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Study Objective: To determine whether sub-diaphragmatic irrigation with sodium bicar-
bonate would relieve post-laparoscopic shoulder pain (PLSP) after total laparoscopic
hysterectomy.

Design: Randomized double-blinded trial.

Setting: Teaching hospital.

Patients: Seventy patients undergoing total laparoscopic hysterectomy (TLH) for benign
indications.

Intervention: We randomly allocated patients to intervention or control groups where sodium
bicarbonate containing flushing liquid or normal saline was irrigated sub-diaphragm before
sewing.

Measurement & Main Results: The primary outcome was PLSP following surgery mea-
sured by a numerical rating scale (NRS) (0 = no pain; 10 = worst pain imaginable). Secondary
outcomes were abdominal incisional and visceral pain, analgesic use, and sodium bicarbonate
related side effects. The incidence of PLSP in intervention group was significantly lower than
that in control group (P < 0.05). Contrarily, incisional and visceral pain was similar in both
groups (P =0.1). The consumption of rescue analgesics in the intervention group was lower than
that in the control group. Side effects were comparable in both study groups.

Conclusion: Sub-diaphragmatic irrigation with sodium bicarbonate could effectively reduce
shoulder pain, but not abdominal incisional and visceral pain, in patients undergoing TLH
without an increase in side effects.

Registration information: Clinical trial registry number: http://www.chictr.org.cn/
(ChiCTR2100041765)

Registration findings: http://www.chictr.org.cn/showproj.aspx?proj=66721 Link to clinical

trial page and data repository: http://www.medresman.org.cn/pub/cn/proj/projectshshow.

aspx?proj=2992
Keywords: total laparoscopic hysterectomy, post-laparoscopic shoulder pain, sodium

bicarbonate

Introduction

Laparoscopic surgery has been widely accepted in the diagnosis and management
of gynecologic organ-related disecases, as it provides minimization of surgical
wound, less postoperative pain, shorter hospital stay, rapid recovery, and a better
cosmetic outcome, compared to conventional laparotomy.'* However, there are still

35%—-80% of patients complaining of moderate to severe pain affects the quality of
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life within 3 days to a week after gynecologic laparoscopic
surgery, resulting in delayed discharge or interference of
coming back to normal activities.>*

Laparoscopic gynecological surgery-related pain consists
of skin incision (well localized), visceral organs (diffuse and
poorly localized), and shoulder pain.” The abdominal inci-
sional and visceral pain appears immediately after the opera-
tion and non-steroidal anti-inflammatory drugs® or local
incisional infiltration”® are generally considered to be effec-
tive to alleviate the pain. However, post-laparoscopic
shoulder pain (PLSP) is supposed to be referred pain due to
carbon dioxide [CO2] pneumoperitoneum’ and occurs
approximately 8 hours postoperatively, later than incisional

19 and displays less responsiveness to analgesics.*

pain,
Therefore, it is of great clinical significance to prevent PLSP.

Substantial evidence has shown that CO2 pneumoperito-
neum be the main source of PLSP.” Carbonic anhydrase
located on the moist surface of the peritoneum and diaphragm
converts CO2 to carbonic acid, resulting in a reduction in the
peritoneal pH which irritates the peritoneal and diaphragmatic
nerves, thus leading to PLSP.”!'" Elevating the pH value of the
diaphragm might block the phrenic nerve stimulation induced
by CO2 theoretically, which has been proved by the evidence
of carbonic anhydrate inhibitor-acetazolamide in the reduction
of PLSP dramatically.'?

Sodium bicarbonate, a well-known alkaline liquid, is
also used for peritoneal lavage in some specific cases, such
as diffuse peritonitis-induced acid environment.'® Here,
we hypothesize that sodium bicarbonate might neutralize
the acid environment induced by CO2 pneumoperitoneum,
and then relieve PLSP. The study was designed to deter-
mine whether sodium bicarbonate sub-diaphragmatic irri-
gation could reduce PLSP in patients undergoing total
laparoscopic hysterectomy (TLH).

Materials and Methods

Patients

This randomized, double-blind, controlled trial was conducted
at the Department of Anesthesiology, Affiliated Yixing
Hospital of Jiangsu University, Yixing, China between
December 2020 to April 2021. The study was approved by
the ethics committee of the affiliated Yixing Hospital of
Jiangsu University and registered as a clinical trial (trial regis-
tration number [chictr.org.cn] ID: ChiCTR2100041765). Raw
data is available in medresman, http:/www.medresman.org.

cn/pub/cn/proj/projectshshow.aspx?proj=2992. This study has

been performed consistent with the principles of the Helsinki
Declaration on Human Experimentation.

