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ABSTRACT 

Lindberg, F. 2002. Carbon dioxide pneumoperitoneum – hemodynamic consequences and 

thromboembolic complications - Comprehensive Summaries of Uppsala Dissertations from 

the Faculty of Medicine 1173. 83 pp. Uppsala. ISBN 91-554-5374-0. 

 

Around 1990, and within only a few years, the laparoscopic method of performing general 

surgical procedures was introduced throughout the Western world. No previous scientific 

studies on the safety of this new way of performing general surgery had been undertaken.  

 In an animal study, it was shown that carbon dioxide pneumoperitoneum (CO2 

PP) causes an increase in inferior caval vein (ICV) pressure, although there were no effects on 

the inferior caval vein blood flow. There were gradual increases in systemic, pulmonary and 

ICV vascular resistance that remained after exsufflation. These effects on vascular resistance 

could not be reproduced in a second animal study, presumably due to a different form of 

anesthesia. In this study there was only indirect evidence that CO2 PP decreased urine output. 

No increase in vasopressin, which is commonly seen during CO2 PP, was found, indicating 

that vasopressin may play a role in the decreased urine output during CO2 PP but that there 

must be other contributing factors as well. Only brief effects on the renal arterial blood flow 

were seen. Renal venous pressure increased to that of the ICV. 

 A literature review indicated that thromboembolic complications do occur after 

laparoscopic cholecystectomy (LC). The relative frequencies indicated an underreporting of 

deep vein thrombosis (DVT) in relation to pulmonary embolism (PE). 

 In a clinical study, activation of coagulation after LC was demonstrated. There 

were differences between the groups receiving dextran and those receiving low molecular 

weight heparin as prophylaxis. A further clinical study showed the incidence of DVT, as 

demonstrated by phlebography, to be 2.0 % (95 % confidence interval 0-6.0 %) 7-11 days 

after LC, even though thromboembolism prophylaxis was given in shorter courses than those 

scientifically proven to be effective against DVT. D-dimer values increased on the first post-

operative day and increased even further at the time of phlebography, suggesting that the 

effects of LC on coagulation and/or fibrinolysis may be of longer duration than previously 

known. 
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ABBREVIATIONS 

ANOVA analysis of variance 

APC activated protein C 

CI cardiac index 

CO cardiac output 

CO2 carbon dioxide 

CVP central venous pressure 

D-dimer human cross-linked fibrin degradation products 

DVT deep vein thrombosis 

ERCP endoscopic retrograde cholangiopancreatography 

FM fibrin monomers 

GCS graduated compression stockings 

He helium 

HV hyperventilation 

ICV inferior caval vein 

ICVP inferior caval vein pressure 

LC laparoscopic cholecystectomy 

LMWH low molecular weight heparin 

MAP mean arterial blood pressure 

MPAP mean pulmonary arterial blood pressure 

OC open cholecystectomy 

PAI-1 plasminogen activator inhibitor 1 

pCO2 carbon dioxide tension 

PCWP pulmonary capillary wedge pressure 

PE pulmonary embolism 

PEEP Positive end-expiratory pressure 

PP pneumoperitoneum 

QICV blood flow in the inferior caval vein 

RAAS renin-angiotensin-aldosterone system 

RBF renal arterial blood flow 

RCBF renal cortical blood flow 

RCP renal cortical perfusion 

RMBF renal medullary blood flow 

RVF renal vein blood flow 

RVP renal vein pressure 

SD standard deviation 

SVR systemic vascular resistance 

TAT thrombin-antithrombin complexes 

tPA tissue plasminogen activator 

vWf von Willebrand factor 

VR vascular resistance 
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INTRODUCTION 

 

Historical highlights 

The first documented laparoscopy was performed on a live dog by Georg 

Kelling, a surgeon from Dresden, Germany, and was presented at the 73rd 

Congress of German Naturalists and Physicians in September 1901. He created a 

pneumoperitoneum (PP) using filtered air and performed the laparoscopy using 

a cystoscope and a trocar, thus establishing many of the basic principles of 

laparoscopy that are still in use (Kelling 1901). The same year, a Russian 

gynecologist, Dimitri Oskarovich von Ott from Petrograd, performed an 

examination of the abdominal cavity of a pregnant woman through a small 

culdotomy (von Ott 1901). 

The clinical use of laparoscopy (as well as the term “laparoscopy”) 

was pioneered by Hans Christian Jacobaeus, a Swedish physician, in 1910. He 

initially used it to diagnose various causes of ascites, but also applied his new 

skills to the thoracic cavity, and was thus the first to practice thoracoscopy 

(Jacobaeus 1910). 

Richard Zollikofer from Switzerland was the first to suggest the use 

of carbon dioxide (CO2) for creating a PP (Zollikofer 1924). This was a great 

improvement over earlier techniques using air, since the absence of oxygen in 

the abdominal cavity cleared the way for the use of electrocoagulation. 

In an attempt to reduce the risk of puncturing intra-abdominal organs 

upon creating the PP, Janos Veress from Hungary developed a needle protected 

by a blunt inner probe when it was not encountering the resistance of penetrating 

the fascia or peritoneum. It was presented in 1938 (Veress 1938) and is still the 

most commonly used instrument for puncturing the abdomen for introduction of 

PP.  

Placing the first trocar also carries a risk of puncturing intra-

abdominal organs, and in 1971 this led to the introduction of the Hasson  
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technique for open access to the abdomen. Hasson used a trocar with a conical 

tip, which he secured with sutures in a mini-laparotomy (Hasson 1971, Hasson 

1974). The open technique has subsequently been further developed through the 

introduction of balloon-tipped trocars, which better prevent gas leaks. 

 

Gynecologists were the first to catch on, since ovaries and Fallopian tubes are 

frequently diseased but difficult to examine due to their anatomical location. 

Initially, the range of available laparoscopic instruments only permitted 

inspection of the intra-abdominal organs and taking biopsies. In the early 1970s, 

tubal ligation became the first therapeutic procedure to be widely performed 

(Hulka 1975). Until the early 1990s, laparoscopy was almost exclusively a 

gynecological procedure of short duration performed with the patient in the 

Trendelenburg position. General surgeons did not use laparoscopy. If they 

needed to examine the contents of the abdominal cavity, they performed an 

exploratory laparotomy, thereby being able not only to see but also to palpate 

the organs and, if necessary, perform the appropriate operation at the same time. 

In the late 1980s this changed completely. 

 

The first laparoscopic cholecystectomy (LC) was performed on September 12th
, 

1985, by Erich Mühe in Böblingen, Germany, using a “galloscope” he had 

developed (Reynolds 2001, Litynski 1998, Mühe 1992). He reported this new 

way of performing the operation at the Annual Congress of the German Society 

of Surgery in Munich in April 1986, but no one was particularly impressed or 

interested. Although he was actively discouraged from continuing to explore this 

“folly”, he persisted. After Mühe had performed close to one hundred of these 

operations, one patient died of a complication unrelated to the laparoscopic 

procedure. This led to Mühe being prosecuted and convicted of manslaughter, 

since his work was considered too experimental and was not accepted at that 

time by the surgical leadership in Germany (Mühe 1999). Nevertheless, the time  
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had come for the minimally invasive revolution in abdominal surgery. This was 

due in part to improved light systems and the introduction of the video 

laparoscope in 1986, which not only made it possible for everyone in the 

operating room to follow the operation, but the ergonomic situation of the 

surgeon was also dramatically improved. During 1987 and 1988, Mouret, 

Dubois and Perissat in France (Litynski 1999, Mouret 1996) as well as 

McKernan/Saye and Reddick/Olsen in the United States independently began 

performing LC. Reddick and Olsen’s report of laser LC (Reddick 1989) led to 

North American surgeons by the thousands visiting them in Nashville in order to 

observe and learn. The extremely fast dissemination of this new technique 

formed the basis of a revolution in the way surgery is performed, particularly 

cholecystectomy. One reason for the “laparoscopic revolution” was the 

undeniable clinical advantages for patients undergoing laparoscopic procedures 

(less post-operative pain, shorter hospital stay and shorter time off from work 

(Liang 2002, Ros 2001, Savarise 2001, Nakada 2001, McGinn 1995, Kane 1995, 

Berggren 1994, Cagir 1994, Unger 1993, Barkun 1992)). In addition, there were 

indications that laparoscopic surgery might cause a diminished stress response 

and less compromise of the immune system, as has been shown in a variety of 

laparoscopic procedures (Liang 2002, Solomon 2002, Savarise 2001). Economic 

incentives quickened the spread in the United States as patients heard of this 

new, less painful way of performing surgery and started to demand it. An 

enthusiastic promotional campaign by the manufacturers of laparoscopic 

equipment further persuaded individual surgeons and hospitals that this new 

method of doing cholecystectomy was a necessity in their armamentarium. 

Within ten years, LC had replaced open cholecystectomy as the golden standard, 

and virtually all surgical procedures, including the most complex ones such as 

pancreatic resections (Mahon 2002, Cushieri 2000) and aortic aneurysm surgery 

(Ludemann 1999), have been performed laparoscopically. Even procedures 

where wound pain is a small problem, such as thyroid (Yeh 2000, Henry 1999)  
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and breast surgery (Osanai 2002, Kitamura 2001), have been done using similar 

equipment, in these cases mainly for cosmetic reasons. However, these types of 

operations should not be called laparoscopic surgery, as the abdominal cavity is 

not entered. Minimally invasive, minimal access or endoscopic surgery are the 

correct terms for all sorts of operations where skin incisions are minimized or 

non-existent. 

