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Introduction

Appendectomy is one of the most frequently 
performed surgical procedures worldwide [1]. Lapa-
roscopic appendectomy (LA) became a popular sur-
gical procedure recently, now accounting for 38.1% 
of all appendectomies [2, 3]. Fewer wound infections 

and hospitalization days, less postoperative pain, 
faster recovery and better cosmetic results are the 
accepted advantages of LA compared to open con-
ventional appendectomy [4–8].

Laparoscopic appendectomy is performed under 
controlled ventilated general anesthesia (GA) with en-
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A b s t r a c t

Introduction: Laparoscopic appendectomy (LA) has been generally performed under general anesthesia. Laparoscop-
ic appendectomy is rarely performed under regional anesthesia because of pneumoperitoneum-related problems.
Aim: To compare spinal/epidural anesthesia (SEA) and general anesthesia (GA) during LA with respect to periopera-
tive and postoperative adverse events and postoperative pain.
Material and methods: Fifty patients, aged 18–65, who underwent LA, were randomly allocated to two groups: the 
GA (n = 25) and SEA (n = 25) groups. Perioperative and postoperative adverse events, postoperative pain level, and 
patient satisfaction were compared between the groups.
Results: None of the patients needed conversion to an open procedure or conversion from SEA to GA. In the SEA 
group we encountered shoulder pain in 6 (24%) patients, abdominal discomfort/pain in 4 (16%) patients, anxiety 
in 4 (16%) patients, and hypotension in 2 (8%) patients intraoperatively. Also, post-spinal headache was observed 
in 5 (20%) patients in the SEA group. Postoperative right shoulder pain was significantly higher in the GA group 
compared to the SEA group (32% vs. 8%; p = 0.037). In the SEA group the incidence of urinary retention and in the 
GA group the incidence of postoperative nausea and vomiting (PONV) were higher, but these differences were not 
statistically significant. The postoperative surgical pain level was significantly lower in the SEA group (p < 0.001).
Conclusions: Spinal/epidural anesthesia is effective and safe in ASA I healthy patients undergoing LA. Less postop-
erative pain, PONV and shoulder pain are the advantages of SEA compared to GA.
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dotracheal intubation in order to prevent aspiration, 
abdominal and/or respiratory discomfort, and hyper-
capnia due to carbon dioxide pneumoperitoneum [9–
12]. Compared to GA, less postoperative pain, postop-
erative nausea/vomiting and surgical stress have been 
observed in laparoscopic procedures under spinal/epi-
dural anesthesia (SEA) such as laparoscopic cholecys-
tectomy and laparoscopic inguinal hernia repair. Also, 
eliminating the intubation complications led us to think 
of the availability of regional anesthesia for LA [13–15].

There are very few reports concerning LA under 
regional anesthesia [16, 17]. We did not encounter 
any published studies that compared SEA with GA 
for laparoscopic appendectomy. 

Aim 

We aimed to compare SEA and GA during LA with 
respect to perioperative and postoperative adverse 
events and postoperative pain. In this study we eval-
uated the effectiveness, safety and adverse events 
of SEA and compared those with GA. 

Material and methods

Study design and patient selection

This study is a  prospective randomized clinical 
study that compares SEA with GA for laparoscopic ap-
pendectomy. Following the local hospital ethics com-
mittee approval (date/no: 07/22/2014 – 234) and ob-
taining patients’ written and oral informed consent, 
we performed the study at a tertiary referral hospital 
in Istanbul, Turkey between July 2015 and Septem-
ber 2015, adhering to the guidelines of the Helsinki 
Declaration. As this is a clinical trial, it was registered 
with the Turkish National Clinical Trial Number and 
Republic of Turkey Ministry of Health (No 62560444-
900/4747). Criteria for excluding patients were: con-
traindications for pneumoperitoneum or spinal an-
esthesia, unwillingness to participate, an American 
Society of Anesthesiology (ASA) physiologic state ≥ III, 
allergic history with anesthetics or narcotic analgesic, 
or history of abdominal surgery and pregnancy. A sur-
geon who was not in the surgical team generated the 
random allocation sequence, enrolled participants, 
and assigned participants to interventions.  