Participants were recruited from a single-center gyne-
cologic department at our unit. Consecutive patients
scheduled for elective TLH under general anesthesia for
benign indications (leiomyomas, endometriosis, abnormal
uterine bleeding) were invited to participate in the study.

Eligible women were aged 20 to 80 years, American
Society of Anesthesiologists (ASA) physical status classi-
fication I-II, no history of trauma or surgery, and be able to
provide written informed consent.

Exclusion criteria were known allergy or contraindica-
tions to sodium bicarbonate, clinically significant cardio-
vascular or central nervous system disease, impaired renal
or hepatic function, presence of pre-surgical shoulder pain
or any acute or chronic pain syndromes, cognitive impair-
ment or communications disorder, previous prescription of
analgesic treatment, anxiety or depression (score >8 using
Hospital Anxiety and Depression Scale (HADS) in
a Chinese version), conversion to laparotomy, decline to
participate. Furthermore, the patients with abdominal drai-
nage, malignancy found on final pathology, and severe
complications were also excluded.

Sample Size Calculation
We estimated the sample size at http://powerandsamplesize.

com/, an open-source calculator. According to our pilot
study, the incidence of PLSP in patients with sodium bicar-
bonate sub-diaphragmatic irrigation was 5%, while 30% in
control (data not published). To indicate a clinically signifi-
cant reduction, a difference of 25% in the incidence of
PLSP was considered appropriate for the sample size cal-
culation. Given a power of 80% and a significance level of
5%, the sample size was determined to be 66, with 33
subjects in each arm using a 1:1 ratio for the groups. We
added 15% for missing data or attritions, so a final sample
size of 78 patients (39 patients per group) was recruited.

Randomization

The women were assigned randomly to the intervention/
control groups on the day the surgery took place by
a research nurse on the basis of a randomization code devel-
oped by a computerized random number generators in
balanced blocks of 6. The allocation was concealed using
opaque sequentially numbered sealed envelopes. The inter-
vention group received sub-diaphragmatic Irrigation with
500mL 1% sodium bicarbonate solution before suture,
while control group equal volume normal saline.
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Anesthesia and Surgery Protocol

All patients received the same anesthetic scheme by
a designated senior anesthesiologist. Standard monitoring
was used including heart rate, respiratory rate, continuous
ECG, SpO2, and non-invasive arterial blood pressure.
General intravenous anesthesia was induced with midazo-
lam (0.3 mg/kg), etomidate (0.3 mg/kg), fentanyl (5 pg/kg)
and vecuronium (0.15 mg/kg). All patients were intubated
and mechanically ventilated with 100% oxygen, VT 8-
10 mL/kg, frequency 10—14/min, with an end-tidal CO2 of
3040 mmHg during the surgery procedure. Fentanyl
0.1lmg was added before skin incision. The anesthesia
was maintained with a continuous infusion of propofol
4-12 mg/kg/h and remifentanil 15-40 ug/kg/h, with the
concentration titrated to hemodynamics stability and
enough depth of anesthesia (BIS value between 40 and
60). The CO2 pneumoperitoneum pressure was maintained
at 12mmHg with an inflation flow rate of 15L/min.
Ketorolac 30mg was given intravenously 5 minutes before
sewing and the intravenous administration of anesthetics
was stopped Smin before the end of the operation.
Reversal of residual neuromuscular blockade was done
with a mixture of neostigmine (0.02 mg/kg) and atropine
(0.01 mg/kg) and the patient was extubated. Patients were
subsequently transferred to the ward after 15min monitor-
ing without a continuous postoperative analgesia program
proposed by the anesthesiologist. Rescue analgesia was
provided with ketorolac 30mg IV injection whenever the
patient complained of a numerical rating scale (NRS)
score equal to or more than 4, and the maximum total
daily was not allowed to exceed 120mg.

A team of gynecologists experienced in laparoscopic
surgery performed all procedures (4-port technique and
vaginal cuff closed) and irrigated sub-diaphragm with
blinded liquid before sewing in Trendelenburg position,
while not pulmonary recruitment maneuvers but abdome-
nal compression was used to expel out of gas to minimize
the residual gas within the abdominal cavity. Shoulder
bracket was applied to support the shoulders during the
procedure as well.