 

Basic principles of laparoscopic surgery 

Although the range of available laparoscopic instruments has increased greatly 

since the late 1980s, the basic principles of laparoscopic surgery remain the 

same. The surgeon must first achieve access to the abdominal cavity, either 

using a Veress needle or through an open technique, as introduced by Hasson. 

The Veress needle carries both a higher rate of umbilical morbidity (Mayol 

1997) as well as a slightly higher risk of puncturing intra-abdominal organs, 

particularly in patients who have undergone previous intra-abdominal surgery 

(Lecuru 2001, Catarci 2001, Bonjer 1997, Sigman 1993). Some surgeons 

routinely use an open technique for entering the abdomen, whereas others only 

use this technique when the patient has undergone previous surgery.  

The next step is to establish a PP in order to create a working space 

intra-abdominally. Several different gases have been tried, but the most 

commonly used is carbon dioxide, due to its low cost, low flammability and 

high solubility in blood. Air is never used nowadays due to its oxygen content, 

which could lead to explosions, and its nitrogen content, which could cause gas 

embolism because of its low solubility in blood. Nitrous oxide may have 

advantages in diagnostic laparoscopy under local anesthesia, since it produces 

less peritoneal irritation, but its use precludes the use of electrocoagulation due 

to its flammability. Helium is the only other gas to be utilized to any extent, but 

its low solubility in blood leads to a higher risk of gas embolism. This, in  
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addition to the higher cost of helium, has prevented it from being used to any 

great extent (Lacy 1998). 

When a PP has been established, the surgeon must be able to see 

inside the abdominal cavity, which is accomplished by introducing a 

laparoscope through a trocar. The use of a trocar makes it easy to replace the 

laparoscope after it has been removed for cleaning, which is sometimes required 

numerous times during an operation. If the PP has been established through a 

minute laparotomy, the trocar is inserted through this incision in the abdominal 

wall and gas leakage prevented through the use of an inflatable balloon at the tip 

of the trocar or by suturing the incision closed around the trocar. If a Veress 

needle has been used, the first trocar must be put in place by blindly perforating 

the abdominal wall with a sharp obturator inside the trocar, contributing to the 

risk of intra-abdominal injury. Subsequent trocars can be inserted under direct 

vision, reducing the risk. The trocars contain a valve to retain the carbon dioxide 

in the abdomen, allowing easy access for and exchange of laparoscopic 

instruments such as graspers, suction devices, needle holders, harmonic scalpels, 

etc. 

 

Lack of scientific evidence 

Its exceptionally fast acceptance, both by patients and surgeons, meant that 

laparoscopic surgery was introduced without much scientific evidence to 

support its safety. Surgeons seemed to spend the first years trying to increase 

their own experience by performing as many procedures as possible. Most 

publications regarding LC during the early 1990s were retrospective reports of 

personal or institutional experience with the operation. In most reports, data on 

complications were included, but whether complications were actively looked 

for or case-notes just checked retrospectively was not mentioned. Concerns 

about a higher incidence of bile duct injuries were expressed and have since 

been shown to be well founded, with approximately a two to threefold increase  
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during laparoscopic cholecystectomy compared to open cholecystectomy, 

although intra-operative cholangiography or intra-operative ultrasound may 

lower the frequency (Flum 2001, Biffl 2001, Cuschieri 2000, Fletcher 1999). 

Concerns regarding the incidence of thromboembolic complications were also 

expressed. Case reports of deep vein thrombosis (DVT) as well as non-fatal and 

fatal pulmonary embolism (PE) were published. Few systematic studies of this 

problem were done, probably due, at least in part, to the difficulties in studying 

these rare and frequently asymptomatic complications. In 1992 the European 

Consensus Statement listed the risk of thromboembolic complications after 

laparoscopic surgery as one of the key questions to be answered (Nicolaides 

1992). 

 

Risk of thromboembolic complications 

Thromboembolic complications are among the most common complications 

after surgery unless prophylaxis is given. The risk of thromboembolic 

complications after general surgery in patients not receiving prophylaxis is in 

the range of 20-40% (Geerts 2001, Clagett 1988, Collins 1988, Bergqvist 1983). 

Cholecystectomy is considered to be associated with a slightly lower risk of 

thromboembolism, around 7-10%, than the average procedure in general surgery 

(Caprini 1994A, Bergqvist 1990); some studies using the 125I-labelled fibrinogen 

test have even shown frequencies around 1-2 % (Johansson 1975, Bergman 

1975). Approximately 1-2 % of untreated patients undergoing general surgery 

develop PE (Geerts 2001, Clagett 1988), and approximately 0.5-1 % develop 

fatal PE (Geerts 2001, Clagett 1988, International Multicentre Trial 1975). The 

use of prophylaxis can reduce these figures, but no thromboembolism 

prophylaxis in use today completely eliminates the risk.  

 Dextran is considered a poor prophylaxis against DVT in general 

surgery (Bergqvist 1994). A meta-analysis, however, has shown a statistically 

significant effect on post-operative DVT (a reduction from 24.2 % to 15.6 % 
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(p<0.001)) in general surgery (Clagett 1988). Dextran, however, makes the 

thrombi that are formed more easily dissolvable (Bergqvist 1994), and it is the 

only prophylaxis with a documented effect against fatal PE when given in only 

one dose peri-operatively (Ljungström 1983). Unfractionated heparin is a better 

prophylaxis against DVT, preventing two-thirds of DVTs and also 50 % of PEs 

(Collins 1988). LMWH is considered to be at least as effective as unfractionated 

heparin (Mismetti 2001, Kleinschmidt 2001, Breddin 2000, Jorgensen 1993). 

However, neither has been shown to be effective in courses of less than 5-7 

days, which means that many patients undergoing laparoscopic surgery would 

have to continue the prophylaxis after discharge in order to achieve a 

scientifically proven benefit. Graduated compression stockings have a well-

established prophylactic effect against postoperative DVT (Scurr 1994) but are 

rarely used by general surgeons in Sweden as a thromboembolism prophylaxis 

and, if used, this is seldom done without the added protection of a 

pharmacological prophylaxis. Sequential compression has been shown to be 

highly effective against postoperative DVT (Vanek 1998, Caprini 1994B) but is 

rarely (if ever) used in Sweden today. 

 

Several factors could increase the rate of post-operative thromboembolic 

complications in laparoscopically performed operations as compared to open 

operations: 

1) Laparoscopic operations typically take longer than open operations, at least 

until the surgeon has become experienced in laparoscopic surgery. Longer 

duration of the surgical procedure increases the risk of thromboembolic 

complications. 

2) The PP necessary for exposure during laparoscopic operations can compress 

the inferior caval vein, causing venous stasis in the lower body. 
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3) The reverse Trendelenburg position required for proper exposure of the 

operative field during laparoscopic operations in the upper abdomen further 

reduces the venous return from the lower body. 

 

 

Reduced post-operative pain after laparoscopic surgery, on the other hand, 

quickens the mobilization of the patient after surgery, which should reduce the 

risk of thromboembolic complications. The net result of these contradictory 

factors is not known. In view of this lack of firm scientific knowledge, SAGES 

has recommended that the same prophylaxis be used as when performing the 

operation by laparotomy (SAGES  1999). Most surgeons do use 

thromboembolism prophylaxis for laparoscopic operations, at least selectively 

(Filtenborg Tvedskov 2001, Bradbury 1997), although the necessity of 

thromboembolism prophylaxis has been questioned (Blake 2001). Some 

investigators, however, still regard thromboembolic complications as a real 

problem, as illustrated by Okuda et al, who recently published a study on the 

combination of two modalities of thromboembolism prophylaxis (LMWH and 

intermittent pneumatic compression) in patients undergoing LC (Okuda 2002). 

 

The risk of DVT after gynecological laparoscopic surgery has been found to be 

low, with an incidence of 0-0.4% (Feng 2001, Healey 1998, Querleu 1993). This 

is rather to be expected in generally fit, young patients undergoing short 

procedures in the Trendelenburg position, but the relevance of these numbers in 

general abdominal surgery is questionable. 

