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Summary 
This study was designed to evaluate the effect pj COjpneu-

niaperitoiieum on hemodynamics in dogs following myocardial 
is -hernia. Invasive monitoring was performed in 26 adult dogs, 
weighing 20-25 kg. under general anesthesia. Then, the animals 
were allocated randomly into two main groups: Group I (con
trol) and Group II (Ischemia). Hemodynamic measurements 
(MR: heart rate, MAP: mean arterial pressure, CVP: central ve
nous pressure, MPAP: mean pulmonary1 artery pressure, CO: 
cardiac output) and arterial blood gas determinants were ob
tained as baseline values. Then, the animals in control group 
were allocated into two subgroups; Control I (n=6) and Control 
II (n-6). 5 inmHg and 12 rnmHg of intraabdominal pressure 
(IAP) were performed, respectively. Afterwards, hemodynamic 
measurements were repeated 10. 20 and 30 minutes after- the 
peritoneal insufflation was completed. In ischemia group, medi
an sternotomy was performed and myocardial ischemia was 
produced by ligating left anterior descending (LAD) coronary 
arfery. When the ECG revealed myocardial infarction, hemody
namic variables and arterial blood gas determinants were ob
tained 45 minutes after LAD was ligated as baseline values. 
Then, the animals in the ischemia group were allocated into two 
Subgroups; Ischemia-I (n=7) and lschemia-II (n=7). Animals 
underwent peritoneal insufflation to create 5 rnmHg in ischemia 
group 1 and 12 mmllg in ischemia group II. After-wards, hemo
dynamic measurements were obtained 10, 20 and 30 minutes af
ter the peritoneal insufflation was completed. No significant dif
ference was detected in cardiovascular variables in control 
groups, whereas significant increases were observed in the fill
ing pressures of the heart (CVP. PCWP) and MPAP in ischemic 
groups (p<0.05). CO and MAP decreased in dogs following my
ocardial ischemia (p<0.05). and heart failure and cardiogenic 
shock occured following myocardial ischemia, especially in 
dogs with high IAP. We conclude that the cardiac functions de
crease as the intraabdominal pressure oj pneumoperitoneum in
creases in our experimental myocardial ischemia model. 
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Özet 
Bu çalışmada myokardial iskemi oluşturulan köpeklerde 

karbondioksid gazı kullanılarak değişik basınç/ardaki pnö-
moperitoneuınun hemodinamik etkileri araştırıldı. IH - 25 kg 
ağırlığında 26 yetişkin köpeğe genel anestezi altında iııvaziv 
monitorizasyon uygulandıktan sonra rastgele iki ana gruba 
ayrıldı; Kontrol ve iskemi grupları. Kontrol grubunda 
başlangıç hemodinamik ölçümler (Kalp atım hızı: KAH, 
santral venöz basınç: SVB, pıılmoner kapiller kama basıncı: 
PKKB, ortalama pıılmoner arter basıncı: OPAB, ortalama 
arter basıncı: O AB, kardiak oııtput: KO) ve kan gazları alındı. 
Daha sonra bu deneklere sadece peritoneal insüflasyon 
(sırasıyla kontrol I (n:6): 5 ınınllg ve Kontrol II (n:6): 12 
nınıHg) uygulandı ve 10., 20. ve 30. dakikalarda hemodinamik 
ölçümler ve kan gazları tekrarlandı. iskemik grupla deneklere 
önce mediaıı sternotomi yapılarak sol inen koroner arterleri 
bağlandı ve iskemi oluştuktan (ortalama 45 dk.) sonra 
başlangıç hemodinamik ölçümler (KAH, SVB. PKKB. OPAB. 
OAB ve KO) ve kan gazları alındı ve peritoneal insüflasyon 
(sırasıyla iskemi I (n:7): 5 ınınHg ve iskemi II (n:7): 12 mnıHg) 
uygulandı. Bu gruplarda iskemi oturduktan 10, 20 ve 30 dak. 
sonra hemodinamik ölçümler ve kan gazları tekrarlandı. Çalış
mamızdan elde edilen sonuçlara göre; intraabdominal basınç 
artışının kontrol gruplarında önemli bir kardiovasküler 
değişikliğe yol açmadığı; buna karşılık iskemik kalplerde 
(özellikle intraabdominal basıncın daha yüksek olduğu grupta) 
kalbin dolma basınçlarında (SVB. PKKB) ve OPAB'da artış, 
kalp debisi ve OAB'de düşme ile kendini belli eden kalp yet
mezliği ve kardiojenik şoka yol açtığını gösterdi (p<0.05). Bu 
çalışmada eksperimental myokardial iskemik modelde intra 
abdominal basınç artışının önemli hemodinamik instabi/iteye 
yol açtığı sonucuna vardık. 