Measures

An independent research investigator, not involved in the
operation and blinded to the patient’s group, recorded NRS
score of shoulder, incisional and visceral pain at fixed inter-
vals, ie, immediately after extubation, 2, 6, 12, 24, 48, 72h
postoperatively. Peri-operative vital signs, the dose of

anesthetics, recovery time, tracheal extubation time, and
rescue ketorolac were collected from the hospital database.
As there were cases of critical alkalosis following intra-
peritoneal irrigation with sodium bicarbonate,'* we diluted
the concentration of sodium bicarbonate in the flushing
solution and performed blood gas analysis 10min after extu-
bation. The results of blood gas analysis were also recorded.
Any possible symptoms of alkalosis such as dyspnea, agita-
tion, paresthesia, convulsions were collected as well.

Statistical Analysis

The normality assumption was assessed using the
Kolmogorov—Smirnov test in all analyses. Continuous
variables were presented as a mean (SD) or median (inter-
quartile range), and categorical variables were presented as
count and percentage. Group comparisons were made
using 2 independent sample t tests for continuous variables
with a normal distribution, the Mann—Whitney U-test for
continuous variables with a nonnormal distribution, or the
%2 test or Fisher exact test for dichotomous and ranked
data. A two-tailed probability of <0.05 was considered
statistically significant. We wused SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago, IL,
USA) version 25 for all statistical analyses.

Results

A study flow diagram is shown in Figure 1. Of the 78
patients, eight participants were excluded due to conver-
sion to laparotomy (1), abdominal drainage (4), malig-
nancy outcome (2), and severe infection (1), and seventy
cases were finally enrolled in this study, thirty-five in each
group. No significant difference was found between the
two groups in terms of demographic and clinic data
including age, body mass index (BMI), smoking, alcohol,
comorbidities (hypertension, diabetes mellitus), indica-
tions, pre-surgical hypogastralgia, duration of surgery
and anesthesia and pneumoperitoneum, consumption of
intra-operative propofol and remifentanil, blood loss,
recovery time, tracheal extubation time, and stay of length
(P > 0.05; Table 1), except for the cumulative rescue
ketorolac consumption in the intervention group lower
than in the control group (P < 0.05; Table 1).

Eleven patients in the control group presented with
PLSP and three in the intervention group during 3 days
after surgery. The incidence of PLSP in the intervention
group was significantly lower than that in the control
group (8.6% vs 31.4%, P < 0.05; Table 2). The median
interquartile range (in centiles) of shoulder pain score
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Enrollment

Eligibility (n=78)

Randomized (n=78)

v

\’

Intervention group (n=39) Allocation Control group (n=39)
Received sub-diaphragmatic irrigation Received sub-diaphragmatic irrigation
with sodium bicarbonate (n=39) with saline (n=39)

Analysed (n=35) Analysis Analysed (n=35)
Excluded for: Excluded for:
Abdominal drainage (2) Abdominal drainage (2)

Malignancy outcome (1)
Severe infection (1)

Figure | Flowchart showing the enrollment of participants to the study groups.

immediately after extubation, 2, 6, 12, 24, 48, and 72
h postoperatively in the intervention group was 0.0(0.0—
0.0), 0.0(0.0-0.0), 0.0(0.0-0.0), 0.0(0.0-0.0), 0.0(0.0-0.0),
0.0(0.0-0.0), and 0.0(0.0-0.0) respectively. The value in
the control group were 0.0(0.0-0.0), 0.0(0.0-0.0), 0.0(0.0—
1.0), 0.0(0.0-2.0), 0.0(0.0-1.0), 0.0(0.0-1.0), 0.0(0.0-0.0),
respectively. The median interquartile range of shoulder
pain score 6, 12, 24, and 48 h postoperatively was sig-
nificantly low in the intervention group as compared to
control group (p=0.018, 0.015, 0.019, 0.006 at 6, 12, 24
and 48 h, respectively, Table 2). In addition, the pain
distribution was dominated in right shoulder and no dif-
ference was found in both groups (intervention group vs
control group, 63.6% vs 66.7%, P > 0.05). The postopera-
tive abdominal incisional and visceral pain at all time-
points were comparable between the two groups (Table 2).

There were also no significant differences in arterial
blood gas analyses (P > 0.05; Table 3). One patient in the
intervention group presented with symptoms of weakness
within 6h after the surgery, and spontaneously resolved
without any specific treatment within 12 h. We did not
observe any other complications.

Discussion
In the current study, sodium bicarbonate sub-diaphragmatic
irrigation reduced the incidence and severity of PLSP during

Malignancy outcome (1)
Conversion to laparotomy (1)

3 days after TLH. The result is consistent with the study by
Saadati K et al,'® in which peritoneal irrigation with sodium
bicarbonate reduced the intensity of PLSP in patients under-
going laparoscopic cholecystectomy. On the other hand, the
administration of sodium bicarbonate did not show an impact
surgery.
Additionally, we did not found a significant difference in

on incisional and visceral pain following

blood gas analysis and any serious complications.
Therefore, sodium bicarbonate sub-diaphragmatic irrigation
is an effective and safe method to prevent shoulder pain
following laparoscopic hysterectomy.