Several investigators have studied the rate of venous 

thromboembolism after laparoscopic general surgery using duplex ultrasound, 

the 125I-labelled fibrinogen test and, in one case, phlebography. The sample sizes 

are generally small, and the timing of and number of examinations vary widely, 

as do the results, which range from a reassuring 0 % to a deeply disconcerting  
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55 % (Table 1). In the only large study (Catheline 1998), there was no 

systematic search for thromboembolic events.  Patients underwent radiological  

 

 

Author Year n Method Time of 

examination 

Laparoscopic 

procedures 

Frequency 

of DVT 

Prophylaxis 

Schaepkens 2002 238 Duplex 
Doppler 

Pre-op + day 
10 

Cholecystectomy 2.1 % LMWH (105), 
None (133) 

Blake 2001 587 ? On clinical 

suspicion 

Cholecystectomy 0 % None (569), any 

prophylaxis (18)

Mall 2001 32 Duplex 
Doppler 

Pre-op + day 
5 

Colon resection 0 % LMWH + 
sequential 

compression 

per-op 

Wazz 2000 61 Duplex 
Doppler 

Pre-op + day 
1 

Varying 0 % None 

Krasinski 1998 40 Duplex 

Doppler 

Pre-op + day 

2, 7 and 30 

Cholecystectomy 47 % (58 % 

if 

converted) 

LMWH 

Lord 1998 59 Duplex 

Doppler 

Pre-op + day 

1 + at 2-4 

weeks 

Cholecystectomy 1.7 % GCS + LMWH 

+ per-op 

intermittent calf 
compression 

Catheline 1998 2384 Duplex 

Doppler 

On clinical 

suspicion 

Varying 0.33 % LMWH 

Bounamaeux 1997 40 Venography Day 6-10 Cholecystectomy 0 % LMWH (15), 
None (25) 

Baca 1997 718 Duplex 

Doppler 

? Cholecystectomy 

(622), 

appendectomy 
(79), both (2) 

0.28 % (1 

DVT, 1 PE) 

GCS (in 50 % 

also LMWH) 

Patel 1996 20 Duplex 

Doppler 

Pre-op + day 

1, 7 and 30 

Cholecystectomy 55 % GCS + 

electrical calf 

stimulation (80 
%) + 

pharmacological 

prophylaxis 

Kopánski 1996 101 I-125-

fibrinogen 

test 

? Cholecystectomy 

(60), 

appendectomy 

(21), hernia (20)

18.8 % None? 

Caprini 1995 100 Duplex 

Doppler 

Day 7 Cholecystectomy 1 % GCS + 

sequential 

compression (in 
26 % also 

LMWH) 

 

Table 1. Studies of post-operative thromboembolic complications after laparoscopic surgery. 
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examination only in the case of clinically suspected thromboembolism, which is 

bound to lead to a considerable underestimation of the rate of thromboembolic 

complications, since the symptoms are frequently vague and sometimes absent. 

The study by Blake et al (Blake 2001), who questioned the need for prophylaxis 

based on their results, also lacked a systematic search for thromboembolic 

complications. The only firm conclusion one can draw from these conflicting 

results is that further studies are needed. 

 

Hemodynamic consequences 

A further problem that was insufficiently studied prior to the introduction of 

laparoscopic surgery in general surgery is the hemodynamic consequences of 

PP. 

The hemodynamics during PP as used by gynecologists was 

extensively studied, but the relevance of these findings in modern laparoscopic 

general surgery is uncertain. Earlier studies were generally performed at much 

higher intra-abdominal pressures than presently used, often up to 40 mm Hg, 

whereas most surgeons today limit the intra-abdominal pressure to 12 mm Hg 

or, in some cases, even lower pressures. The lower pressures used today 

probably mean that the risk of adverse reactions is lower. On the other hand, 

much older and sicker patients are now subjected to laparoscopic operations, not 

just young, fit gynecological patients. Patients with significant cardio-pulmonary 

disease may tolerate PP poorly (Lehmann 1995, Loder 1994), but seemingly 

healthy patients can also develop hemodynamic complications (Reed 1998). 

Furthermore, gynecologists always position their patients in the Trendelenburg 

position in order to improve the exposure of the pelvic organs, and this 

facilitates the venous return from the lower body and thus counteracts some of 

the effects of the pneumoperitoneum. The most commonly performed 

laparoscopic operations in general surgery are in the upper abdomen, using the 

reverse Trendelenburg position, thus further compromising the venous return  
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from the lower body. Gynecological laparoscopies rarely take longer than thirty 

minutes, whereas many laparoscopic operations performed by general surgeons 

take more than an hour, and in cases of complex operations several hours, thus 

increasing the risk of exhausting the hemodynamic compensatory mechanisms. 

Few early investigators studied the consequences of several hours of PP. 

Several systems using lifting devices rather than insufflation of gas 

into the abdomen have been developed. Most investigators report good results 

(Uen 2002, Larsen 2001A, Bossuto 2000). Generally, however, the operation 

takes longer and the view of the intra-abdominal organs is inferior to that 

obtained when using a PP. Patients who tolerate pneumoperitoneum poorly are 

likely to benefit the most from this approach, although some studies indicate that 

recovery may also be quicker with the gasless approach (Larsen 2001A). Only a 

minority of laparoscopic surgeons, however, use these devices. 
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AIMS OF THE THESIS 

 

The aims of this thesis were to: 

1) Study the hemodynamic consequences of carbon dioxide PP at the pressures 

most commonly used today (12-15 mm Hg) for time periods of several hours 

in a pig model (I-II). 

2) Study whether thromboembolic complications do constitute a clinical 

problem after laparoscopic surgery by reviewing the available literature (III). 

3) Study whether LC activates coagulation and/or fibrinolysis (IV-V).  

4)  Study the incidence of post-operative deep vein thrombosis after LC using 

bilateral phlebography (V). 
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MATERIAL AND METHODS 

 

Ethical considerations 

The experimental protocols of the two animal studies (I-II) were reviewed and 

approved by the Institutional Review Board of Uppsala University. The animals 

were treated in conformity with the Helsinki Convention for the Use and Care of 

Animals. After completion of the experiment, when the animals were still under 

anesthesia, cardiac arrest was induced with an intravenous injection of 

potassium chloride.  

The study protocols of the two human studies (IV-V) were reviewed 

and approved by the Local Ethics Committees in Science at Uppsala and Umeå 

Universities. The patients were given both written and oral information about 

the experiment and it was emphasized that their consent could be withdrawn at 

any time. 

 

Statistical analysis 

In paper I, a two-way analysis of variance (ANOVA) for repeated measurements 

was used for time-related changes of each variable. Dunnet’s multiple 

comparison test was used to compare other values with the start point value. In 

paper II, ANOVA was again used for comparisons between the groups, whereas 

a Wilcoxon matched-pair signed-rank test was used for comparisons within 

groups. In paper III, only descriptive statistics were used. Paper IV used 

Student’s two-sided t-test for paired values; in the subgroup analysis the changes 

in the studied variables were compared with Student’s t-test not assuming equal 

variances. In paper V, Student’s two-sided t-test not assuming equal variances 

was again used. In all papers, statistical significance was defined as p < 0.05. 
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Experimental studies (I-II) 

 

Laboratory animals and anesthesia 

Swedish landrace piglets weighing 19-27 kg were used. They were raised by the 

same authorized supplier and delivered to the laboratory the morning of the 

experiment. They were fasting overnight but were allowed free access to water. 

In paper I, six animals were used for the experiment. In paper II, thirteen 

animals were used, six as a control group not subjected to PP and seven in the 

PP group. 

 

The method of anesthesia evolved in the time between the experiments, partly 

due to the work of Boschert et al (Boschert 1996). In paper I, the animals were 

sedated with 10 mg/kg of pentobarbital and 0.5 mg of atropine intraperitoneally. 

Anesthesia was induced with pentobarbital 20 mg/kg intravenously and 

maintained with a continuous infusion of ketamine 1.5 mg/kg/h (Ketalar®, 

Parke-Davis, NJ, USA), diazepam 0.15 mg/kg/h (Apozepam®, AL, Oslo, 

Norway) and pancuronium bromide 0.36 mg/kg/h (Pavulon®, N.V. Organon 

Oss, Holland). In paper II, the animals were sedated with tiletamine 5 mg/kg 

and zolezapam 5 mg/kg (10 mg/kg of Zoletil forte®, Virbac SA, Carros, 

France), xylazin 2.2 mg/kg (Rompun® Vet, Bayer AG, Leverkusen, Germany) 

and atropine 0.04 mg/kg (Atropin, ACO Läkemedel, Sweden) intramuscularly. 

Anesthesia was induced with ketamine 100 mg (Ketaminol® Vet, Veterinaria 

AG, Zürich, Switzerland) and morphine 20mg (Morfin Pharmacia & Upjohn, 

Pharmacia Sverige AB, Stockholm, Sweden) intravenously and maintained with 

a continuous infusion of ketamine 20 mg/kg/h and pancuronium bromide 0.24 

mg/kg/h (Pavulon®, OrganonTeknika BV, Buxtel, Holland). 

Fluid was given as a continuous infusion of a balanced crystalloid 

solution with 2.5% glucose 15 ml/kg/h (Rehydrex®, Pharmacia, Uppsala, 

Sweden) and Ringer’s acetate 30 ml/kg/h in paper I and by infusion of a  
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balanced crystalloid solution with 2.5 % glucose 10 ml/kg/h (Rehydrex® med 

glukos 25 mg/ml, Fresenius Kabi, Uppsala, Sweden) and Ringer’s acetate 50 

ml/kg/h (Ringer-acetat, Fresenius-Kabi, Uppsala, Sweden) in paper II. The 

increase in the amount of fluid given was to ensure that the animals were 

adequately hydrated. Pigs produce large amounts of fluid intraabdominally after 

surgical interventions, at least in our model, and since we wanted to study 

urinary output it was important that the animals were not hypovolemic. 

After tracheostomy, mechanical ventilation was performed with a 

Servo Ventilator System 900 D (Siemens-Elema AB, Stockholm, Sweden). In 

paper I, the pigs were ventilated with 70% nitrous oxide in oxygen, aiming at an 

arterial carbon dioxide tension (pCO2) of 4.0-5.5 kPa (30-42 mmHg). In paper 

II, the pigs were ventilated with 40% oxygen, aiming at the same arterial pCO2. 

 

Monitoring of the central hemodynamics 

In order to have access to the vascular system for administration of drugs and 

fluids and to monitor the central hemodynamics, several catheters were inserted. 

