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Preface 
 

The twentieth century was one of medical wonders.  In the beginning of the century, 
the greatest surgeon was the one who placed the greatest concentration on the 
meaning of medical operations—he who inflicted the great surgery—the great 
incision. 

But by the end of the century the greatest surgeon was the person who used the 
smallest incision for his surgical operations (the smaller the incision the greater the 
surgeon). Especially since this method could have the same results as the former 
methods of surgery, with a shorter duration of recovery and patient's hospitalization  
needed. 

The greatest surgeons, such as my mentor, Professor J.P. Blandy from the United 
Kingdom, with his generalization of TURP, and his compatriot Prof. John Wickham in 
developing PNL and laparoscopy, and even robotic laparoscopy, have progressed in 
great strides. We witnessed the big bang of laparoscopy in 1991 with the laparoscopic 
nephrectomy done by Ralph Clayman and his Iranian compatriot Louis Kavousi. 
Clayman himself, in his lecture at the World congress for endourology in 2008, 
addressed and explained the struggles and hardships that existed in the newly 
discovered scientific course for carrying out laparoscopic nephrectomy. 

The media had difficulties in promoting laparascopy. Prof. D.D. Gour from Bombay 
was the first person who innovated retroperitoneoscopy and showed us that even if a 
little more difficult, it was a less dangerous option for kidney and adrenal laparascopy. 

Today, as we have reached the end of first decade of the 21st Century, we are 
confronted with new progress in laparoscopic methods like performing laparoscopy 
through the orifices of the human body such as the mouth or vagina, and da Vinci 
robotic laparoscopy. 

Have all the problems of human limb surgery been solved by laparoscopy? Is it 
possible to apply laparascopy to every surgical operation? The answers are negative!  
In urology there is a total use of laparoscopy of the upper urogenital tract, kidneys and 
adrenal glands (adrenalectomy, nephrectomy, and pyeloplasty, partial nephrectomy), 
but there is no common agreement on prostate and/or vesico ureteral reflux, for 
example. The present book, published by InTech, has been written by a number of 
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highly outstanding authors from al over the world. Every author provides information 
concerning treatment of different diseases. based on his or her knowledge, experience 
and skills. Most of the  chapters are very useful and innovative to me as to a reader.  
This book is not merely devoted to urology sciences. There are also clear results and 
conclusions on the treatment of many diseases, for example well-differentiated 
papillary mesothelioma. The chapter “The Impact of Visceral Fat Accumulation on 
Laparoscopy-Assisted Distal Gastrectomy” and other chapters vastly contribute to the 
practice of laparoscopy in urology and other areas. We should not forget nor neglect 
that laparoscopy is in use more extensively than before, and it is hoped that in the 
future new subjects such as use of laparascopy in treatment of kidney cysts, simple 
nephrectomy, pyeloplasty, donor nephrectomy and even robotic laparoscopy will be 
researched further. 

In the end I have to thank the InTech staff, specially Mrs. Natalia Reinic and Mr. Niksa 
Mandic, two kind friends who have always helped me and granted me the honor of 
editing this book. 

31/7/2011 

Ali Shamsa, M.D. 
Professor of Urology and Kidney Tx 

Mashhad University of Sciences, Iran 
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Risks Associated with Laparoscopic Surgery 
Tülün Öztürk  

Celal Bayar University 
Turkey 

1. Introduction  
Laparoscopic surgical (LS) procedures aim to achieve a satisfactory therapeutic result while 
minimizing the traumatic and metabolic stress of the intervention. Tissue trauma is 
significantly less than that with conventional open procedures, thus results in the additional 
benefit of reduced post-operative pain. Other advantages of LS procedures include smaller 
incisional sites, lower risks of wound complications, reduced postoperative pain and 
complications, shorter hospital stay, more rapid return to normal activities, and cost savings 
(Carther, 2011; Nicholsen, 2011; Leonard & Cunningham, 2002). 
Despite these advantages, laparoscopic surgery may result in serious complications due to 
the important physiologic changes which occur during the procedure. In complicated 
surgical cases of extended duration, the prolonged steep head-down position and carbon 
dioxide insufflation results in a pneumoperitoneum which often has adverse 
haemodynamic and respiratory consequences (Russoa et al., 2009). Negative aspects of 
laparoscopic surgery in terms of the surgical procedure itself include poor visualization and 
traumatic injuries to viscera and blood vessels associated with blind trocar insertion. 
The physiologic changes associated with laparoscopy include those associated with tilting 
the patient to facilitate instrumentation and surgical exposure, the pressure effects of 
instilled gas into a closed cavity, and the systemic effects of the gas, almost universally CO2, 
that is instilled (and absorbed or embolized). 
Initially performed in healthy patients, laparoscopy is now used for complicated 
gastrointestinal (eg. distal gastrectomy for gastric cancer patients with comorbid diseases, 
laparoscopic hepatic resection for colorectal cancer liver metastases, and laparoscopic 
resection or debulking of presacral and retrorectal space tumors) and genitourinary 
procedures. (Russoa et al., 2009).  

2. Physiologic changes and complications related to patient positioning  
During laparoscopy, the patient is placed in a variety of positions in order to maximise the 
surgical visual field and facilitate instrumentation. The head-down (Trendelenburg) 
positioning is commonly used in gynecological operations, prostatectomy, and colorectal 
procedures, and usually is combined with lithotomy. The steep head-down tilt is frequently 
used for laparoscopic gynecologic and urologic procedures. The head-up position (reverse 
Trendelenburg) is used for cholecystectomy, invasive urological surgery, and gastric bypass 
surgery, whereas the lateral decubitus position is used for nephrectomy. The tilting of a 
patient during laparoscopy results in important physiologic responses and potential serious 
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complications. During laparoscopy, it is difficult to clearly separate the effects of anesthesia, 
position, and pneumoperitoneum. Because abdominal insufflation adds to the deleterious 
physiologic effects of the head-down tilt position, special attention by the anesthesiologist 
must be given to patients undergoing laparoscopic surgery in this position. 

2.1 Hemodynamic effects of positioning during laparoscopy 
In a study of hemodynamic changes using transthoracic echocardiography in patients 
undergoing gynaecological laparoscopic operations, the Trendelenburg position increased 
central venous pressure (CVP), pulmonary capillary wedge pressure (PCWP) and 
pulmonary arterial pressures (PAP) and decreased cardiac output (CO) (Russo et al, 2009). 
Pneumoperitoneum increased these pressures further, mostly at the beginning of the 
laparoscopy, and cardiac output decreased towards the end of the laparoscopy. In recent 
years, gynaecological laparoscopic operations of longer duration with an even steeper head-
down position are being performed.  
In the study by Meininger et al, ASA I-III patients undergoing total endoscopic radical 
prostatectomy with 4 hours of pneumoperitoneum in the Trendelenburg position 
experienced no significant hemodynamic compromise. Placing the patient in the 
Trendelenburg position caused a significant increase in CVP (from 9.9 ± 3.4 to 15.1 ± 2.3 mm 
Hg), whereas all other hemodynamic parameters [cardiac index (CI), heart rate (HR), mean 
arterial pressure (MAP), systemic vascular resistance index (SVRI), and intrathoracic blood 
volume] remained nearly unaffected, as measured with a continuous cardiac output 
monitoring (PiCCO) system via a femoral artery catheter (Meininger et al., 2008). Similarly, 
in the steep (40°) Trendelenburg position during robotic prostatectomy, HR, MAP, CVP, 
oxygen saturation via pulse oximeter (SpO2), and end-tidal carbon dioxide (EtCO2) 
remained within a clinically acceptable range (Kalmar et al., 2010). 
The Trendelenburg position changes hemodynamic parameters and moves intraabdominal 
organs cephalad due to gravity. The head-down position causes an increase in central blood 
volume in adult patients, with a resulting increase in cardiac output and systolic blood 
pressure. However, an immediate systemic vasodilatation secondary to reflex 
barostimulation also occurs, which leads to decreased stroke volume, reduced cardiac 
output, and diminished perfusion of vital organs. The physiology of a patient in the 
lithotomy position includes the physiologic consequences of leg elevation on central blood 
volume and a decrease in tissue perfusion in the elevated legs due to gravity. The lithotomy 
position and pneumoperitoneum during laparoscopic surgery increase preload, probably as 
a result of blood shifting from the abdomen to the thorax by compression of splanchnic 
vessels caused by the pneumoperitoneum (Joris, 2005).  
The increased intra-abdominal pressure created in the head-up tilt position would be expected 
to decrease venous return to the heart. In patients undergoing laparoscopic surgery in the 
head-up tilt (15-20°) position, as measured with a  pulmonary artery catheter, HR, CI, stroke 
index (SI), CVP, and PCWP decreased, systemic vascular resistance increased, and MAP did 
not change (Hirvonen et al., 2000). Likewise, Alishlai et al., (2000) found that both cardiac 
output and stroke volume fell, whereas HR, systolic BP, and diastolic BP did not change in 
ASA I-III patients undergoing laparoscopic surgery (cholecystectomy, fundoplication, liver 
thermal ablation) during pneumoperitoneum in the 30° head-up tilt position. 
The lateral decubitus position has minimal effects on major organ function when the patient 
is carefully positioned. In the elderly, hypovolemic, and hypertensive patients, blood 
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pressure may not remain stable. The right lateral decubitus position appears to have greater 
propensity for caval compression and reduced venous return because of the closer 
proximity of the vena cava to the right flank. In the lateral flexed position, venous return 
may fall significantly, resulting in low cardiac output and hypotension. The physiological 
effects of positioning on cardiorespiratory function, particularly in elderly patients with co-
morbidities (obesity, COPD, hypertension, coronary artery disease, etc.) may be catastrophic 
(Gottumukkala et al., 2008).  
 
Cardiovascular 

 Decreased left ventricular function  
 Decreased cardiac output  
 Decreased mean arterial pressure  
 Increased systemic vascular resistance 
 Increased central venous pressure  
 Increased pulmonary artery pressure 
 Increased pulmonary capillary wedge pressure  

Respiratory 
 Reduced vital capacity 
 Decreased respiratory plateau pressure  
 Decreased compliance  
 Hypoxemia 

Central nervous system 
 Increased intracranial pressure 
 Decreased cerebral perfusion pressure  

Table 1. Physiologic changes due to Trendelenburg positioning 

2.2 Respiratory and ventilatory effects of positioning  
The steep head-down position in an anesthetized patient results in atelectasis and 
sometimes hypoxemia due to decreased functional residual capacity (FRC). With 
induction of anesthesia, the increased central blood volume, cephalad displacement of the 
diaphragm, and the weight of the abdominal contents impeding diaphragmatic excursion 
reduces pulmonary vital capacity. As a result of these changes, impedance of the chest 
wall and lung increases, an effect which is more pronounced in elderly and obese 
patients. Inhibition of lung expansion can occur, as well as right mainstem bronchial 
intubation, both of which are possible causes of hypoxemia in patients placed in the steep 
head-down position (Kalmar et al., 2010). 
During laparoscopy in the Trendelenburg lithotomy position, compared with young 
patients, elderly patients had an higher P(a-ET)CO2 in the setting of mechanical ventilation 
based on the value of EtCO2. PaCO2 increased progressively in both groups. Increasing the 
tidal volume to keep PETCO2 within 20% of the pre-insufflation value may not prevent the 
increase in P(a-ET)CO2; thus all patients, especially elderly ones, should be followed with 
caution while in the Trendelenburg lithotomy position (Takahata et al., 2007). Overweight 
patients (BMI of 25–29.9 kg/m2) who underwent totally endoscopic robot-assisted radical 
prostatectomy under general anesthesia in Trendelenburg position had a significantly lower 
PaO2 and higher the alveolar–arterial PO2 difference compared with normal weight patients 
(Meininger et al., 2006). Similarly, SpO2, EtCO2, tidal volume, compliance, and minute 
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ventilation remained within a clinically acceptable range in normal weight patients with 
steep (40°) Trendelenburg positioning during robotic prostatectomy (Kalmar et al., 2010). 

2.3 Cerebral effects of positioning  
Trendelenburg positioning causes an increase in intracranial pressure (ICP) due to increased 
venous pressure, which hinders cerebral venous drainage with a consequential increase in 
the cerebral blood volume (Mavrocordatos et al., 2000). Only a limited number of studies 
focus on the relationship between Trendelenburg positioning and regional cerebral oxygen 
saturation (rSO2). Harrison et al (Harrison et al., 2001) found no difference in rSO2 when 
comparing values at the beginning and end of abdominal surgery performed with patients 
in the Trendelenburg position.  
Regional cerebral oxygen saturation did not change in patients undergoing robot-assisted 
laparoscopic radical prostatectomy in a 30° Trendelenburg position (Park et al., 2009). 
However, in a study of gynaecologic laparoscopic surgery patients (Lee et al., 2006), the 
mean rSO2 was found to fall from 65.5±5.4% (baseline before surgery) to 60.8±5.6% when the 
patients were initially placed in the Trendelenburg position. 

2.4 Patient position and lower extremity hypoperfusion 
While in the lithotomy position, particularly when a head-down position is used, general 
hypoperfusion of the lower extremities may be exacerbated. Lithotomy positions (low, 
standard, high, and exaggerated) differ primarily from one another by the degree of hip 
angulation and height of leg placement. The hydrostatic gradient of arterial blood pressure 
between the ankle and the heart in these positions may decrease lower extremity blood 
pressure and contribute to lower extremity hypoperfusion. Lower-extremity systolic 
pressures may be reduced significantly in some patients, so much so that the lower 
extremities may be at risk for ischemia (Halliwill et al., 1998). Prolonged ischemia during 
surgical procedures performed on patients in lithotomy positions probably increases the risk 
of compartment syndrome. Long operation time (466 min), obesity (body mass index (BMI) 
29.0 kg/m2), and hypothermia during the operation (body temperature 34.2°C) also seemed 
to be risk factors that could have contributed to the symptoms observed in a case of 
lithotomy position-related compartment syndrome (Ikeya et al., 2006). To minimize the risk 
of compartment syndrome, surgeons should perform appropriate positioning and 
repositioning during surgery. 