Anahtar Kelimeler: Laparoskopik insüflasyon, 
Pneumoperitoneum, İntraabdominal basınç, 
Hemodinami, Myokard iskemisi. 
Kalp yetmezliği 
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Laparoscopic surgery has rapidly gained popu
larity and become a widely used technique in recent 
years. Potential advantages of laparoscopic proce
dures arc decreased cost, increased patient comfort, 
minimal abdominal scar, rapid postoperative recov
ery and short period of hospitalisation (1,2). 

Although laparoscopy has been accepted a safe 
procedure, cardiovascular derangements were re
ported due to CO, pneumoperitoneum. The patho
physiologic effects of intraperitoneal C 0 2 insuffla
tion and high intra-abdominal pressure (1AP) on the 
patients' cardiopulmonary performance were stud
ied by various investigators (1-8). As laparoscopic 
procedures become more universal and more com
plex and longer procedures such as common bile 
duct surgical exploration, antireflux operation, 
lymph node dissection, intestinal resection have 
been performed. This means a longer duration of 
C 0 2 insufflation and the patient population may be 
expected to be much older and with more marginal 
cardiopulmonary reserve. As a consequence, pro
longed C 0 2 insufflation depresses myocardium es
pecially in patients with limited cardiac functions. 

We performed this experimental study to eval
uate the hemodynamic effects of C 0 9 pneumoperi
toneum at various intra-abdominal pressures in 
dogs following myocardial ischemia. 

Materials and Methods 
Animal Preparation 
This study was performed in 26 adult dogs 

weighing 18-25 kg in animal laboratory of 
University of Ankara, Faculty of Medicine. After 
animals were sedated with an intramuscular injec
tion of ketamine hydrochloride (10-15 mg/kg ), the 
animals were placed in a supine position on the op
erating tabic with the front and hind limbs fixed in 
the abduction position. Intravenous thiopcnthal (4-
7 mg/kg) was given after radial venous cannulation. 
After endotracheal intubation, atracurium bcsylate 
(0.7 mg/kg) was administered and the anesthesia 
was maintained with halothane 1-1.5% in 50% N 2 0 
+ 50% 02 mixture. The appropriate minute ventila
tion was determined by adjusting the tidal volum 
and respiratory rate to obtain normal arterial blood 
gases. The neck, abdomen and groin were shaved 
and draped in a sterile fashion. The right femoral 
artery was cannulatcd to monitor the mean arterial 

pressure (MAP). The right external jugular vein 
was surgically explored and cannulatcd with 7 F 
polyethylene catheter. A flow directed 5 F pul
monary arterial catheter (Baxter, American 
Edwards Labaratories, Irvine, Calif.) was also in
serted via the internal jugular vein and floated into 
the pulmonary artery for measurumcnts of cardiac 
output (CO), pulmonary capillary wedge pressure 
(PCWP) and mean pulmonary arterial pressure 
(MPAP). The catheters were connected to mem
brane transducers (Model 1290 A, Hewlett 
Packard, Whaltham, Mass.). Cardiac output was 
measured by the thermodilution technique using 
room temperature normal saline injectate (10 ml) 
and a cardiac output computer (Model 9520 A 
American Edwards Laboratories, Irvine, Calif). 
A l l pressures were recorded with the dogs in supine 
position with the transducers zeroed to the midch-
est of the animal and calibrated to a mercury stan
dard. 

Protocol 
After the animals were anesthetized and frilly 

instrumented, a 15 minutes baseline period was ob
served when the animals' arterial blod gases were 
normalised and hemodynamic data were stabilized. 
The minute ventilation obtained during this base
line period was then fixed throughout the rest of the 
experiment. The animals were allocated randomly 
into two main groups. Group.I (Control) and Group 
II (Myocardial ischemia). Hemodynamic variables 
(HR: heart rate, M A P : mean arterial pressure, CVP: 
central venous pressure, MPAP; mean pulmonary 
artery pressure, PCWP: pulmonary capillary artery 
pressure, CO: cardiac output) and arterial blood gas 
determinants were obtained as baseline values. In 
control groups, a Vercss needle was inserted 
supraumblically, and placement of the needle tip in 
the peritoneal cavity was confirmed by the saline 
drop test. Insufflation of C 0 2 was performed by an 
automatic insufflator (Electronic Laproflator, 
26012 Storch,Tuttlingen, Germany). Then, the ani
mals in the control group were allocated into two 
subgroups. Control I (C I ; n=6) and Control II (C 
II; n= 6). 5 and 12 mmHg of intraabdominal pres
sures were performed in group CI and CII, respec
tively. Afterwards, hemodynamic measurements 
were obtained at 10, 20, and 30 minutes after the 
peritoneal insufflation was completed. In myocar-
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Picture 1. Electrocardiogram (ECG) (VI,V2,V3) I : Baseline, 
2. Myocardial ischemia 25 th min. 3: Myocardial ischemia 45 
th min. 