One catheter was placed in the intrathoracic aorta through the left carotid artery. 

It was used for measuring the mean arterial blood pressure (MAP) and for blood 

sampling for blood gas analysis. A catheter was placed in the superior caval vein 

through the left cephalic vein, and this was used for fluid and drug infusions. A 

Swan-Ganz catheter was introduced through the right jugular vein into the 

pulmonary artery to monitor the mean pulmonary arterial pressure (MPAP), 

pulmonary capillary wedge pressure (PCWP) and cardiac output (CO) 

measurements. Its correct position was verified by observing the characteristic 

pulmonary arterial pressure tracing on the monitor (Sirecust 1281, Siemens, 

Danvers, MA, USA). A catheter was also placed into the superior caval vein 

near the right atrium through the right cephalic vein, and it was used for  

measurements of the central venous pressure (CVP) and injections of cold saline 

for measurement of the CO. 
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Surgical procedure 

A midline laparotomy was performed. In paper I, a catheter was inserted into the 

urinary bladder for urinary deviation. A catheter was also placed in the inferior 

caval vein (ICV) just above the iliac confluence, and it was used for measuring 

ICV pressure (ICVP) and oxygen saturation in the ICV. Blood flow in the 

inferior caval vein (QICV) was measured by placing an ultrasound transit-time 

flow probe (Transonic Systems Inc., Ithaca, NY, USA) around the ICV at a 

distance from the previously inserted ICV catheter. A tonometer was placed 

intraluminally in the midileum through an antimesenteric enterotomy and 

secured by a purse-string suture. This was used for measuring the intramucosal 

pH, as an indicator of intestinal oxygenation. 

In paper II, both ureters were catheterized and the urinary output measured half 

hourly, since we felt that catheterizing the ureters rather than the bladder would 

increase the accuracy in measuring the urinary output during different time 

periods. A catheter was placed in the left renal vein and used for monitoring the 

renal vein pressure (RVP) and drawing blood samples for measurement of 

vasopressin. In this experiment, the left renal artery was dissected free and an 

ultrasound flow probe placed. In both experiments, a Veress needle was placed 

under direct vision before the abdomen was closed in two layers in order to 

produce an airtight seal. The surgical preparation including closing the abdomen 

took approximately 60 minutes. 

 

Experimental intervention 

After the animals had been allowed to recover for at least an hour, a CO2 PP was 

introduced, in paper I at a pressure of 15 mm Hg and in paper II at a pressure of 

12 mm Hg, since the standard clinical practice had changed in the time between 

the two experiments. PP was maintained at the same pressure for 150 minutes, 

and the animals were followed after release of the PP for another 90 minutes (60 

minutes in paper II, since no changes were found post PP in paper I). 
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Measurements 

Measurements were performed half hourly in paper I. In paper II, we wanted to 

see if there were any changes immediately after induction or release of PP, and 

the frequency of measurement was therefore increased the first half hour after 

these events (tables 2 and 3). 

 

 

 

 

 

 

 

 

Table 2. Measurements made in paper I. 

 

 

 

 

 

 

 

Table 3. Measurements made in paper II. Arterial blood gases at -120 only used for 

setting the ventilator. Vasopressin at -120 taken from a central vein (as no renal vein 

catheter was in place yet). 

 

PNEUMOPERITONEUM

-60 -30 0 30 60 90 120 150 180 210 240

MAP X X X X X X X X X X X

Cardiac Index X X X X X X X X X X X

CVP X X X X X X X X X X X

Systemic vascular resistance X X X X X X X X X X X

MPAP X X X X X X X X X X X

Pulmonary vascular resistance X X X X X X X X X X X

Intrathoracic pressure X X X X X X X X X X X

MAP X X X X X X X X X X X

PCWP X X X X X X X X X X X

ICV vascular resistance X X X X X X X X X X X

ICV blood flow X X X X X X X X X X X

ICV pressure X X X X X X X X X X X

Arterial blood gases X X X X X X X X X X X

End tidal carbon dioxide X X X X X X X X X X X

Intestinal intramucosal pH X X X X X X X X X X X

PNEUMOPERITONEUM

-120 -60 -30 0 5 10 15 30 60 90 120 150 155 160 165 180 210

Heart rate X X X X X X X X X X X X X X X X X

MAP X X X X X X X X X X X X X X X X X

Cardiac Index X X X X X X X X X X X X X X X X X

CVP X X X X X X X X X X X X X X X X X

Systemic vascular resistance X X X X X X X X X X X X X X X X X

Renal vascular resistance X X X X X X X X X X X X X X X X

Renal arterial blood flow X X X X X X X X X X X X X X X X

Renal vein pressure X X X X X X X X X X X X X X X X

Renal vein oxygen saturation X X X X X

Arterial blood gases (X) X  X  X  X  X

Urine output X X X X X X X X X

Vasopressin level X* X X X X X X X X X X X X
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Vasopressin analysis 

Vasopressin was analyzed in paper II, since it has previously been shown to 

increase to several times its baseline value during CO2 PP (Solis Herruzo 1989, 

Punnonen 1982), and we wanted to investigate if vasopressin was responsible 

for the hemodynamic changes found in paper I. Renal venous blood samples 

(except at -120, when the sample was taken from a central vein, since the renal 

vein catheter had not been placed yet) were immediately centrifuged, the plasma 

separated and frozen. It was kept at -80°C until analysis, which was performed 

with an [Arg8]-Vasopressin radioimmunoassay after extraction according to the 

manufacturer’s protocol (Peninsula Laboratories, Inc., San Carlos, CA, USA). 

 

Literature review (III) 

A systematic search for papers regarding laparoscopic cholecystectomy (LC) 

was done in Current Contents from January 1994 to April 1995 and in Index 

Medicus from July 1994 to December 1994. These papers, as well as relevant 

references in the articles themselves, were checked for data concerning post-

operative complications. A few papers were not included, all of them small 

studies (n<40) with no thromboembolic complications reported. They were 

either comparisons between open cholecystectomy and LC or early reports on 

LC for acute cholecystitis. A total of 60 reports describing a total of 153,832 

patients were included in the review. The studies were divided into three 

categories: 

1) Prospective, consecutive studies (ten studies with 9,292 patients) 

(considered the most reliable) 

2) Either prospective studies or studies dealing with consecutive patients 

(twelve studies with 11,338 patients) 

3) Neither prospective nor consecutive studies (or not clearly stated so) (38 

studies with 133,202 patients) (considered the least reliable). 
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Studies where the use of prophylaxis against thromboembolism was clearly 

stated (twelve studies with approximately 7,300 patients) were compared with 

the studies where no prophylaxis was indicated. Studies published early (in 

1990-1992) were also compared with studies published late in the period (1993-

1995) to see if any trends over time were evident. 

 

Clinical studies (IV-V) 

In paper IV, changes in coagulation and fibrinolysis after LC were studied. 

Sixty-four patients (16 men and 48 women with a mean age of 49.4 (standard 

deviation (SD) 14.4) years) were included prospectively. All received 

pharmacological prophylaxis against thromboembolism, 23 patients were given 

LMWH, 38 patients dextran and three patients both. None had had any previous 

thromboembolic events. The mean time of anesthesia was 121 minutes (SD 27), 

the mean operating time was 84 minutes (SD 24), and the mean time of CO2 PP 

was 74 minutes (SD 21). Four patients were converted to open surgery. They all 

had PP times of 50 to 80 minutes, and the cause of conversion was difficulty in 

clarifying the anatomy in Calot’s triangle (three patients) and slight but 

cumbersome bleeding (one patient). 

Venous blood samples were collected on the morning of the day of 

the operation and the following morning at approximately the same time. Citrate 

tubes were used, and the samples were centrifuged and frozen at -70°C within 

30 minutes of being taken. 

The samples were subsequently analyzed for thrombin-antithrombin 

complexes (TAT), fibrin monomers (FM), von Willebrand factor (vWf), 

activated protein C resistance (APC resistance), tissue plasminogen activator 

(tPA), plasminogen activator inhibitor I (PAI-1) and human cross-linked fibrin 

degradation product (D-dimer). Hemoglobin and packed cell volume were 

routinely taken preoperatively and the following morning, and these values were 

obtained from the case-notes. 
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Evidence of clinically manifest thromboembolic events was sought 

in the patients’ records at the Departments of Radiology and Surgery ≥1 month 

after the operation. 

 

In paper V, 139 patients admitted for LC were asked to participate. Eighty 

agreed to take part, and of these fifty completed the study. Reasons for exclusion 

were inability to cannulate veins on both feet (19), withdrawal of consent (9), 

allergic reaction to the contrast medium (1) and too many emergency 

investigations at the Department of Radiology to perform the phlebography (1). 

Out of the 80 initial participants, 25 were male and 55 were female 

(mean age 49.6 (SD 11.3) years). Out of the fifty who completed the study, 19 

were male and 31 were female (mean age 50.9 (SD 9.3) years). Two had 

suffered from thromboembolic events previously, a 46-year-old man who had a 

DVT after an operation for a fractured ankle 14 years earlier, and a 72-year-old 

man who had a DVT and a PE during an extended period of hospitalization for 

tuberculosis several decades earlier. Three patients out of the 50 who completed  

the study were converted to open cholecystectomy, in one case due to bleeding, 

in another case due to suspicion of a lesion in an aberrant bile duct, and in the 

third case due to choledocholithiasis (in a patient with clinically suspected 

choledocholithiasis where an unsuccessful ERCP had been attempted 

preoperatively). 

