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Abstract

Introduction: Laparoscopic cholecystectomy (LC) is usually performed under general anesthesia. Recently, laparo-
scopic cholecystectomy under regional anesthesia has become popular, but this creates a serious risk of thromboem-
bolism because of pneumoperitoneum, anesthesia technique, operative positioning, and patient-specific risk factors.
Aim: This randomized controlled trial compares the effects of two different anesthesia techniques in laparoscopic
cholecystectomy on coagulation and fibrinolysis.

Material and methods: This randomized prospective study included 60 low-risk patients with deep vein thrombosis
(DVT) who underwent elective LC without thrombo-emboli prophylaxis. The patients were randomly divided into
two groups according to the anesthesia technique: the general anesthesia (group 1, n = 30) and spinal epidural
anesthesia (group 2, n = 30) groups. Measurement of the prothrombin time (PT), thrombin time (TT), international
normalized ratio (INR), activated partial thromboplastin time (aPTT), and blood levels of D-dimer (DD) and fibrinogen
(F) were recorded preoperatively (pre), at the first hour (post 1) and 24 h (post 24) after the surgery. These results
were compared both between and within the groups.

Results: The mean age was 51.5 #16.7 years (range: 19-79 years). Pneumoperitoneum time was similar between
group 1 (33.8+7.8) and group 2 (34.8 +10.4). The TT levels significantly declined postoperatively in both groups. The
levels of PT, aPTT, INR, D-dimer and fibrinogen dramatically increased postoperatively in both groups.

Conclusions: While there was not any DVT, there was a significant decline in TT. There was a dramatic rise in the PT,
INR, D-dimer, fibrin degradation products (FDP), and fibrinogen following LC. This may be attributed to the effects of
pneumoperitoneum and anesthesia techniques on portal vein flow.
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Introduction

Laparoscopic cholecystectomy (LC) was per-
formed by the French doctor Phillipe Mouret in 1987
for the first time. Since then, LC has become the gold
standard for uncomplicated symptomatic cholelithi-
asis or gall bladder polyps [1-8]. Laparoscopic meth-
ods have less postoperative pain, pulmonary com-
plications, and morbidity. They provide earlier oral
intake, quicker mobilization, short hospitalization,
and decreased overall costs [6, 7, 9, 10].

Laparoscopic cholecystectomy is mostly per-
formed under general anesthesia (GA) [4, 5, 7, 9,
11]. This helps minimize secondary aspiration, ab-
dominal discomfort, and respiratory distress due to
carbon dioxide pneumoperitoneum and hypercapnia
[4, 5, 12, 13]. Currently, spinal, epidural or combined
spinal-epidural anesthesia (CSEA) can also be used
in LC [5]. Previously, LC under regional anesthesia
(RA) was carried out in a limited number of patients
mostly in cases with chronic respiratory disease in
whom general anesthesia was contraindicated [4, 7,
9, 12]. However, laparoscopic cholecystectomy under
regional anesthesia has also become popular recent-
ly. Recent studies on spinal and epidural anesthesia
in LC have confirmed the safety and availability of
this procedure. Thoracic epidural anesthesia and
GA can be combined in LC to provide more effec-
tive analgesia during the early postoperative period
[4, 7, 14]. The RA demonstrates less postoperative
pain and a smaller neuroendocrine stress response
compared to GA [15, 16]. However, abdominal dis-
comfort and shoulder pain are the most frequent
complaints [4, 5, 12].

Parameters in the coagulation and fibrinolysis
processes have been studied in terms of laparoscop-
ic cholecystectomies, especially the prothrombin
time (PT), the international normalized ratio (INR),
the activated partial thromboplastin time (aPTT),
and D-dimer and plasma fibrinogen levels [17, 18].

