes and nocicep-
tive stimuli could be significantly reduced. This 
study aims at providing evidence about the role 
of intraperitoneal washing with saline solution in 
laparoscopic gynecological procedures to reduce 
postoperative shoulder pain. Secondary outcomes 
were the evaluation of peritoneal inflammatory 
state with postoperative laboratory data (Hemo-
globin, C-reactive protein and White Blood Cells) 
on the first, second, and third postoperative days, 
as well as a lower request of perioperative analge-
sics (of both Ketorolac and Paracetamol). 

Patients and Methods 

This is a prospective randomized clinical tri-
al (RCT) (Registration No. NCT03290521) con-
ducted in the Gynecology Department of Cam-
pus Bio-medico of Rome, following CONSORT 
(CONsolidated Standards of Reporting Trials) 
guidelines. All patients undergoing major lap-
aroscopic surgery for benign pathologies from 
January 10th, 2019, to December 27th, 2019 were 
consecutively enrolled. This study is conducted 
by the regulatory standards of Good Clinical 
Practice and the Declaration of Helsinki (1996) 
and it was approved by the Internal Review Board 
of Campus Bio-medico of Rome (No 39/17 INT 
ComEtCBM, date 12/07/2017). Written informed 
consent was obtained from the patients included 
in the study. 

Inclusion and Exclusion Criteria
Inclusion criteria were patients undergoing ma-

jor laparoscopic surgery (hysterectomy, hysterec-
tomy and oophorectomy, and myomectomy), aged 
between 18-70 years, with no previous abdominal 
surgery. Exclusion criteria were age <18 or >70 
years, previous use of opioids for chronic pain, 
cancer diagnosis, pelvic inflammation, or neu-
rological/cognitive dysfunctions. After consent 
was obtained, patients were randomly assigned 
to either the Yes washing (YW) or No washing 
(NW) group by the clinical research nurse, using 
a computer-generated random number series with 
Excel 2016, software version 16.0. Patients, nurs-
es and doctors evaluating postoperative data were 
unaware of patients’ group.

Study Procedure
Before surgery, patients’ anamnestic data, 

preoperative hemoglobin and C-reactive protein 

(CRP) blood levels were registered. Antibiotic 
prophylaxis consisted in Cefazolin 2 g/iv, infused 
30 minutes before surgical incision.

Operative phase
During the operative phase, each patient re-

ceived general anesthesia. Drugs used during 
induction were fentanyl 3 mcg/kg, rocuronium 
bromuro, 0.6 mg/kg, and propofol 2 mg/kg. In the 
maintenance phase, after intubation, patients re-
ceived desflurane 6% and remifentanil. Then, the 
second phase of preemptive analgesia was done, 
with paracetamol 1 gr, dexamethasone 1 mg/kg, 
clonidine 2 mcg/kg, granisetron 1 mg, ketorolac 
30 mg. Surgery was done according to classic 
procedures, as described elsewhere9,10. The pro-
cedures were performed by 5 different surgeons 
(C.D.C.N, F.P., R.M., R.A. and C.T.), with more 
than fifteen years of work experience in the field 
of gynecological surgery. The two groups did not 
receive different procedures in terms of perito-
neal access, number of trocars, intra-abdominal 
pressure, model of the uterine manipulator, elec-
trosurgery and suture threads. Patients needing 
laparotomy were excluded from the analysis. 

After the removal of the surgical specimen, 
accurate hemostasis was performed. Patients of 
the YW group underwent intraperitoneal wash-
ing, with the introduction of at least 2,000 cc of 
saline isotonic solution at 37°C in the peritoneal 
cavity. Patients were placed in Trendelenburg po-
sition and reverse Trendelenburg position, to al-
low contact between the liquid and all abdominal 
structures, including the diaphragm and surgical 
wounds. At the end of the procedure, all the intro-
duced liquid was carefully removed. 