Blood samples were obtained in the same way and at the same times 

as in IV, but also 7-11 days after the operation, at which time the patients were 

subjected to bilateral phlebography. After application of an anesthetic ointment 

(EMLA®, Astra Läkemedel AB, Södertälje, Sweden) for one hour, a vein on the 

dorsum of each foot was cannulated with a Venflon®2 (BOC Ohmeda AB, 

Helsingborg, Sweden). The phlebography was performed with an injection of 50 

ml of iopromid 499 mg/ml (Ultravist® 240 mg I/ml, Schering Nordiska, 

Stockholm, Sweden) into each leg. 
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Thrombosis prophylaxis was given according to hospital routine at 

the time in question. Twenty-four patients received 500-1000 ml of 6% dextran 

(Macrodex® 60 mg/ml med natriumklorid, Pharmalink, Uppsala, Sweden) 

perioperatively, eleven patients received LMWH (Fragmin®, Pharmacia Sverige 

AB, Stockholm, Sweden) 2,500 units subcutaneously once daily (for 1-3 days), 

and fifteen patients received dextran perioperatively and LMWH postoperatively 

(for 1-4 days). In no patient was the prophylaxis continued after release from the 

hospital, which means that only two patients received more than two doses of 

LMWH. This is our present routine in perceived low risk patients, although not 

quite in line with the manufacturer’s guidelines.  

 The phlebograms were read by the staff radiologists in Skellefteå 

and were subsequently subjected to a second opinion by a radiologist from 

Uppsala University Hospital with extensive experience in phlebography reading. 

The patients’ records at the Departments of Surgery, Internal Medicine, 

Radiology and Emergency Medicine at Skellefteå Hospital were checked six 

months after closure of the study for complaints that could be due to 

thromboembolic complications. 

 The blood samples were analyzed for D-dimer on a Sysmex CA-600 

(Sysmex Europe GMBH, Hamburg, Germany) using an automated latex 

immuno assay (Biopool® Auto·Dimer™, Biopool AB, Umeå, Sweden) with an 

intra assay coefficient of variation (CV) of 1.82 % and an inter assay CV of  

2.96 % at 0.3 mg/L and 0.76 % and 1.36 %, respectively, at 2 mg/L. 
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RESULTS 

 

Paper I 

No changes were found in packed cell volume, hemoglobin value or heart rate. 

The intestinal intramucosal pH was unchanged except for a significant drop at 

+150 minutes. The MAP increased during the PP and remained elevated after 

exsufflation (Figure 1 A). The cardiac index (CI) remained relatively unchanged 

(Figure 1 B), whereas the CVP was significantly elevated during PP (Figure 1 

C). The systemic vascular resistance (SVR) increased slowly, reaching statistical 

significance at the end of PP and remaining increased after exsufflation (Figure  

1 D). The MPAP followed the MAP closely, with an increase during PP which 

remained after exsufflation (Figure 2 A). The PCWP was increased during but 

not after PP (Figure 2 B). The pulmonary vascular resistance (VR) became 

significantly increased during PP and remained so after exsufflation (Figure 2C).  

The mean airway pressure increased at insufflation and decreased again at 

exsufflation. However, it also remained above baseline, with statistically 

significant values, after exsufflation (Figure 2 D). The intrathoracic pressure was 

elevated during PP (Figure 2 E).The ICV blood flow was unchanged during the 

experiment (Figure 3 A). The ICV pressure was increased during PP (Figure 3 

B). The ICV VR showed changes similar to those seen in the systemic and 

pulmonary VR, namely an increase during PP that remained after exsufflation 

(Figure 3 C). 
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Figure 1. Changes in arterial blood pressure (A), cardiac index (B), central venous 

pressure (C), and systemic vascular resistance (D) during and after PP. (* = 

Statistically significant change [p<0.05] from baseline values.) (From paper I,  

Springer Verlag.) 
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Figure 2. Changes in mean pulmonary arterial blood pressure (A), pulmonary 

capillary wedge pressure (B), pulmonary vascular resistance (C), mean airway 

pressure (D), and intrathoracic pressure (E) during and after PP. (* = Statistically 

significant change [p<0.05] from baseline values.) (From paper I,  Springer Verlag.) 
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Figure 3. Changes in ICV blood flow (A), ICV blood pressure (B), and ICV vascular 

resistance (C) during and after PP. (* = Statistically significant change [p<0.05] from 

baseline values.) (From paper I,  Springer Verlag.) 

 

 

Paper II 

The heart rate and cardiac index also remained unchanged in paper II. Here, 

however, no change in SVR was seen. The MAP showed less change, with 

significant increases only during the first 30 minutes of PP and at +150.  

 The renal VR did not show any significant changes. There were no 

differences in renal blood flow between the groups, but in the PP group there 

was a significant drop at +5 (just after insufflation) and an increase at +160 to 

+180 (after exsufflation) (Figure 4). The renal vein pressure was increased in the 
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PP group during but not after PP. In the within group analysis, the elevation 

remained after exsufflation in the PP group (Figure 5). There were no significant 

differences between the groups in urine output; however, in the within group 

analysis the control group showed increased urine output at time 0, whereas the 

PP group only showed an increase after exsufflation (Figure 6). No significant 

changes in vasopressin were seen between the groups (Figure 7). 

Neither arterial nor renal venous oxygen saturation showed any 

significant changes. As expected, arterial pH and pCO2 showed significant 

changes both between and within groups during but not after PP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Renal arterial blood flow. The control group is shown with round data points and a 

full line, the PP group in square data points and a dotted line. # = p<0.05 within group. 
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Figure 5. Renal vein pressure. The control group is shown with round data points 

and a full line, the PP group with square data points and a dotted line. # = p<0.05 

within group. * = p<0.05 between groups. 
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Figure 6. Urine output (during the previous 30 minutes). The control group is shown 

with round data points and a full line, the PP group with square data points and a 

dotted line. # = p<0.05 within group. 
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Figure 7. Vasopressin concentration. The control group is shown with round data 

points and a full line, the PP group with square data points and a dotted line. # = 

p<0.05 within group.  
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Paper III 

The rates of mortality, fatal PE, total PE and DVT in the different categories, 

overall, comparing early and late papers and comparing papers where the use of 

thromboembolism prophylaxis was stated with the other papers where this was 

not the case, are found in Table 4. The largest study (Deziel 1993) was done 

using a mailed questionnaire and focused on procedure-related complications. 

Since postoperative deaths may be due to complications unrelated to the 

procedure, the completeness of this paper’s responses regarding mortality can be 

questioned. If it is excluded from the analysis of mortality, the overall mortality 

increases from 0.08 % to 0.12 %. 

 

 

 

 Category 

1 

Category 

2 

Category 

3 

Overall  Early Late  Prophylaxis No 

prophylaxis 

Mortality 0.25 % 0.11 % 0.07 % 0.08 %  0.11 

% 

0.07 

% 

 0.13 % 0.07 % 

Fatal PE 0.01 % 0.02 % 0.02 % 0.03 %  0.03 

% 

0.01 

% 

 0.05 % 0.01 % 

Total PE 0.03 % 0.11 % 0.06 % 0.06 %  0.08 

% 

0.06 

% 

 0.07 % 0.06 % 

DVT 0.02 % 0.04 % 0.03 % 0.03 %  0.03 

% 

0.03 

% 

 0.02 % 0.03 % 

 

Table 4. Rates of mortality and thromboembolic complications after laparoscopic 

cholecystectomy. (Adapted from paper III,  Lippincott, Williams and Wilkins.) 
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Paper IV 

Significant increases were seen postoperatively in TAT, FM, fragment 1+2 and 

D-dimer, whereas Hb, packed cell volume and APC resistance decreased 

significantly. Non-significant increases were seen in vWf and tPA. No 

significant changes were seen in PAI-1 (Table 5). 

 The dextran and LMWH subgroups differed significantly in their 

vWf, Hb, packed cell volume and tPA responses. The dextran patients showed 

decreased mean vWf values, whereas the LMWH group showed an increase. 

The dextran group had an average decrease in Hb of 20.8 g/L compared to the 

LMWH group’s decrease of only 9.7 g/L. The packed cell volume decreased by 

5.88 and 2.87 %, respectively. The dextran patients showed no change in tPA, 

whereas the LMWH patients showed a significant increase (Table 6). 

 

 

 

PARAMETER Pre-operative mean Post-operative mean p-value 

APC-resistance 2.546 2.495 0.012 

D-dimer 23.667 72.397 <0.00001 

Fibrin monomer 25.230 27.230 0.013 

Fragment 1+2 0.920 1.288 <0.000001 

TAT 4.095 7.402 0.0011 

vWf 116.26 124.56 0.14 

tPA 8.180 8.854 0.11 

PAI-1 13.175 13.037 0.93 

 

 

Table 5. Mean values for the studied coagulation parameters in 64 patients before 

and after laparoscopic cholecystectomy. 
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PARAMETER Mean change in 

dextran group 

Mean change in 

LMWH group 

p-value 

APC-resistance -0.069 -0.025 0.30 

D-dimer 47.47 48.42 0.95 

Fibrin monomer 2.11 1.57 0.73 

Fragment 1+2 0.36 0.38 0.80 

TAT 3.09 3.56 0.78 

VWf -14.75 38.09 <0.000001 

TPA -0.04 1.69 0.049 

PAI-1 -0.64 1.06 0.59 

 

 

Table 6. Changes in coagulation parameters after laparoscopic cholecystectomy in 

the dextran (n=38) and LMWH (n=23) groups (negative values indicate decreases) 

and subgroup analysis comparing the two groups. 