Five aetiologies have been proposed for the underlying
cause of PLSP including carbonic acid production, micro-
vascular peritoneal hemorrhages, peritoneal dehydration
and damage, visceral ligament traction, and
neuropraxia.'' Besides, arm abduction and muscle pain
associated with succinylcholine, a depolarizing muscle
relaxant, might be relevant to shoulder pain following
follow laparoscopy.” However, none of the above-
mentioned reasons can alone explain the phenomenon.

Previous studies mostly focused on the reversion of the
physical effects of CO2 pneumoperitoneum. Increasing
intra-abdominal pressure during procedure causes the
loss of a “suction” effect between the liver and diaphragm,
allowing traction on the triangular and coronary ligaments

of the liver that leads to PLSP.”'"'® The patients
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Table 1 Demographic and Clinic Data in the Two Groups

Variable Intervention Group (n = 35) Control Group (n = 35) P value
Preoperative demographic data
Age(years) 50.7+6.2 50.5+5.8 0.6
BMI(kg/m2) 23.8+2.9 24.5£3.9 0.3
ASA classification 0.8
| 16(45.6%) 17(48.6%)
1l 19(54.4%) 18(51.4%)
Education 0.8
llliteracy 1(2.9%) 2(5.7%)
Elementary education 31(88.6%) 30(85.7%)
High school and above 3(8.6%) 3(8.6%)
Employment 0.9
Employed 23(65.7%) 22(62.9%)
Housewife 8(22.9%) 9(25.7%)
Retired 4(11.4%) 4(11.4%)
Smoking 2(5.7%) 1(2.9%) 0.6
Alcohol 1(2.9%) 1(2.9%) |
Hypertension 8(22.9%) 7(20.0%) 0.7
DM 2(5.7%) 2(5.7%) |
Indications
Leiomyomas 21(60.0%) 24(68.6%) 0.08
Endometriosis 11(31.4%) 10(28.6%) 0.2
Abnormal uterine bleeding 3(8.6%) 1(2.8%) 0.3
Pre-surgical hypogastralgia 8(22.9%) 11(31.4%) 0.4
Perioperative variables
Duration of surgery(min) 135.3+63.2 122.7£55.7 0.4
Duration of anesthesia(min) 145.9+62.8 136.1+56.1 0.5
Duration of pneumoperitoneum(min) 116.6+63.2 111.9+£54.9 0.7
Consumption of propofol(mg) 86.6+24.6 75.4%£30.0 0.1
Consumption of remifentanil(pg) 241.9+67.5 220.1+86.0 0.3
Loss of blood(mL) 69.4£39.3 75.7£34.6 0.5
Recovery time(min) 13.2+5.4 12.4+4.9 0.5
Tracheal extubation time(min) 14.7+5.0 13.9+4.6 0.5
Rescue ketorolac(mg) 36.0+21.3 55.7£33.0 0.005
Stay of length(d) 9.6x1.4 9.9+1.6 0.4

Note: Values are presented as mean * SD or n (%).
Abbreviations: BMI, body mass index; DM, diabetes mellitus.

undergoing low-pressure laparoscopic surgery had signifi-
cantly lower PLSP scores.'” Moreover, the volume of

residual pneumoperitoneum has been proved as

a contributing factor and positively correlated with the
intensity of PLSP.'®!'” Therefore, evacuating residual
CO2 to prevent PLSP is likely the first precaution.
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Table 2 Shoulder, Incisional and Visceral Pain Score in Both Groups