3. Pneumoperitoneum during laparoscopy  
3.1 Hemodynamic changes due to pneumoperitoneum 
Pneumoperitoneum is associated with altered cardiac and pulmonary physiology which 
may cause significant complications. The hemodynamic changes due to position are most 
significant at the initiation of pneumoperitoneum  and near the end of the laparoscopic 
surgery. The adverse effects of pneumoperitoneum on cardiac performance are due to 
decreased venous return (cardiac preload), increased systemic vascular resistance 
(afterload), or both. (Alishlai et al., 2001).   
The hemodynamic changes associated with pneumoperitoneum depend on a number of 
factors, including the mean intraabdominal pressure, amount of CO2 absorbed, the 
patient’s level of hydration, the type of ventilation, and the nature of the surgery. 
Investigators have found significant interpatient variability regarding the reduction of 
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cardiac output and stroke volume associated with pnuemoperitoneum (Alishlai, 2001; 
Haxby, 1994). These differences could be at least be partially due to varying postures, 
arterial CO2 partial pressures, anesthetic techniques, measurement techniques, and 
intraoperative fluid regimens. 
A variety of patients undergo laparoscopic cholecystectomy, hernia repair, urogenital 
surgery, and cancer surgery, ranging from young healthy patients to older patients with 
cardiopulmonary disease. Morbidly obese patients who undergo gastric bypass surgery 
often have significant comorbid conditions such as coronary artery disease, diabetes 
mellitus, cerebral vascular disease, restrictive lung disease, sleep apnea, and hypertension. 
Invasive hemodynamic monitoring may benefit high-risk patients undergoing laparoscopic 
surgery (Hironen, 2000; Koivusalo, 2008). Extending the scope of laparoscopic techniques to 
older patients at higher risk of cardiovascular complications requires reappraisal of 
hemodynamic monitoring during anaesthesia.  
During laparoscopy, to evaluate cardiac function, most investigators have used pulmonary 
artery catheterization which is both invasive and not routine in clinical practice (Hironen et 
al., 2000). Usually, invasive haemodynamic monitoring is used only in patients undergoing 
laparoscopic surgery who have pre-existing cardiovascular disease (Artuso, 2005; 
Koivusalo, 2008). This technique permits more precise calculation of left ventricular preload, 
afterload, and oxygen delivery. However, these advantages must be weighed against a low 
but appreciable risk of morbidity, which may not be acceptable in many patients. 
Noninvasive monitoring of patients at risk for acute hemodynamic changes that may not be 
readily revealed by conventional intraoperative monitoring techniques is often 
recommended, usually transoesophageal echocardiography (Alishahi, 2001; Fahy, 1999; 
Haxby, 1997; Russoa, 2009; Rist, 2001 ).   
Haxby et al (Haxby et al., 1997) measured aortic flow velocity using oesephageal Doppler 
before, during, and after induction of carbon dioxide pneumoperitoneum in head-down 
position patients undergoing laparoscopic hernia repair. They found that the insufflation of 
the abdomen with the carbon dioxide (at 13 mmHg; a relatively low intraabdominal 
pressure) produced significant effects on the cardiovascular system, but the clinical 
significance of these changes was uncertain. Likewise, during laparoscopic surgery of the 
lower abdomen in the head-up tilt position CO was found to fall after abdominal 
insufflation (peak intra-abdominal pressure: 13-15 mmHg). The CO fell more (30%) in 
patients with high surgical risk than in patients with low risk (25%), when patients were 
classified according to ASA physical status classification (Rist et al., 2001).   
Patients in the head-down tilt position during laparoscopic hysterectomy were found to have a 
significant reduction in stroke volume, cardiac output and left ventricular end-diastolic 
volume and increase in afterload with pneumopericardium, as measured with cardiac apical 
Doppler echocardiography. The augmented preload resulted in an increase in stroke volume, 
cardiac output and left ventricular end-diastolic volume in both laparoscopic hysterectomy 
and conventional open hysterectomy groups. Branche et al (Branche et al., 1998) investigated 
the effect of intraperitoneal insufflation of carbon dioxide and head up (10°) tilt position on left 
ventricular afterload by using transaesophageal echocardiography in patients undergoing 
laparoscopic cholecystectomy. They found that systolic arterial pressure increased at the 
beginning of the pneumoperitoneum and subsequently decreased gradually during 
pneumoperitoneum. Significant variation in HR and regional wall motion were not observed, 
but left ventricular afterload and left ventricular end-systolic wall stress increased.  
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In morbidly obese laparoscopic gastric bypass surgery patients (Artuso et al., 2005), upon 
insufflation of the abdomen, systemic blood pressure, pulmonary artery pressure, central 
venous pressure, and pulmonary artery capillary wedge pressure increased significantly 
from baseline values, but CI and SVR did not change significantly. These changes were 
attenuated when the patient was placed in the reverse Trendelenburg position and almost 
completely corrected when the abdomen was deflated at the completion of the procedure. 
Laparoscopic gastric bypass surgery candidates who often have significant 
cardiorespiratory comorbidities, like other high-risk patients undergoing laparoscopic 
surgery, may benefit from invasive hemodynamic monitoring. Likewise, the head-up 
position in patients undergoing laparoscopic cholecystectomy, SI decreased, but CI did not 
change significantly because of the compensatory increase in heart rate (Hirvonen et 
al., 2000). CO2 insufflation at the start of laparoscopy increased CVP and PCWP as well as 
mean systemic and mean pulmonary arterial pressures without significantly changing CI or 
SI. Toward the end of the laparoscopy, CI decreased by 15%. The hemodynamic values 
returned to nearly pre-laparoscopic levels after deflation of the gas, and CI increased during 
the recovery period, whereas systemic vascular resistance was 15% lower in the recovery 
room compared to preinsufflation values. 
Laparoscopy in the lateral flexed position may significantly decrease venous return, causing 
low cardiac output and hypotension. This condition can be prevented by fluid loading and 
promptly reversed by deflation and table deflection. 
Fahy et al, (Fahy et al., 1999) detected a high incidence of regurgitation in healthy donors in 
the lateral decubitus position at the mitral, tricuspid, pulmonic, and aortic valves with trans 
oesephageal echocardiogram (TEE) after CO2 insufflation during laparoscopic nephrectomy. 
The consequences of these challenges in patients with preexisting valvular or cardiac disease 
would be more serious. Patients with cardiovascular disease have responses to laparoscopy 
that are affected by the extent of cardiac reserve, baseline medications, level of hydration, 
and their response to the anesthesia medications used (Slodzinski & Merritt, 2008).   
For abdominal laparoscopic procedures, IAP is usually not allowed to exceed 15 mm Hg, 
but during pelvic procedures a higher IAP (approximately 25 mm Hg) is used. An IAP of 
less than 15 mm Hg is required during laparoscopic cholecystectomy, in so far as it reduces 
the risks associated with high pressures (Catani et al., 2004). Cardiovascular variables 
usually return to preinsufflation values after a pneumoperitoneum of short duration. 
When a pneumoperitoneum is created for laparoscopic surgery in patients with no known 
cardiac disease, a decrease in left ventricular function and CO, and an increase in CVP (from 
redistribution of abdominal blood volume), systemic vascular resistance, and mean arterial 
pressure occurs, as measured by noninvasive methods (Critchley, 1993;  Girardis, 1996; 
Westerband, 1992), thermodilution catheter (Hirvonen et al, 2000), transoesophageal 
echocardiography (Gannedahl, 1996; Harris, 1996; Haxby, 1997; Rist, 2001), and 
transthoracic echocardiography (Russoa et al., 2009).  
Cases of sudden intraoperative cardiovascular collapse or severe pulmonary edema 
requiring ventilation after uneventful laparoscopic cholecystectomy have been reported 
(Giaquinto et al., 2003). The adverse effects on cardiac performance produced by 
pneumoperitoneum may increase the risk of cardiac complications in patients with 
underlying cardiac and pulmonary disease. In addition to the central changes, 
pneumoperitoneum results in reduced peripheral venous flow (Alishahi, 2001; Schwenk, 
1998) and diminished perfusion of intraabdominal organs (Jakimowicz et al., 1998).  
Blood flow falls significantly in the renal, hepatic, gastric, and mesenteric beds during 
laparoscopic surgery with pneumoperitoneum (Ishizaki et al., 1993; Jakimowicz et al., 1998); 
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resulting in impaired renal function in some patients. In nephrectomy patients with 
preexisting renal disease, laparoscopy may create additional kidney injury as a result of 
elevated intraabdominal pressure and kidney manipulation (Crane et al., 2008). In patients 
undergoing laparoscopic surgery (cholecystectomy, fundoplication, liver thermal ablation) 
in the reverse Trendelenburg position, common femoral venous flow falls significantly. The 
application of intermittent sequential pneumatic compression (ISPC) of the lower limbs 
during laparoscopic surgery reversed that effect, returning peak systolic velocity to normal 
(Millard, 1993; Alishahiet, 2001). 

3.2 Respiratory and ventilatory effects of pneumoperitonium during laparoscopy 
The changes with pneumoperitoneum in the mechanical properties of the respiratory 
system are related to two main factors: shifting of blood flow to the pulmonary circulation 
and compression of the lung bases by raising the dome of the diaphragm. Increased 
pressure within the abdomen increases the intrathoracic pressure by pushing the 
diaphragm upward, thus decreasing respiratory system compliance, which in turn results 
in reduced lung volumes and increased airway pressures (Hirvonen, 1995; Odeberg, 
1994). These changes predispose patients to airway closure and collapse of dependent 
lung regions (atelectasis) (Andersson, 2005; El-Dawlatly, 2005; Nguyen, 2005). Atelectasis 
can be prevented by positive end-expiratory pressure or treated by inflation maneuvers 
(Strang et al., 2009). 
Obese patients have a greater risk of atelectasis than non-obese patients. Preventing 
atelectasis is important for all patients, but is especially important when caring for obese 
patients.The use of high positive end-expiratory pressure (10 cm H2O) in patients undergo 
laparoscopic bariatric surgery resulted in improved respiratory function and oxygenation in 
obese patients (Talab et al., 2009). When compared to preinsufflation values, abdominal 
insufflation to 2.26 kPa caused a significant (31%) decrease in respiratory system 
compliance, a significant (17%) increase in peak and plateau (32%) airway pressures at 
constant tidal volume with significant hypercapnia, but no change in arterial O2 saturation 
in obese patients undergoing laparoscopic gastroplasty. Respiratory system compliance and 
pulmonary insufflation pressures returned to baseline values after abdominal deflation 
(Dumont et al., 1997). 
Positive end expiratory pressure (PEEP) prevents the upward shift of the diaphragm during 
laparoscopy, limits the deliterious effects of surgery on respiratory mechanics, and improves 
oxygenation. However, no consensus has been reached regarding the ideal level of PEEP 
during laparoscopic surgery. A PEEP of 10 cm H2O had better oxygenation both 
intraoperatively and postoperatively in the PACU, lower atelectasis score on chest 
computed tomographic scan, and less postoperative pulmonary complications than a PEEP 
of 0 cm H2O (ZEEP) and 5 cm H2O in patients undergo undergo laparoscopic bariatric 
surgery (Talab et al., 2009.) Likewise, a PEEP of 10 cm H2O produced beneficial effects in the 
elasticity, as well as in the resistance, of the respiratory system in patients undergoing 
cholecystectomy video-laparoscopy procedures (Maracaja-Neto et al., 2009).   
The use of a recruitment maneuver (RM) re-expanded atelectasis and improved oxygenation 
in obese patients undergoing laparoscopic procedures (Almarakbi, 2009; Chalhoub, 2007; 
Whalen, 2006). RMs and PEEP were both required to prevent rapid reoccurrence of 
atelectasis, especially when a high-inspired oxygen fraction was used. Oxygenation may be 
a poor indicator of the extent of lung collapse as oxygenation has not been found to correlate 
with atelectasis formation during pneumoperitoneum (Andersson, 2005; Strang, 2009). 
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End-expiratory lung volumes are commonly used in clinical practice to denote functional 
residual capacity during mechanical ventilation. Futierae et al (Futierae et al., 2010) 
investigated the effects of RM after application of PEEP on changes in end expiratory lung 
volume (EELV), respiratory mechanics, and oxygenation in healthy weight and obese 
patients undergoing laparoscopic surgery. They found that pneumoperitoneum worsened 
the reduction in EELV and respiratory mechanics produced by anesthesia induction, with 
no major effect on oxygenation. A PEEP of 10 cm H2O combined with RM induced 
sustained improvements in EELV, gas exchange, and respiratory mechanics, and may be 
useful in counteracting the detrimental effects of pneumoperitoneum, especially on lung 
volume reduction in healthy weight and obese patients (Futier et al., 2010). Both 
conventional volume-controlled ventilation and pressure-controlled ventilation (PCV) 
were found to be equally suited for patients undergoing laparoscopic gynaecologic 
surgery. However, a higher lung compliance and lower peak airway pressures, plateau 
pressures, and airway resistance were observed with PCV in laparoscopic gynaecologic 
surgery patients (Oğurlu et al., 2010). 
Patients with pulmonary dysfunction are at high risk for complications; pre-op screening 
with pulmonary function tests is of the utmost importance for these patients. In morbidly 
obese patients, compared with open gastric bypass procedure (GBP), laparoscopic gastric 
bypass resulted in higher EtCO2, peak inspiratory pressure, total exhaled CO2 per minute, 
and a lower respiratory compliance. Arterial blood gas analysis demonstrated higher PaCO2 
and lower pH during laparoscopic GBP than during open. Laparoscopic GBP alters 
intraoperative pulmonary mechanics and acid-base balance but does not significantly affect 
pulmonary oxygen exchange. Changes in pulmonary mechanics are well tolerated in 
morbidly obese patients when proper ventilator adjustments are maintained (Nguyen et al., 
2004). Sprung et al (Sprung et al., 2003) showed that arterial oxygenation during 
laparoscopy could not be improved by increasing either the tidal volume or respiratory rate. 
In morbidly obese patients with chronic obstructive pulmonary disease and hypertension, 
the 20° reverse Trendelenburg position during laparoscopic gastric banding surgery 
improved respiratory mechanics (respiratory compliance, airway resistance and peak 
inspiratory pressure) and oxygenation without any apparent adverse effects on 
haemodynamics (Salihoglu et al., 2003). On the other hand, PaO2 was significantly lower 
and the alveolar-arterial oxygen difference (A-aDO2) was higher in overweight (BMI 25–29.9 
kg/m2) and normal weight (BMI 18.5–24.9 kg/m2) patients who underwent totally 
endoscopic robot-assisted radical prostatectomy in the Trendelenburg position (Meininger 
et al., 2006). Whereas pneumoperitoneum did not have any significant effect in normal 
weight patients, A-aDO2 decreased to below baselines values in overweight patients after 
prolonged (1.5 hours) pneumoperitoneum. 
The kidney position can lower the vital capacity by another 5–10%. Most of this decrease is 
thought to result from reduced movement of the ribs and diaphragm. Although vital capacity 
and FRC are reduced in the lateral decubitus position, better ventilation–perfusion matching 
results from increased perfusion in the dependent lung and corresponding increase in 
ventilation from the stretched dependent hemidiaphragm. However, general anesthesia in the 
lateral decubitus position causes an increased mismatch in ventilation–perfusion ratios 
compared to that in awake subjects. Complications from the lateral decubitus position include 
pressure injuries (ischemic), muscular and ligamentous strain, whiplash-like injury to the 
cervical spine, neurologic injuries, and ocular complications (corneal abrasions, pressure 
effects, dependent edema, and blindness) (Gottumukkala, 2008). 
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3.3 Hypercarbia-induced pneumoperitonium  
Laparoscopic procedures use carbon dioxide, a highly diffusable gas, for insufflation. CO2 
insufflated during laparoscopy is soluble in blood, and after transperitoneal absorption is 
presented to the lungs for excretion. The high solubility of CO2 in the blood stream 
minimizes the risk of gas emboli. ETCO2 increases from 0–30% when minute ventilation is 
held constant, but increasing respiratory rate, tidal volume, or both by as much as 30% may 
be necessary to keep the ETCO2 in the mid-30s (mm Hg) range. This almost always means 
general anesthesia with endotracheal intubation to maintain adequate ventilation, which 
tends to be impaired by surgical positioning and abdominal distension. Higher 
intraabdominal pressures are associated with faster CO2 absorption and gas embolism. 
These effects are further influenced by the intraoperative position of the patient and 
duration of procedure, and whether the patients have pre-existing cardiovascular disease. 
(Slodzinski & Merritt, 2008). 
Patients with preoperative cardiopulmonary disease demonstrated significantly higher Pa 
CO2 levels and lower pH during carbon dioxide insufflation compared to patients without 
underlying disease. During laparoscopic cholecystectomy, patients with chronic 
cardiopulmonary disease may require careful intraoperative arterial blood gas monitoring of 
absorbed carbon dioxide (Catherine et al., 1991). The physiological effects of intraperitoneal 
carbon dioxide insufflation on cardiorespiratory function, particularly in elderly patients 
with co-morbidities (obesity, COPD, hypertension, coronary artery disease, etc.), may be 
catastrophic. 
Carbon dioxide levels are easily measured at the end of exhalation and the anesthesiologist 
should constantly measure these levels and adjust the ventilator to prevent hypercarbia and 
acidosis. Patients who have pulmonary airway disease compromising the ability to exhale 
CO2 might require surgery via another technique. Because pulmonary compliance is 
decreased and functional residual capacity is impaired by pneumoperitoneum and patient 
positioning, minute volume may need to be increased in order to correct the ventilation-
perfusion mismatch to avoid hypercarbia and acidosis. The retroperitoneal approach for 
laparoscopic surgery has a greater risk of hypercarbia than the transperitoneal approach. 