 

Paper V 

There were no DVTs found according to the initial reading of the phlebograms, 

and thus no patient was given any anticoagulants in addition to the prophylaxis 

received. On further examination, one DVT was found in the right posterior 

tibial vein of a 63-year-old man who had received 1000 ml of dextran peri-

operatively and two doses of LMWH post-operatively as thromboembolism 

prophylaxis. In one patient, images of the proximal thigh and pelvis were 

missing, and this patient was excluded. In two patients there was no contrast 

filling of parts of the posterior tibial veins and in five patients the amount of 

contrast in parts of the veins of the lower leg was suboptimal. No signs of 

thrombosis were found anywhere in these phlebograms, and they were judged to 

be technically suboptimal but of sufficient quality to rule out DVT. The 

frequency of post-operative DVT was thus 1/49 or 2.0 % (95 % confidence  
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interval 0-6.0 %). No patient developed a clinically evident episode of 

thromboembolism during a follow-up period of at least six months. One patient, 

who had had suboptimal filling of the posterior tibial veins of the left leg, sought 

medical attention for swelling in the area of the right medial malleolus. She 

underwent a Duplex Doppler examination with normal findings. When it was 

suggested that she undergo phlebography in order to completely rule out a distal 

DVT, she declined. 

 The mean D-dimer values were 0.091 mg/L pre-operatively, 0.23 the 

following morning (p<0.000001), and 0.30 at phlebography (7-11 days post-

operatively) (p<0.000001). The D-dimer value at phlebography was 

significantly higher than that on the first post-operative day (p<0.03). The 

patient with the DVT had D-dimer values of 0.06, 0.12 and 0.19 mg/L, 

respectively. There were no statistically significant differences between the 

dextran group, the LMWH group and the group receiving both drugs. The D-

dimer values at the time of phlebography, however, showed a numerical trend 

with the highest mean in the dextran group (0.33 mg/L) and the lowest in the 

group receiving both LMWH and dextran (0.23 mg/L) (p=0.081), with the 

LMWH group showing an intermediate value (0.27 mg/L). 
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DISCUSSION 

 

Hemodynamic consequences 

Some patients manifest severe hemodynamic reactions to CO2 PP and have to be 

converted to open surgery, but the notion that all patients with cardio-pulmonary 

disease tolerate CO2 PP poorly may not be true. Gebhardt et al reported on LC 

in 15 high-risk patients (NYHA II-III) with considerable intra-operative 

hemodynamic changes, but only one patient had to be converted to open 

surgery, and all patients had an uneventful post-operative course (Gebhardt 

1997). Several other authors have described patients with severe cardio-

pulmonary conditions who have undergone laparoscopic surgery with no excess 

of complications (Ried 2001, Popken 1998, Lang 1996, Bacher 1994, Wittgen 

1993). 

 However, splanchnic hypoperfusion has been demonstrated in CO2 

PP, not only at 20-40 mm Hg, pressures that approach that of the abdominal 

compartment syndrome (Rasmussen 1995, Diebel 1992), but also at the more 

commonly used intra-abdominal pressure of 12-14 mm Hg (Eleftheriadis 1996, 

Kotzampassi 1993). Several cases of intestinal ischemic lesions complicating 

laparoscopic procedures have been reported, in some cases due to splanchnic 

vessel thrombosis (Andrei 1999, Sternberg 1998, Klugewitz 1998, Jaffe 1994). 

In contrast, Blobner et al found a splanchnic hyperemia up to an intra-abdominal 

pressure of 16 mm Hg (Blobner 1998). We could not demonstrate any changes 

in intramucosal pH in our model except for one value, just before releasing the 

PP. This could mean that the compensating mechanisms were exhausted after 2 

½ hours of PP, but normal variability is another possible explanation. 

 Carbon dioxide PP definitely has effects on central hemodynamics, 

as shown by many investigators (Table 7). What the effects are, however, is not 

easy to say, as the results vary widely, with increases as well as decreases  
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reported in virtually all parameters studied (Table 7, Hardacre 2000). The 

available studies are heterogeneous, dealing with several different species 

(humans, dogs, pigs, rabbits), varying insufflation gases (carbon dioxide, nitrous 

oxide, helium (and in one case Ringer’s solution)), varying insufflation 

pressures (4-40 mm Hg), varying duration of insufflation, many different forms 

of anesthesia, subjects with varying intravascular volume status, and in the 

clinical studies sometimes patients with varying degrees of cardio-pulmonary 

disease, etc. It is therefore not surprising that the literature shows great 

variations in results. 

 

Both papers I and II showed an increase in MAP during PP, which is commonly 

seen (Table 7), although a decrease has been reported in dogs (Kotzampassi 

1993). In II, however, the increase only lasted the first 30 minutes of PP. The 

systemic vascular resistance did not increase in paper II, which could be the 

reason for the less pronounced increase in MAP. Systemic vascular resistance is 

commonly increased during PP. Apart from a slightly higher rate of fluid 

infusion in II, the only real difference between the studies is the anesthesia, so 

the anesthetic drugs are the most likely reason for the differences in SVR 

response. The cardiac index remained unchanged in both I and II which, 

considering the great variability in different authors’ findings concerning cardiac 

index, can be said to be an “average” result. 

 

  The lack of increase in SVR in II could possibly be linked to the 

lack of increase in vasopressin. In humans, vasopressin has been shown to 

increase promptly after induction of a CO2 PP, in some subjects by a factor of up 

to 70 (Melville 1985). However, the response of individual patients is rather 

variable (Solis Herruzo 1989) and some studies actually show the increase to be 

the same or greater during cholecystectomy not using pneumoperitoneum than 

during CO2 PP LC (Koivusalo 1996, Donald 1993). Volz et al (Volz 1996), also 
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found both vasopressin and SVR to be unchanged in a pig model. Mann et al 

(Mann 1999) found that CO2 PP caused increases in vasopressin, SVR, 

epinephrine and norepinephrine. The increase in SVR, however, was only 

correlated to the increase in vasopressin. Furthermore, Feig et al (Feig 1994) 

have reported that pharmacological intervention with intravenous nitroglycerin 

reestablishes SVR, MAP, PCWP and CI to baseline values during laparoscopy. 

Nitroglycerin dilates smooth muscle and could counteract the increased tonus in 

the resistance vessels caused by vasopressin. This effect, however, also 

counteracts similar effects of norepinephrine, which has been shown to increase 

in CO2 PP (Mann 1999, Myre 1998, Windberger 1995). Furthermore, Aho et al 

have shown that clonidine, an α2-adrenergic agonist that reduces sympathetic 

nerve activity, reduces the hemodynamic response and reduces the increase in ß-

endorphin immunoreactivity in patients undergoing gynecologic laparoscopy 

(Aho 1990), further suggesting that sympathetic nerve activity may be at least 

partially responsible for the hemodynamic effects of CO2 PP. Laisalmi et al also 

studied clonidine and showed an attenuation of the hemodynamic effects of CO2 

PP as well as a decreased activation of the renin-angiotensin-aldosterone system 

(RAAS). This was shown by an unchanged plasma renin activity in the 

clonidine group, suggesting that the RAAS may also be involved (Laisalmi 

2001). 

 

The ICVP was increased during PP, which is no surprise since the ICV is a 

retroperitoneal organ with only the peritoneum to “protect” against an elevated 

intraperitoneal pressure. It is also a common finding in studies (Table 7). 

Furthermore, it is to be expected, since the venous return from the lower body is 

impeded by CO2 PP. This has been shown in several ways: as an increase in the 

cross-sectional area of the femoral veins (Ido 1995, Jorgensen 1994, Ivankovich 

1975), as an increase in femoral vein pressure (Windberger 1995, Bebee 1993, 

Ivankovich 1975, Kelman 1972), as a decreased blood flow velocity in the 
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femoral vein (Ido 1995, Jorgensen 1994, Bebee 1993, Millard 1993), as an 

increased venous capacitance and decreased venous outflow in the lower limbs 

(Wilson 1994), or as a decreased venous return (Marshall 2000). These effects 

have been shown to be largely preventable by fitting the patient with 

compression stockings (Wilson 1994) or intermittent sequential compression 

(Schwenk 1998, Schwenk 1997, Millard 1993), but a normalization is not 

always reached (Marshall 2000). However, a decrease in ICV blood flow was 

not shown in Paper I. In the three studies of the ICV blood flow in Table 7, all 

showed a reduction in ICV blood flow, although Graham et al only did so 

during hyperventilation (Graham 1994). In the paper by Ivankovich et al, the 

decrease was associated with a decrease in CI (Ivankovich 1975), but in the 

other two papers there was no such decrease. It is difficult to see how the ICV 

blood flow could decrease for a prolonged period of time without a concomitant 

decrease in the arterial blood flow to the lower body, since there is a limit to the 

amount of “extra” room in the veins and the possible increase in lymph flow. A 

possible explanation could be a redistribution of the available cardiac output, but 

since none of the available studies measured infrarenal aortic blood flow, this is 

only a speculation. 