Asymptomatic patients hospitalized in general
surgery clinics in whom thromboprophylaxis was not
used had deep vein thrombosis (DVT) rates between
15 and 40%; the rate was < 10% in patients with
low risk and 40-80% in the high-risk group in terms
of DVT [19]. Both mechanical and pharmacological
DVT prophylaxis measures have been suggested in
many studies [2, 3, 20]. However, some other reports
have suggested that prophylaxis during LCs is un-
necessary [17]. There are very few prospective stud-
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ies in the literature that evaluate the effect of the
type of anesthesia on surgical procedure, fibrinolytic
system, and homeostasis parameters. Deep venous
thrombosis and emboli, although rare, are import-
ant causes of postoperative morbidity and mortality.
There are numerous studies showing that intra-ab-
dominal pressure due to pneumoperitoneum in
laparoscopic surgery might affect coagulation and
fibrinolysis mechanisms. Recently, many studies on
regional anesthesia in laparoscopic cholecystectomy
have been published. Regional anesthesia is known
to result in peripheral vasodilatation.

Aim
Keeping the pressure of pneumoperitoneum low,

we aimed to analyze the effect of anesthesia meth-
ods on coagulation and fibrinolysis.

Material and methods

Ethics committee approval (No. 222) and the
written informed consent in accordance with the
Helsinki Declaration were obtained. This study was
assigned Clinical Trial Number NCT02568852. Sev-
enty-six patients with the surgical indication of cho-
lecystectomy due to cholelithiasis or gall bladder
polyp were enrolled (see Figure 1 for flow diagram).
All patients were diagnosed using hepatobiliary ul-
trasonography (USG) by the same radiologist. The
patients’ lower extremities were evaluated by color
Doppler ultrasonography preoperatively and 24 h
postoperatively.

Patients were divided into 2 groups: general an-
esthesia (group 1) and combined spinal/epidural
anesthesia (CSEA; group 2). These were randomly
assigned with a computer program. Anesthesia was
performed by the same anesthetists. No patients re-
ceived premedication. All patients were prepared for
surgery by infusing an V. line and 10 ml/kg Ringer’s
lactate solution for 30 min. In group 1, anesthesia
was induced with propofol (2-2.5 mg/kg), fentan-
yl 1 pg/kg and rocuronium 0.6 mg/kg and the pa-
tients were intubated endotracheally. The patients
were mechanically ventilated in controlled mode
(Vt = 6-8 ml/kg). The frequency of respiration was
set at PETCO, 32-36 mm Hg. To maintain anesthe-
sia, sevoflurane (1.5-2%) with an oxygen-air mixture
(FiO, = 0.4) was used; rocuronium (0.015 mg/kg)
was administered at maintenance dosages. Resid-
ual neuromuscular blocking was antagonized with
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Enrollment Assessed for eligibility (n = 88)

Excluded (n = 24):
| * Not meeting inclusion criteria (n = 12)

A

“| « Did not agree to participate (n = 8)
 Other reasons (n = 4)

Randomized (n = 64)

v

\ Allocation v

Allocated to intervention group 1 (n = 32):

« Received allocated intervention (n = 30)

« Did not receive allocated intervention
(acute cholecystitis) (n = 2)

Allocated to intervention group 2 (n = 32):

« Received allocated intervention (n = 30)

« Did not receive allocated intervention
(dural puncture) (n = 2)

\ Analysis v

Analysed group 1 (n = 30)

Figure 1. Flowchart diagram of the study

2-2.5 mg neostigmine and 1 mg atropine at the end
of the surgery.

Ingroup 2, anesthesia used the needle-through-nee-
dle technique through the L2-L3 intervertebral space
in a sitting position under sterile conditions. Intrader-
mal lidocaine 1% was used for local anesthesia. A Tu-
ohy 18-G needle was inserted into the epidural space
at the midline using the physiological saline loss of
resistance technique. Then, a 26-G pencil point spinal
needle was administered through the Tuohy needle
to access the subarachnoid space. After observing
free leakage of cerebrospinal fluid (CSF), hyperbaric
bupivacaine 16 mg and fentanyl 10 pg were injected
for 30 s. The spinal needle was removed and a 20-G
epidural catheter was inserted into the cephalad di-
rection and fixed at 4 cm in the epidural space. Next,
a 20 ml mixture of 10 ml bupivacaine 0.5%, 5 ml 2%
lidocaine, 1 ml fentanyl, and 4 mlisotonic saline were
administered into the epidural space. Patients were
positioned in the 15° Trendelenburg position and sen-
sory blockade was controlled using a pin-prick test at
1 min intervals. Surgery was initiated after comple-
tion of sensory blockade at the T4 level. If anesthesia
could not proceed at an adequate level or patients
could not tolerate pain, then the operation was con-
verted to open surgery with general anesthesia. Mid-
azolam 0.015 mg/kg and fentanyl 1-2 pg/kg were
used for anxiety and for shoulder pain, respectively,
during the operation.
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Analysed group 2 (n = 30)