3.4 Effects of pneumoperitonium on the central nervous system  
Pneumoperitoneum during laparoscopic surgery also has the potential to increase cerebral 
blood flow (CBF), intracranial pressure, and intraocular pressure due to the increased PaCO2 
caused by absorption of CO2 from the peritoneal cavity. The creation of pneumoperitoneum 
during laparoscopic surgery elevates ICP because increased the abdominal pressure 
obstructs venous return from the lumbar venous plexus (Halverson et al., 1998). 
Pneumoperitoneum also increases cerebral blood flow due to an increase in PaCO2 and an 
increase in catecholamine release independent of PaCO2. The rate of cerebral blood flow 
changes proportionally to the change in PaCO2 within the range of 2.7–8.0 kPa 
(Huettemann, 2002; Fujii, 1999).   
Regional cerebral oxygen saturation (rSO2), as measured by near-infrared spectroscopy 
cerebral oximetry which allows for continuous and noninvasive monitoring of rSO2, 
decreased when cerebral perfusion pressure declined as a result of increased ICP (Dunham, 
2002; Lee, 2006). Lee et al (Lee et al., 2006) also reported that rSO2 decreased significantly in 
the Trendelenburg position. They reported that although no additional effect was seen with 
pneumoperitoneum, the rSO2 was further decreased in the setting of hypercapnea, which 
increased the blood volume with a consequential increase in ICP. In contrast, Park et al 
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(Park et al., 2009) during robot-assisted laparoscopic radical prostatectomy, in patients in the 
Trendelenburg position, found that cerebral oxygenation, as assessed by rSO2, increased 
slightly, which suggested that the procedure itself did not induce cerebral ischemia. While 
in the steep (40°) Trendelenburg position, regional cerebral oxygenation was well preserved 
and CPP remained within the normal limits of cerebral autoregulation, as measured by 
near-infrared spectroscopy (Kalmar et al., 2010). 
 
Respiratory changes 

 Decreased total volume of the lungs  
 Decreased pulmonary compliance  
 Hypoxemia (secondary to a ventilation-perfusion mismatch and intrapulmonary 

shunting) 
 Hypercapnia and acidosis (secondary to CO2 absorption) 
 Increased PaCO2 and EtCO2 

Cardiovascular changes 
 Decreased stroke index, cardiac index 
 Decreased peripheral venous flow 
 Direct and indirect sympatho-adrenal stimulation (caused by hypercarbia)  

 Myocardial depression 
 Direct vasodilation 

 Increased SVR, PVR 
Renal changes 

 Oliguria, decreased renal blood flow 
 Increased ADH, renin, and aldosterone  
 Intraoperative increase in serum creatinine 

Abdominal changes 
 Increased intra-abdominal pressure 
 Decreased perfusion of intraabdominal organs (kidney, liver, stomach, mesentery) 

and spinal cord 

Table 2. Pathophysiologic changes during pneumoperitoneum 

Cerebral blood flow–carbon dioxide (CBF–CO2) reactivity is one marker of the ability of the 
cerebral vasculature to respond to cerebral metabolic demands. CBF–CO2 reactivity did not 
change significantly in one study of patients undergoing robot-assisted laparoscopic radical 
prostatectomy (with pneumoperitoneum) while in the Trendelenburg position (Choi et al., 
2009). During pneumoperitoneum in the head-down position, the resulting changes in 
venous pressures, together with hypercapnia, can lead to significant increases in intracranial 
pressure. These changes can result in brain injury in selected patients, causing postoperative 
neurological deficits (Fujii, 1994; Huettemann, 2002). Laparoscopic procedures in the head-
down position are to be avoided in patients with space-occupying intracranial lesions 
because of the excessive increase in ICP (Alishahi, 2001; Dunham, 2002). 

3.5 Other complications of induced pneumoperitonium 
Venous CO2 embolism may occur intraoperatively and in the early postoperative period. 
Abnormal gastroesophageal junction competence from high intraabdominal pressure may 
lead to pneumomediastinum, subcutaneous emphysema, pneumothorax, and 
retroperitoneal CO2. 
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In hand-assisted laparoscopic donor nephrectomy patients, ocular complications and 
corneal abrasions were reported. These may result from increased fluid intake, flank 
positioning, and potential increased venous compression resulting from the effects of the 
pneumoperitoneum. The fact that the dependent eye was involved in all patients suggests 
conjunctival edema as a potential common pathway (Koning et al., 2011). 
Rhabdomyolysis after prolonged laparoscopic nephrectomy in the lateral decubitus position 
has been reported, but is thought to be rare. Its myoglobinuria may result in kidney 
dysfunction (Kuang et al., 2002). 

4. Intraoperative anesthesia management  
Laparoscopy patients should undergo a preoperative evaluation identical to that for patients 
undergoing the equivalent open procedure. Depending on the surgeon’s experience with these 
procedures, the anesthetic plan should anticipate the possibilities of significant bleeding and 
conversion to an open procedure. Routine intraoperative monitoring (EtCO2, pulse oximetry, 
BP, airway pressure) should be adequate for the expected physiologic changes encountered in 
most patients. The anesthesiologist should continually monitor the insufflating pressure being 
used and should be alerted if an unusual amount of CO2 is required.  
Noninvasive methods of assessing changes in partial arterial pressures of carbon dioxide 
(eg. EtCO2 measured with mass spectrography) may be misleading because changes in 
partial arterial pressures of carbon dioxide are typically much smaller than changes in 
arterial blood levels and, unlike arterial gas measurements, do not indicate the true level of 
arterial hypercarbia. During laparoscopic cholecystectomy, patients with chronic 
cardiopulmonary disease may require careful intraoperative arterial blood gas monitoring of 
absorbed carbon dioxide (Wittgen et al., 1991). With extended periods of insufflation and 
higher pressures, faster CO2 absorption occurs and arterial carbon dioxide levels may reach 
harmful levels. Measurement of EtCO2 allows the physician to manipulate ventilation as 
needed (Nguyen & Wolfe, 2005).  
Cardiovascular monitoring should be appropriate for the planned procedure, based on the 
patient’s clinical status. Central venous and pulmonary arterial wedge pressure 
measurements are biased during laparoscopy because of transmission of intraabdominal 
pressure to the mediastinal space. Use of TEE in high-risk patients allows for more accurate 
assessment of cardiac volumes. TEE for hemodynamic monitoring may be useful in the 
prevention and recognition of cardiovascular complications. Femoral venous flow 
augmentation with intermittent sequential pneumatic compression reverses perioperative 
cardiac depression and overcompensates for the state of peripheral venous stasis induced by 
pneumoperitoneum during laparoscopic surgery in the head-up tilt position (Alishahi, 2001; 
Schwenk, 1998). 
When laparoscopic procedures are performed in an ambulatory setting, the choice of 
induction and maintenance anesthetic agents reflects the need for prompt awakening and 
rapid recovery. The anesthetic management of laparoscopic surgery includes minimizing 
hemodynamic changes which may occur due to the pneumoperitoneum and patient’s 
position (Colombo et al.,  2001). In laparoscopic surgery, nitrous oxide (N2O) is often 
avoided, to prevent bowel distension if the procedure becomes prolonged. Nitrous oxide 
accumulates in the CO2 pneumoperitoneum during laparoscopy when N2O is used as an 
adjuvant for inhaled anesthesia. Accumulated N2O in a CO2 atmosphere may be dangerous 
because it can lead to excessive dilatation of the bowel.  
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The risk of CO2 and N2O gas embolism is also a concern because the consequences of such 
embolization may differ from those with the same volume of CO2 alone. N2O diffuses into 
the abdominal cavity and will diffuse into CO2 bubbles and emboli, increasing their size and 
potential for an obstructive event. (Diemunsch et al., 2002). Adequate muscle relaxation is 
required during laparoscopy so that spontaneous respiratory efforts do not impair the 
surgical procedure or increase the gradient for embolic gas to enter the central circulation. 
Despite the limited surgical incision(s) of laparoscopic procedures, postoperative muscle 
pain remains a problem. These problems have not been eliminated by avoiding 
succinylcholine or by using other anesthetic regimens.  
PaCO2 should be maintained within its normal range during pneumoperitoneum in the 
Trendelenburg position. For example, rSO2 increased in conjunction with the increase in 
PaCO2 during pneumoperitoneum in a steep Trendelenburg position in patients undergoing 
daVinci robot-assisted laparoscopic  prostatectomy (Park et al., 2009). 
Watanabe et al. found that remifentanil (0.2 µg/kg/min) may suppress the cardiovascular 
changes caused by pneumoperitoneum in laparoscopic cholecystectomy patients. Through 
an epidural catheter placed between T10-12, 0.2% ropivacaine was infused continuously at 6 
mL/hr. With a pneumoperitoneum, as opposed to an epidural anesthetic, remifentanil 
significantly suppressed the tachycardia, but not the hypertension caused by the 
pneumoperitoneum (Watanabe et al., 2009). Esmolol infusion can also be used to provide 
hemodynamic stability during laparoscopy (Coloma, 2001; Junghans, 2006).  
No ventilation technique for laparoscopic surgery has proved to be clinically superior to any 
other. Both conventional volume-controlled ventilation and pressure-controlled ventilation 
were found to be equally suited for use in patients undergoing laparoscopic gynaecologic 
surgery (Oğurlu et al., 2010). 
Stationary positioning of the patient over long periods of time during laparoscıpic surgery 
may place the patient at risk for neuropraxia, rhabdomyolysis, compartment syndrome, and 
pressure ulcers. Neuromuscular and pressure injury becomes more likely with increasing 
surgical duration, hence the need for appropriate padding and support, especially during 
laparoscopic nephrectomies (Elsamra & Pareek, 2010).  
 

Hypotension, decreased cardiac output  
Hemorrhage 
Acidosis 
Pneumothorax 
Pneumomediastinum 
Endobronchial intubation 
Subcutaneous emphysema 
Airway obstruction 
Retroperitoneal CO2   
Venous stasis 
Venous CO2 embolism 
Increased sympathetic activity secondary to increased CO2 
Bradycardia, increased vagal tone 
Cardiac arrest 
Regurgitation and aspiration  

Table 3. Complications during laparoscopy 
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5. Intraoperative surgical complications 

During laparoscopy, positional changes may significantly decrease venous return, causing low 
cardiac output and hypotension. This condition can be prevented by fluid loading and 
promptly reversed by deflation and table deflection. The changes listed above may lead to 
myocardial ischemia in patients at risk. In the rare event of catastrophic hemodynamic collapse 
during laparoscopy, several possible causes should be considered: bleeding, subcutaneous 
emphysema, pneumothorax, pneumomediastinum, diaphragmatic tears, and gas embolism. 
Although the use of CO2 for pneumoperitoneum reduces the probability of a massive 
pulmonary embolism, it is a potentially fatal complication and should be considered in case of 
intraoperative hemodynamic deterioration (Slodzinski & Merritt, 2008). 
Initial therapy during a catastrophic event includes releasing the pressurized 
pneumoperitoneum (i.e., conversion to an open procedure). For pneumothorax, a 
thoracentesis should be performed. If massive embolization occurs, N2O, if employed, 
should be discontinued immediately and cardiopulmonary resuscitation should be 
performed. The patient should be placed in the left lateral position. Attempts at embolus 
retrieval should be made through central venous access, if available. If these measures are 
not sufficient, cardiopulmonary bypass may be necessary (Joris, 2005; Leonard, 2002). 
During laparoscopy, hemorrhage can be obvious or occult (e.g., retroperitoneal), and may be 
encountered intra-operatively or in the postoperative period. Bleeding complications are an 
important subset of ‘non-biliary’ injuries, and can cause death on the operating table if not 
recognized and treated in time. Bleeding complications are the most frequent cause of 
procedure-related mortality in laparoscopic cholecystectomy (after anaesthesia-related 
deaths) (Buttenschoen, 2007; Phillips, 2001). 
Intra-operative bleeding usually falls into one of the following four patterns: vessel injury, 
slippage of clips/ligatures of the cystic artery, liver bed bleeding, and miscellaneous. Vessel 
injuries are usually the most dramatic and occur either during insertion of the first trocar or 
during dissection/retraction, and were rarely seen before the advent of laparoscopic 
surgery. The insertion of the pneumoperitoneum needle and the first trocar is considered by 
many to be the most dangerous step in laparoscopic cholecystectomy, as it is essentially a 
‘blind’ step. As this initial step is common to all laparoscopic operations, it has been 
reviewed extensively by various authors. As mentioned earlier, the majority of bleeding 
complications occur in this phase of the operation. Although the most commonly injured 
vessels are the epigastric vessels, injury can also occur to the major intra-abdominal vessels 
(aorta, vena cava, iliac vessels), in 0.04% to 0.18% of patients (Geraci et al., 2006). None of the 
“no entry” techniques for laparoscopy (trocar entry after creation of pneumoperitoneum, 
trocar entry without prior insufflation, or various modifications of the open technique of 
port placement) are free from the risk of complications (Kaushik et al., 2010). 
Bleeding complications are divided into major and minor depending on the need for 
conversion, additional surgical procedures, or blood transfusions. Thus, any bleeding that 
requires a laparotomy is considered major, irrespective of the vessel injured or the timing 
(intra-operative or postoperative). Similarly, any bleeding that needs an additional surgical 
procedure (wound exploration and ligation of bleeder) or blood transfusion is also 
considered to be major, whereas bleeds controllable by pressure or packing, or abdominal 
wall haematomas that do not require any additional manoeuvres, can be classified as minor 
bleeds (Kaushik et al., 2010). 
Major and minor complication rates for laparoscopic renal surgery have ranged from 1-6% 
and 6-17%, respectively. Vascular, bowel, and ureteral injuries are reported as the most 
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commonly encountered intraoperative complications. A key component to decreasing the 
incidence of surgical complications is proper patient selection and identification of 
preoperative risk factors. Potential preoperative risk factors, such as prior operations, 
increased age, increased body mass index, poor renal function, and anomalies in renal 
vasculature, are of crucial importance to proper preoperative risk stratification. Also, the 
urologist must be facile with current laparoscopic techniques in order to minimize 
complications (Elsamra & Pareek, 2010). In a study (Colombo et al., 2008) of patients who 
underwent laparoscopic nephrectomy, nephroureterectomy, laparoscopic partial 
nephrectomy, and adrenalectomy, age greater than 65 years predicted a longer hospital stay, 
but was not an independent risk factor for complications. In addition, patients with baseline 
elevated creatinine were at higher risk of postoperative renal deficiency. Recently, in 
patients with a BMI less than 25 kg/m2 and greater than 40 kg/m2 who underwent 
laparoscopic radical nephrectomy or laparoscopic partial nephrectomy, no statistically 
significant difference was found for estimated blood loss, operative time, hospital stay, 
number of open conversions, or complications. However, a trend toward increased 
operative time and intra-operative complications (not statistically significant) was noted in 
patients with increased BMI (Gong et al., 2007). Surgical experience appears to be directly 
related to the complication rate, with at least 50 laparoscopic cases required to achieve 
proficiency (Vallancien et al., 2002). In addition, 80% of all major complications of 
laparoscopic surgery occurred among the surgeon’s first 100 cases. Short intensive courses 
may increase the surgeon’s experience, confidence, and competency in advanced 
laparoscopic procedures (Pareek et al., 2005).  

