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INTRODUCTION
Acute appendicitis is one of the most common abdominal 

emergencies and therefore appendectomy is one of the most 
common operations [1,2]. With the recent progress in lapar­
oscopic surgical techniques, today most appendectomies are 
performed laparoscopically [3]. Laparoscopic appendectomy (LA) 
has advantages over open appendectomy, like less postoperative 
pain, fewer surgical site infections, shorter hospital stays, 
shorter recovery periods for daily life activities, better cosmetic 
results, and fewer complications [4-6].

Traditionally, LA is performed under general anesthesia with 
endotracheal intubation to prevent carbon dioxide pneumo­
peritoneum-induced aspiration, abdominal and pulmonary 
discomfort, and hypercarbia [7-9]. Although many studies show 
the success of regional anesthesia in laparoscopic cholecys­
tectomy and inguinal hernia repair operations, only a handful 
of studies examined the use of regional anesthesia in LA [7-12]. 

In this study, we evaluated the convenience and efficacy of 
LA under combined spinal-epidural anesthesia (CSEA) in a case 
series of 33 LAs performed under CSEA.

Purpose: Laparoscopic appendectomy (LA) is routinely performed under general, not regional anesthesia. This study 
assessed the feasibility, efficacy, and side effects of combined spinal-epidural anesthesia (CSEA) in LA.
Methods: Thirty-three American Society of Anesthesiologist (ASA) physical status classification grade I patients underwent 
LA under CSEA. CSEA was performed using the needle-through-needle technique at the L3–L4 interspace. Preoperative 
and postoperative adverse events related to CSEA, patient satisfaction, and postoperative pain levels were recorded. 
Results: LA under CSEA was performed successfully in 33 patients (84.6%). Peroperatively, right shoulder pain was 
observed in 8 patients (24.1%), abdominal discomfort in 6 (18.2%), anxiety in 5 (15.2%), hypotension in 2 (6.1%) and nausea-
vomiting in 1 (3%). In the first 24 hours after LA, headache, urinary retention, right shoulder pain, and postoperative 
nausea/vomiting (PONV) occurred in 18.1%, 12.1%, 9.1%, and 0% of patients, respectively. In the first 6 hours postoperation, 
no patients had operation-site pain that required analgesic treatment. Thirty-one patients (94%) evaluated their satisfaction 
with the procedure as good or moderate.
Conclusion: CSEA is an efficient and suitable anesthesia technique in LA for ASA physical status classification grade 
I healthy patients. CSEA is associated with good postoperative pain control and the absence of PONV and intubation-
associated complications. 
[Ann Surg Treat Res 2017;92(4):208-213]
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METHODS

Study design and patient selection
This is a prospective feasibility study on use of CSEA in LA. 

It was carried out according to the Declaration of Helsinki with 
the approval of the Hospital Ethics Committee (Date/number: 
22 July 2015/235) and the oral and written consent of patients. 
Thirty-three consecutive patients with American Society of 
Anesthesiologist (ASA) physical status classification grade I that 
underwent LA between August 2015 and October 2015 were 
included in the study (Fig. 1). The exclusion criteria were as 
follows: any cause of contraindication for spinal anesthesia or 
pneumoperitoneum, lack of cooperation, psychiatric disease, 
bleeding disorders, known sensibility to local or narcotic 
analgesics, being younger than 18 or older than 65 years of age, 
a history of abdominal surgery, or pregnancy. 

Preoperative evaluation
The same surgical and anesthesiology team performed the 

LAs for all cases. Patients were informed, by the anesthe­
siologist, before the operation that they may experience 
anxiety, shoulder pain, or abdominal discomfort. Patients were 
also informed that, in cases of insufficient intravenous (IV) 
midazolam or analgesic treatment or if the patient wanted to, 
they could convert to general anesthesia. 