All LCs were performed by the same general sur-
geons at 10 mm Hg CO, pneumoperitoneum pres-
sure. The Veress needle was used for the first entry
with a 30-degree camera angle; four standard port
sites were used for the operation.

We compared the coagulation and fibrinolysis
parameters (CFP) in both groups. To assess both
coagulation and fibrinolysis, we used the PT, aPTT,
thrombin time (TT), INR, fibrinogen, and D-dimer
levels of the venous blood samples collected on the
morning of the procedure and 1 and 24 h after sur-
gery. Blood samples were analyzed via an automatic
coagulation analyzer (Diagnostica Stago, STA Com-
pact, France) as well as an STA Neoplastine CI plus
kit for PT and INR (normal levels: 12-15 s and 0.9-
1.2 s), STA and PTT A 5 kit for aPTT (normal levels:
28-40 s), STA fibrinogen 5 kit for fibrinogen (normal
levels: 200-400 mg/dl), and STA Liatest D-DI kit for
D-dimer (normal < 0.5 mg/l).

The exclusion criteria were acute cholecystitis,
acute pancreatitis, cholangitis, main biliary duct
stone, contraindications for spinal anesthesia, pneu-
moperitoneum, dural puncture, uncooperative pa-
tients, psychiatric disease, hemorrhagic diathesis,
age lower than 18, American Society of Anesthesiol-
ogists (ASA) physiology state > Ill, upper abdominal
surgery history, and pregnancy.

Prophylactic low molecular weight heparin
(LMWH) was not used, but deep venous thrombosis
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was prevented with elastic socks in all patients pre-
operatively.

Statistical analysis

For statistical analysis, SPSS 15.0 for Windows
was used. For descriptive statistics and categori-
cal variables, we used number and percentage. For
numerical variables, the mean, standard deviation,
minimum, and maximum were used. Student’s t-test
was used in conditions where numerical variables
were distributed equally between the groups; the
Mann-Whitney U test was used for dissimilar distri-
butions. Comparison of more than two dependent
groups was done via repetitive measurement vari-
ance analysis when the variables were distributed
normally and with the Friedman test when the vari-
ables were not normally distributed. Subgroup anal-
ysis was performed with the Wilcoxon test and eval-

Table I. Characteristics of the patients

a randomized controlled trial

uated by Bonferroni correction. A y? test was used
to analyze the ratio of categorical variables between
the groups, and the results were evaluated with
a Bonferroni correction when conditions were not
ensured. Power analysis with a = 0.05 and § = 0.2
for determining the 15% reduction on the D-dimer
level with 10 mm Hg pressure of pneumoperitone-
um revealed that each group required a minimum of
24 patients. We adopted a value of p < 0.05 as being
statistically significant.

Results

Laparoscopic cholecystectomy was successfully
performed in all cases with neither intraoperative
complications nor a necessity for conversion to open
surgery. The general features of the groups are sum-
marized and listed in Table I. All patients had an
uneventful postoperative course without any com-