Variable Intervention Group (n = 35) Control Group (n = 35) P value
Shoulder pain
NRS score immediately after extubation 0.0(0.0-0.0) 0.0(0.0-0.0) I
NRS score 2 h after surgery 0.0(0.0-0.0) 0.0(0.0-0.0) 0.3
NRS score 6 h after surgery 0.0(0.0-0.0) 0.0(0.0-1.0) 0.018
NRS score 12 h after surgery 0.0(0.0-0.0) 0.0(0.0-2.0) 0.015
NRS score 24 h after surgery 0.0(0.0-0.0) 0.0(0.0-1.0) 0.019
NRS score 48 h after surgery 0.0(0.0-0.0) 0.0(0.0-1.0) 0.006
NRS score 72 h after surgery 0.0(0.0-0.0) 0.0(0.0-0.0) 0.07
Incisional pain
NRS score immediately after extubation 3.0(1.0-5.0) 4.0(2.5-5.0) 0.8
NRS score 2 h after surgery 3.0(0.0-5.0) 3.0(2.0-5.0) 0.7
NRS score 6 h after surgery 3.0(1.5-5.0) 3.0(1.5-3.0) 0.1
NRS score 12 h after surgery 2.0(0.0-3.0) 2.0(0.0-3.0) 0.8
NRS score 24 h after surgery 1.0(0.0-3.0) 1.0(0.0-3.0) I
NRS score 48 h after surgery 0.0(0.0-1.0) 0.0(0.0-0.5) 0.8
NRS score 72 h after surgery 0.0(0.0-0.0) 0.0(0.0-0.0) 0.8
Visceral pain
NRS score immediately after extubation 0.0(0.0-3.0) 0.0(0.0-0.0) 03
NRS score 2 h after surgery 0.0(0.0-3.0) 0.0(0.0-2.5) 0.8
NRS score 6 h after surgery 0.0(0.0-2.5) 0.0(0.0-2.0) 0.8
NRS score 12 h after surgery 0.0(0.0-2.5) 0.0(0.0-3.0) 0.5
NRS score 24 h after surgery 0.0(0.0-2.0) 0.0(0.0-2.5) 0.7
NRS score 48 h after surgery 0.0(0.0-2.0) 0.0(0.0-2.5) 0.6
NRS score 72 h after surgery 0.0(0.0-1.0) 0.0(0.0-1.0) 0.8

Note: Values are presented as Median (IQR) 50th percentile (25th—75th).

Abbreviation: NRS, numerical rating scale.

Table 3 Marker of Blood Gas Analysis in the Two Groups
Variable Intervention Group (n = 35) Control Group (n = 35) P value
PH 7.41£0.07 7.35£0.05 0.5
HCO3" 25.0%1.4 23.9%1.6 0.7
K* 3.4+0.2 3.4+0.2 0.8
PO, 94.2£10.5 100.2+13.6 0.3
PCO, 38.4+4.8 42.5+6.9 0.9

Abbreviations: PH, potential of hydrogen; HCO3-, bicarbonate ion; K+, kalium anion; PO2, partial pressure of oxygen; PCO?2, partial pressure of carbon dioxide.

Varied approaches based on removing CO2 include pul-

2022

monary recruitment maneuver (PRM), intraperitoneal

d.24’25

normal saline infusion,”® and both combine

Furthermore, the application of body position change to
facilitate gas drain is also effective to reduce PLSP.**2®
However, the therapeutic potential of all these strategies
needs support from the evidence from large-size sample
clinical studies.

Some other studies investigated the role of local intra-
peritoneal anesthesia in the reduction of PLSP.** ' Local

intraperitoneal administration of anesthetic might cause

a reversible interruption of nervous conduction, subse-
quently, inhibit the visceral afferent signaling, and reduce
the shoulder pain. However, the results of these studies was
not consistent.’’ Local anesthetic toxicity and post-
operative nausea and vomiting remain the main reason
limiting its further application.** Phrenic nerve block tar-
geted on the irritation of CO2 insufflation to the sub-
diaphragmatic intra-peritoneal surface has also been
shown to prevent PLSP effectively.*

In our study, the incidence of PLSP in the saline group
was 31.4%, lower than 80% reported in some known

https:
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literature.* We contributed it to strict patient selection,
excellent anesthesia and analgesia program, experienced
gynecologists, and appropriate pneumoperitoneum pres-
sure. Intra-peritoneal normal saline infusion could also
remove CO2 from the abdominal cavity to decrease
PLSP.>* The different distribution of pain between left
indicated that the acid
peritoneal environment caused by CO2 insufflation was

and right shoulders intra-
not the only cause of shoulder pain. PLSP is therefore
assumed as a multifactorial result in nature.

Homogenizing patients to highlight the role of sodium
bicarbonate sub-diaphragmatic irrigation was the merit of
the study design. However, there were some limitations in
the study. First of all, we did not analyze the sub-population
of age and duration of operative time, which had been
reported as the risk factors of PLSP.** Secondly, TLH related
perineal pain be not included in the present study despite of
causing discomfort to patients to some extent. Furthermore,
the sample size was still small, although the number had
been calculated in a statistical manner.

In summary, sub-diaphragmatic irrigation with sodium
bicarbonate could decrease the intensity of shoulder pain
during 3 days following TLH, but it had no impact on
incisional and visceral pain without an increase in side
effects. Our study indicated that sodium bicarbonate sub-
diaphragmatic irrigation might be an effective and safe
method to reduce PLSP.
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