Preoperative evaluation and grouping

All laparoscopic operations and general or spi-
nal/epidural anesthesia procedures were performed 

with the same anesthesiologist and surgical team. 
Patients were randomly grouped via a  computer 
program into two groups: general anesthesia (GA 
group) and spinal/epidural anesthesia (SEA group). 
An anesthesiologist informed all patients during 
a preoperative visit about the possibility of anxiety, 
shoulder pain and abdominal discomfort. Also, pa-
tients were informed that if these side effects could 
not be relieved with intravenous midazolam or an-
algesics, or if the patient preferred, the operation 
could be altered to use general anesthesia.

Anesthesia procedure 

Premedication was not used for either group. In 
the preparation room 10 ml/kg Ringer’s lactate solu-
tion was used for 30 min. In the GA group propo-
fol 2–2.5 mg/kg and fentanyl 1 µg/kg were used for 
induction. Later, rocuronium 0.6 mg/kg was used 
for muscle relaxation for intubation. After the in-
tubation, lung ventilation was performed with an 
anesthesia device (Dräger Primus, Dräger Medical 
Systems, Inc. Danvers, MA, USA) in volume control 
ventilation (VCV) mode. In VCV mode, tidal volume 
was set as 6–8 ml/kg and respiration frequency was 
set to maintain PETCO2 at 32–36 mm Hg. Anesthe-
sia maintenance was performed with sevoflurane 
(1.5–2%) with an oxygen-air mixture (FiO2 = 0.4) and 
repetitive rocuronium dosages (0.015 mg/kg). After 
the end of the operation, neostigmine 2–2.5 mg and 
atropine 1 mg were applied for antagonism of resid-
ual neuromuscular block. 

For the SEA group, a needle-through-needle tech-
nique was used for combined spinal/epidural anes-
thesia. After the patient assumed a sitting position, 
the lumbar skin region was sterilized and covered 
with a sterile cover. For local anesthesia 2 ml of lido-
caine 2% was applied intradermally to the needle en-
trance point. A Tuohy 18-G needle was inserted with 
midline approach to the L3–L4 epidural space with 
the saline resistant loss technique. After this a 26-G 
pencil point spinal needle was inserted through the 
Tuohy needle and free cerebrospinal fluid flow was 
observed and 10 mg of hyperbaric bupivacaine 0.5% 
and 10 µg of fentanyl were injected for 30 s and  
finally spinal anesthesia was achieved. After remov-
ing the spinal needle a 20-G epidural catheter was 
inserted through the Tuohy needle and pushed for-
ward in the cephalic direction and stabilized at 4 cm. 
For epidural anesthesia 10 ml of bupivacaine 0.5%, 
25 µg of fentanyl and 5 ml of isotonic saline were ap-
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plied via this catheter. Then patients were positioned 
in a 15-degree Trendelenburg position and sensorial 
block was controlled with the pinprick test at 1 min 
intervals. The operation started after the sensorial 
block reached the T4 level. The epidural catheter was 
removed after the operation. We planned to convert 
the operation to general anesthesia if anesthesia 
was not sufficient or if shoulder pain, abdominal 
discomfort or anxiety was unresponsive to medical 
treatment.

Surgical procedure

After the anesthesia procedure, povidone iodine 
1% was applied to the surgical field and covered with 
a sterile cover. An infra-umbilicus 1 cm incision was 
performed and a  Veress needle was inserted into 
the abdomen. 10 mm Hg intra-abdominal pressure 
was applied via CO2 insufflation through this nee-
dle. Then a 10 mm trocar was inserted and a 30-de-
gree 10-optical camera inserted through it. Later, the  
10 mm trocar was inserted at the right inferior quad-
rant and a 5 mm trocar was inserted in the left infe-
rior quadrant. In the GA group, patients were place 
in the Trendelenburg position and turned at 15° to 
the left of the positioned surgeon. In the SEA group, 
patients were supine and positioned turned at 15° 
to the surgeon. After the acute appendicitis diag-
nosis was verified at exploration, an appendectomy 
procedure was started. The appendix was hung with 
an Endoclinch through a  10 mm trocar and Endo- 
Ligasure (LigaSure, Covidien, Boulder, CO) through 
the 5 mm trocar was used to cauterize and drop the 
mesoappendix. The radix of the appendix was re-
vealed, then the endoloop was inserted through the 
5 mm trocar and placed to the radix and sutured. The 
endoclip was inserted through the 10 mm trocar and 
the clip was placed above the suture. Then it was 
cut and the appendectomy was finished. The endo-
bag was inserted through the 10 mm trocar and the 
appendix was removed from the abdomen via the 
endobag. The fascia of the 10 mm trocar entrance 
points was closed with 0 vicryl suture and the skin 
was closed with 4/0 rapid vicryl intracutaneously. 