6. Postoperative risks 
Postoperative nausea and vomiting (PONV) occurs in 40–70% of patients undergoing 
laparoscopic cholecystectomy. Female patients have a 1.5-3 times greater incidence of PONV 
than males, due to increased plasma progesterone levels during their menstrual cycles. 
Antiemetics used to prevent PONV after laparoscopic cholecystectomy include 
antihistamines (dimenhydrinate), phenothiazines (perphenazine), butyrophenones 
(droperidol), benzamides (metoclopramide), dexamethasone, and serotonin-receptor 
antagonists (ondansetron, granisetron, tropisetron, dolasetron, and ramosetron). Knowledge 
regarding prophylactic antiemetic therapy is necessary to effectively manage PONV in 
female patients (Fujii  2005; 2009 and  2010). 
In laparoscopic cholecystectomy, before or following induction of anesthesia, 
dexamethasone alone or in combination with a serotonergic antagonist (granisetron, 
ondansetron) to prevent nausea and vomiting is well established (Dabbous, 2010; Fujii, 2010; 
Erhan, 2008). Dexamethasone alone was found as effective as 4 mg ondansetron and 3 mg 
granisetron (Erhan et al., 2008). Dexamethasone, in combination with a serotonergic 
antagonist, significantly reduced the incidence of PONV more than promethazine and 
granisetron monotherapy (Dabbous, 2010; Fujii, 2010). In women undergoing ambulatory 
gynaecological laparoscopy, prophylactic low-dose granisetron and promethazine together 
were more effective in reducing PONV than promethazine or granisetron alone (Gan et al., 
2009)  Risk factors for postoperative PONV after laparoscopic cholecystectomy include pain, 
dizziness, ambulation, oral intake, and analgesics (opioids). Avoiding these risk factors 
would result in less PONV for patients undergoing LC (Fujii et al., 2010). 
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In recent years, mini-laparoscopic cholecystectomy (trocar incision <25 mm) has been 
increasingly advocated for the removal of the gallbladder, due to better surgical and 
postoperative outcomes (e.g., better cosmetic result, reduced pain, shorter hospital stay, 
and quicker return to activity). Although mini-laparoscopy is feasibile and safe, it does 
require a longer surgical time and has a reasonably high risk for conversion to standard 
laparoscopic cholecystectomy. Furthermore, mini-laparoscopy has not been found to have 
any additional clinical benefit compared to standard laparoscopic cholecystectomy 
(Huang, 2003; McCloy, 2008).  
To manage the pain associated with increasingly complex surgical procedures on an 
ambulatory or short-stay basis, anesthesiologists and surgeons should prescribe multimodal 
analgesic regimens that use non-opioid analgesics (eg. local anesthetics, nonsteroidal 
antiinflammatory drugs, cyclooxygenase inhibitors, acetaminophen, ketamine, alpha 2-
agonists) to supplement opioid analgesics. The opioid-sparing effects of these compounds 
may lead to reduced nausea, vomiting, constipation, urinary retention, respiratory 
depression and sedation. Therefore, use of non-opioid analgesic techniques can lead to an 
improved quality of recovery for surgical patients (White,  2008). Tramadol and paracetamol 
cause no respiratory depression while providing analgesia and sedation after operative 
procedures. Oral tramadol (1 mg.kg–1) with IV paracetamol (1 g) decreased the incidence of 
side effects of tramadol alone without reducing its analgesic efficacy in a day-care 
laparoscopic surgery setting (Ali & Khan, 2009). 
IV tramadol after insufflation of the pneumoperitoneum and again before removal of the 
trocars was used provided superior postoperative analgesia to IP tramadol in the early 
postoperative period after laparoscopic cholecystectomy (Akıncı et al., 2008). Epidural 
analgesia with a bupivacaine/fentanyl combination  provided significant improvement in 
postoperative pain control compared with IV fentanyl during the first 24 hours following 
laparoscopic cholecystectomy (Erol et al., 2008).  
In patients undergoing laparoscopic cholecystectomy, the combination of 0.25% IP 
bupivacaine and IV morphine was more effective than IP morphine plus IP 0.25% 
bupivacaine for reducing postoperative analgesic requirements (Hernández-Palazón et al., 
2003). Another study in LC patients found pre-operative 50 mg/kg magnesium sulphate IV 
to be more effective in reducing post-operative pain than saline (Menteş et al.,  2008). 
Intraoperative and postoperative analgesia usually is performed with a combination of 
opioids and NSAIDs. While IV or epidural opioids remain the mainstay for postoperative 
analgesia, their use can be associated with adverse effects, such as ileus, which can prolong 
hospital stay, especially after colorectal surgery. Thoracic epidural analgesia provides better 
postoperative analgesia than intraoperative and postoperative IV lidocaine infusion 
(Wongyingsinn et al., 2011), and spinal anaesthesia using intrathecal morphine in addition 
to local anaesthetic, and the use of nonsteroidal anti-inflammatory agents (Levy et al., 2010). 
But thoracic epidural analgesia patients had similar length of hospital stay, time to tolerate a 
normal diet, and bowel function parameters compared to others under general anesthesia 
after laparoscopic colorectal surgery (Levy, 2010; Wongyingsinn, 2011). In contrast, when a 
traditional perioperative care program is used for laparoscopic colectomy, thoracic epidural 
analgesia is superior to PCA in accelerating the return of bowel function and dietary intake, 
while providing better pain relief compared to PCA morphine (Taqi et al., 2007).  
In patients undergoing ambulatory totally extra-peritoneal laparoscopic inguinal 
hernioplasty under local anaesthesia, pain and analgesic consumption was less and recovery 
of daily life activities more rapid compared to those patients undergoing ambulatory 
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Lichtenstein hernioplasty with local anaesthesia (Planells et al., 2011). Additionally, for 
patients with recurrent inguinal hernia, or bilateral inguinal hernia,  laparoscopic repair 
offers significant advantages over open techniques with regard to recurrence risk, pain, and 
recovery (Carter & Duh., 2011). Donors undergoing laparoscopic nephrectomy reported less 
bodily pain postdonation; this was associated with an improved mental health component 
of quality of life compared with open nephrectomy patients (Nicholson et al., 2011). 
When respiratory functions of patients after open and laparoscopic cholecystectomy were 
compared, pulmonary function tests were better in patients subjected to LC (Osman et al., 
2009). On the first post-operative day, FEV1, FVC and FEV1/FVC values in the open 
cholecystectomy group were significantly lower than those in the laparoscopic 
cholecystectomy group. The respiratory function tests returned to normal by the 6th 
postoperative day in both groups. LC resulted in an overall better postoperative respiratory 
function than open cholecystectomy (Bablekos, 2003; Hendolin, 2000). 
Perioperative neurologic complications related to prolonged surgery in the steep head-
down position include neurological deterioration after extubation, probably due to cerebral 
edema. The duration and positioning should be optimized for such prolonged surgery in the 
steep head-down position to minimize complications (Pandey et al., 2010). Bilateral upper 
extremity paresis caused by overstretching of the neck with the head was reported in two 
patients undergoing laparoscopic colectomy in a combined lithotomy and Trendelenburg 
position with arms abducted to 80° and flexed slightly on padded armboards (Imamura et 
al., 2010). They developed bilateral numbness of the first, second, and third digits, and the 
radial side of fourth digit in one patient’s right hand, which subsided gradually over three 
days after physical training in both patients. In a report by Mizuno et al (Mizuno et al.,  
2008), right median nerve injury was caused by compression and stretching of the brachial 
plexus after laparoscopic sigmoidectomy in a patient who was operated upon while in the 
head-down position, with right lateral tilt table, use of shoulder brace, abduction of the 
upper arm, and extension of the elbow. His findings disappeared completely within one 
week. In laparoscopic operations in the head-down position, a shoulder brace should not be 
used to minimize the risk of brachial plexus injury. The arms should be placed at the 
patient’s side, and the elbows should be gently flexed to unload the median nerve and 
relieve tension on the brachial plexus. Irreversible femoral nerve injury caused by trocar 
insertion was reported after gynaecologic laparoscopy by Porzionato et al (Porzionato et al, 
2008). The patient complained of left thigh weakness and paresthesias, from the site of the 
left trocar insertion to the anteromedial aspect of the thigh and medial aspect of the leg and 
foot. Peritoneal adhesions and inadequate pneumoperitoneum may increase the risk of 
nerve injury. Physicians should be aware of the possibility of this complication, and should 
avoid too caudal a trocar insertion in the iliac fossa. 

7. Conclusion 
Laparoscopic surgical procedures aim to minimize the trauma of the interventional process. 
Advantages of these procedures include smaller incisional sites, lower risks of wound 
complications, reduced postoperative pain and complications, improved recovery, shorter 
hospital stays, more rapid return to normal activities, and significant cost savings. 
Cardiorespiratory changes associated with laparoscopy include those associated with 
tilting the patient to facilitate instrumentation and surgical exposure, and pressure effects 
of the instilled gas into peritoneum. Endoscopic surgery also involves complications, 
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especially when extended periods of carbon dioxide insufflation are used, and especially 
with the patient in the steep head-down position. In such circumstances, adverse 
haemodynamic and respiratory effects are more prone to occur. Traumatic injuries 
associated with blind trocar insertion may injury viscera and blood vessels, leading to 
severe hemorrhage and morbidity. 
Depending on the surgeon’s experience, the anesthesiologist should anticipate the 
possibility of significant bleeding and/or conversion to an open procedure. Laparoscopy 
patients should undergo a preoperative evaluation identical to that of patients undergoing 
the comparable open procedure.  
When laparoscopic procedures are performed in an ambulatory setting, the choice of 
induction and maintenance anesthetic agents reflects the need for prompt awakening and 
rapid recovery. In the anesthetic management of laparoscopic surgery, hemodynamic 
changes may occur due to the pneumoperitoneum and/or patient’s position. In laparoscopic 
surgery, N2O is often avoided, to prevent bowel distension if the procedure becomes 
prolonged. A continuous infusion of bupivicaine via epidural catheter or IV remifentanil or 
esmolol may suppress the cardiovascular changes caused by the pneumoperitoneum during 
laparoscopic surgery.  
In laparoscopic surgery, no ventilation technique has proved to be clinically superior to any 
other. Both conventional volume-controlled ventilation and pressure-controlled ventilation 
have been found to be equally suited for use in patients undergoing laparoscopic 
gynaecologic surgery. Prophylactic antiemetics should be used to prevent PONV after LC, 
especially in female patients.  
The death rate during operative laparoscopy is 0.1 to 1 per 1000 cases and the incidence of 
hemorrhage and visceral injury (the most lethal complications of laparoscopic surgery)  is 2 
to 5 per 1000 cases. Good surgical technique and early recognition and management of such 
cases are keys to prevent complications due to laparoscopy. Experience and skill of the 
anaesthesia and surgical teams continue to be key factors to ensure optimal results. 
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1. Introduction 
The “first do no harm” ethics of medical care has its age-long influence manifested in the 
continual search for the least invasive method of administering treatment to the patient. The 
advancement of the minimally invasive surgery has therefore been a very welcome 
development in surgical specialities with paediatric surgery not left behind in this quest. 
Laparoscopy is the visual inspection of the peritoneal cavity aided by a telescope and 
facilitated by the creation of a pneumoperitoneum. The earliest description of diagnostic 
laparoscopy was by Cortesi et al., (1976). However, diagnostic laparoscopy was originally 
introduced in 1910 by the Swedish physician – Hans Christian Jacobeus who published his 
results from diagnostic laparoscopy and thoracoscopic procedures (Badani et al., 2006). 
Therapeutic laparoscopy was made popular following the description of laparoscopic 
appendicectomy by a German gynaecologist - Kurt Semm in 1983 (Semm, 1983) and of 
laparoscopic cholecysytectomy by the German surgeon – Erich Muhe in 1985 (Badani et al., 
2006). Advancements in development of instrument components particularly illumination, 
optics, fiberoptic transmission, insufflation and video-apparatus have progressed alongside 
development of techniques for minimal access into the abdominal cavity. Development of 
paediatric laparoscopy was marked by Gans in his contribution to the development of 
paediatric instruments in 1970 (Tantoco et al., 2005). 
Laparoscopy offers the surgeon the option of achieving high standard surgical treatment 
while keeping tissue trauma to a minimum. Since the early 20th century, laparoscopic 
approach to surgical treatment has gained increasing popularity. However, the paediatric 
surgical subspecialty has lagged behind adult surgery in exploring the advances offered by 
laparoscopy. This is largely because some common conditions in adults like cholelithiasis 
which opened the gateway to the explosion in the application of laparoscopic surgery are 
uncommon in the paediatric age group. In addition, the low volume of corresponding 
conditions in the paediatric population has made it unattractive to companies involved in 
manufacturing and developing the paediatric laparoscopic equipment. For example, 
laparoscopic cholecystectomy which is a relatively non-complex procedure developed faster 
in the adult population than in children because of the lower case volume in the latter. 
Higher case volume equates to higher demand which attracts investors. The converse being 
the case in the paediatric population has hindered enthusiasm among product developers. 
Development of laparoscopy in the paediatric population has followed the same course as the 
development and modification of the laparoscopic apparatus to fit this patient group. Advances 
in paediatric anaesthetic monitoring and support equipment have also made a huge contribution 
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to this development. The result is an increasingly wider application to the use of laparoscopy in 
children. Jen and Shew (2010) observed an increase in the utilization of laparoscopy for the 
management of appendicitis in children from 18.6% in 1999 to 52.4% in 2006. Several diagnostic 
and therapeutic procedures have been demonstrated to be safely and efficiently undertaken with 
laparoscopy with several advantages over traditional methods of approach.  
The development of 3mm instruments has pushed the boundaries of diagnostic, as well as 
therapeutic laparoscopy into the infant and neonatal population. In the investigation of the 
neonate with abdominal distension, free gas on plain abdominal radiograph in the absence 
of corresponding clinical or physiological signs of peritonism, laparoscopy has been used to 
evaluate the condition and arrive at more focused specific management decisions with 
improved outcome. In our experience an uncommon case of neonatal perforated 
appendicitis was diagnosed and treated at laparoscopy with quick recovery and discharge 
home within 48hours. Should the same neonate have had laparotomy for presumed bowel 
perforation from unknown cause with the consequent greater degree of bowel handling, 
resultant postoperative ileus and high doses of opiate, recovery would have been slower 
with longer duration of hospitalisation.  
Many procedures can be performed safely in children through small incisions, for example 
the repair of inguinal hernia. This has contributed to the reluctance of paediatric surgeons to 
embrace the laparoscopic approach. However, better access, panoramic visual field, quick 
recovery and reduced complication rates still put laparoscopy ahead in these procedures.  

2. Advantages of paediatric laparoscopy 
There is growing evidence that laparoscopy has more advantages and benefits to offer 
children than was earlier presumed to be the case. These benefits have been widely reported 
(Table 1) and significantly outweigh any concerns regarding the technical difficulties (Table 
2) which are largely overcome with increasing experience and further developments in the 
laparoscopic equipment.  
 

Reduced wound size 
Reduced wound trauma 
Less wound infection 
Less incisional hernia 
Less wound dehiscence 
Less wound pain 
Early mobilisation 
Less bleeding 
Less heat loss from tissue 
Wider field of vision 
Less postoperative adhesions 
Less postoperative ileus 
Earlier return to usual activities 
Earlier commencement of chemotherapy 
Less respiratory complications 
Less risk of thromboembolism 
Reduction in nerve entrapment 

Table 1. Advantages of laparoscopy 
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Loss of tactile sensation 
Loss of spatial and depth orientation 
Two-dimensional imaging 
Difficulty with control of bleeding 
Difficulty with extraction of resected tissue 

Table 2. Technical difficulties of laparoscopy 

Some of these benefits have been published in our publications (Rehman et al., 2010; Panteli 
et al., 2009; Nwokoma et al., 2009a, Nwokoma et al., 2009b). The age-long principles of safe 
surgery include adequate access, adequate target organ visualisation and minimal tissue 
trauma. In children, access can be quite a challenge because of the smaller height/width 
ratio of the abdomen particularly observed in those under 7 years of age. In many cases, 
however long the incision, gaining access to the target organ, or indeed to the four 
quadrants of the abdomen and pelvis, can be very difficult. Laparoscopy offers the 
paediatric surgeon the advantage of been able to visualise these areas while reducing the 
trauma usually consequent upon use of large abdominal wall incisions. In conventional or 
open surgery, access is also facilitated by the use of retractors. The purpose built retractors 
for the abdominal wall have meant the junior trainees can be spared the arduous task of 
holding retractors for prolonged periods of time. Despite these, quite often a trainee or two 
are required to further improve access by using less heavy retractors at different stages of an 
abdominal operation. In children, particularly infants, this challenge is heightened by the 
fact that the small size precludes access and space for more than one surgeon to be actively 
involved from any one side of the patient. 
In the repair of paediatric inguinal hernia, laparoscopy offers significant advantage over 
conventional methods. There is a clear visualisation of the vas deferens and testicular vessels 
with reduction in the risk of injury to these structures. Following reduction of an incarcerated 
hernia when the cord tissues are oedematous and friable with higher risk of complications, 
laparoscopic approach offers a safer alternative with the added benefit of inspection of 
reduced structures. The senior author’s experience of recurrence following laparoscopic repair 
of inguinal hernia is less than 1%. On the other hand, the reported overall recurrence rate in 
children following open hernia repair is 0.3 – 3.8% and up to 8.6% in neonates (Morecroft et al., 
1993; Nagraj et al., 2006; Parkinson & Pierro, 2006).  Laparoscopic approach to inguinal hernia 
repair also allows the assessment of the contralateral side and closure of any patent processus 
vaginalis. This is particularly important for infants in whom the rate of synchronous hernia 
discovered during laparoscopy is up to 40%. Though there is no clear evidence on how many 
of these will eventually manifest as clinical hernia, repair of a patent processus vaginalis 
discovered intra-operatively is highly recommended. This is due to the fact that documented 
risk of metachronous hernia is 10% in children under 2years and up to 68% in infants 
(Parkinson & Pierro, 2006). Some cases of hernia can present unusual challenges which are best 
tackled laparoscopically. Interestingly, Lee and Dubois (2000) noted a case of recurrent 
inguinal hernia following laparoscopic herniotomy to be due to a direct hernia. The 
laparoscopic approach facilitated appropriate diagnosis and treatment, avoiding the 
unnecessary exploration for a presumed recurrent patent processus vaginalis. In another case, 
we found a male infant with bilateral inguinal hernia to have rudimentary female internal sex 
organs; in such cases, laparoscopy is highly valuable. In addition, the senior author reported 
the first case of emergency laparoscopic repair of Amyand’s hernia in an 8-week-old infant 
(Rehman et al., 2010). 
For many years paediatric surgeons argued about the safety, efficiency and cost implications 
of laparoscopy. With the development of experience and equipment, the laparoscopic 
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approach has been demonstrated to be a safe, cost-effective and efficient way of managing 
increasingly complex procedures in children. We demonstrated that laparoscopic approach 
offered significant advantages with better outcomes than open approach in paediatric 
advanced appendicitis with less wound-related complications: 8.6% versus 17.6% 
(Nwokoma et al., 2009a). In a different study, we also demonstrated that the risk of 
developing post-operative adhesions was much less following laparoscopic procedures than 
open approach, with a rate of adhesions comparable to those who have never had any 
abdominal surgery; 10% versus 10-28% (Nwokoma et al., 2009b). 
Trauma resulting from establishing access to the abdominal cavity contributes greatly to 
postoperative pain, delayed recovery, delayed discharge, respiratory complications and 
delayed return to usual activity. This is minimised by laparoscopy with corresponding 
advantages. The old assumption that neonates had impaired perception of pain and 
physiological response has been set aside in light of evidence to the contrary (Anand et al., 
1985; Anand & Hickey, 1987; Anand & Aynsley-Green, 1988). As in older children neonatal 
post-operative pain is also minimised by laparoscopy while the children are spared the need 
for strong analgesia, risk of over sedation and respiratory depression to which younger 
infants are particularly susceptible. 