 The ICV VR showed a similar pattern as the SVR and the pulmonary 

artery VR, i.e. a gradual increase during PP that remained after exsufflation. The 

only other study to investigate the ICV VR is that of Graham et al (Graham 

1994), which also found an increased ICV VR during PP. It would have been 

interesting to know the vasopressin levels in I, but unfortunately vasopressin 

was not measured in that study. 

 

The urine output was not significantly different between the PP group and the 

control group, but this was most likely due to a high variability in the individual 

animals and the small number of animals. In the PP group, the urine output only 

increased above baseline after exsufflation, whereas the control group already 
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exceeded baseline values at time “0”. One reason for the small differences that 

did not reach statistical significance could be the lack of increase in vasopressin, 

since Dolgor et al have shown that a vasopressin antagonist improves urine 

output during PP (Dolgor 1998), indicating that vasopressin is at least partly 

responsible for the reduction in urine output during PP. The urine output has 

uniformly been found to be decreased during PP (Table 8). This is usually 

quickly superceded by a phase of increased urine output after exsufflation, and 

no changes in renal histology, serum creatinine concentration or renal weight 

were seen at three months in rats subjected to a 15 mmHg CO2 PP for up to 5 

hours (Lee 1999). Patients with chronic renal failure may, however, be at 

increased risk, as acute renal failure after LC has been reported in a patient with 

mild chronic impairment of renal function (Ben-David 1999). 

 

Author Year 

Spe

cies Pressure Gas   

Urine 

output RBF RCBF RMBF RCP RVF GFR Clearance 

              

London 2000 Pig 15 CO2   ↓ ↓           ↓ 

Nishio 1999 

Hum

an 10 CO2   ↓               

Guler 1998 

Rab

bit 

10(retro-

per.) CO2   ↓ ↓      ↓   ↓ 

Miki 1997 

Hum

an 12 CO2   ↓           ↓ ↓ 

McDougall 1996 Pig →20 CO2   

(15-

20)↓         

(15-

20)↓   (15-20)↓ 

Chiu 1995 Pig 15 CO2   ↓      ↓      

Chiu 1994 Pig  →40 air       ↓ ↑         

Hashikura 1994 Pig 

6/12/18/2

4 CO2     

(24)

↓           

Cisek 1988 Pig →20 CO2   ↓ ↓         ↓   

 

Table 8. Studies of renal effects of PP. 
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 Most other studies have found the RBF to be decreased during PP. In 

II, there was only a transient, within group decrease at the first measurement 

after induction of PP. Hashikura et al, however, only found a decreased RBF at 

a pressure of 24 mm Hg (Hashikura 1994), twice that used in II, so it could be 

that 12 mm Hg is a pressure low enough to produce only a mild, non-significant 

effect on RBF. Furthermore, London et al did not find a decrease in urine output 

or RBF in hyperhydrated animals (London 2000), and the animals in II were 

very well hydrated. No other investigations of RVP seem to have been 

published. However, since there are no valves in the renal vein, the pressure 

from the ICV can be expected to be conveyed without restraint into the renal 

vein, and an increase in RVP to that of the ICV is to be expected. The lack of 

increase in renal VR in paper II is most likely due to the same reasons as the 

lack of increase in SVR, presumably an effect of the anesthetic agents used. 

    

Alterations in hemostasis and fibrinolysis 

In paper IV, the observed increases in fragment 1+2, FM and TAT all indicate 

an activated coagulation, as they are byproducts of the later stages of 

coagulation. The increase in D-dimer indicates that both coagulation and 

fibrinolysis are activated, since it is the end product of the degradation of fibrin, 

which has to have been formed by coagulation in the first place. No changes in 

tPA or PAI-1 were seen in the whole group, whereas there was a significant 

increase in tPA in the LMWH group, also indicating an increase in fibrinolysis 

in this subgroup. It has been shown that heparin stimulates mesothelial cells to 

increase the production of tPA but not PAI-1 (Grulich-Henn 1990), which could 

explain this difference. 

 Increased coagulation activity is commonly seen after surgery (Dahl 

1993, Bredbacka 1986) and can be considered part of the normal response to 

surgical trauma. It is therefore difficult to know what is caused by the PP and 

what is caused by the surgical procedure itself. In a comparison of LC using CO2 
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PP with gasless LC using lifting devices (Larsen 2001B), there were no 

differences between the two groups in fragment 1+2, FM or D-dimer. However, 

all parameters increased in the first 24 hours after the operation, indicating that 

the PP may not be important. Dabrowiecki et al compared LC and OC 

(Dabrowiecki 1997) and found lower values for fragment 1+2 in the LC group. 

In a comparison of laparoscopic and open gastric bypass (Nguyen 2001), there 

were similar increases in fragment 1+2, TAT and fibrinogen, whereas the D-

dimer increase was lower in the laparoscopic group during the first 24 hours. 

Prisco et al (Prisco 2000) found higher increases in fragment 1+2 and fibrinogen 

in OC than in LC, but similar increases in D-dimer. Lauro et al (Lauro 1999) 

found that OC caused greater increases in fibrinogen than LC in patients not 

receiving thromboembolism prophylaxis, whereas the administration of heparin 

resulted in higher fibrinogen levels in the LC group than in the OC group. 

Platelet aggregation has also been shown to increase after LC but not after OC 

(Yol 2000). These studies would seem to indicate that the reduced amount of 

traumatized tissue is more important than the possible harm caused by the CO2 

PP, and that although there is coagulation activation after laparoscopic surgery, 

the degree of activation may be slightly less than after open surgery.  

 Fibrinolysis activation could counteract the increase in coagulation 

activity, and the increase in D-dimer found in paper IV indicates that this may 

be the case. The increase in tPA in the LMWH group further points to an 

increased fibrinolytic activity in this subgroup. Martinez-Ramos et al have 

found a greater increase in fibrinolytic activity after LC than after an open 

operation of similar duration (Bassini herniorrhaphy) (Martinez-Ramos 1999), 

and also a greater increase in tPA in the LC group with no changes in PAI-1 

(Martinez-Ramos 1998). Vander Velpen et al have found similar increases in 

tPA and PAI-1 after OC and LC, with a trend toward a higher fibrinolysis 

inhibition early post-operatively in the OC group (Vander Velpen 1994). A 

significant increase in PAI-1 in the OC group with no change in the LC group 
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has also been found in other studies (Di Vita 2000, Dexter 1996). Prisco et al, on 

the other hand, found no differences in PAI-1 activity in LC compared to OC 

(Prisco 2000). Rahr et al also found no changes in tPA or PAI-1 levels in a 

comparison of pre- and post-operative values in LC patients, except for a 

transient increase in tPA activity during the operation (Rahr 1999). The 

available literature is thus contradictory, but a majority of studies seem to 

indicate a slightly higher activation or lower inhibition of fibrinolysis, both 

resulting in greater fibrinolytic activity after LC than OC. 

 The two studies by Martinez-Ramos et al indicate that the changes in 

coagulation and fibrinolysis are of short duration, as the increase in D-dimer was 

normalized after 7 days (Martinez-Ramos 1999, Martinez-Ramos 1998). This 

was, however, not the case in paper V, where the D-dimer values instead 

continued to rise even further at the time of phlebography (7-11 days post-

operatively). This suggests that the effects of LC on coagulation and fibrinolysis 

may be of longer duration than previously known, which re-emphasizes the 

importance of early ambulation after surgery and supports the use of 

thromboembolism prophylaxis. 

 

 

Risk of thromboembolic complications 

Peri-operative venous dilation has been implicated as one factor of importance 

in the pathogenesis of postoperative DVT, possibly by causing microscopic 

intimal tears (Stewart 1990, Comerota 1989). As mentioned previously, CO2 PP 

induces venous dilation and decreases the velocity of venous return from the 

lower limbs. It also increases platelet aggregation and activates the coagulation 

system, although this is modified by an increase in fibrinolysis. All three 

elements of Virchow’s triad are present and thus the potential exists for 

thromboembolic complications.  
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 As shown in paper III, post-operative thromboembolic 

complications do occur after laparoscopic surgery. The frequencies obtained 

through a review of the literature are bound to underestimate the true 

frequencies, since DVTs are often asymptomatic, and systematic surveillance is 

therefore necessary to obtain true frequencies. The frequency of post-operative 

DVT varies from 0 to 55 % in the few studies that have been published (Table 

1). The highest numbers were found in small studies (20 and 40 patients, 

respectively) using duplex Doppler investigations (Krasinski 1998, Patel 1996). 

Duplex Doppler has been shown to have a significant learning curve (Kennedy 

1999) and to have limitations in asymptomatic patients and those with isolated 

calf vein thrombosis (Zierler 2001, Tapson 1999, Magnusson 1996). The studies 

also emanate from 1996 and 1998, a time when the diagnostic sensitivity and 

specificity of duplex Doppler may not yet have reached today’s high levels. The 

only other study showing a frequency over 2.1 % used the 125I-labelled 

fibrinogen uptake test, which may lead to an over-diagnosis compared to the 

results obtained by phlebography, since there is controversy regarding whether 

all radioactive fibrinogen accumulations detected should be regarded as 

thromboses (Belcaro 1995). 