Monitoring and data collection

All patients were closely monitored with contin-
uous electrocardiography (ECG), noninvasive arterial 
blood pressure (NIBP), heart rate (HR) and periph-
eral oxygen saturation (SpO2). All parameters were 

recorded for both groups after the patients entered 
the operation hall during preoperative volume re-
placement for baseline levels. (All parameters were 
recorded 3 times at 1-minute intervals at rest). All 
these parameters were recorded at anesthesia in-
duction for the GA group and after the anesthesia 
procedure for the SEA group. Later monitoring con-
tinued during the operations and following surgery 
for 24 h during inpatient services. All demographic 
features, ASA classification, comorbidities, hospital-
ization duration, operation time (from incision to last 
suture), total time (from anesthesia induction for the 
GA group, from spinal puncture for the SEA group 
to recovery room), and also maximum sensory block 
(MSB) level were recorded for the SEA group. We 
searched for intraoperative hypotension (> 30% de-
crease in baseline mean arterial pressure or systolic 
arterial pressure < 90 mm Hg), bradycardia (heart 
rate < 50 beats/min) and hypoxemia (SpO2 < 90%) 
in both groups. Also, the complaints of patients in 
the SEA group about nausea/vomiting, right shoul-
der pain, anxiety and abdominal discomfort were re-
corded. Surgical field pain level was evaluated with 
the Visual Analogue Scale (VAS; 0 = no pain, 10 = 
severe pain). VAS levels were first recorded in the 
postoperative recovery room with the cooperation 
of patients (VAS0) and at 6 (VAS6), 12 (VAS12) and 
24 (VAS24) h after the operation. Undesirable post-
operative events such as headache, nausea/vomit-
ing, right shoulder pain, anxiety, abdominal discom-
fort, and urinary retention were recorded from both 
groups. All patients were asked to evaluate their 
satisfaction with the procedure as good, normal, or 
bad. An independent anesthesiologist blinded to the 
study recorded all data. 

Statistical analysis 

Statistical analysis was performed with the SPSS 
software package for Windows (Statistical Package 
for Social Sciences, version 17.0, SPSS Inc., Chicago, 
Illinois, USA). Quantitative variables – age, weight, 
height, body mass index (BMI), surgery time, to-
tal procedure time, hospitalization duration, and 
postoperative pain scores (VAS) – were evaluated 
as mean ± standard deviation (SD) and/or median 
(min–max). Categorical variables – sex, ASA, MSB lev-
el, drain usage, pathologic diagnosis, intraoperative 
and postoperative adverse events, and patient sat-
isfaction – were evaluated as patient numbers and 
percentages. Based on a previous study [6], VAS on 
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the 1st postoperative day was 1.61 ±0.95 after the 
laparoscopic appendectomy under general anesthe-
sia. Power analysis with α = 0.05 and β = 0.2 for 
detecting 50% reduction in VAS after laparoscopic 
appendectomy under spinal/epidural anesthesia re-
vealed that each group required a minimum of 22 pa-
tients. Quantitative variables were analyzed with the 
Kolmogorov-Smirnov test. Normally distributed vari-
ables were compared with Student’s t-test and vari-
ables without a normal distribution were compared 
with the Mann-Whitney U test. Categorical variables 
were compared with c2 and Fisher’s exact tests; p < 
0.05 was considered as statistically significant. 