Parameter GA group CSEA group P-value
Gender, n (%) F/M 21 (70.0)/9 (30.0) 19 (63.3)/11 (36.7) 0.584
ASA, n (%) /111 15 (50.0)/14 (46.7)/1 3.3) 16 (53.3)/11 (37.7)/3 (10) 0.526
Drain usage, n (%) 6 (20.0) 4(13.3) 0.488
Complication, n (%) 1(3.3) 1(3.3) 1.000
Concomitant disease, n (%): 16 (53.3) 12 (40) 0.777
Hypertension 6 (20) 7(23.3) 0.754
Diabetes mellitus 7(23.3) 7(23.3) 1.000
COPD 3 (10) 5(16.7) 0.706
Asthma 2(6.7) 0 (0.0) 0.492
Ischaemic cardiac 2(6.7) 0(0.0) 0.492
disease
Other diseases 2(6.7) 0(0.0) 0.492
Age, mean + SD 50.7 +£16.2 (19-77) 52.4 £17.6 (22-79) 0.723
(min—max.) [years]
BMI, mean + SD 27.2 4.4 (19.7-34.6) 27.1+4.3(17.8-33.9) 0.824
(min—max.) [kg/cm?]
Total surgery time, mean 53.6 +8.7 (45-80) 63.9 +10.2 (53-92) < 0.001
+SD (min.—max.) [min]
Pneumoperitoneum time, 33.8 £7.8 (25-60) 34.8 +10.4 (25-65) 0.666
mean + SD (min.—max.)
[min]
Oral intake, mean + SD 8.5+0.7 (8-10) 8.4 +0.6 (8-10) 0.964
(min.—max.) [h]
M — male, F - female, BMI — body mass index, ASA — American Society of Anesthesiologists, COPD — chronic obstructive pulmonary disease.
Videosurgery and Other Miniinvasive Techniques 3, September/2017 333
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plications or death. The patients were discharged
between the postoperative (postop) 26™ and 48" h.
No clinically evident DVT was observed.

There was no significant difference between the
groups in terms of demographic characteristics, ASA
classification, coexisting disease (hypertension, di-
abetes mellitus and chronic obstructive pulmonary
disease), drain usage, surgical complications, pneu-
moperitoneum time or oral intake time (Table ). The
total time of surgical intervention was 53.6 +8.7
(45-80) min in group 1 and 63.9 £10.2 (53-92) min
in group 2. The total time of surgical intervention
in group 2 was significantly longer than in group 1
(p < 0.001). There was no statistically significant dif-
ference between groups in the mean preoperative
(Preop) PT values.

The mean postoperative 1%t and 24™ h PT values
of group 2 were significantly higher than those of
group 1 (Table II, Figure 2).

There was no significant difference within group 1
in terms of PT values of preoperative and postoper-
ative 1-hour measurements (Figure 2). The increases
were statistically significant at 1 and 24 h compared
to the baseline values in group 2 (Table Il1).

The mean aPTT in group 2 was significantly high-
er than that of group 1 at the postop 15 and 24™ h
(Table 11, Figure 3). There was no statistically signifi-
cant difference between the preop and postop 1%t h
values within group 2 (Table II1).

There was no statistically significant difference
between the groups in mean TT values, but there
were statistically significant differences between
preop vs. postop TT values in both groups (Table Il
vs. lll, Figure 4).

The changes within both groups were statistical-
ly significant for the INR (p < 0.001 for each). The in-
creases within both groups were statistically signif-
icant. There was no difference in the mean pre INR
values between the groups (p = 0.203). The mean
postop 1 h and postop 24 h INR values in the CSEA
group were significantly higher than those of the GA
group (p < 0.001 for each) (Table Il vs. 1) (Figure 3).

The mean fibrinogen (F) value was significantly
higher in group 2 compared to group 1 (Table I1). Also,
there were significant differences between preop vs.
postop F values in both groups (Table IlI, Figure 5).

There was no statistically significant difference
between the groups in terms of mean preop D-dimer
values (Table Il). The mean D-dimer values at the 1%
and the 24 postop h in group 2 were significantly
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higher than those in group 1 (Tables Il and IlI). Also,
there were significant differences between preop vs.
postop D-dimer values in both groups (Figure 6).

Discussion

Laparoscopic cholecystectomy causes hemody-
namic changes in both the inferior vena cava and
femoral veins leading to venous stasis in the lower
extremities. This can result in undesired activation
of coagulation and hypercoagulability [8]. Many fac-
tors such as the surgical technique (either open or
laparoscopic), increased intra-abdominal pressure
caused by pneumoperitoneum, medicaments (anes-
thetics, analgesics, antibiotics, etc.) and anesthetic
technique can lead to postoperative hypercoagula-
bility. Hypercoagulability can result in thromboem-
boli in addition to DVT. The development of DVT is
attributed to venous stasis, abnormal activation of
blood coagulation, and endothelial damage (Vir-
chow’s triad) [3, 19-21]. The stress response, pain,
and inflammation induced by surgery lead to hyper-
coagulability and promote postoperative DVT. The
surgical position and postoperative immobilization
also promote DVT, resulting in venous stasis.