dial ischemia group, median sternotomy was per
formed and myocardial ischemia was produced by 
ligating left anterior descending coronary artery 
(LAD). The sternum was then reapproximated and 
ECG records were obtained at regular intervals to 
demonstrate myocardial infarction during 45 min
utes (Photograph 1). When the ECG revealed my
ocardial infarction, hemodynamic variables and ar
terial blood gas determinants were obtained 45 
minutes after L A D was ligatcd as baseline values. 
Then, the animals in the ischemic group were allo
cated into two subgroups, subsequently. Ischemia I 
(I-I; n= 7) and ischemia II (I-II; n=7). Animals un
derwent peritoneal insufflation with the same 
method used in control groups to create 5 and 12 
mmHg of intraabdominal pressures in ischemia-I 

and Ischcmia-II groups, respectively. Afterwards, 
hemodynamic measurements were obtained at 10, 
20 and 30 minutes after the peritoneal insufflation 
was completed. 

Then, the animals with myocardial ischemia 
were killed with pentobarbiton (60 mg/kg i.v) 
whereas the animals in the control group were ex-
tubated. 

Arterial blood gases were analysed by a 
pH/blood gas analyzer (Model 170, Corning 
Medical, Medfield, Mass.). SVR, PVR, M A P and 
MPAP values were calculated by using standart for
mulas. 

Statistical Analysis 
Data were reported as mean values ± (SEM). 

Analysis of variance for repeated measurements 
was performed to determine significant differences. 
Paried- t and Wilcoxon's matched pairs test was 
used for parametric data. A p - value below 0.05 
was considered significant. 

Results 
There were no significant differences in demo

graphic characteristics between groups. 

Hemodynamic Changes 
No significant differences were delected at 

baseline hemodynamic recordings between is
chemic and control groups (Figure 1-8) (p>0.05). 
The increase in HR in myocardial ischemic groups 
occured after C 0 2 insufflation at all measurement 
periods compared to baseline values and control 
groups (Figure 2) (p<0.05). The hemodynamic pa
rameters after CO, insufflation did not differ sig
nificantly from baseline values in control groups 
(Figure 1-8) (p<0.05). 

In myocardial ischemic group with an IAP of 
12 mmHg, CVP, MPAP, and PCWP values in
creased significantly compared to baseline values 
and control groups (Figure 3,4,5) (p<0.05). 
Significant decreases were detected in M A P and 
CO values in myocardial ischemic groups com
pared to baseline values and control groups where
as SVR increased significantly compared to base
line values (Figure 1,6,7) (p<0.05). A significant 
increase was found in SVR at 10 and 20 minutes af-
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Figure I. Mean systemic arterial pressures (MAP). 
+ p<0.05 compared to haseline values. 
* p<0.05 compared to control group. 

Figure 2. Heart rate (HR) values. 
+ p<().05 compared to baseline values. 
* p<0.05 compared to control group. 

Figure 3. Central Venous Pressures (CVP). 
+ p<().05 compared lo baseline values. 
* p<0.05 compared lo control group. 

Figure 4. Mean Pulmonary Artery Pressures (MPAP). 
+ p<0.05 compared to baseline values. 
* p<0.05 compared to control group. 

ter CO-, insufflation in myocardial ischemic group 
with an IAP of 12 mmHg when compared to con
trol groups (Figure 7) (p<0.05). PVR increased at 

10 and 20 minutes after C 0 2 insufflation in my
ocardial ischemic groups compared to baseline val
ues and control groups (Figure 8) (p<0.05). 
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Figure 5. Mean pulmonary capillary wedge pressures 
(PCWP). 
+ p<0.05 compared to baseline values. 
* p<0.05 compared lo control group. 

Figure 6. Cardiac Output (CO) values. 
+ p<0.05 compared to-baseline values. 
* p<0.05 compared to control group. 