Results

Sixty-one patients with acute appendicitis were 
included this prospective study. Their history, phys-
ical examination and abdominal ultrasonography 
were used for the diagnosis. Eleven patients were 
excluded from the study: 5 of them due to data and 
follow-up loss; 4 due to an inability to cover the in-
clusion criteria; and 2 were unwilling to participate 
in the study. A total of 50 patients were randomized 
with a  computer program and grouped into two 
groups: the GA group (n = 25) and the SEA group  
(n = 25) (Figure 1). All surgical operations were com-
pleted successfully with the laparoscopic technique. 
In the SEA group, all anesthesia procedures were 
completed successfully and none of the patients 
needed to convert to GA. 

Patients’ features

There was no significant difference between the 
two groups with respect to demographic features, 
ASA physiologic state score, or hospitalization dura-
tion (Table I). 

The diagnosis was acute appendicitis for 44 pa-
tients, perforated appendicitis for 5 patients and car-
cinoid tumor for 1 patient. Patients were discharged 
at postoperative days 1–3 and controlled daily for 
1 week. A  drain was administered to the Douglas 
space in 3 patients in the GA group, and in 4 patients 
in the SEA group due to a  perforated appendicitis 
or hemorrhagic leakage. All drains were discharged 
on postoperative day 5 or 6. In the SEA group, 1 pa-
tient with perforated appendicitis developed an in-
tra-abdominal abscess at postoperative day 12 after 
the drain removal. This patient was managed with 
antibiotic treatment. Also, 2 patients in both groups 

developed skin infections at the trocar entrance 
site. These infections were managed with antibiotic 
treatment over 2–4 days. There was no significant 
difference between the groups in the manner of 
drain usage, pathological diagnosis, or surgical com-
plications (Table I). 

Duration of operation and total procedure

There was no significant difference in the dura-
tion of the surgical operations between the groups 
(p = 0.459), but total procedure time was significant-
ly longer in the SEA group (p < 0.001) (Table I).

Patient satisfaction

As for patients’ satisfaction with their operations, 
there was no significant difference between the two 
groups (p = 0.125) (Table I). 

Intraoperative adverse events in SEA group 

Intraoperative adverse events in the SEA group 
are shown in Table II. Abdominal discomfort/pain 
and/or shoulder pain was observed in 8 patients 

Provided consent to be assessed  
for eligibility

(n = 61)

Randomized (n = 55)

Allocated to GA
(n = 27)

Allocated to CSEA
(n = 28)

Lost to all follow-up
(n = 2)

Lost to all follow-up
(n = 3)

Analyzed 
 (n = 25) 

Analyzed at 6 months 
follow-up (n = 25)

Analyzed 
 (n = 25) 

Analyzed at 6 months 
follow-up (n = 25)

Excluded (n = 6):
Not meeting main inclusion criteria (n = 4)  
Not meeting CSEA inclusion criteria (n = 2)
Not meeting GA inclusion criteria (n = 0)En
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Figure 1. CONSORT diagram of recruitment to 
the study. Laparoscopic appendectomy under 
general anesthesia (GA); laparoscopic appen-
dectomy under combined spinal epidural anes-
thesia (CSEA)
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and managed with 1–2 µg/kg intravenous fentan-
yl. Four patients suffered from anxiety, which was 
managed with 0.015-0.030 mg/kg intravenous mid-
azolam. Three of these 4 anxious patients also de-
veloped abdominal discomfort/pain and 1 of them 
developed shoulder pain that required both midazol-
am and fentanyl treatment. Abdominal discomfort/
pain was observed to be significantly higher among 
anxious patients compared to non-anxious patients 
(75% vs. 4.8%, p = 0.007), but there was no signifi-
cant difference in shoulder pain between the anxious 
and non-anxious patients (50% and 19% respectively,  
p = 0.234). Neither midazolam nor fentanyl was 
needed by 16 (64%) patients. Hypotension was ob-

served in 2 patients, who easily recovered within  
5 min following a 250 ml saline infusion and there 
was no need for vasopressor treatment. Bradycardia 
did not occur in any patients. Nausea was observed in 
1 patient, who recovered with 8 mg IV ondansetron. 