Anesthesia procedure 
Premedication was not used on patients. IV lines were placed 

and 10 mL/kg of Ringer’s Lactate solution were administered 
for volume loading 20 minutes before regional anesthesia. CSEA 
was administered via the needle-through-needle technique from 
the L3–L4 interspace at a sitting position. One percent lidocaine 
was administrated intradermally for local anesthesia. Using 

the loss of resistance to saline technique, an 18-G Tuohy needle 
was inserted into the epidural space at midline approach, and 
then a 26-G pencil point spinal needle was inserted through 
the Tuohy needle into the subarachnoid space. After the flow 
of cerebrospinal fluid was confirmed, 3 mL of 0.5% hyperbaric 
bupivacaine and 10-mg fentanyl were injected in 30 seconds. 
Lastly, the spinal needle was removed and a 20-G epidural 
catheter was placed into the epidural space in the cephalic 
direction and fixed at 4 cm. Twenty milliliters of a mixture 
of 10 mL 0.5% bupivacaine, 5 mL 2% lidocaine, 1-mL fentanyl, 
and 4-mL isotonic saline were injected into the epidural space. 
Patients were positioned at a 15° Trendelenburg position and 
the sensorial block level was checked with a pinprick test every 
minute. The surgical procedure began when the block reached 
the T4 level. In cases of insufficient anesthesia and when the 
patient wished for it, CSEA was converted to general anesthesia. 

Surgical procedure
Surgery was initiated when the sensorial block reached the 

T4 level. The patients were in the supine position. The midline 
incision was made under the umbilicus, a veress needle was 
inserted, and the abdomen was insufflated until it reached 10 
mmHg. A 10-mm trocar was inserted from under the umbilicus 
for the 0 degree camera. Two other trocars, a 10 mm from 
McBurney and a 5 mm from the lower-left quadrant were 
inserted. The mesoappendix was cauterized by an Endo Hook 
and dissected. The stump of the appendix was closed using the 
laparoscopic intracorporeal knot technique, an endoclip was 
placed above the knot, and the appendectomy was performed 
between them. The appendix was removed from the abdomen 
using an endobag. 

Monitorization and data collection
In all cases, electrocardiographic findings, noninvasive 

arterial blood pressure (NIBP), heart rate (HR), and peripheral 
oxygen saturation (SpO2) were recorded from the preoperative 
room until the general surgery clinic. NIBP, HR, and SpO2 
were documented: before volume loading, every minute for 
15 minutes after CSEA, every 5 minutes until the patient was 
back at the clinic, and every 30 minutes until the 24th hour. 
Demographic profiles, surgery time (interval between the first 
incision and the last suture), and total time (interval between 
the first spinal needle insertion and the last suture) were 
recorded. Cases of hypotension (>30% decrease in baseline 
mean arterial pressure or systolic arterial pressure <90 mmHg), 
bradycardia (HR < 50 beats/min), hypoxemia (SpO2 < 90%), 
headache, nausea/vomiting, right shoulder pain, anxiety, and 
abdominal pain were recorded.

Postoperative surgical site pain was assessed by a visual 
analogue scale (VAS; 0, no pain; 10, severe pain) and recorded 
at 1, 6, 12, and 24 hours after the operation (VAS1, VAS6, 

11 Excluded
5 Decline to participate
4 Not meeting inclusion criteria
2 Unsuccessful CSEA

50 Assessed for eligibility

33 Analysed

39 CSEA

6 Lost of follow-up
2 Converted to open surgery
4 Converted to general anesthesia

Fig. 1. Flowchart of the study. CSEA, combined spinal/epi
dural anesthesia.
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VAS12, and VAS24, accordingly). Postoperative hypotension, 
bradycardia, hypoxemia, headache, nausea/vomiting, right 
shoulder pain, abdominal pain and/or discomfort, and urinary 
retention were recorded as adverse events. Patients were 
asked to evaluate their satisfaction of the procedure as good, 
moderate, or bad 1 day after the operation. An independent 
anesthesiologist collected all preoperative and postoperative 
data without informing the anesthesiology and surgery team 
about the purpose of the study.