3. Laparoscopic procedures in children 
Some surgical procedures that have been safely and efficiently accomplished through 
laparoscopic approach in children are enumerated in anatomical and regional groups 
below. 

3.1 Upper gastrointestinal tract 
Ladd’s procedure for intestinal malrotation 
Pylomyotomy 
Fundoplication 
Reduction of intussusception 
Gastrostomy tube insertion 
Jejunostomy 
Heller myotomy  
Treatment of duodenal atresia 
Treatment of Jejunal atresia 
Intestinal duplication cyst 
Torsion of appendix epiploicae 
Adhesiolysis  
Mesenteric cyst resection  
Resection of Meckel’s diverticulum 
Inflammatory bowel 
Repair of post-traumatic gastric perforation 
Repair of post-traumatic duodenal perforation 

3.2 Lower gastrointestinal tract 
Appendicectomy 
Antegrade continence enema 
Laparoscopy assisted endorectal pullthrough procedure 
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3.3 Abdominal wall defects 
Egigastric hernia repair 
Umbilical hernia repair 
Inguinal hernia repair 
Femoral hernia repair 

3.4 Solid Intra-abdominal organs 
Splenectomy 
Deroofing of liver cyst 
Laparoscopic Kasai portoenterostomy  
Pancreatic biopsy 
Liver biopsy 
Abdominal cystic masses 
Adrenal gland biopsy 
Adrenal gland excision  
Excision of intra-abdominal neuroblastoma 
Excision of hepatoblastoma 
Excision of intra-abdominal extralobar pulmonary sequestration 
Partial pancreatectomy 
Splenic cyst resection 
Cholecystectomy 
Cholecystotomy 

3.5 Gynaecologic 
Ovarian cystectomy 
Ovarian detorsion 
Oophorectomy 
Diagnostic laparoscopy for chronic abdominal pain 

3.6 Urology 
Laparoscopy for impalpable testis 
Fowler Stephen’s stage 1 orchidopexy  
Ligation of varicocele 
Renal biopsy  
Ureteral implanatation,  
Mitrofanoff appendicovesicostomy, 
Bladder augmentation 
Pyeloplasty 
Nephroureterectomy 
Heminephrectomy 
Placement of dialysis catheter 

4. Physiological considerations  
4.1 The cardiovascular system 
Potentially, pneumoperitoneum could result in reduction in cardiac filling with resultant 
reduction in cardiac output by compression of the veins running across the abdominal 
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cavity. This may result in increase in systemic vascular resistance with reduction in blood 
flow to the renal vasculature. Gómez et al (2005) noted anuria in 88% of children less than 1 
year-old during laparoscopic procedure and oliguria in 32% of those above 1 year of age. 
This was found to be completely reversible within 5 to 6 hours after the surgery with no 
significant associated reduction in renal blood flow or rise in serum creatinine and urea 
levels. For this reason, intra-operative urine output in children undergoing laparoscopic 
procedures is not a reliable indicator of intravascular volume or need for intravenous 
therapy until 5 hours after surgery. 
With good cardiac reserve in the absence of underlying cardiac or coronary artery or 
vascular disease, children respond well to the stress of pneumoperitoneum on the 
circulatory system. Therefore problematic rise in heart rate and blood pressure changes in 
this population are rare. To keep these physiological changes to a minimum, the lowest 
intra-abdominal pressure required to carry out the procedure safely is recommended: 
between 5 - 8mmHg in the newborn, 10 - 12mmHg in infants and less than 15mmHg in 
older children. Flow rate for insufflation of carbon dioxide ranges from 1 to 5L/min.  
The longer operating times associated with many laparoscopic procedures, means longer 
period of cardiovascular stress. The reverse Trendelenburg position of 10-15degrees often 
used to facilitate laparoscopy of the upper abdomen may also reduce venous return and 
preload with consequent reduction in cardiac output and tissue perfusion. Applying the 
minimal intra-abdominal pressure required for adequate access and visualisation of the 
target organ and operating field avoids the reduced cardiac output, impairment of distal 
limb perfusion, tissue hypopefusion and resultant reperfusion injury. 

4.2 Respiratory system  
Pneumoperitoneum leads to diaphragmatic splinting and upward displacement into the 
thoracic cavity. This in turn leads to a reduction in compliance of the thoracic cage and lung 
tissue, reduction in the functional residual capacity and tidal volume as well as a rise in the 
peak pressure required to aerate the bronchoalveolar system. The carbon dioxide used for 
pneumoperitoneum is cheap, non-combustible, highly soluble with little risk of causing gas 
embolism. It diffuses easily into the general circulation and needs to be eliminated via the 
lungs. There are concerns about other gases which could be used for insufflation. Nitrous 
oxide may cause explosion while helium is linked with a higher risk of gas embolism and 
subcutaneous emphysema and argon may cause cardiac depression (Fingerhut et al., 2005). 
The pressure on ventilation from the pneumoperitoneum as stated above may make the 
respiratory system inefficient at this resulting in hypercarbia and respiratory acidosis. The 
Trendelenburg position often used to facilitate laparoscopy of the lower abdomen/pelvis 
further contributes to diaphragmatic elevation. 
The elimination of carbon dioxide during and immediately after insufflation with carbon 
dioxide in children is age and size dependent with the younger and smaller children 
eliminating more carbon dioxide than older children. The reason for this is not clear but is 
thought to be because of the different characteristics of their peritoneal surface (McHoney et 
al, 2003). However, this did not result in any clinically evident effect on the cardiovascular 
or respiratory system. For this reason, more careful observation is recommended in smaller 
children during and immediately following laparoscopic procedures. Pacilli et al (2006) 
demonstrated that in children after 10 -12mins of laparoscopy, 10-20% of expired 
carbondioxide derived from absorption of exogenous carbon dioxide and continues to be 
eliminated for up to 30minutes after the end of insufflation. Minute ventilation needs to be 
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adjusted in order to avoid hypercarbia.. McHoney et al (2003) observed the elimination of 
carbon dioxide in children to be age-dependent. 
The short trachea in children increases the risk of endobronchial intubation. The tip of the 
tracheal tube has been observed to have a tendency to be displaced caudally with the cranial 
displacement of lung tissue and carina during the establishment of pneumoperitoneum. 
This risk is greater when the head up Trendelenburg tilt is employed to facilitate 
laparoscopy of the upper aspect of the abdominal cavity (Böttcher-Haberzeth et al, 2007). 
Prior discussion with the anaesthetic team will enable appropriate choice of tube, depth of 
endotracheal tube placement and degree of neck extension required to prevent this 
complication.  

5. Anatomic considerations  
Safe and efficient laparoscopy relies heavily on good apparatus and expertise but also on 
appropriate placement of telescope and instruments. Infants have a relatively shorter and 
wider abdominal cavity than do older children. This anatomic variation usually exists up to 
the age of seven years. In addition, the abdominal wall thickness is often moderate and 
requires careful choice of placement of ports to allow as much space as possible for safe and 
effective laparoscopy. The urinary bladder is often an abdominal organ in infants and young 
children. It will need to be emptied by expression with gentle compression pressure on the 
lower abdomen or by use of a urethral catheter. To maximise the space, a nasogastric tube is 
often inserted and intermittently aspirated to decompress the stomach. Some surgeons give 
aperients to the children to empty intestinal contents 24 to 48hours before laparoscopic 
surgery to minimise interference with surgery and optimise the space within the abdominal 
cavity. The relatively higher body surface/ mass ratio in infants means they have a delicate 
fluid balance which is easily stressed and put under pressure by evaporation of body fluids 
from exposure of abdominal contents at laparotomy. This is minimized by the laparoscopic 
approach and modification of laparoscopic equipment is on-going to further limit any 
drying effect the gas and light may exert on abdominal viscera. As mentioned above, the 
short trachea in children, particularly in young infants, needs careful consideration during 
the entire length of the procedure especially where special positioning is required. 

6. Anaesthetic considerations 
Laparoscopic procedures commonly take longer to perform than their conventional open 
counterparts. This means prolonged neuromuscular blockade/paralysis. The intubation of 
the patient has to be skilfully administered to avoid intraluminal gaseous distension and the 
consequent impairment of visualisation. To minimise this, limited use of the bag and mask 
is recommended as well as immediate decompression of the stomach by use of a nasogastric 
tube. The positioning of the patient may require the patient being at the end of the bed and 
far from the anaesthetic machine. This will need long length apparatus and connectors to 
intravenous access lines to facilitate management of anaesthetic requirements 
intraoperatively. The endotracheal tube is preferable to the laryngeal mask or facial mask 
ventilation as it leads to less risk of distension of stomach and bowel which would limit 
view and make surgery more difficult. The orientation and length of tubing should allow 
appropriate patient positioning. Adequate patient relaxation through out the duration of 
surgery is required to allow lower pressures to be used for adequate pneumoperitoneum.  
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Communication between team members is crucial to enable the anaesthetist interpret 
haemodynamic changes appropriately. 

7. Surgical planning 
7.1 Preoperative assessment  
This is crucial in all children in preparation for a laparoscopic procedure. This can be as a 
formal assessment in a dedicated preoperative assessment clinic led by experienced 
paediatric surgeons with easy access to paediatric anaesthetist and paediatrician or 
informally in the outpatients’ clinic when the decision to undertake the procedure is made. 
The anaesthetic team would need to be informed if any potential cardiovascular/ 
respiratory problems are anticipated. The child’s suitability for laparoscopy by way of 
respiratory and cardiovascular status as well as suitability regarding skin condition at 
proposed site of access and situations which may make access to the abdominal cavity 
greatly limited. For example severe kyphoscoliosis may make laparoscopy quite challenging 
or impossible, and this needs to be addressed during the preoperative assessment. 

7.2 Informed consent 
Parents or carers with parental responsibility for the child need to be appropriately 
informed in the relevant aspects of the laparoscopic procedure. The indication for surgery as 
well as other treatment options, risks and complications – both general and specific to the 
child’s condition and expected outcome need to be discussed. The possible risk of 
conversion to an open procedure needs to be discussed in most cases to deal with 
complications or to facilitate safe undertaking of the procedure. 

7.3 Equipment   
Availability of essential equipment should be checked before the day of surgery. In our 
institute, this is usually done by way of distributing the operating list to theatre 
coordinating department who would then arrange for the appropriate equipment to be 
available on the day. Some special apparatus may need to be ordered several weeks ahead. 
On the day of the surgery, every equipment required must be carefully checked by the 
surgeon with the support of the theatre staff. A set of equipment required for open approach 
for the procedure must also be available for use in the event of need for conversion. 

7.4 Positioning 
Careful positioning of the equipment and staff to achieve optimal access to the patient is 
crucial to successful laparoscopy. Examples are given in Figures 1 and 2. The position must 
allow adequate exposure of the patient and safe access to the operating field. The 
recommended alignment is to have the monitor, operating surgeon and the patient or target 
organ in a straight line. 
It is preferable to have two monitors to serve the operating surgeon and his or her assistant 
separately; this is standard for most operating rooms today. The position of other staff 
members including the surgeon’s assistant, scrub nurse and anaesthetist depends on where 
the operating surgeon is positioned. The position of the patient depends on the target organ 
for the procedure. Supine position can be applied to a good number of the procedures. A 
Trendelenburg position may be preferred for pelvic laparoscopy and a reverse 
Trendelenburg position for upper abdominal laparoscopy to visualise the diaphragm and its 
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Fig. 1. Operative positioning for laparoscopic appendicectomy. S: surgeon, As: surgeon’s 
assistant, N: scrub nurse, An: anaesthetist, Tp: table with patient. Two monitors are shown 
on either side of the anaesthetist. 

apertures or any hernia present, stomach and liver. A lateral tilt position may be required 
for splenic or renal and retroperitoneal organs. In all cases, appropriate care must be taken 
to avoid pressure area injury to the patient and the use of gel-filled flexible or rigid moulds 
or support apparatus needs to be considered. Adhesive material may be needed to further 
secure the patient in the desired position. 

7.5 Port insertion  
The open Hasson’s technique for the insertion of the primary port is almost exclusively 
applied by most paediatric surgeons having been shown to be associated with fewer 
complications than the Veress’ needle. The centre of the umbilicus is commonly used for this 
purpose. Particular care should be taken if there is a history of previous abdominal surgery. 
Secondary ports should be inserted under direct visual control with the camera. The 5mm 
port is often used in most cases; the 10mm port may be suitable for older children whose 
periumbilical region can accommodate this without excessive scarring. Secondary port size 
would vary according to nature of procedure. For repair of inguinal hernia, the instrument 
may be introduced directly through a 2-3mm opening in the skin. The depth of insertion of 
the port should be such as allows space for the instrument to be inserted and manoeuvred 
while allowing for the port to be anchored to the abdominal wall. Various methods are used 
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Fig. 2. Operative positioning for laparoscopic fundoplication. S: surgeon, As: surgeon’s 
assistant, N: scrub nurse, An: anaesthetist, Tp: table with patient. Two monitors are shown 
on either side of the anaesthetist. 

to secure the port to the abdominal wall. A common practice is to insert a purse string to the 
deep fascia at the point of port insertion and tie this to the sides of the port. Care should be 
taken to plan port insertion appropriately and keep the number of ports to the number 
required for safe laparoscopy. We demonstrated that the risk of port site adhesions though 
low, is further reduced by using less ports (Nwokoma et al., 2009b). 

7.6 Closure  
At the end of the procedure, all incisions of 5mm and above should be closed with standard 
sutures at deep fascia and skin level as these may still result in incisional hernia if not closed 
appropriately. Tissue glue or adhesive strips can be used to close incisions of less than 5mm 
size. 