Postoperative adverse events

All surgical and anesthetic adverse events were 
observed and recorded in postoperative 24 h and are 
summarized in Table III. We found that incidence of 
postoperative shoulder pain was significantly higher 
in the GA group (p = 0.037) and frequency of head-
ache was significantly higher in the SEA group (p = 
0.025). Patients in the SEA group also experienced 
more urinary retention and in the GA group expe-
rienced more PONV, but these differences were not 
statistically significant. 

Postoperative pain evaluation

All patients received 1 l of Ringer lactate and 1 l of  
isotonic saline within 24 h after the operation for 

Table I. Patient characteristics

Parameter GA group SEA group P-value

Age [years] 26 ±9 29 ±10 0.152

Sex (M/F) (n) 22/3 21/4 0.684

Weight [kg] 67 ±9 71 ±13 0.224

Height [cm] 171 ±7 173 ±9 0.450

BMI [kg/m2] 22.9 ±3.2 23.6 ±3.4 0.433

ASA I/II (n) 24/1 25/0 0.500

MSBH (T2/T3/T4) (n) – 2/18/5 –

Surgery time [min] 25.8 ±3.7 24.8 ±6.1 0.459

Total procedure time [min] 46.7 ±3.3 52.9 ±6.0 < 0.001

Hospital stay [days] 1 (1–3) 1 (1–3) 0.429

Drain (+) 3 (12%) 4 (16%) 0.334

Diagnosis: 0.549

Acute appendicitis 22 (88%) 22 (88%)

Perforated appendicitis 3 (12%) 2 (8%)

Carcinoid tumor 0 (0%) 1 (4%)

Surgical complications:

Abdominal abscess 0 (0%) 1 (4%) 0.600

Trocar site skin infection 2 (8%) 2 (8%)

Patient satisfaction: 0.125

Good 18 (72%) 14 (56%)

Moderate 3 (12%) 9 (28%)

Poor 4 (16%) 2 (8%)

GA – general anesthesia, SEA – spinal epidural anesthesia, ASA – American 
Society of Anesthesiologists, MSBH – maximal sensorial block height (der-
matomal level).

Table II. Intraoperative adverse events in the 
SEA group

Intraoperative adverse 
events

GA group,  
n (%)

SEA group,  
n (%)

P-value

Shoulder pain – 6 (24) –

Abdominal discomfort – 4 (16) –

Anxiety – 4 (16) –

Hypotension 0 (0) 2 (8) 0.245

Nausea/vomiting – 1 (4) –

Bradycardia 0 (0) 0 (0) < 0.999

Respiratory discomfort/
depression

– 0 (0) –

SEA – spinal epidural anesthesia, GA – general anesthesia. 

Table III. Postoperative adverse events

Adverse event GA group
n (%)

SEA group
n (%)

P-value

Headache 0 (0) 5 (20) 0.025

Shoulder pain 8 (32) 2 (8) 0.037

Urinary retention 0 (0) 3 (12) 0.117

Postoperative nausea/
vomiting

4 (16) 0 (0) 0.055

GA – general anesthesia, SEA – spinal epidural anesthesia.
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fluid replacement. If postoperative VAS ≥ 4, tramadol 
50 mg in 100 ml saline infusion intravenously was 
administered for 30 min. Postoperative pain evalu-
ation for the two groups is summarized in Table IV. 
We observed significantly lower postoperative VAS 
scores in the SEA group immediately after the opera-
tion and at 12 and 24 h after the surgery (p < 0.001). 
However, the VAS score at 6 h was not significant-
ly different (p = 0.274). In the GA group all patients 
needed tramadol infusion for analgesic treatment 
after the VAS0 and VAS6 evaluation. None of the pa-
tients needed analgesic treatment in the SEA group 
in the first 6 h. However, VAS6 scores were between 
4 and 6 and all needed tramadol treatment in the 
sixth hour. After this, none of the patients needed 
analgesic treatment. 