Postoperative phase
During the postoperative phase, laboratory 

findings (Hemoglobin, white blood cells, CRP, 
the corporeal temperature on the 1st-, 2nd-, and 
3rd-postoperative days), the timing of intestinal 
function recovery, painkillers requests and post-
operative abdominal pain at rest, during move-
ments and during coughing were registered. A 
visual analogue scale (VAS) was used to evaluate 
postoperative shoulder pain. Each patient received 
postoperative analgesia with 90 mg ketorolac in 
continued infusion for the first 24h. 1st-, 2nd-, and 
3rd-postoperative days were considered as 24h, 
48h, and 72h after surgery. During the 1st-post-
operative day, rescue doses with 1 g paracetamol 
intravenously were considered if VAS >5. During 
the 2nd- and 3rd-postoperative days, rescue doses 
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of analgesics were used – 1 g paracetamol when 
VAS >5; if the pain was not reducing, ketorolac 
30 mg was administered. If pain was persisting 
with NRS >8, opioids were used. 

Normally distributed data are presented as 
mean +/- SD. VAS scores are compared with the 
Mann-Whitney test. Patients underwent medical 
examination 7 days post-surgery to check the 
safety of surgical procedures. No surgical com-
plications were found in the two groups. Data 
Safety and Monitoring Board controlled every 
month all the patients with medical examination 
to check the safety of surgical procedures. No 
surgical complications were found during the 
follow-up period in the two study arms.

Statistical Analysis
All database data was collected in an Excel® 

sheet (Redmond, WA, USA), software version 
16.0. The statistical analysis was conducted 
with Stata® (CA, USA), software version 16.1. 
Based on the data collected from similar study 
previously performed, the number of patients 
required for the study was calculated based on 

80% power (with significant level at 0.05), to 
detect a significant reduction in the shoulder 
postoperative pain of 30.8% at 48h in treatment 
group. The number of patients to reach statistical 
significance is 135 patients in each group. A 5% 
higher sample size was chosen to compensate 
for dropouts. The p-value <0.05 was considered 
statistically significant.

Results

From January 10th, 2019, to December 27th, 
2019, 306 patients selected from the Department 
of Gynecology of Campus Bio-Medico of Rome 
to undergo laparoscopic gynecologic surgery 
were included. 29 of them refused to be enrolled 
for the study. A total of 277 were enrolled for it. 
Using inclusion and exclusion criteria, they were 
divided into two groups: “No Washing” group 
(NW) composed of 135 patients and a “Yes 
Washing” group (YW) composed of 142 patients. 
As shown in Figure 1, 7 patients are excluded 
for laparotomy conversion or malignancy: 131 

Figure 1. Study design.
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patients in NW and 139 patients in YW were 
considered for the final analysis. The groups were 
homogeneous in terms of age, ethnicity/race, 
BMI (Body Mass Index) and surgery indications 
(Table I). Comparing the two groups, the amount 
of CO2 insufflated, operative time and estimated 
blood loss were not significantly different (Table 
II). The values of postoperative pain are reported 
in Table III. VAS scale values for pain evaluation 
during abdominal examination were reduced in 
YW group compared to NW group at 6h, 12h 
and 36h after surgery (5.44 vs. 3.93, 4.76 vs. 3.28, 
2.12 vs. 1.02 respectively; p=0.004, 0.008, 0.009; 
IC 95%). Furthermore, VAS scale values for pain 
evaluation during coughing show a higher reduc-
tion in YW group compared to NW group at 6h 
and 12h after surgery (5.61 vs. 4.00, 4.98 vs. 3.30. 
p=0.009, 0.003; IC 95%).

Secondary outcomes are reported in Table 
IV. The laboratory data analysis did not show a 
significant difference in the two groups, except 
for C-reactive protein (CRP) blood levels during 
1st postoperative day, which were significantly 
lower in the YW group (NW: 1.69 vs. YW: 0.78 
mg/dl). During 1st postoperative day, as reported 
in Table IV, some patients reported NRS>5 and 
received rescue doses of paracetamol (64 in NW 
vs. 48 in YW, p<0.05; IC 95%). During the sec-
ond and third postoperative days, the NW group 

received a total number of Ketorolac and parac-
etamol doses significantly higher compared to 
YW group’s patients. 

Intestinal recovery was similar between the 
two groups, with the greatest part of patients ex-
periencing resolution of the ileus 24 hours(h) after 
surgery (YW: 60%; NW: 63%; p=0.176 IC 95%).

Postoperative complications, including major 
and minor complications, were homogeneous be-
tween the two groups with no statistical differ-
ences. One major complication was registered in 
the YW group (ureteral lesion). 11 minor compli-
cations occurred in the NW group and 13 in the 
YW one.