8. Contraindications 
Experience in paediatric laparoscopy has advanced supported by advances in paediatric 
anaesthetic care as well as improvement and adaptability of instruments and equipment. 
This has led to a shift in classification of certain clinical conditions from absolute to relative 
contraindications to laparoscopy. The contraindications are listed in Table 3.  
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Patient unsuitable for open surgery  

Uncontrolled bleeding or coagulation problems 

Multiple previous abdominal surgery 

Table 3. Contraindications to paediatric laparoscopy 

Infants less than six months old respond to challenges to their circulatory system by 
compensatory increase in their heart rate, their relatively immature cardiac muscles being 
unable to increase contractility in such situations. Consequently, children in this age group 
need to be carefully selected when significant congenital cardiac disease is present. In the 
presence of coagulopathy or haemoglobinopathies, laparoscopic cholecystectomy and 
splenectomy have been carried out safely. In these cases, safety has not been compromised 
by the theoretical diminution in visibility caused by the absorption of light consequent upon 
blood in the operating field. Careful medical management of these conditions compliment 
surgical technique to make laparoscopic approach safe in these patients. The early 
mobilisation, smaller scars needing less opiate analgesics give added benefit in these 
situations. Children with respiratory difficulties also benefit from the benefits of smaller scar 
and less opiate analgesia, early mobilisation which leads to reduction of hospital stay, 
reduced risk of atelectasis or exacerbation of respiratory problems (Nagraj et al., 2006). 
Complication rate is higher in children who weigh less than 5kg. This was observed by 
Iwanaka et al (2004) following Nissen’s fundoplication. The little intra-abdominal space in 
this group of patients limits surgeon’s movement and efficiency, and may contribute to a 
higher complication rate. Several urologic procedures have been safely performed by 
laparoscopic approach in children. However, Lee DJ et al., advocate that ureteric 
reimplantation is contraindicated in children less than 4years of age, in the presence of 
concomitant ureterocele or megaureter requiring tapering. 

9. Controversies 
9.1 Laparoscopy and intra-abdominal tumours 
Laparoscopy has contributed significantly to the management of paediatric abdominal 
tumours. Similar to other medical conditions, the usefulness of laparoscopy in paediatric 
oncology can be broadly viewed as diagnostic or therapeutic. 
Diagnostic laparoscopy is a valuable tool for visualising and obtaining tissue for diagnosis 
from intra-abdominal masses. It offers the advantage of the biopsy being done under direct 
vision, being less invasive than open biopsy, less post-operative pain and fewer problems 
with adhesion of tissue to the abdominal wall. Unlike ultrasound-guided or CT-guided 
percutaneous biopsy which also requires a general anaesthetic, it offers the operator visual 
appreciation of the biopsy site and opportunity to control any resultant bleed. It also allows 
a deeper reach than the percutaneous approach. The risk of collateral tissue injury and 
inadequate sampling is also reduced. The extent of the tissue or mass lesion and its 
resectability can also be evaluated while planning of definitive surgery can be undertaken 
including best mode and site of access, if required at a later date. Its applicability relies on 
there being enough space and optimal site for introduction of camera and instruments with 
safe creation of pneumoperitoneum. For these reasons, large tumours may present a 
challenge and require careful evaluation and case selection. Peritoneal washings can also be 
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obtained at laparoscopy. Despite these advantages, many advocate that its use in diagnosis 
for malignancy be complimentary to and not a replacement for other non-invasive 
diagnostic tools (Conlon & Toomey, 2003). 
The surgeon and oncologist continually face the challenge of obtaining adequate tissue for 
immunohistochemcal, karyotyping and molecular analysis. Incorrect diagnosis leads to 
inappropriate management and therefore must be avoided as much as possible. 
Laparoscopy has been demonstrated to be safe in various childhood tumours such as 
neuroblastoma, rhabdomyosarcoma and liver tumours. The combination with 
ultrasonography adds information regarding the status of the tissue beneath the surface 
and increasing the diagnostic yield by 14% to 25%; core biopsies can be obtained and 
Doppler flow may add information about vessels and tumour-vessel interface (Conlon & 
Toomey, 2003).  
The development of coagulative equipment such as the bipolar and harmonic scalpel, 
coagulative gels and tissue glue  have contributed significantly to the reduction in risk of 
bleeding as well as the  safe management of bleeding complications in laparoscopy. 
Concerns regarding tumour spillage and port site secondaries have limited the use of 
laparoscopy in oncology. Sandoval et al (2004) found tumour spillage in a therapeutic 
biopsy of a thoracic paraspinal Wilm’s tumour and recommend open biopsy in these 
cases. They however found laparoscopic biopsy to have benefit in other intra-abdominal 
tumours.  
Iwanaka et al (2003) reported port site recurrence to be rare in children. It is noteworthy that 
64% of the patients in their report had neuroblastoma diagnosed following mass screening 
using levels of urinary Vanillylmandelic acid and homovanillic acid. Some have suggested 
that port-site recurrence is related to surgeon’s inexperience (Bailey & Love, 2008) while 
others reported no difference in rate of port site or incisional recurrence in open or 
laparoscopic tumour surgery (Conlon & Toomey, 2003). Tumour rupture or spillage, 
implant and metastasis (including port site metastasis) were observed to be significantly 
higher in laparoscopic surgery than in open surgery following laparoscopy for 
gynaecological cancers and its use is limited to a clinically presumed benign diagnosis with 
normal levels of tumour markers (Medeiros LRF et al., 2010). 
Iwanaka et al (2001) in their review of laparoscopic versus open adrenalectomy noted that 
there was reduced duration of hospital stay, time to post-operative feeding and 
commencement of chemotherapy in the laparoscopic group. Early post-operative high 
dose adjuvant chemotherapy has been found to reduce port site recurrence in abdominal 
neuroblastoma. Care should be taken with heat-operated instruments to avoid heat 
damage to tumour and surrounding organs. The transperitoneal approach is 
recommended as this offers the advantage of inspection of the contralateral adrenal gland 
and biopsy of regional para-aortic lymph nodes which is a requirement for the 
International Neuroblastoma Staging System to facilitate accurate staging of abdominal 
neuroblastoma (Iwanaka, 2008). 
Laparoscopy was found to offer less blood loss, decreased time of postoperative feeding, 
decreased time to start chemotherapy, reduced hospital stay, better prognosis and quality of 
life to children (Iwanaka et al., 2007). Bax and van der Zee (2004) reported improved 
outcome from laparoscopy assisted interruption of the median sacral artery and dissection 
of the internal component of sacrococcygeal teratomas. Desai et al (2009) reported the 
ligation of median sacral artery in a premature neonate with a giant sacrococcygeal teratoma 
achieving minimal blood loss in the remaining part of the surgery. 
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9.2 Laparoscopy in trauma 
Diagnostic laparoscopy is gaining increasing application in paediatric trauma in the stable 
patient with equivocal clinical parameters not requiring immediate laparotomy but not 
symptom-free. It has a sensitivity of 88% for liver and spleen injuries; 83% for diaphragm, 
57% for pancreas and kidney and 25% for hollow viscus. It is not recommended in 
penetrating injuries because distension of the anterior abdominal wall by 
pneumoperitoneum risks disruption of injured tissues which may aggravate bleeding 
(O’Neill et al., 2003).   Laparoscopy in paediatric trauma still has limited application and 
evidence available is mostly case reports. With a sensitivity of less than 50% for 
identification of perforation of hollow viscera and difficulty in interpreting haemodynamic 
changes, more evidence is required to clearly delineate its use in this patient group. It has 
been successfully used to evaluate abdominal trauma in children who are 
haemodynamically stable but with clinical suspicion of injury with normal imaging 
(Goldstein and Stylianos, 2005). Tytgat et al (2010) reported successful treatment of gastric 
and duodenal perforation following blunt abdominal trauma in children. 

9.3 Sceptics 
Opposers to the claim of the supremacy of the laparoscopic approach to open surgery cite the 
need for endotracheal general anaesthesia rather than regional block for procedures such as 
ingunal herniotomy as additional needless trauma, stress and cost (Raveenthiran V. 2010). This 
argument fails in the paediatric population where regional anaesthetic is of limited application 
as children do not tolerate this like the adults. Moreover, the pathology of hernia in adults is 
different from that in children this difference dictating different modes of treatment. In 
addition, concomitant contralateral inguinal hernia may not be apparent in children without 
laparoscopy. Raveenthiran (2010) argues that laparoscopy should not be a preferred option in 
children as they have nothing to benefit from early return home, having no loss of wages to 
account for. However, the cost of hospital admission and also early return to work for parents 
counters this stance. The psychologic trauma of separation from usual environment, siblings, 
play toys or equipment has been documented and may be enough to delay a child’s recovery.  
Problems such as nocturnal enuresis and disrupted sleep patterns have been noted to be 
decreased with reduction in hospital stay (Brennan & Prabhu, 2003).   

10. Complications of laparoscopy 
The challenges facing the paediatric surgeons with regards to the use of to laparoscopic 
approach for treatment in children are often peculiar to the particular condition in question 
and also to the age and size of the patient. The experience of the surgeon may also be a 
contributory factor. Complication rates are therefore variable; from 2% in elective 
procedures (Chen et al., 1996) to 17.4% in emergency procedures (Nwokoma et al., 2009a). 
Panteli et al, (2008) observed an overall complication rate of 6.9% among trainee paediatric 
surgeons. A list of possible complications is presented in Table 4. 
Rigorus pursuit of haemostasis is essential for success in laparoscopic surgery as blood in 
the operating field significantly reduces visibility. Adequate control of blood vessels of 
target organ must be achieved to minimise risk of uncontrollable blood loss this often being 
the reason for conversion to an open approach. Vascular injury can affect the primary target 
organ or secondary intra-abdominal organs. This can have dire consequences for the 
devascularised organ. Vascular injury to the mesenteric vessels can result in bowel 
ischaemia and loss resulting in feeding problems commensurate with the length of bowel 
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Prolonged operative time 
Visceral injury 
Bladder injury 
Bleeding 
Shoulder tip pain 
Vascular injury 
Conversion to open procedure 
Pneumothorax 
Wound infection   
Port site hernia 
Renal impairment 
Adhesive Intestinal obstruction 
Intra-abdominal abscesses 
Port site recurrence of malignancy 
Gas embolism 
Gastric volvulus 

Table 4. Complications of laparoscopy 

affected. Direct perforation of the bowel by instrumentation or diathermy heat injury is a 
well-documented complication. If noted at the time of surgery, repair can usually be 
achieved with minimal disruption to the procedure and without significant increase in 
morbidity. If missed, this can lead to delayed presentation with peritonitis or sepsis with 
possible bowel loss which may require the formation of a diverting stoma in emergency 
surgery. Shoulder tip pain is common following laparoscopy with a rate of 35% reported by 
Lejus et al., (1996). 
Intra-abdominal abscess may complicate surgery particularly in the presence of peritoneal 
contamination or ischaemic tissues. Jen and Shew (2010) reported intra-abdominal abscess 
rate of 4.9% in perforated appendicitis versus 0.6% in non-perforated appendicitis. Due to 
the relatively new techniques of laparoscopic surgery as compared to conventional open 
approach surgical expertise is still developing in this area leading to increased operating 
time. Panteli et al., (2008) demonstrated an increased operating time for laparoscopic 
procedures among trainees which reduced with time and experience. This can be 
facilitated with the use of simulators for training surgeons. Many of the available 
simulators are easy to set up and can be modified to suit training needs. Jaffer et al., (2009) 
developed a low cost simulator to aid training in laparoscopic paediatric hernia repair. In 
addition, operating room staff may not be fully aware of alternative instruments which 
may be required intra-operatively to deal with challenges or conditions that were not 
apparent before the start of the procedure. Ure et al (2000) noted that problems with 
instruments and devices led to a mean time loss of 15.1 minutes in 15.6% of the 
laparoscopic procedures in their series.   
The rate of conversion is related to the complexity of the procedure as indicated by target 
organ position in the abdominal cavity, adherence to neighbouring or surrounding 
structures, malignant tendency, inflammation, presence of pus or peritoneal soiling, 
presence of adhesions between the abdominal wall and intra-abdominal structures as well 
as surgeon’s expertise. Hazzan et al (2001) reported a conversion rate of 7% in laparoscopic 
excision for benign adrenal neoplasm. In our report of laparoscopy for advanced 
appendicitis in children (Nwokoma et al., 2009a), we had a conversion rate of 0%.  



 
Laparoscopy in Children and Infants 

 

41 

Port site hernia is not common but is more likely with port site incisions of more than 5mm 
length.  Chen et al, (1996) reported a port site hernia rate of 0.003%.  
Gastric volvulus complicating inappropriate placement of gastrostomy tube is rare. Jen and 
Shew (2010) reported other uncommon complications as follows: cardiac 0.1%, respiratory 0.2 -
1%, renal 0.1-0.2% and intestinal obstruction 0.5 -2.0%. Gas embolism from carbon dioxide is 
very rare with reported incidences of between 0.0016% and 0.013% (Fingerhut et al., 2005). 

11. Economic considerations 
Macarulla E et al., (1997) found the laparoscopic approach to appendicectomy to have an average 
cost of $394 while the open approach had an average cost pf $508. The laparoscopic equipment 
and instruments are continually being modified. Many of them are single use. These factors 
contribute to their cost being above their open surgery equivalents, many of which are reusable 
after sterilisation. As already stated above, the advantage of reduced hospital stay makes for 
enough savings to cover the extra operative time and cost of equipment and instruments. This 
cost advantage is more evident when the duration of hospital stay for the open approach would 
normally be 4 days or more (Morris and Wood, 2000). 

12. On-going developments 
Single site laparoscopy was introduced in 1992 (Pelosi and Pelosi 1992). Since then it has 
continued to gain wide acceptance among paediatric surgeons. Limitations to its practical 
application include the relatively small size of periumbilical region or skin fold in children, the 
single incision multiport system still being between 15 – 20mm size. This potentially increases 
the risk of long unsightly scars, infection and incisional hernia. Also, the angle of 
instrumentation for the single port system limits movement, hindering dexterity which leads 
to prolonged operating time and higher risk of complications including collateral injury to 
tissues in and near the operating field. This problem is of course compounded by the smaller 
intra-abdominal cavity space in children. Further development of the single incision or single 
port system to suit the paediatric population is needed to extend its use and benefits to this 
patient group. Nevertheless, there are reports of some procedures that have been successfully 
performed using the single incision multi-port system and they include cholecystectomy, 
appendicectomy, intussusception reduction, splenectomy, inguinal hernia repair, Nissen’s 
fundoplication, insertion of gastrostomy tube, pyloromyotomy, ovarian detorsion, gastric 
sleeve resection and gastric band placement (Ponsky & Krpata, 2011).  
The 3-dimensional imaging system is also getting increasingly available and will improve 
the spatial and depth perception of target organ. The use of heated humidified carbon 
dioxide for the creation of pneumoperitoneum is gaining increasing popularity but is not yet 
common practice. Some studies have demonstrated that it can lead to even less post-
operative pain, hypothermia and analgesic requirement but no difference in length of 
hospital stay or less fogging rates. (Sajid et al., 2008). Peng et al., (2008) further observed that 
it caused less peritoneal damage and less post-operative adhesions. Further studies are 
needed to confirm these findings. 

13. Conclusion 
An increasingly wider range of surgical procedures are now being safely undertaken using 
the laparoscopic approach. In spite of the paucity of randomised clinical trials in the 
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paediatric population, many studies in this patient group have demonstrated a clear 
advantage of the laparoscopic approach over the open approach in different clinical 
situations. We believe that, ‘What is worth doing, is worth doing well’. We advocate that as 
laparoscopy certainly gives an undeniable edge over the conventional approach to the 
treatment of several surgical conditions in children, it merits increased focus and 
advancement.  
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1. Introduction 
Inguinal hernia is a very common condition in children 1-3 and adults and is the most 
common operation performed on children 4 (other than ritual circumcision). Since the 
“classic” open repair was introduced, it has become the standard operation for hernias, with 
very few controversies: whether the surgeon should perform only a herniotomy or reinforce 
the repair, whether a contralateral groin exploration be performed, and so forth. The 
operation is quick, safe, 5 and can be done in an outpatient setting with anesthesia via a 
laryngeal mask. The recurrence rate is acceptable, 1%-5%6-8, depending on the expertise of 
the surgeon, the child’s’ age and concomitant diseases. 
The advent of laparoscopy has changed many dogmas in all fields of surgery, pediatric 
hernia repair included. Many operations that were considered as “gold standard” are being 
challenged by the laparoscopic approach and the new technologies it has brought with it. In 
the specific case of pediatric hernia repair, another challenge on the open technique was 
introduced by the development of fertility clinics and the higher than expected incidence of 
azoospermia due to an injury to the vas deferens during bilateral hernia repairs 9-10,14. 
Therefore, two major applications of laparoscopy were introduced to hernia repair in 
children. The first, performing an intra-operative diagnostic laparoscopy for diagnosing a 
non-symptomatic contralateral hernia during open hernia surgery. The second, performing 
a laparoscopic repair. During the forthcoming chapter, the merits, disadvantages and 
techniques of both procedures will be reviewed. 