Discussion

This study is the first study comparing SEA and 
GA for laparoscopic appendectomies. Laparoscopic 
appendectomies are usually performed under con-
trolled ventilated GA with endotracheal intubation. 
This study shows that SEA may be an alternative 
technique to GA for laparoscopic appendectomies 
and reinforces previous feasibility studies [16–19]. It 
has been reported that sensorial block level should 
be at least the T4–T6 level for LA under spinal anes-
thesia [16, 17]. Unlike previous studies, we applied 
the SEA technique and despite the higher sensorial 
block reaching to the T2–T4 dermatomal level we did 
not observe any serious side effects related to SEA. 

The main finding of this study was that the SEA 
technique proved superior to GA in cases of post-
operative pain control. We think that this result is 
related to the continuous effect of local anesthetics 
and analgesics applied to subarachnoid space and 
epidural space after surgery. Until now general anes-
thesia was preferred due to aspiration risk, abdomi-
nal discomfort and hypercapnia secondary to carbon 
dioxide pneumoperitoneum [9–12]. However, now 
there are many reported studies that support the 
safety of regional anesthesia for laparoscopic op-
erations [13, 14]. Yet there are only limited studies 
about LA under regional anesthesia. We observed 
intraoperative right shoulder pain, abdominal dis-
comfort, anxiety and nausea/vomiting in combined 
SEA patients related with pneumoperitoneum. Right 
shoulder pain incidence for LA under spinal anes-
thesia was reported between 25% and 30.8%, and 

this result is similar to other laparoscopic operations 
[13–17]. Shoulder pain is a referred pain related to 
phrenic nerve irritation due to carbon dioxide pneu-
moperitoneum [18]. This pain may be light and in-
significant in some cases or may be so serious that it 
needs to be treated with opioids in some cases [11, 
12]. However, patients rarely need to convert to GA 
for this pain [18, 20–22]. Similar to previous studies, 
we observed the occurrence of shoulder pain in 24% 
of the SEA group. All patients were managed with IV 
fentanyl and none needed to convert to GA. 

Intra-abdominal pressure increase secondary to 
pneumoperitoneum may result in abdominal dis-
comfort/pain, and this may reduce the tolerance of 
laparoscopic surgery under regional anesthesia. Ab-
dominal discomfort/pain was observed in LA under 
spinal anesthesia with 12.5–23.1% incidence [16, 
17, 19]. In our study, we observed that abdominal 
discomfort/pain might result in anxiety in awake 
patients. Also the treatment of abdominal discom-
fort with sedative analgesia midazolam and fentanyl 
supports this theory.

Another adverse event in the SEA group was hy-
potension. Hypotension is one of the serious com-
plications of regional anesthesia and is related to 
peripheral vasodilatation and a decrease in venous 
return due to the sympathetic block [22, 23]. Hypo-
tension incidence in LA under spinal anesthesia was 
reported as 6.1–12.5% [16, 17, 19]. In our study we 
observed minimal cardiovascular changes. Hypoten-
sion was managed with intravascular fluid replace-
ment and no need for vasopressor treatment. Also, 
we did not observe bradycardia in any patient. 

The cardiovascular system effects of spinal anes-
thesia and pneumoperitoneum balance each other. 
Hemodynamic changes due to pneumoperitoneum 
have two different mechanisms: the first involves 
renin-angiotensin aldosterone system stimulation 

Table IV. Postoperative pain evaluation

Measurement 
time

VAS [cm] P-value

GA group SEA group

VAS0 8.20 ±0.41 0.20 ±0.41 < 0.001

VAS6 4.24 ±0.44 4.40 ±0.58 0.274

VAS12 2.28 ±0.46 1.80 ±0.41 < 0.001

VAS24 1.20 ±0.41 0.24 ±0.44 < 0.001

GA – general anesthesia, SEA – spinal epidural anesthesia, VAS – visual an-
alogue scale.
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due to an intra-abdominal pressure increase; the 
second is the case of sufficient intravascular vol-
ume, in which pneumoperitoneum under 10 mm Hg 
pressure directs the splanchnic flow to the central 
venous system and increases the venous return and 
cardiac output [24, 25]. There is a close relationship 
with severity of hypotension and sensorial block 
level [26]. In this study we obtained a spinal block 
level up to T2–T4 at which all spinal segments are 
responsible for sympathetic outflow, but there was 
no severe hypotension. This might be explained by 
volume preloading before SEA and maintenance of 
fluid infusion during the surgery and effects of lower 
pneumoperitoneum pressure.