CO, insufflation is the most common approach
to obtain pneumoperitoneum (PP). Nowadays an in-
tra-abdominal pressure of 12 mm Hg is commonly
employed [10, 22, 23]. Amir et al. reported that the
pressure generated by conditions such as CO, PP
caused liver injury in a rat study. The injury reported
caused by > 15 mm Hg was no longer reversible if it
had been applied for more than 60 min [24]. Wazz
et al. found no significant difference in preoperative
and postoperative values of aPTT, INR vs. fibrinogen
under 12 mm Hg pressure (65 LC patients) [25].

Many factors affect liver blood flow (LBF), in-
cluding intermittent positive pressure ventilation,
blood gas changes, sympathetic nervous system
activity, splanchnic reflexes, fluctuations in cardiac
output, hepatogastrointestinal diseases, direct ef-
fects of many anesthetics and other drugs, and the
surgical trauma itself. Anesthetic agents and tech-
niques such as spinal or epidural decrease the LBF.
The LBF is also decreased by lower cardiac output
due to myocardial depression, increased splanchnic
vascular resistance due to catecholamine stimula-
tion, and in the case of spinal and epidural anes-
thesia a decrease in the mean arterial blood pres-
sure. No deteriorating effects were seen in patients
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Table Il. Comparison of laboratory values between GA and CSEA groups — |

Parameter GA group (n = 30) CSEA group (n = 30) P-value
Mean £ SD Median Mean + SD Median

PT:
Pre 11.84 +0.63 11.7 11.82 +0.71 11.9 0.909
Post 1 12.01 £0.52 12.0 12.68 +0.77 12.6 < 0.001
Post 24 12.36 +0.80 12.3 13.63 +0.99 13.6 < 0.001
P-value < 0.001 < 0.001

APTT:
Pre 24.10 £3.27 231 2497 +2.73 24.6 0.060
Post 1 24.73 £3.32 23.7 25.53 +2.37 253 0.056
Post 24 25.74 £3.39 24.6 27.10 £2.79 27.0 0.095
P-value 0.001 < 0.001

T
Pre 20.10 +£1.53 20.1 20.45 +1.94 20.2 0.416
Post 1 18.07 £0.93 18.1 17.96 £1.28 17.9 0.713
Post 24 16.48 £1.35 16.3 16.28 +0.94 16.2 0.535
P-value < 0.001 < 0.001

F:
Pre 25133 £73.77 253 258.20 £64.62 261 0.702
Post 1 302.28 +72.18 282 326.12 +69.56 321 0.905
Post 24 372.19 £66.55 372 435.53 +91.04 415 < 0.003
P-value < 0.001 < 0.001

D:
Pre 0.32 +0.08 0.3 0.34 £0.10 0.3 0.590
Post 1 0.57 £0.20 0.6 1.03 +0.65 0.8 < 0.001
Post 24 0.91+0.31 0.9 1.69 +0.89 1.4 < 0.001
P-value < 0.001 < 0.001

INR:
Pre 0.99 +0.06 1 0.98 +0.19 1 0.203
Post 1 1.01 +0.04 1 1.06 £0.06 1.1 0.001
Post 24 1.04 £0.07 11 1.12 +0.07 1.1 < 0.001
P-value < 0.001 < 0.001

PT — prothrombin time, aPTT — activated partial thromboplastin time, TT — thrombin time, INR — international normalized ratio, pre — preoperative, post 1 —

postoperative 1°t h, post 24 — postoperative 24 h.