D C I 

j H C II 

Figure 7. Systemic Vascular Resistance (SVR) values. 
+ p<0.05 compared to baseline values. 
* p<0.05 compared to control group. 
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Table 1. Arterial pH values 

Peritoneall insufflation 
C I CII 

Ischemia+ peritoneal insufflation 

i I in 
Baseline 
10. min. 
20. min. 
30. min. 

7.44+/-0.8 
7.39 ± 0.08 
7.41± 0.05 
7.41+0.05 

7.46+/-0.9 
7.44 ± 0.04 
7.42 ±0 .06 
7.42 ±0.06 

7.41+/-0.05 
7.38 ± 1.1 

7.44 ±0 .04 
7.44 ±0 .04 

7.47.+/-0.02 
7.39 ± 0.6 

7.35 ± 0.03 + * 
7.35 ± 0.03 + * 

+ p<0.()5 compared lo baseline values 
* p<0.05 compared to control group 

Table 2. Arterial CO2 pressures 

Peritoneal insufflation Tschemia+ peritoneal insuffla 

• cl en ïl ilï 

1 

+ p<0.05 compared to baseline values 
* p<0.05 compared to control group 

Arterial blood gas analyses showed no signifi
cant differences in control groups. However, pH 
decreased significantly at 20 and 30 min. after C 0 2 

insufflation in myocardial ischemic group with an 
1AP of 12 iTimHg compared to control groups 
(Table 1) (p<0.05). Consistently, PaC0 2 increased 
significantly at 20 and 30 min. after C 0 9 insuffla
tion in myocardial ischemic group with an IAP of 
12 minHg compared to control groups (Table 2) 
(p<0.05). 

Discussion 
In this experimental study, the effects of IAP 

with C 0 2 pneumoperitoneiim on hemodynamic 
variables and arterial blood gases were investigated 
in dogs following myocardial ischemia. The data of 
this study demonstrated that the increase of IAP did 
not alter cardiopulmonary functions in control 
groups. However, cardiac filling pressures (CVP, 
PCWP) and MPAP increased, and CO and M A P 
decreased in myocardial ischemic groups, especial
ly in dogs with an IAP of 12 muiHg. As a result of 
tins, heart failure and cardiogenic shock occured in 
dogs following myocardial ischemia. Additionally, 
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a compensated respiratory acidosis with an increase 
in PaC0 2 and a decrease in pH was observed in 
dogs following myocardial ischemia with an LAP of 
12 mmHg. 

The expanded use of laparoscopic techniques 
has prompted intense investigation of the hemody
namic effects of pneumoperitoneum. Recently, 
there have been numerous studies of hemodynamic 
changes during laparoscopic procedures (1-15). 
However, hemodynamic consequences of C 0 2 

pneumoperitoneum have not been explored in pa
tients with cardiac disease or in animals with is
chemic hearts. 

Laparoscopy requires intraperitoneal gas in
sufflation for adequate visualization and successful 
operation. However, peritoneal insufflation of C 0 2 

to create the pneumoperitoneum neccessary for la
paroscopy inchices intraoperative ventilatory and 
hemodynamic changes (13-1 7). The position of the 
patient (head-down or head-up) requir-ed during 
these procedures also contributes to these changes 
(16). In the present study, the hemodynamic vari
ables and analysis of arterial blood gases were per-
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baseline 39.7 ±4 .3 37.3 ±3 .1 35.4 ±2 .1 34.5 ±1.5 
0. min. 36.4 ±3.1 36.7 ±3.43 37.8 ±4 .1 39.7 ± 4.3 
0. min. 38.6 ±2 .9 37.5 ±2 .4 38.2 ±2 .3 43.9 ± 4 . 8 1 

0. min. 37.5 ±2 .4 38.6 ±2 .9 35.9 ±2 .7 48.6 ± 3 .2 + 
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formed in supine position to avoid the effects of po
sitioning. There are several reports that the increase 
of IAP above 10 mmHg to create a pneumoperi
toneum is associated with a decrease of CO and an 
increase of MAP, SVR and PVR (7,11-13). The in
vestigators indicated that the cardiovascular de
rangements are occured as a result of these hemo
dynamic changes. It is also reported that the de
crease in CO correlates with an increase in IAP 
(2,13-15). In this study two different IAP was per
formed in animals. Although, the non significant 
increases of CO and M A P are associated with a non 
significant increase in SVR in control groups, sig
nificant disturbances arc characterized by an in
crease in cardiac filling pressures and SVR and a 
decrease of CO, especially in ischemic dogs with 
an IAP of 12 mmHg. 