Shoulder pain was the most common undesir-
able postoperative event. Postoperative shoulder 
pain is related to residual carbon dioxide under the 
diaphragm similar to the intraoperative cause [27, 
28]. In this study, we observed that post-laparoscop-
ic shoulder pain was significantly greater in the GA 
group than the SEA group. Postoperative shoulder 
pain in LA is reported as 61.3% incidence under GA 
[29]. But postoperative shoulder pain incidence in 
LA under regional anesthesia is not reported exactly. 
Mane et al. [16] reported post-laparoscopic shoulder 
pain in a limited numbers of cases: about 1 in 8 cas-
es (12.5%), which was similar to our results. Carbon 
dioxide that is used for pneumoperitoneum during 
laparoscopy passively diffuses into the blood and is 
ventilated from the body [30]. Regional anesthesia 
has a minimal effect on intraoperative and postoper-
ative pulmonary functions. Also, spinal and epidural 
anesthesia leads to an increase in the respiratory re-
sponse to hypercapnia [31]. Shoulder pain incidence 
was lower in the SEA patients, which may be related 
to better elimination of residual carbon dioxide in 
SEA patients.

Postoperative nausea and vomiting (PONV) in-
cidence was almost half that of LA under GA and 
also one of the important events causing the higher 
number of hospitalization days [32–34]. The PONV 
risk for LA decreases with spinal anesthesia [16, 17]. 
In our study we did not observe PONV in the SEA 
group and, as a result, we found SEA superior to GA 
in preventing nausea and vomiting. 

Another frequently observed postoperative com-
plication for spinal anesthesia is post-spinal puncture 
headache (PSPH) and urinary retention. Although 
the incidence of spinal induced headache was lower 
than 5%, the headache may last a few days following 

the surgery and may increase the number of hospi-
talization days [34]. Although we used a 26-G pencil 
point needle, we found higher PSPH incidence than 
earlier similar studies did. This higher incidence of 
PSPH was associated with two independent factors: 
younger age and lower BMI [35]. Also, an additional 
1 l isotonic saline and tramadol 50 mg infusion were 
sufficient for management of the headache. Postop-
erative urinary retention incidence was reported as 
0.41–10%. Urinary catheterization and possible uri-
nary system infection may increase hospitalization 
duration [34–36]. Forty times higher urinary reten-
tion incidence with regional anesthesia compared to 
GA is one of the important disadvantages of regional 
anesthesia. In our study we found slightly higher in-
cidence of urinary retention. All those affected were 
treated with urinary catheterization. None of the 
patients needed lengthy catheterization and we did 
not observe any complications. 

Moreover, in our previous feasibility study we also 
found that similar rates of perioperative and postop-
erative adverse events related to spinal/epidural an-
esthesia and pneumoperitoneum in LA patients [19]. 

A  longer total procedure time in the SEA group 
was associated with longer preparation and applica-
tion time of regional anesthesia. Regarding patient 
satisfaction, there were not any significant differ-
ence between the anesthetic techniques. 

The present study has several limitations. The 
first limitation of the present study was that it in-
cluded a  limited number of perforated appendicitis 
patients. Although 10 mm Hg of pneumoperitone-
um pressure was sufficient in the case of simple 
appendicitis, that amount may be inadequate for 
complicated appendicitis operations. Adverse effects 
caused by higher intra-abdominal pressure in awake 
patients may not be controlled satisfactorily. Howev-
er, SEA may not be feasible in complicated cases of 
appendicitis and obese patients. A second limitation 
was the small number patients in the study. More-
over, all except one was ASA I. Therefore, it is dif-
ficult to generalize about patients with co-existing 
diseases.

Conclusions

Spinal/epidural anesthesia should be preferred 
because it is associated with less surgical field pain, 
longer postoperative pain-free period, and less nau-
sea and vomiting. Intraoperative adverse events 
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related to pneumoperitoneum such as shoulder 
pain and anxiety can be managed easily in awake 
patients. However, SEA may be an alternative meth-
od to GA for laparoscopic appendectomies in ASA I 
healthy subjects. 
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