Treatment of adverse events 
Patients with hypotension were treated with 250 mL of 

isotonic saline infused in a 5-min period. Five milligrams of IV 
ephedrine were administered when hydration was insufficient 
and systolic blood pressure was ≤90 mmHg. Bradycardia 
was treated with IV administration of 0.5 mg of atropine. 
Shoulder pain or abdominal pain/discomfort was treated 
with 1- to 2-mg/kg fentanyl and anxiety was treated with 0.03-
mg/kg midazolam. One liter of Ringer’s Lactate and 1 L of 
isotonic saline were used in 24 hours for postoperative fluid 
replacement. An additional 1 L of saline and 50 mg of tramadol 
in 100-mL isotonic saline were administered in 30 minutes in 
cases of postspinal puncture headache (PSPH). Fifty milligrams 
of tramadol (in 100-mL isotonic saline) were also administered 
postoperatively to patients with VAS scores ≥4.

RESULTS
Fifty patients diagnosed with appendicitis with medical 

history, clinical findings, and abdominal ultrasound 
examinations were included in the study. Five patients who did 
not want to participate, 4 who did not fulfill the criteria, and 2 
with unsuccessful CSEA were excluded from the study. CSEA 
technique was successfully administered at the first attempt on 
39 patients. In the 2 cases that were converted to open surgery, 

1 patient had abdominal fluid and adhesions and the other had 
perforated appendicitis. The procedure was converted to general 
anesthesia in 1 patient who asked for general anesthesia right 
before the operation, in 2 patients whose muscle relaxation 
was not sufficient, and 1 patient who had an anxiety attack. In 
33 patients that underwent LA, LA was successfully completed 
with CSEA (Fig. 1). Intraabdominal carbon dioxide pressure was 
maintained at 10 mmHg throughout the operation.

Demographic characteristics of the patients, maximal senso­
rial block height, surgery time, total time, and hospital stay 
were summarized in Table 1. Intraoperative adverse events are 
shown in Table 2. The most common intraoperative adverse 
events were shoulder pain (24.2%) and abdominal discomfort 
(18.2%). We observed headache (18.1%), shoulder pain (9.1%) 
and urinary retention (12.1%) due to regional anesthesia in 
postoperative 48 hours (Table 3). 

Intravenous fentanyl was administered during the operation 
because of abdominal pain/discomfort or shoulder pain in 
11 cases. In 5 patients who experienced abdominal pain/
discomfort or shoulder pain together with anxiety, fentanyl 
and midazolam were administered together. Fentanyl and/or 
midazolam treatment was not necessary in 22 patients (66.7%). 
One patient experienced nausea before pneumoperitoneum 
that regressed after administration of 8 mg IV ondansetron. 
None of the patients had bradycardia or respiratory depression.

Postoperative pain scores are shown in Table 4. In the first 
6 hours after surgery, none of the patients required analgesic 
treatment. At the 6th hour, the VAS scores of all patients were 
between 4 and 6 and 50 mg of IV tramadol were administered, 
after which no further analgesic treatment was required.

Twenty-two patients evaluated their satisfaction of the proce­
dure as good, 9 patients as moderate, and 2 patients as bad.

Table 1. Characteristics of the patients and procedure-
related times (n = 33)

Characteristic Value

Age (yr) 28.2 ± 9.8
Sex, male:female 27:6
Weight (kg) 70.7 ± 12.7
Height (cm) 172.2 ± 8.6
Body mass index (kg/m2) 23.83 ± 3.79
MSB, T2:T3:T4 3: 23:7
Surgery time (min) 26.1 ± 7.0
Total time (min) 53.2 ± 6.5
Hospital stay (day) 1 (1–3)

Values are presented as mean ± standard deviation, number of 
patients, or median (range). 
MSB, maximal sensorial block height (dermatomal level). 