with normal liver function during anesthesia and
surgery despite the presence of decreased LBF.
However, patients with pre-existing liver disease
should be prevented from having major decreases
in LBF [26].
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Epidural anesthesia produces a central sympa-
thetic blockade that has strong effects on macro
and microcirculation by reducing autonomic effects
and modifying the endocrine profile [14]. The key
mechanism of protective and supportive effects of
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140 - Table Ill. Comparison of laboratory values be-
tween GA and CSEA groups — Il
Parameter GA group CSEA group
13.5 1 (n = 30) (n = 30)
P-value P-value
E. 13.0 1 PT Post 1-PT Pre < 0.001* < 0.001
Z PT Post 24—-PT Post 1 0.005* < 0.001
é 12.5 A APTT Post 1-APTT Pre < 0.001 0.025
APTT Post 24—APTT Post 1 < 0.001 0.011
12.0 TT Post 1-TT Pre < 0.001 < 0.001
TT Post 24-TT Post 1 < 0.001 < 0.001
11.5 + F Post 1-F Pre < 0.001 <0.001
Preop Postop 1 Postop 24 F Post 24-F Post 1 < 0.001 < 0.001
—— CoFAgroup  —— GAgroup D Post 1-D Pre <0.001 <0.001
Figure 2. Prothrombin time values D Post 24-D Post 1 < 0.001 < 0.001
PT — prothrombin time, preop — preoperative, postop 1 — postoper-
ative 1° h, postop 24 — postoperative 24™ h. INR Post 1-INR Pre 0.001 < 0.001
INR Post 24—INR Post 1 < 0.001 0.001

epidural anesthesia is suspected to be sympathetic
block [27].

Khairy et al. evaluated other studies including
coagulation and fibrinolysis parameters in venous
blood samples taken from the upper and lower
limbs of 25 patients who underwent LC because of

1.15 A
1.10 A
4
Z
G
wn 1.05
c
o
[}
=
1.00 A
0.95
T T T
Preop Postop 1 Postop 24
— CSEA group —— GA group
Figure 3. International normalized ratio values
INR - international normalized ratio, preop — preoperative, postop 1
— postoperative 1I°*t h, postop 24 — postoperative 24™ h.
336

*Parametric test. All other analyses Bonferroni correction p < 0.025.

uncomplicated cholelithiasis [8]. The measurements
of coagulation tests (PT, aPTT, and TT) were main-
tained at the same levels that had been noted in
preoperative samples except for fibrinogen. These

28.0 1
27.0
-
-
o
[0}
k)
©26.0
c
3]
(7]
=
25.0
24.0
T T T
Preop Postop 1 Postop24
—— CSEA group — GA group

Figure 4. Activated partial thromboplastin time
values

aPTT - activated partial thromboplastin time, preop — preoperative,
postop 1 — postoperative 15 h, postop 24 — postoperative 24™ h.
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Figure 5. Fibrinogen values

F - fibrinogen, preop — preoperative, postop 1 — postoperative 1 h,
postop 24 — postoperative 24" h.

rose significantly 24 h after surgical intervention.
Moreover, AT values decreased slightly immediately
following surgical intervention, but they increased
to preoperative levels 24 h following surgery. There
were no significant fluctuations in other coagulation
inhibitors (total and free protein S, and protein C)
and fibrinolytic parameters [8].

Trepenaitis et al. evaluated 50 patients with ma-
jor upper abdominal procedure (cancer of papilla of
Vater, pancreatic cancer, chronic pancreatitis, and
stomach cancer) [28]. They combined GA and tho-
racic epidural anesthesia in the study group and did
not add the thoracic epidural anesthesia in the con-
trol group when evaluating hepatic blood flow. They
reported that epidural anesthesia decreased hepatic
blood flow [28]. Both experimental and clinical studies
showed increased intra-abdominal pressure created
during pneumoperitoneum, decreased hepatic micro-
circulation, and lower portal and renal blood flow [3,
29]. Takagi found that an increase of intraperitoneal
pressure over 10 mm Hg resulted in a significant de-
crease both in blood flow and diameter of the portal
vein [29]. Jakimowitcz et al. observed that the portal
blood flow decreased to a rate of 56 ml/min during
pneumoperitoneum using 14 mm Hg. This was 56%
of the baseline flow at the beginning [30].