 The 2.0 % frequency of DVT found by phlebography on post-

operative day 7-11 in paper V also contradicts the findings by Patel et al and 

Krasinski et al. It is a possibility that small thrombi could occur frequently in the 

first post-operative days, but that the early ambulation made possible by reduced 

post-operative pain in laparoscopically operated patients may result in early 

thrombolysis. Seven out of the eleven thrombi found in the study by Patel et al 

were found on post-operative day 1. In the other studies using duplex Doppler, 

only Wazz et al and Lord et al studied their patients earlier than on post-

operative day 5. The patients in Lord’s study received what would seem to be a 

more than adequate prophylaxis against thromboembolism (LMWH, GCS and 

intra-operative intermittent calf compression), which may explain the low 



 50

frequency of DVT (Lord 1998). The patients in the study by Wazz et al, 

however, did not receive any thromboembolism prophylaxis, and still no 

thrombi were found (Wazz 2000), which is difficult to explain in light of the 

results of Patel et al and Krasinski et al. 

 Considering that six studies of LC patients (including paper V) using 

systematic radiological thrombosis surveillance including approximately 1200 

patients have shown a DVT frequency of 2.1 % or less, and only three studies 

including 161 patients have shown a higher frequency, it seems safe to assume 

that the true frequency of DVT in LC patients not receiving prophylaxis is 

below 10 %. The varying use and methods of thromboembolism prophylaxis in 

the studies makes it difficult to estimate the frequency of DVT when 

prophylaxis is not given more exactly than that. However, the study by 

Schaepkens et al (Schaepkens 2002), where only 4/133 patients not receiving 

prophylaxis developed DVT, suggests that the frequency without prophylaxis 

may be well below 10 %. In any case, the frequency is unlikely to be higher than 

after OC, and LC can be regarded as a procedure with a low risk of post-

operative thromboembolic complications. The risk is not negligible, however. 

The finding of paper V, that the increase in D-dimer is even higher a week after 

the operation than on the first post-operative day, suggests the importance of 

early ambulation and is indirect evidence supporting the use of 

thromboembolism prophylaxis. The low frequency of post-operative DVT and 

the slight but definite risk of side effects associated with both LMWH 

(Kleinschmidt 2001) and dextran (Bergqvist 1994) suggest that a mechanical 

prophylaxis may be the optimal way of protecting patients undergoing LC. 

Pharmacological prophylaxis is, however, in no way contraindicated and is 

successfully used in many Departments of Surgery worldwide. More complex 

laparoscopic operations than LC have not been studied sufficiently in order to 

make it possible to issue recommendations on thromboembolism prophylaxis.  
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The position of SAGES (SAGES 1999), that the same prophylaxis that is used in 

open surgery is recommended in laparoscopic surgery until more scientific data 

is available, is valid in these cases. 
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CONCLUSIONS 

 

1) A 15 mm Hg CO2  PP caused an increase in the pressure of the ICV and 

an increase in the ICV vascular resistance, although the blood flow in the 

ICV was unchanged in the pig model used. The increase in systemic, 

pulmonary and ICV vascular resistance in paper I and the unchanged 

levels in paper II were most likely caused by differences in the anesthetic 

drugs used. There were no changes in the levels of vasopressin using the 

anesthesia in paper II. The lack of change in vascular resistance may be 

linked to this finding. A 12 mm Hg CO2  PP caused a small, transient 

decrease in renal arterial blood flow at insufflation and a corresponding 

increase at exsufflation. The renal vein pressure increased to 

approximately the same level as the ICV pressure during CO2  PP. There 

is evidence, indirectly supported by the results of paper II, that PP 

decreases urine output. The mechanism is complex, however, and 

vasopressin is not the only cause. 

2) Thromboembolic complications did occur after laparoscopic 

cholecystectomy. 

3) Laparoscopic cholecystectomy caused an activation of the coagulation 

system that lasted for more than a week. 

4) The frequency of phlebography-verified DVT after laparoscopic 

cholecystectomy was low. 
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SUMMARY IN SWEDISH 

 

“Titthålskirurgin” (den laparoskopiska kirurgin) introducerades inom 

allmänkirurgin på några få år kring 1990. Den hade använts inom gynekologisk 

kirurgi under decennier, men i och med att allmänkirurgerna tog upp denna 

teknik, började man utföra operationer som tog avsevärt längre tid på avsevärt 

äldre och sjukare patienter, ofta med fotänden kraftigt nedåttippad, vilket 

försvårar återflödet av blod från benen. Få vetenskapliga studier av metodens 

säkerhet när den används vid allmänkirurgi hade hunnit utföras innan tekniken 

spritts till i stort sett samtliga kirurgkliniker i västvärlden. Detta har i efterhand 

kritiserats. 

 För att se något i buken måste man skapa ett arbetsutrymme, och 

detta sker nästan alltid genom att blåsa upp buken med koldioxid. Detta 

”koldioxid pneumoperitoneum” (CO2 PP) orsakar många olika förändringar i 

blodflödet, bland annat ett försämrat återflöde av blod från benen. Vid den 

vanligaste titthålsoperationen, dvs galloperation, sänks fotänden dessutom 

kraftigt, för att få tarmarna att lägga sig ur vägen. Detta försvårar återflödet av 

blod från benen ytterligare. Vidare tar en titthålsoperation ofta längre tid än en 

traditionell operation, vilket ytterligare ökar risken för komplikationer i form av 

”proppar i benen”, djup ventrombos. Å andra sidan ger titthålskirurgi mindre 

smärta efteråt, vilket påskyndar mobiliseringen av patienterna och minskar 

risken för blodpropp. Nettoeffekten är inte känd, och därför ges oftast patienter 

som ska genomgå titthålskirurgi profylax mot blodpropp i form av 

blodförtunnande läkemedel på samma sätt som om de skulle genomgå en 

traditionell operation. Huruvida detta är ändamålsenligt, en underbehandling 

eller en överbehandling är inte känt, lika litet som man känner till hur stor risken 

är att få en blodpropp efter titthålskirurgi. 
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Påverkan på blodcirkulationen av CO2 PP studerades i två grisförsök. I det första 

påvisades ett klart förhöjt tryck i nedre hålvenen, dvs den ven som för blodet 

åter till hjärtat från benen. Någon påverkan på blodflödet i nedre hålvenen kunde 

dock inte ses. Motståndet mot blodflöde i vävnaderna steg gradvis och fortsatte 

att vara förhöjt efter det att gastrycket i buken släppts ut. Denna förhöjning i 

motståndet mot blodflödet kunde inte ses i det andra grisförsöket. Andra 

narkosmedel användes då, vilket är den troliga förklaringen. Man fann i detta 

försök dessutom en kortvarig sänkning av blodflödet till njuren just efter det att 

buken blåsts upp med koldioxid. En motsvarande höjning av blodflödet till 

njuren skedde just efter det att gasen släppts ut. Trycket i njurvenen steg till 

ungefär samma nivå som trycket i nedre hålvenen. Urinproduktionen visade inga 

statistiskt säkerställda skillnader, men den steg inte förrän efter det att gastrycket 

släppts i CO2 PP-gruppen, medan den steg betydligt tidigare i kontrollgruppen, 

vilket talat för att CO2 PP ändå minskar urinproduktionen. Vasopressin är ett 

hormon som visats stiga vid CO2 PP. Detta hormon har bland annat effekterna 

att blodtrycket stiger och att urinproduktionen minskar. Inga förändringar sågs i 

halten vasopressin, vilket kan ha orsakat den uteblivna höjningen i motståndet 

mot blodflöde i vävnaderna och det faktum att man bara såg indirekta 

hållpunkter för att CO2 PP minskar urinproduktionen. 

 En systematisk litteraturgenomgång påvisade att komplikationer i 

form av blodproppar efter titthåls-galloperation förekommer. En 

litteraturgenomgång är dock ett trubbigt instrument, och frekvensen föreföll 

exceptionellt låg, vilket åtminstone delvis torde bero på att många blodproppar 

inte ger några symptom, utan man måste göra röntgenundersökningar för att leta 

blodpropp på alla patienter, även de utan några som helst symptom, för att få 

fram den sanna risken för blodpropp. Den relativa frekvensen mellan blodpropp 

och lungemboli (blodproppar som lossnat och farit upp till lungcirkulationen) 

talade för att särskilt blodpropp i benet missades. 
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 I en klinisk studie påvisades att koagulationssystemet aktiveras efter 

titthåls-galloperation, detta trots blodförtunnande läkemedel och att titthåls-

galloperation anses vara en minimalinvasiv operation. En ytterligare klinisk 

studie visade dessutom att påverkan, mätt som halten D-dimer, var mer uttalad 

efter 7-11 dagar än den var dagen efter operationen, vilket talar för att påverkan 

kvarstår längre än tidigare känt. I denna studie gjordes dessutom bilateral 

flebografi (röntgen av venerna i båda benen för att leta blodproppar) på femtio 

patienter. Detta är den största studien som någonsin genomförts med denna 

metod att leta blodpropp på patienter som genomgått titthålskirurgi. I en av 49 

bedömbara undersökningar påträffades en liten blodpropp, vilket ger en frekvens 

på 2.0 %. Detta är betydligt mindre än de 7-10 % man angivit som risken efter 

en traditionell galloperation. Patienterna fick blodförtunnande läkemedel men 

under kortare tid än vad som är visat ha effekt mot blodpropp. Även om man 

antar att dessa korta kurer blodförtunnande medel har full profylaktisk effekt, 

blir risken för blodpropp bara 6 % i denna studie, således fortfarande inte högre 

än efter traditionell galloperation. 
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