Table 2. Intraoperative adverse events (n = 33)

Adverse event No. (%)

Abdominal discomfort 6 (18.2)
Anxiety 5 (15.2)
Shoulder pain 8 (24.2)
Nausea/vomiting 1 (3.0)
Hypotension 2 (6.1)
Bradycardia 0 (0)
Respiratory discomfort/depression 0 (0)

Table 3. Postoperative adverse events (n = 33)

Adverse event No. (%)

Headache 6 (18.2)
Shoulder pain 3 (9.1)
Urinary retention 4 (12.1)
Nausea/vomiting 0 (0)
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DISCUSSION
General anesthesia is the routine anesthesia technique 

for LA. In this prospective feasibility study conducted with 
33 patients, CSEA was an efficient and suitable anesthesia 
technique for LA. Although the optimum sensorial block level 
hasn’t yet been determined, T4–T6 is sufficient for LA [11,12]. 
In this study, we found that the T2–T4 sensory block level 
reached with CSEA (without adverse effects caused by neuraxial 
anesthesia) is sufficient for the operation. 

The most important finding of the study is that the subara­
chnoid and epidural local anesthetic and analgesic effects of 
CSEA continue after the operation, resulting in a long painless 
period at the site of surgery. Patients did not require any 
analgesic treatment for 6 hours after the surgery and a 50-mg 
tramadol infusion was sufficient for pain control after the 6th 
hour. 

Right shoulder pain was one of the adverse events that 
occurred intraoperatively during LA under CSEA. Shoulder pain 
during laparoscopic surgery is caused by diaphragmatic irritation 
due to the carbon dioxide-generated pneumoperitoneum. 
Trendelenburg positioning may also contribute to the shoulder 
pain due to the positioning of intraabdominal fluid closer to 
the diaphragm [12].

There are 2 studies on the incidence of shoulder pain in LA 
under spinal anesthesia that showed 25% and 30.8% of patients 
with shoulder pain, respectively, and the pain regressed with 
IV fentanyl treatment [11,12]. In our study, we encountered 
shoulder pain that regressed with fentanyl treatment in 24.2% 
of the patients. None of the patients experienced shoulder pain 
that required conversion to general anesthesia. Three patients 
had shoulder pain that did not require analgesic treatment in 
first few postoperative hours. The fact that all these patients 
had shoulder pain in the preoperative period supported the 
idea that this pain may be caused by residual carbon dioxide in 
the abdomen, causing diaphragmatic irritation.

Abdominal discomfort and anxiety were the other adverse 
events after pneumoperitoneum. Abdominal discomfort was 
observed in 12.5%–23.1% of patients that underwent LA under 
spinal anesthesia [11,12]. Six patients (18.2%) had abdominal 
discomfort and 5 patients (15.2%) had anxiety. Four of the 
5 patients who had anxiety also experienced concomitant 

abdominal discomfort, and this association raises the idea that 
abdominal distress in patients undergoing LA under spinal 
anesthesia may cause anxiety; 0.03-mg/kg midazolam and 1- to 
2-mg fentanyl effectively relieved these patients.

Hypotension is the most common and important complica­
tion of spinal anesthesia. Hypotension is caused by blockage 
of sympathetic efferent fibers, leading to decreased systemic 
vascular resistance and venous return to the heart [13]. The 
hypotension incidence in LA under regional anesthesia was 
determined by Mane et al. [12] and Jun et al. [11] as 11.5% 
and 12.5%, respectively; we observed fewer cardiovascular 
symptoms in our study. After CSEA, only 2 patients experienced 
hypotension, which was treated by fluid administration and 
did not require additional ephedrine treatment. None of the 
patients experienced bradycardia. The sensorial block level is 
an independent risk factor for hypotension [14]. Even though 
the sensorial block reached the T2–T4 levels, the low incidence 
of hypotension in this study can be explained by the effects 
of prehydration and pneumoperitoneum. Volume preloading 
with 10ml/kg of Ringer’s Lactate 15 minutes before CSEA and a 
6-mL/kg/hr infusion during the surgery prevented hypotension 
in patients. Elevated intraabdominal pressure during pneumo­
peritoneum increases sympathetic tonus by activating the 
renin-angiotensin-aldosterone system [15]. Moreover, increasing 
intraabdominal pressure (but below 10 mmHg) increases the 
systemic venous return by reducing splanchnic blood volume in 
patients having sufficient intravascular volume loading. Thus 
cardiac output and arterial pressure are increased [15-18]. These 
effects of pneumoperitoneum, together with intravascular 
volume pre-loading, caused the low incidence of hypotension.