Donmez et al. compared the effects of coagula-
tion and fibrinolysis of LC carried out with 10 mm Hg

Videosurgery and Other Miniinvasive Techniques 3, September/2017
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Figure 6. D-dimer values

D — D-dimer, preop — preoperative, postop 1 — postoperative I h,
postop 24 — postoperative 24™ h.

and 14 mm Hg pneumoperitoneum. They found
that pneumoperitoneum caused significantly high
levels of PT, aPTT, INR, D-dimer and fibrinogen val-
ues at both pressure levels [2]. They also observed
in the same study that D-dimer values significantly
increased under pneumoperitoneum with high pres-
sure [2]. We planned the CO, pneumoperitoneum
pressure to be 10 mm Hg because of these previous
reasons, and we planned to minimize the possible
effect of reperfusion damage.

The tendency to hypercoagulability followed by
a decrease in fibrinolysis activity in the hemosta-
sis mechanism can be encountered after surgical
trauma. Thromboembolic risks increase with those
changes in hemostasis mechanism [19]. Despite
PR laparoscopic surgery has lower thromboembolic
risks compared to open surgery [3, 20, 31, 32]. Half
of the postoperatively diagnosed DVT occurs during
the surgical intervention itself. There is a significant
venous stasis related to the decreased muscle tone
under general anesthesia [25]. Lindberg et al. found
that the total pulmonary embolism was 0.06%, and
that the average rate of reported deep vein thrombo-
sis was 0.03% in a literature review of thromboem-
bolic complications after LC [17].

The mean age in group 1 was 50.7 +16.2 (19-77)
years, while itwas 52.4 +17.6 (22—79) years in group 2
(p = 0.723). The mean operation time (MOT) was
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53.6 +8.7 (45-80) min in group 1, but it was 63.9
+10.2 (53-92) min in group 2 (p < 0.001). There was
no significant difference in PP duration between the
two groups. The difference in MOT between the two
groups was attributed to the long duration of CSEA
preparation and application. The difference was be-
cause of the waiting period of 20 min for patients
in group 2 at the beginning of the effect of epidural
anesthesia. There were no significant differences be-
tween the two groups in terms of gender, age, ASA
classification, use of any drain, complications, con-
comitant diseases, weight, height, or time to first
postoperative oral intake.

Decreased PT shows a tendency toward hyperco-
agulopathy [21]. Ntourakis et al. compared the co-
agulation and fibrinolysis factors preoperatively and
24 h postoperatively in a series consisting of 119 pa-
tients who underwent LC under GA [33]. They de-
tected significant differences in PT values between
preoperative and postoperative samples, and this
difference was attributed to changes in hepatic func-
tion in addition to changes in the blood flow in the
portal vein due to PP during LC [33]. Similarly, post-
operative PT levels in our study increased relative
to preoperative levels in both groups 1 and 2. The
significant increase in the PT of group 2 compared
to group 1 was suggestive of CSEA augmenting the
effect. The PT in group 2 increased more and showed
that spinal epidural anesthesia caused more vasodi-
lation in the periphery and had a bigger impact on
hepatic perfusion compared to general anesthesia.

Similar changes were seen for INR values along
with the PT values in both groups. This supported
our finding that the LC decreased the coagulopathy
tendency, and CSEA augments it. Our findings can
also be attributed to changes in the blood flow in
the portal vein due to PP and to changes in hepatic
functions. While shorter PT values are expected with
older age, there are reports showing high values of
D-dimer, PT and INR in elderly people [33]. Nonethe-
less, the FDP and D-dimer values were significantly
higher in older patients postoperatively [33].

The aPTT is a direct measurement of coagulation.
A short aPTT shows activation of coagulation [21].
Short aPTT values following surgical intervention
indicate hypercoagulability [20]. We found a signif-
icant increase in aPTT values 1 and 24 h postoper-
atively compared to baseline in group 1. We also
found a significant increase in the aPTT values at
24 h postoperatively compared to the mean base-
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line values in group 2. When the two groups were
compared, the aPTT values were significantly high-
er preoperatively and 1 and 24 h postoperatively in
group 2.

Both groups had a significant increase in throm-
bin time (TT) values at 1 and 24 h versus baseline.
The TT predicts the cascade of coagulation and anti-
coagulation and reflects the fibrinolytic system.
Therefore, we assumed that post-operative throm-
bosis might have a significant correlation with TT.
The decrease in TT might be related to the increase
of fibrinogen levels, which can show hypercoagu-
lability that supports the thrombotic tendency. We
found that the decrease in TT was significantly high-
er in group 2 compared to group 1.