Discussion

Pain perception is generally due to the acti-
vation of Aδ and C fibers carried out by various 
substances, like inflammatory factors and cyto-
kines (like Nerve Growth Factor, Prostaglandin 
E2, bradykinin, and tryptase). After laparoscopic 
surgery, there are two main types of pain: viscer-
al and parietal12. Parietal pain is caused by surgi-
cal wounds from trocar passages. Visceral pain 
is due to peritoneal irritation that is caused by 
several factors, like pneumo-peritoneum, abdom-
inal cavity elongation, blood in the abdomen and 

Table I. Patients characteristics.

 Variables NW (n = 135) YW (n = 142) p

Age, mean (SD) 49.73 ± 9.72 47.84 ± 14.07 0.477
Ethnicity/Race (%)   
  White,  121 (89) 128 (90)  0.784
  Others,  14 (11) 14 (10) 0.784
BMI (IQR), mean (SD) 23.51 (18.50-34.80) 22.98 (17.40-32.10) 0.502
Surgical indication (%)   
  Menorrhagia/Metrorrhagia 68 (50) 71 (50) 0.689
  Endometrial hyperplasia 35 (26) 33 (23) 0.856
  Symptomatic uterine fibroids 32 (24) 38 (27) 0.794

Table II. Intraoperative data.

 Variables NW (n = 135) YW (n = 142) p

LPS procedure, total (%)   
  Myomectomy 49 (36.5) 56 (39.5) 0.783
  Hysterectomy 66 (49) 67 (49) 0.995
  Hysterectomy + oophorectomy 20 (14.5) 19 (11.5) 0.688
CO2, L, mean (DS) 492.73 ± 201.21 460.23 ± 215.86 0.482
Pressure, mmHg, mean (DS) 12.68 ± 1.05 12.84 ± 1.35 0.562
Operative time, min, mean (Range) 154 (80-218) 157 (87-213) 0.754
Estimated blood loss, mL, mean (Range) 163.41 (100-250) 175.58 (100-250) 0.206
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Table III. Pain evaluation at rest, during movements, examination, and cough.

* = p statistically significant value from data comparison between the two groups (p < 0.05).

Hours

NW 
(n 135)

YW  
(n 142)

p

NW 
(n 135)

YW 
(n 142)

p

NW 
(n 135)

YW 
(n 142) p

NW 
(n 135)

YW 
(n 142) p

At rest mean  
(Range)

Movementsmean 
(Range)

Examinationmean 
(Range)

Coughmean 
 (Range)

6 4.73 (0-10) 3.49 (0-8) *0.015 5.05 (2-10) 3.81 (0-7) *0.009 5.44 (2-10) 3.93 (2-8) *0.004 5.61 (3-10) 4.00 (0-7) *0.009

12 4.02 (0-10) 1.98 (0-6) *0.002 4.51 (0-9) 3.07 (0-8) *0.017 4.76 (0-9) 3.28 (0-8) *0.008 4.98 (0-9) 3.30 (0-8) *0.003
18 2.41 (0-8) 1.86 (0-6) 0.274 2.83 (0-8) 2.86 (0-7) 0.951 3.07 (0-8) 2.88 (0-7) 0.695 3.34 (0-8) 3.12 (0-7) 0.642
24 2.27 (0-8) 2.16 (0-7) 0.835 2.22 (0-7) 1.51 (0-6) *0.042 2.78 (0-7) 2.95 (0-7) 0.710 2.85 (0-8) 3.28 (0-7) 0.336
36 1.95 (0-8) 0.56 (0-10) *0.001 2.02 (0-8) 1.44 (0-6) 0.130 2.12 (0-7) 1.02 (0-10) *0.009 2.24 (0-6) 1.53 (0-6) 0.068
48 0.85 (0-3) 0.42 (0-5) 0.071 1.39 (0-6) 1.28 (0-5) 0.776 1.56 (0-9) 0.86 (0-6) 0.076 1.73 (0-7) 1.26 (0-5) 0.170

72 0.51 (0-2) 0.19 (0-5) 0.076 0.44 (0-6) 0.58 (0-5) 0.575 0.90 (0-7) 0.70 (0-6) 0.527 1.22 (0-7) 0.91 (0-4) 0.283
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pelvic dissections13. Pneumoperitoneum causes 
peritoneum and diaphragm stretching that are 
responsible for pain genesis4,14-16.