2. Diagnostic laparoscopy during open pediatric hernia repair 
The incidence of a contralateral, asymptomatic groin hernia in children is not well defined. 
Reports vary from 10% to 60%, depending on prematurity of the child, gendre and side 11-
12. Also, there is no consensus on whether a patent processus vaginalis is considered a 
hernia for practical purposes, i.e. whether it should be repaired or not. 
It is established that the premature have a higher incidence of bilateral hernias 13, and that 
bilateral hernias are commoner in females with a left sided hernia 11-12. Until laparoscopy 
developed, there was controversy regarding whether a contralateral groin exploration 
should be performed and to whom. On the one hand, an exploration ensured a diagnosis 
during one operation and anesthesia, an option that carries many advantages to the patient 
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and the parents. On the other hand, most of these explorations performed on children above 
the age of 1 year were negative, doubling the operating and anesthetic time and risking a 
bilateral vas deferens injury with future infertility 14. Therefore, most surgeons had loosely 
based criteria on whom the exploration was performed.  Since a hernia can be very easily 
and accurately diagnosed from within the peritoneum, introduction of a laparoscope during 
the operation seemed like a natural answer for the question. 

3. Technique 
During the operation for a hernia, the hernia sac is separated from the spermatic cord and 
isolated. Before ligating the sac, a 5 mm port is introduced through the sac and a 700 scope is 
passed into the peritoneum. The patient is put head down and most times there is need for 
mild insufflation up to pressure of 6-8mmHg of the abdominal cavity in order view the 
contralateral inguinal area. Care must be taken to avoid injury to the hernia sac while 
introducing the port, and the sac opening has to be secured to the port in order to avoid air 
escaping around it. We recommend placing vessel loops or other markers around the 
elements of the cord  in order to ease their identification after the laparoscopy and continue 
with the hernia repair. It is also helpful to ensure an empty bladder before the laparoscopy, 
as it may be difficult to pass a full bladder from this approach, certainly in a small child. If a 
synchronous hernia is identified, a contralateral open repair is performed after finishing the 
original side. Our custom is to treat a patent processus as a hernia.   

4. Results  
In our experience, diagnostic trans-inguinal laparoscopy has been accurate in 97% of the 
cases. In 2% there was failure to identify a hernia due to tear of the hernia sac, or inadequate 
visualization. There were no cases of false positive examinations. In 1% of the patients the 
laparoscopy was aborted because the pneumoperitoneum compromised the anesthesia. 
These results are similar to those reported in the literature.15,16 

5. Advantages 
Diagnostic trans-inguinal laparoscopy provides definite advantages in the accurate 
diagnosis of a contralateral synchronous hernia during a single anesthesia 15,16. It is easy to 
learn and is very comfortable for a surgeon that is proficient in the open hernia repair 
technique. Usually, the pneumoperitoneum required does not preclude anesthesia via a 
laryngeal mask and does not require paralytic agents.  

6. Disadvantages 
The major disadvantage of this approach is when dealing with a very young or premature 
baby with a very delicate hernia sac. This is true also for a hernia accompanying an 
undescended testicle. In these cases, the insertion of the port may easily tear the hernia sac 
and compromise the ipsilateral repair. Another disadvantage is that in the case of a 
synchronous hernia, a bilateral open repair is performed with the concomitant risk of 
bilateral damage to the spermatic cord and infertility. 
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7. Laparoscopic hernia repair 
When challenging a time honored technique in surgery, it is necessary to convince that are 
major advantages in the newer one. This is certainly true for laparoscopic repair of pediatric 
hernias, as the open repair is very common, safe, quick and the surgeon is very familiar with 
the procedure. Therefore, prior to describing the laparoscopic repair, we shall examine the 
pitfalls of the open one. 
1. The subject of synchronous or metachronous contralateral hernia has been discussed in 

the previous paragraph. 
2. Damage to the spermatic cord during hernia repair is an under evaluated topic in 

surgery. Recent reports in adult surgical literature have enhanced the awareness of 
spermatic cord injury during hernia repair, mostly those using a mesh graft. Of 
higher consequence to our discussion are the reports of an increased rate of male 
infertility following a bilateral hernia repair during early childhood. It is hard to 
assess the true rate of cord injury during hernia surgery, since the operation is very 
common, and there has to be a complete bilateral blockade in the vas deferens in 
order to cause infertility. Yet, the rate of damage is probably higher than previous 
assessments. 

3. Testicular atrophy may be a consequence of an incarcerated hernia with 
compromised testicular blood supply and may also be due to vascular damage 
during hernia repair. It is hard for the surgeon to assess the viability of a 
compromised testicle during a repair, as well as to assess the possibility of vascular 
damage during the handling of the cord.  

4. An open repair during an incarcerated hernia is sometimes cumbersome and tedious. It 
is often difficult to assess the viability of the organs that were incarcerated, as they tend 
to spontaneously reduce during anesthesia or at the beginning of surgery. In cases of 
necrotic bowel, omentum or severe edematous tissues, it becomes a challenge to 
correctly identify the anatomy to allow for a good repair. 

5. Recurrent hernias are rare in the pediatric population, with reports ranging from 0.5% 
to 5%, depending on the child's age and maturity. Although rare, every surgeon has to 
face this challenge every once in a while, and is familiar with the problem of dissecting 
through scar tissue in order to discern the anatomy. 

6. A symptomatic hernia in an undescended testicle is a complex problem. Whilst it is 
better to wait for 6-12 months before performing orchipexy, sometimes surgical 
intervention is needed sooner than that. This, of course, may compromise either the 
hernia repair or the orchipexy. 

The laparoscopic approach is supposed to provide an answer to all these issues. First, as 
discussed previously, laparoscopy provides an excellent visualization of the groin from 
within the peritoneum, adequately diagnosing a synchronous hernia 15,17 or patent 
processus vaginalis. Second, since the vas and blood vessels are visualized with precision 
and are not handled in most laparoscopic repairs, the possibility of cord damage during 
surgery is reduced. The same goes for vascular compromise of a borderline testicle that 
suffered from incarceration. When dealing with an incarcerated hernia, laparoscopy allows 
direct visualization of the reduced incarcerated contents and their viability. It also 
circumnavigates the problem of anatomical precision in edematous or scarred areas (such as 
in a recurrent hernia) with a lower complication rate 4. Last, laparoscopy can allow a hernia 
closure in an undescended testicle without compromising the forthcoming orchipexy. 
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8. Technique 
The child requires endotracheal intubation and anesthesia with paralytic agents in order to 
allow adequate pneumoperitoneum. A camera port is introduced above the umbilicus, since 
in very small infants one gains a small but significant space for working in the abdomen. We 
advocate using the open "Hasson" technique for accessing the peritoneum. After insufflation 
according to the patient's weight, the patient is put head down and the groin area inspected. 
The surgeon places himself at the patient's head and his assistant next to him on the side 
opposite the hernia. Two needle holders are placed on each flank of the patient, about the 
level of the camera port. Usually, there is no need for a port and the instruments are placed 
directly into the abdomen. One of the needle holders is inserted with the suture held just 
above the needle in order to facilitate it's navigation into the abdomen. We utilize non-
absorbable sutures, usually a prolene 0-4 for reasons that will be discussed later. Shortening 
the suture to 10-11cm with a not at the end may facilitate identification of the suture end, a 
maneuver that is helpful in small infants where the space is very limited and the suture end 
might stay outside the abdomen or slip while pulling the strings. A purse string is sutured 
around and proximal to the hernia opening and tied intra-corporeally, closing the opening. 
Care should be taken to identify precisely the vas deferens and blood vessels, in order to 
pass the suture above them and not through or under them. We routinely reinforce the 
suture with another "Z" suture above the repair. If there is a synchronous hernia, the 
procedure is repeated on the other side using a new suture. Attention should be given to 
needle extraction under vision, as the suture may break during the extraction leaving the 
needle in the abdomen. Performing the operation without the ports reduces the risk of this 
happening. After completion, the umbilicus is closed along with a concomitant umbilical 
hernia if there is one. The side entries do not usually require closure. 

9. Technical pitfalls 
In the technique described, there are several technical pitfalls that became apparent as 
experience grew, and the major problem of the operation became apparent – an increased 
rate of recurrence, 4%-10% of the cases. Before discussing the proposed solutions for 
decreasing the recurrence rate, there are several points that should be stressed in the 
technique. 
1. Suture material. Since the hernia sac is not dissected or cut in the aforementioned 

procedure, care must be taken to use non-absorbable sutures. Part of the recurrence is 
due to the suture material being absorbed after several months, leaving the hernia sac 
widely opened as if there was no operation at all. This is indeed the view seen when 
operating a recurrence either laparoscopically or open. We utilize a prolene suture as it 
is non-absorbable, has a variety of needle sizes and is very easy to handle. Intra-
corporeal suturing of prolene requires experience, as the suture material tends to break 
if improperly handled, and we put a knot at the end to facilitate identification before 
the suture slips into the tissues. 

2. Placement of suture. Many of the patients are small infants that continue to grow after 
the operation. If the repair is made inside the opening of the hernia sac, the minute 
residual opening may grow to become a hernia. Care should be taken to place the 
suture just inside the inguinal ream. This complication is more common in small infants 
with large inguino-scrotal hernias. 
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3. Needle retrieval. When operating small children, it is advisable not to use operating 
ports but rather to introduce the instruments directly into the abdomen. Three mm 
ports do not allow insertion and retrieval of the regular curved needle. The needle tends 
to lodge in the port opening and disconnect, causing a search for it in the abdomen, 
sometimes requiring a conversion to a laparotomy for the retrieval. When the 
instruments are directly inserted, the abdominal wall closes snugly around the 
instrument with little or no escape of gas. Needle retrieval is easily done by 
manipulating the needle through the wound. It is always advisable to follow the 
retrieval with the camera to ensure safety. 

4. Pneumoperitoneum and anesthesia. It is very helpful for the surgeon to stand at the 
head of the operating table when dealing with small children. It is our experience that 
only with this stance he may achieve the necessary movements in the small space the 
pediatric abdomen allows. By doing that, he compromises the control the anesthetist 
has on patient airway and venous lines, which may be critical in infants. It is very 
important to have the endotracheal tube and venous lines well secured and 
approachable before starting to prepare the patient, since dislodgement of these may 
have hazardous consequences. 

5. Hernia in an undescended testicle. Infants with a symptomatic hernia in an 
undescended testicle are always small, less than 6 months of age; otherwise an 
orchipexy would be performed. In this age group, the testicle may migrate downwards 
naturally during the months after the repair. This migration may include the repair 
itself "en block". The parents should be advised that the hernia repair may be a 
temporary measure for the symptoms until a definite orchipexy is performed at a later 
age.  

6. Direct hernia. A direct hernia is very rare in the pediatric population but should be 
actively sought after when visualizing the groins. This is easily done when thought of 
beforehand. 

In view of all these pitfalls, it is appropriate to mention that a laparoscopic hernia repair 
does not greatly compromise a subsequent open repair, as the area is virtually 
untouched, avoiding the anatomical confusion of the scar tissue when doing a repeat 
open repair.  

10. Proposed technical improvements 
In view of the higher recurrence rate, several technical improvements have been proposed. 
These include dissection of the hernia sac with or without disconnection of the distal part, 18  
different suture techniques such as percutaneous suturing or "flip-flap" modifications 19,20. 
There is consensus that the approach in infants should be intra-peritoneal and that there is 
no need for reinforcement of the repair with foreign materials such as meshes. Most of these 
modifications are performed in single centers and have not yet passed the time required to 
prove a definite improvement, though the early reports carry a promise for minimizing 
recurrence while not significantly augmenting the risks for cord injury or operative time. 

11. Advantages 
There are definite advantages to the laparoscopic hernia repair in children. This approach 
offers excellent diagnosis of a synchronous hernia or patent processus vaginalis 15,17,21 and 
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the repair is performed with minimal handling and potential damage to the spermatic cord. 
It is very useful for treating incarcerated or recurrent hernias, bypassing the anatomical 
challenges in these cases 22. After a necessary learning curve, most technical pitfalls can be 
avoided and operating times shortened to those of the open hernia repair. 

12. Disadvantages 
The laparoscopic approach does require a learning curve 23. Most surgeons feel very 
comfortable with the open technique and would rather face the challenges of a difficult case 
such as the incarcerated, recurrent or undescended testicle hernia than learn a completely 
new technique. Laparoscopy in infants requires a more complex anesthetic setting with 
facilities and personnel that may be not available in outpatient clinics. Undoubtedly, for the 
time being, laparoscopic repairs carry a higher recurrence rate 24,25. Although recurrence 
after laparoscopy is not as challenging as after open repair, this should be weighed against 
the potential benefits of the approach. 

13. Conclusions 
The advent of laparoscopy has widely changed the scope of pediatric hernia repairs. 
Whether as a diagnostic or operative tool, the use of laparoscopy is widely gaining 
popularity as it provides an answer to many dilemmas. Since there are advantages and 
disadvantages to all approaches, a consensus as to the best approach has not been 
reached. It seems logical that there is no dogmatic "best" approach for all cases, each case 
requiring a specific tailoring of the care required.  It is still up to the parent to decide what 
risks are preferred: a metachronous hernia, the risk of future infertility or the increased 
rate of recurrence. Therefore, it seems wise at this time that a pediatric surgical team be 
well versed in all approaches in order to combine the advantages to the benefit of the 
patient.  
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1. Introduction 
So-called malposition of the testis includes congenital undescended testis (intra-abdominal, 
canal, and high scrotal), ectopic testis, retractile testis, vanishing testis and so on. An exact 
preoperative diagnosis has been mandatory for selecting an appropriate therapeutic 
modality for each type of malposition. Embryologically, undescended testis syndrome 
should be associated with a patent processus vaginalis (PPV) (Fonkalsrud, 1986). The 
principle of orchiopexy for undescended testis consists of the closure of the PPV high at its 
neck (Radmayr C. et al., 1999) and the placement of the pedunculated testis into the dartos 
pouch. Inguinal exploration has been a standard approach for this aim and Fowler-
Stephens’ one-stage or two-stage operation has been recommended for intra-abdominal 
testes (Kogan, 1992). 
Laparoscopic PPV closure using an Endoneedle, which we specifically developed for PPV 
closure (Endo, et al., 2001) conducted us to its application to orchiopexy. And the 
procedures have been sophisticated to facilitate one-stage orchiopexy that is applicable to all 
types of malpositioned testes by combining a diagnostic/therapeutic laparoscopy and an 
orchiopexy through trans-scrotal incision, while rendering most of preoperative diagnostic 
modalities unnecessary. The purpose of this paper is to introduce our strategy for a 
systematic approach to cryptorchidism using laparoscopy, and to discuss the detailed 
operative procedures and its outcomes. 

2. Materials and methods 
[Surgical strategy] 
Diagnostic laparoscopy was initially performed using a 5-mm telescope inserted through 
the umbilicus and 2-mm grasping forceps placed below the umbilicus to evaluate internal 
inguinal rings (IIRs). If a PPV was not present, the procedure advanced to pathway 1, 2 or 3, 
as shown in Fig. 1.  
In the case of a mid-canal, low canal or high scrotal testis with or without inguinal hernia or 
hydrocele, the procedure advanced to pathway 4; in the case of intra-abdominal, peeping or 
high canal testis, the procedure advanced to pathway 5.  