Fibrinogen is produced in the liver as an acute
phase protein. The enzymatic activation of thrombin
transforms fibrinogen into fibrin [32, 34, 35]. Fibrin-
ogen (F) is also known as coagulation factor | and
is the principal protein in coagulation. Schietroma
et al. reported that F values increased postoperative-
ly and reached a maximum 72 h after surgery [34].

Increased levels of fibrinogen are associated
with hypercoagulability [33]. The level of fibrinogen
is positively correlated with factors such as resting
blood pressure, stress, BMI, tobacco, and age [33].
Both premenopausal and postmenopausal women,
and men of all ages, are similar in terms of the mag-
nitude of hemostatic factors. Despite the periodic
variations in factor VI, fibrinogen, and PAI-1 during
menstruation in premenopausal women, these re-
sults do not differ between postmenopausal women
and men of any age [36].

The F values were significantly higher in group 2
than group 1 at all time points. The PP pressure was
constant, and the higherincrease in values in group 2
showed the effect of spinal epidural anesthesia on
hepatic perfusion and its relevance to vasodilatation
in peripheral vessels. The increase in F in group 2
was within the normal range compared to group 1.
Thus, it increased hypercoagulopathy.

D-dimer (DD) levels can be encountered in sec-
ondary fibrinolysis, venous thrombosis, and pulmo-
nary emboli. There is a link between DD and fibrin
degradation products (FDP) formed by fibrin. Milic
et al. reported that D-dimer was the only reliable
and sensitive marker for coagulation and fibrinolysis
[37]. They also emphasized that other markers such
as PT and aPTT were indirect indicators for coagu-
lation and fibrinolysis [37]. Activation of fibrinolysis
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can counteract the increase in coagulation, and
the increase in DD found in our study indicates
that this may be the case [21]. The DD measure-
ments are widely used in clinical practice and have
become one of the most valuable indicators to
diagnose and monitor thrombotic disorders and
disseminated intravascular coagulation (DIC) [38].
These data confirm the activation of both coagu-
lation and fibrinolytic systems postoperatively. It
is obvious that there was an imbalance between
coagulation and fibrinolysis because the coagu-
lation function was stronger than the fibrinolytic
system. The post-operative DD levels significant-
ly increased in both groups compared to baseline.
The DD values at 1 and 24 h were significantly
higher in group 2 than in group 1. The higher in-
crease in group 2 was probably due to the effect
of spinal epidural anesthesia on hepatic perfusion
and stasis due to peripheral vasodilatation. The
increase in hypercoagulopathy and fibrinolysis in
group 2 seriously increased the DVT risk. Thus, we
aimed to minimize the effects of PP on coagulation
and fibrinolysis by performing LC at 10 mm Hg CO,
pressure in our patients.

Conclusions

In our study, the anesthesia technique affected
coagulation and fibrinolysis parameters indepen-
dent of PP. While values of PT, aPTT, and INR were
found to be high following LC-supported hypoco-
agulability, increased DD promoted an increase in
fibrinolysis in both groups. Shorter TT and higher
fibrinogen values may indicate hypercoagulability.
Coagulation and fibrinolysis parameters showed
changes in LC. When PP is constant, the levels of F
DD, PT, APTT, and INR are higher in the spinal anes-
thesia group both within the group and compared
to the general anesthesia group. There is a spike in
TT levels after spinal epidural, and this promotes hy-
percoagulopathy. Thus, spinal epidural anesthesia
increases hypercoagulability much more than gener-
al anesthesia. Thus, the risk of thrombosis and em-
boli increases in LC especially when it is performed
under CSEA. We believe that anti-thromboembolic
prophylaxis is necessary in laparoscopic interven-
tions especially in elderly patients for whom cardi-
ac rhythm disturbances and increased stasis within
the venous system might contribute to an increased
risk of thrombosis and emboli. One weakness of
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a randomized controlled trial

our study was the small number of patients. Thus,
a more comprehensive randomized clinical study is
needed with more cases.
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