Blood in the abdominal cavity can cause post-
operative pain too by retrieving mastocytes which, 
in turn, produce inflammatory cytokines that are 
responsible for the abovementioned mechanisms 
related to pain and that can be responsible for 
chronic pain15,16.

To our knowledge, this is the first RCT eval-
uating the role of intraperitoneal washing with 
isotonic saline solution for postoperative pain 
reduction in gynecologic surgery; these data 
demonstrate that intraperitoneal washing could 
reduce pain perceived by the patients in specific 
postoperative intervals. 6h and 12h after sur-
gery, patients who received peritoneal washing 
referred lower postoperative pain at rest, during 
movements, abdominal examination and cough-
ing compared to patients who did not receive 
peritoneal washing. 24h after surgery, reduction 
of postoperative pain was perceived only during 
movements. 36h after surgery, patients referred 
reduction of postoperative pain at rest and during 
the abdominal examination. 

Patients receiving peritoneal washing required 
significantly lower doses of ketorolac and parac-
etamol than those patients belonging to the other 
group. These data could indicate that peritoneal 
washing could reduce analgesic use during the 
1st-postoperative day. 

These findings correlate with previous work 
that highlighted greater pain and higher analge-
sia requirements in the immediate postoperative 
period after laparoscopic surgery17,18. 

Some studies8,14,19 evaluated the role of intra-
peritoneal washing in laparoscopic surgery. Bar-
thelsson et al19 hypothesized a positive effect of 
intraperitoneal administration of saline solution 
on abdominal and shoulder pain after laparoscop-
ic cholecystectomy, with faster recovery after 
surgery. The group that received intraperitoneal 
washing showed a reduction of abdominal pain 
after 24h and a week from surgery, although 
data were not statistically significant19. Another 
study20 hypothesized that the presence of inflam-
matory status consequent to biliary calculi could 
have influenced the results of these studies. In 
fact, stress response could be caused not only by 
laparoscopy, but also by pre-operative abdomi-
nal inflammatory status20. Considering these as-
sumptions, patients with suspected pelvic inflam-
matory status were excluded from the study. This 
could explain why the analgesic request in our 
study was considerably lower compared to the 
abovementioned studies17-19.

In a RCT study on laparoscopic cholecystecto-
my and reduction of postoperative pain, patients 
were divided into three groups, receiving respec-
tively placebo, acetazolamide and intraperitoneal 
lavage. In the first postoperative 24h, lower pain 
at rest, during movements and coughing in pa-

Table IV. Secondary outcomes

 NW (n = 135) YW (n = 142)
 Mean (DS) Mean (DS) p

Laboratory Data
Haemoglobin loss (g/dL)  2.21 ± 0.96 2.23 ± 0.90 0.916
PCR (mg/dL)   
  1st day 1.69 ± 1.74 0.78 ± 0.46 *0.002
  2nd day 2.89 ± 2.59 2.08 ± 1.29 0.081
  3rd day 2.04 ± 1.83 1.54 ± 1.3 0.156
White blood cells (/uL × 103)   
  1st day 10.99 ± 1.99 11.89 ± 2.20 0.055
  2nd day 7.40 ± 1.64 7.90 ± 2.60 0.307
  3rd day 6.67 ± 1.56 5.92 ± 1.88 0.053
Analgesic Use
Paracetamol 1 gr Doses Doses 
  1st day 64 48 *0.030
  2nd-3rd day 71 62 *0.026
Ketorolac 30 mg   
  2nd-3rd day 37 29 *0.023
Opioids (1st -2nd -3rd day) 8 7 0.876

* = p statistically significant value from data comparison between the two groups (p<0.05).
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tients undergoing intraperitoneal lavage has been 
reported compared to patients receiving acetazol-
amide orally21. The greater and longer reduction 
of pain could be explained by the prolonged effect 
of the saline solution (until 48h) if compared to 
acetazolamide (4h). What could explain these re-
sults is that peritoneal washing and its successive 
aspiration could guarantee the removal of resid-
ual CO2 and dilute carbonic acid levels (H2CO3) 
in the peritoneum. Furthermore, intraperitoneal 
irrigation could contribute to visceral pain re-
duction for the probable elimination of irritative 
factors derived from tissue dissection, blood loss 
and other factors caused by surgery. Considering 
analgesia, in this paper, rescue analgesia was low-
er in the group receiving intraperitoneal washing. 