The reason that the IAP did not result any sig
nificant change in hemodynamic parameters in 
control groups, is probably due to relative low IAP 
and supine position. The decrease in CO in dogs 
following myocardial ischemia can be explained by 
increased S V R due to elevated intra-abdominal 
pressure. The mechanism that the decrease in CO in 
dogs produced myocardial ischemia is thought to 
be secondary to increased SVR and a decreased ve
nous return from the lower extremities due to in
creased intraabdominal pressure. On the other 
hand, potential mediators such as cathecolamincs 
and vasopressin contribute to the increase of SVR. 

In canines with normal hearts, the effects of 
pneumoperitoneum include an increased central ve
nous pressure and pulmonary capillary wedge pres
sure with an accompanying decreased cardiac out
put (9,10,13). There are several studies indicating 
that the decrease in CO can be explained by hypo
volemia and an increase of SVR (6,11). 
Additionally, duplex scanning has documented de
creased lower extremity venous flow during la-
paroscopy (7). 

In this study, cardiac filling pressures (CVP 
and PCWP) and M A P increased significantly in is
chemic groups, especially in dogs with an IAP of 
12 mmHg..The increase in CVP is thought to be 
secondary to an increased venous return from the 
lower extremities. However, despite the increase in 
CVP, transmural right atrium pressure (the pressure 
within the right atria minus the cxtracardiac pres

sure), which should be used rather than directly 
measured RAP as an indicator of venous return lo 
the heart in case of elevated IAP, did not change. 
Ivancovich el al. (13) reported that inferior vena 
caval flow declined with an increase of IAP 10 
mmHg or more in canines with CO, or N-,0 pneu
moperitoneum . He also indicated that femoral vein 
pressures increased roughly in parallel with the in
creases of IAP consequent to pooling of blood in 
the peripheral circulation. 

The decrease in CO in ischemic groups, espe
cially in dogs with an IAP of 12 mmHg, can be ex
plained by a reduction in venous return and/or in
creased SVR. Under normal circumstances, intra
peritoneal gas insufflation decrease CO. However, 
M A P can be maintained in the normal range with 
the increase of SVR. Wcstcrband el al. (2) studied 
the cardiovascular changes in 16 patients undergo
ing laparoscopic cholecystectomy with an IAP of 
15 mmHg. Their results revealed a decrease of 30% 
in CI, 15% in MAP, and an increase of 79%, in 
SVRI. They also reported a myocardial infarction 
of the inferior part of the wall in one patient during 
operation and a possible high afterload was sug
gested for the reason of MI. Motew el al. (14) ob
served an elevation of blood pressure and CVP in 
10 women undergoing intraperitoneal CO, insuffla
tion up to a pressure of 20 mmHg. Further increas
es in intra-abdominal pressure of 30 mmHg result
ed in slight depression of cardiac output and CVP. 

Analysis of arterial blood gases revealed an in
crease in PaC0 2 and a decrease in pH, resulting 
acidemia and hypcrcapnia in the present study. 
Decompansated acidemia may contribute lo the de
crease of CO and to the increase of PVR. However, 
as arterial blood gas samples in myocardial is
chemia group showed compensated acidemia, this 
suggestion should not to be undertaken into consid
eration. 

Using of fixed tidal volum and respiratory rate 
during laparoscopic surgery lead to systemic ab
solution of CO, and hypcrcapnia. It is well known 
that hypercapnia induces sympathetic activation 
and increases PVR (6,12,14,18). In this experimen
tal model, we maintained a fixed minute ventilation 
throughout the period of insufflation to approxi
mate the clinical model in which mechanical venti
latory impairment prevents intraoperative adjust-

82 T Klin .1 Med Res I'M. 16 



H E M O D Y N A M I C EFFECTS OF L A P A R O S C O P I C INSUFFLATION AT DIFFERENT PRESSURES IN DOGS... O R A L ci 

ment of minute ventilation. Intraoperatively, it is 
imperative that end-tidal volume CO, content be 
monitored continuously during C 0 2 pneumoperi
toneum to allow appropriate adjustments of minute 
ventilation to avoid potential hypcrcapnia and 
acidemia. In the present study, an increase in 
PaC0 2 and a decrease in pH was detected in my
ocardial ischemic dogs with an IAP of 12 mmHg. 
This is probably due to the relative increase of dead 
spaces in lungs (high V/Q areas). This finding is of 
clinical importance indicating that the possibility of 
hypcrcapnia is higher in cases who have low CO 
when fixed minute ventilation and respiratory rate 
was used. 

We concluded that the increase of intra-ab
dominal pressure with C 0 2 insufflation induced 
systolic heart failure in dogs following myocardial 
ischemia. 
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