Headache and urinary retention were adverse events that 
occurred postoperatively after spinal anesthesia (Table 3). 
Postoperative spinal anesthesia-induced headache is reported 
in 0%–5.49% of patients after laparoscopic surgery and may 
cause longer hospital stays [8,9,19,20]. Our study had a higher 
incidence of headache. The main reason for this difference is 
that in other cases postoperative nonsteroid anti-inflammatory 
medication was administered immediately, whereas in our 
study, postoperative analgesics were used a minimum of 6 
hours after the operation. Two other independent risk factors, 
lower body mass index (BMI) and younger age, also contributed 
to this difference [21]. Postoperative headache was treated 
with an additional 1 L of isotonic saline and a 50-mg tramadol 
infusion in the study. Postoperative urinary retention is 
reported as 0.41%–6.1% [8,9,21]. In this study, 4 patients (12.1%) 
developed urinary retention and were treated with urinary 
catheterization. Catheters were removed in 3 hours and none of 
the patients had complications due to catheterization. 

Half of the LA patients who undergo general anesthesia 
have postoperative nausea and vomiting (PONV) [22,23]. 
In contrast, 0%–12.5% PONV is reported in LA cases under 

Table 4. Postoperative pain evaluation

Measurement time Median (range)

VAS 1 hr 0 (0–0)
VAS 6 hr 4 (4–5)
VAS 12 hr 2 (1–2)
VAS 24 hr 0 (0–1)

VAS, visual analogue scale.
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regional anesthesia [11,12]. In this study, none of the patients 
experienced PONV, which supports the findings of previous 
studies.

The anesthesiologist’s goals in LA under CSEA should be: 
ensuring adequate sensory block level for surgery, elimination 
of preoperative shoulder pain, eliminating abdominal pain/
discomfort and anxiety, treatment of postoperative pain, and 
treating other adverse events. The low rate of side effects that 
were easily treated with sedatives and analgesics led to the high 
patient rate of satisfaction with the operation.

This study included a limited number of perforated appen­
dicitis. Moreover BMI of the patients were within normal limits. 
Regional anesthesia was converted to general anesthesia in 2 
patients who had perforated appendicitis due to insufficient 
abdominal wall relaxation and these patients were excluded 
from the study. Deep neuromuscular block reduces intra-
abdominal pressure requirements during laparoscopic surgery 
[24]. In the present study 10 mmHg of pneumoperitoneum 
pressure was used. Higher intra-abdominal pressure may be 

needed in patients with perforated appendicitis and obesity. 
However CSEA anesthesia may not provide adequate muscle 
relaxation or adverse effects due to higher intra-abdominal 
pressure may not be tolerated in awake patients under CSEA. 
In conclusion, we have shown that LA can be carried out under 
CSEA without any significant side effects. Providing a long-term 
postoperative painless period, preventing PONV, and protecting 
patients from complications related to intubation are the 
advantages of CSEA, relative to general anesthesia. Preoperative 
and postoperative side effects due to pneumoperitoneum can 
be easily treated and should be dealt with carefully. In patients 
who have contraindications or high risk factors for general 
anesthesia, CSEA may be a suitable choice.
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