Considering the removal of CO2 and its ef-
fects on pain, some study hypothesized that the 
reduction of postoperative pain after intraperi-
toneal washing could not be explained by CO2 
removal22. Bala et al21 evaluated, with X-Ray, 
the amount of gas that remains in the abdomen 
after laparoscopy in gynecological surgical pro-
cedures21. They found that, despite using 1,000 
cc of saline solution, 96% of patients had gas 
residual at 24h and 76% after 48h. Furthermore, 
CO2 residuals are rapidly adsorbed by the perito-
neum22: in fact, CO2 is absorbed in about 30 min-
utes. For this reason, as suggested by the authors 
themselves, gas visualized at X-Ray could have 
a different origin – probably aqueous vapor from 
tissue coagulation. 

The evaluation of C-reactive protein (CRP) 
blood levels during the 1st-postoperative day were 
significantly lower in patients undergoing intra-
peritoneal washing. This could be explained by 
the fact that saline solution carries away inflam-
matory factors, hematic rests and irritant factors 
involved in pain perception. CRP has a typical 
trend after surgery with a peak at about 48h after 
surgery23. Our study found that CRP was lower in 
patients receiving intraperitoneal washing on the 
1st-postoperative day, probably due to the removal 
of inflammatory cytokines and pain mediators 
from the abdomen at the end of the surgery. 
Despite this result, CRP increased during succes-
sive postoperative days equally in both groups. 
This fact could be explained by various factors, 
like tissue infarction and postoperative trauma, 
causing an increase in inflammatory cytokines 
(especially IL-6) and, consequently, higher CRP 
production by the liver in the successive postop-
erative days. Moreover, CRP increase has been 
associated with higher pain and opioids use24,25.

Other studies that evaluate how reducing intrab-
dominal CO2 could be effective for postoperative 
shoulder pain after laparoscopy were conducted by 
Tsai et al26 and Van Dijk et al27. In particular, in a 
multicenter RCT27 on women undergoing laparos-
copy for benign gynecologic pathologies, patients 
were randomized into two groups: no intervention 
(i.e., removal of residual CO2 with gentle abdom-
inal pressure at the end of the surgery, allowing 
CO2 passage through the trocars) vs. intraperito-
neal saline infusion with pulmonary recruitment 
maneuver executed during surgery. The study’s 
rationale is that the pulmonary recruitment ma-
neuver (performed by anesthesiologists) could help 
eliminate CO2 during surgery by increasing ab-
dominal pressure. Van Dijk et al27 demonstrated 
that the combination of these two procedures were 
effective in the reduction of postoperative pain. A 
reduction of rescue analgesia was also observed, but 
the data are not statistically significant. Tsai et al26 
obtained similar results in his study, which included 
women undergoing both major and minor surgical 
laparoscopic procedures. In both studies, 1,000 cc 
of saline solution were used, so a lower quantity is 
demonstrated to be insufficient to reduce postoper-
ative pain. Remnant fluid in the abdominal cavity is 
adsorbed with a speed of 30-60 cc/h10. 

In this study, aspirated abdominal fluid was 
performed almost completely and cardiovascular 
or pulmonary side effects due to the increasing of 
body fluids in patients have not been found. Fur-
thermore, a complete and abundant washing of the 
peritoneal cavity was performed instead of dilut-
ing only the intraperitoneal nociceptive substanc-
es, as suggested by other authors in the literature. 

The weaknesses of this study are that it is a 
single-center study, based on benign gynecology 
and, therefore, excluding malignant diseases, as 
well as including surgeries performed by differ-
ent surgeons with different surgical expertise. 
Therefore, their performances of the peritoneal 
washings at the end of the surgery after exposure 
to pneumoperitoneum differed.

Conclusions

Intraperitoneal washing with saline solution, 
performed at the end of laparoscopic procedures 
in major gynecologic surgery, can reduce postop-
erative pain. Intraperitoneal washing determines 
not only a reduction of postoperative pain in the 
first 24h, but also a reduction in the patients’ re-
quest for analgesics. 
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