 
Advanced Laparoscopy 

 

56

 
Fig. 1. Flow chart for systematic approach to malpositioned testes. Even in pathway 1, 2 or 3, 
PPV closure is performed if a concurrent PPV/cPPV is found. 
Abbreviations; PPV, patent processus vaginalis; IIR, internal inguinal ring 

Laparoscopic procedures: A 14-gauge sheath needle, which can be used as a port, is inserted 
immediately above the internal inguinal ring (IIR) or in the flank of the affected side at the 
same level as the umbilicus. For mid-canal, low canal, or high scrotal testes (pathway 4), 
small electrocautery incisions are made along the distal portion of the testicular vessels to 
separate the vessels from the peritoneum. Next, the spermatic cord is detached from the 
peritoneum. Dissection of the peritoneum and retroperitoneal tenacious tissues along the 
lateral side of the vessels at the IIR level allows the seminal cord to be mobilized (Fig. 2). 
These procedures are performed using a 2-mm grasper with monopolar electrocautery 
device and endo-scissors inserted through the 14-gauge sheath needle.  
For intra-abdominal, peeping or high canal testes, the peritoneum overlying the testicular 
vessels is incised along both sides of the vessels toward the mesentery root using 
electrocautery and endo-scissors. Thorough stripping of the vessels and cord is performed 
postero-laterally, and the peritoneal wall of the processus vaginalis is incised circularly at 
the IIR so as to transect the PPV. The gubernaculum is cut off if it is necessary for further 
mobilization of the testicular system. After thrusting the testicle into the processus vaginalis 
(PV) (Fig. 3), the proximal portion of the processus vaginalis is closed using an Endoneedle, 
placing the testicular vessels and cord outside of the ligature.  
In cases of contra-lateral PPV (cPPV), proximal portion of the PV was simultaneously closed 
using the same procedure. Details of the techniques for PPV closure have been reported 
previously (Endo, et al., 2009).  
Trans-scrotal orchiopexy: A 2 cm incision is made along the uppermost border of the scrotum. 
A dartos pouch is prepared toward the bottom of the scrotum by separating a layer between 
the dartos sheath and scrotal skin. The distal portion of the PV is identified and freed from 
 



Laparoscopy-Assisted One-Stage 
Trans-Scrotal Orchiopexy Applicable to All Types of Maldescended Testes 

 

57 

 
Fig. 2. Preparation of the distal testicular vessels for right sided mid canal testis. Dissection of 
the peritoneum and retroperitoneal tenacious tissue along the lateral side of the testicular 
vessels into the IIR so as to allow the medial and downward shift of the vessels. 
Abbreviations; a, hypogastric vessels; b, testicular vessels; c, spermatic cord; d, orifice of PPV 

 

 
Fig. 3. Extensive dissection along the testicular vessels for left sided peeping testis. 
Thorough stripping of the vessels and cord from a postero-lateral aspect and transection of 
the PPV at the level of the IIR. Photograph shows endoscissors cutting off the tenacious 
tissue at the floor of the inguinal canal to loosen the seminal cord. The testis has been placed 
in transected PV, waiting for traction from the outside. 
Abbreviations; a-d, same as figure 2; e, gubernaculum testis 
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the surrounding connective tissues high at its neck through the incision. The testis is drawn 
out through this incision and drawn past the lowest portion of the PPV. The seminal stalk is 
stitched to the dartos sheath at the cephalad leaf of the incision, which is retracted cranially 
by a hook while providing a gentle downward traction of the testis so as to place the stitch 
on the stalk at as high a point as possible. Finally, the pedunculated testis is placed inside 
the dartos pouch (Fig. 4). 
 

 
Fig. 4. Schematic drawing of trans-scrotal orchiopexy. A: A 2 cm incision is made along the 
uppermost line of the scrotum, and a large dartos pouch sufficient to accommodate the testis 
and attached structures is created. B: In cases of canal testis, the PPV containing the testis is 
drawn out, freed from tenacious connective tissue high at its neck, and trimmed along the 
testis and seminal cord, cutting away an excess vaginal tunic containing cremaster muscle 
fibers. The stalk is stitched to the dartos sheath of the cephalad leaf of the wound at a 
suitable height to accommodate the testis in the dartos pouch. C: In cases of intra-abdominal 
or peeping testis, the scrotal wound is retracted with a retractor. Sutures for fixation are 
applied to the tunica along the cord and vessels as high as possible. D: The scrotal skin is 
closed with a running suture. 

[Study design] 
Between May 2000 and December 2007, this procedure was performed in 159 boys with 
maldescended testes (191 testes). Preoperative diagnosis was conducted at our outpatient 
department and confirmed upon admission. Patient characteristics with regard to the 
testicular location and associated hernia/hydrocele are shown in Table 1.  
This series included 23 boys with non-palpable testis (NPT) including 1 with hernia and 80 
boys with canal testis, in whom 7 had bilateral canal testes, 12 (13.6%) had hernia and 5 (5.7%) 
with hydrocele. High scrotal testis was observed in 35 boys, in whom 6 had bilateral high 
scrotal testes, 3 (7.0%) had hernia and 26 (60.5%) had hydrocele. Eight out of 10 boys with 
retractile testis had bilateral retractile testes, and none of them exhibited hernia or hydrocele. 
The remaining 11 boys had maldescended testes in combination of varying locations. 
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Table 1. Patient characteristics 
Notes; The words in parenthesis indicate numbers and rates of associated hernia/hydrocele. 
Rates of associated hernia/hydrocele in the total numbers of patients and testes include each 
testis in combined cases individually. 
Abbreviation; NPT, non-palpable testis 

Age at operation ranged from 4 months to 13 years, with a median age of 2 years and 0 
months. Ages of patients according to the testicular location generally decreased in 
proportion to a higher position.  
 

 
Table 2. Age distribution according to the location of testes. 
Note; In cases of combined locations, the higher location is represented. 

Each boy underwent various operative procedures according to the flow chart shown in Fig. 
1. Medical records of these children were analyzed to determine detailed location of testis, 
which was confirmed during the operation; patency of the PV; types of operative 
procedures used; operation times; and postoperative outcomes. Patients were followed up 
regularly at our outpatient department by physical examination, including periodical 
echogram, until 7 months, and once each year until adolescence, when seminal emission 
begins. Follow-up periods ranged from 3 years and 2 months to 10 years and 9 months. 

3. Results 
Percentages of associated PPV according to testis location determined during operation are 
shown in Table 3; overall, PPV was associated with 84.1% of all undescended testes, excluding 
the retractile and ectopic testes, which are not considered to be true undescended testes. 

3y0m 
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Table 3. Location of testes defined from operation and concurrent presence of PPVs. 
Abbreviation; *, Numbers of retractile and ectopic testis were excluded from denominators. 

All intra-abdominal and peeping testes had PPV. High scrotal testes exhibited the second 
highest rate of PPV (90.5%). Contra-lateral PPV was found in 35.1% of patients. All PPVs 
and cPPVs were closed in the same session. 
Types of procedures performed included extensive dissection along the testicular vessels 
with transection of the PPV at the IIR (ExtVasDic) + laparoscopic PPV closure (LPC) + trans-
scrotal orchiopexy (TSO) in 30 boys (average operation time, 99 +/- 23 minutes); preparation 
of the distal testicular vessels with peritoneal dissection along the lateral side of the IIR 
(DistVasPrep) + LPC + TSO in 11 boys (average operation time, 82 +/- 17 minutes), LPC + 
TSO in 67 boys (average operation time, 70 +/- 15 minutes), and a diagnostic laparoscopy 
(DiagLap) + TSO in 15 boys (average operation time, 48 +/- 13 minutes; see Table 4). 
 

 
Table 4. Operative procedures and operation times.  
Abbreviations; DiagLap, diagnostic laparoscopy; LPC, laparoscopic closure of PPV; 
DistVasPrep, preparation of distal portion of testicular vessels; ExtVasPrep, extensive 
vascular preparation; *, Bilateral orchiopexy with various combinations of above the 
procedures (DiagLap+TSO and LPC+TSO occupied 97% of 62 procedures performed in 32 
patients). 

A crease incision was added in 4 boys: one with an intra-abdominal testis, 2 with high canal 
testes, and 1 with an ectopic testis. The crease incision was performed in the first case to 
ensure the anatomical relationship of laparoscopically prepared IIR from outside of the 
body, as this was the first time this type of procedure had been conducted; in the latter 
cases, incisions were made due of difficulty in finding the distal sac for the obliterated PV. 
This occurred near the beginning of the surgeons’ learning curve. In all the cases, the testes 
were successfully repositioned, and they continued to descend toward the bottom of the 
scrotum after the operation (Fig. 5).  
Testicular atrophy or hernia formation did not occur in any of the cases, and cosmesis was 
excellent in all the patients (Fig. 6).  
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Fig. 5. Follow-up figures of trans-scrotal orchidopexy. A: Immediately after the operation, 
the closed wound is markedly retracted into the inguinal canal because of the short seminal 
cord. B: Three months later, the testicle has descended into the scrotum in conjunction with 
the retracted wound returning to the previous position. C: Six months after the operation, 
the wound has healed leaving no scar. 

 

 
Fig. 6. Wound cosmesis 6 months after the operation in a boy who underwent orchiopexy 
for left canal testis. Actually invisible surgical wounds for a 5-mm laparoscope inserted 
through the umbilicus (a), a 2-mm grasping forceps placed below the umbilicus (b), a 14-G 
sheath needle used as a port for grasping forceps, electrocautery device or endoscissors (c) 
and 16-G Endoneedle for the closure of the PPV (d). 
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4. Discussion 
The most effective strategy for treating undescended testes remains controversial. Patients 
with cryptorchidism have their testes in various locations from intra-abdominal region to a 
high scrotal position. Inguinal exploration has been a standard approach for managing 
undescended testis. Many surgical procedures have been devised as alternatives to this 
approach. Diagnostic and therapeutic laparoscopy has flourished as a treatment for 
nonpalpable testis. Jordan et al. reported a completely endoscopic approach to orchiopexy 
(Jordan, et al., 1992); since then, laparoscopic orchiopexy for intra-abdominal testis with 
direct transfer or a Fowler-Stephens (F-S) procedure has been developed, providing better 
results than the traditional open orchiopexy (success rates of 95% vs. 76%) (Samadi, et al., 
2003). Moursy, et al. reported better outcomes using laparoscopic F-S procedures in 
comparison with laparoscopic direct orchiopexy, with overall success rates of 100% and 
88.8%, respectively. Therefore, there is a higher tendency to perform F-S orchiopexy in 
patients treated laparoscopically, than in patients for which open orchiopexies were 
performed (Alam, et al., 2003).  
A recent strategy for treating intra-abdominal testis under laparoscopic control has been the 
combination of laparoscopic direct and F-S orchiopexy, depending on the distance of the testis 
from the internal inguinal ring, in which the F-S orchiopexy occupies approximately 20-30% of 
total (Samadi, et al., 2003, Kim, et al., 2010). A recent meta-analysis of F-S orchiopexy reported 
a pooled estimated success rate of 80% for single F-S orchiopexy and 85% for 2-stage F-S 
orchiopexy. There was no difference in the success rate between laparoscopic and open 
techniques in either single or 2-stage F-S orchiopexy (Elyas, et al., 2010). On the other hand, 
laparoscopic procedures exhibit potential complications, including risk of testicular atrophy, 
with an overall F-S procedure success rate of 85% (Chang, et al, 2001).  
Following the experiences of laparoscopic direct orchiopexy in intra-abdominal testis, the 
application of this technique to canalicular palpable testis has been attempted (Docimo, et 
al., 1995). Although, procedures for treating canalicular testis require increased laparoscopic 
skill and experience compared to those required for intra-abdominal testis treatment 
(Riquelme, et al., 2006), the reported success rates are promising, accounting for more than 
95%, in comparison with the report of open method, in which the success rate was 82% 
(Docimo, 1995).  
Trans-scrotal or pre-scrotal orchiopexy has been recently emerging as an alternative 
approach for testes that can be mobilized into the scrotum under general anesthesia. This 
procedure is advantageous due to less invasiveness and good cosmesis compared to the 
standard two-incision approach in selected cases (Yucel, et al., 2011, Dayanc, et al., 2007, 
Lais, Ferro, 1996). However, for palpable but immobile testes or testes located proximal to 
the external ring, the standard two-incision approach is recommended because of the 
difficulty in PV dissection and ligation at a sufficiently high level and shortness of the 
vascular pedicle (Dayanc, et al., 2007, Lais, Ferro, 1996). Our procedure involved only 
cutting off a portion of the PV wall, in which cremaster muscle fibers are included, along the 
spermatic pedicle, instead of the separation of the vas and vessels from the PV and ligation 
of the PV high at its neck, because the open IIR is closed from inside of the abdomen by the 
Endoneedle technique (Endo, et al., 2009). 
For delivery of the testis, a neo-ring lateral to the bladder and medial to the median 
umbilical ligament has been widely utilized by employing an additional scrotal trocar for 
intra-abdominal and high canalicular testes (Poppas, et al., 1996, Docimo, et al., 1995, He, et 
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al., 2008). The presence of PPV is ignored in the description of operation procedures in most 
reports (Samadi, et al., 2003, Chang, et al., 2001, Kim, et al., 2010, Moursy, et al., 2010), and 
recent consensus in the literature has been to leave the ring open because of rare occurrence 
of postoperative inguinal hernia (Riquelme, et al., 2006, Mohta, et al., 2003), although 
Poppas et al. included closure of the defect using a stapling device if a hernia was present 
(Poppas, et al., 1996).  
However, a potential disadvantage of laparoscopic orchiopexy, compared to the traditional 
open approach, is the subsequent development of an inguinal hernia or hydrocele (Baker, et 
al., 2001, Chang, et al., 2001, Metwalli, Cheng, 2002, Al-Mandil, et al., 2008, Palmer, 
Rastinehad, 2008). Ziylan O, et al. reported that patients requiring reorchiopexy had 
inadequate repair of inguinal hernia or PPV in 62.5% of cases, which was considered to be 
an important factor leading to failure after surgical treatment of undescended testis (Ziylan, 
et al., 2004). Essentially, cryptorchidism is frequently associated with PPV as He D., et al 
reported associated PPV in 90.3% of ipsilateral side and 15.6% of contralateral side (He, et 
al., 2008). In our series, 29.6% of patients had associated hernia/hydrocele, and 84.1% of 
patients had ipsilateral PPV and 35.1% had cPPV. Because second operations for subsequent 
hernia repair in a scarred wound can cause serious injury to the testicular blood supply, we 
strongly recommend the closure of the PV during orchiopexy (Metwalli, Cheng, 2002, Yucel, 
et al., 2011). 
Retractile testis is defined as the testis that is usually located outside the scrotum, but can be 
drawn manually into the bottom of the scrotum, and has no associated PPV. It is considered 
not to be true undescended testis and does not require therapy (He, et al., 2008). We 
performed operations on 10 boys with preoperatively diagnosed retractile testis in whom 
the testis was not found inside the scrotum in more than 50% of occasions during parental 
observation. These operations were carried out after a period of observation at outpatient 
clinic and under informed consent. This explains why the averaged ages of this group was 
high, as indicated in Table 2. Four boys who had retractile testis as one of the combined 
maldescended testes underwent operation to prevent an expected imbalance of testicular 
location relative to the opposite side, where the true undescended testis had been relocated. 
Inan M., et al. observed smaller testicular volume in school age children with retractile testis 
and estimated some negative effects on the development of testicular volume of retractile 
testis (Inan, et al., 2008). Patients and their parents were very satisfied that the testes were 
always in the scrotum. 
Our procedures provide a systematic approach using the algorithm shown in Fig. 1 to treat 
all types of maldescended testis. The primary advantage of our technique is that it can be 
used as a one-stage diagnostic and therapeutic modality to treat all types of maldescended 
testes, including routine PPV closures, orchiopexy through the natural embryological route, 
and trans-scrotal orchiopexy. Our laparoscopy-assisted one-stage trans-scrotal orchiopexy 
can free patients from many preoperative examinations, such as angiography, radioisotope, 
CT, and MRI, among others. 
Retroperitoneum dissection and preparation of the testicular vessels from the mesentery 
root into the processus vaginalis in proportion to the testicular position provides the 
additional length required for proper mobilization of the testis into the dartos pouch. 
Preparation of the extra-abdominal seminal cord high at its neck can be easily performed 
through an incision placed in the uppermost region of the scrotum. 
It is strongly advised to obtain a completely tension-free pedicle before fixing the testis into 
the scrotum (Yucel, et al., 2011). In our procedure, the testis does not need to be placed 
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enough into the scrotum, because during fixing of the seminal cord to the cephalad leaf of 
the incisional wound, the wound is retracted by a hook in a cranial direction, while the 
seminal cord is pulled down in a caudal direction. Therefore, the seminal cord can be 
sutured at its highest position to the dartos sheath of the retracted wound. The testis 
descends further into the scrotum as the sutured position descends along with the wound, 
returning to the previous position. Because laparoscopic orchiopexy performed without 
dividing the spermatic vessels does not affect normal testicular vascularization, the F-S 
procedure was not required in the present series. Eposito C, et al. successfully performed 
orchiopexy for intra-abdominal testis without division of the testicular vessels (direct pull-
through into the scrotum), through the IIR, if this open, or through the Neo-Ring with 
subsequent closure of the IIR (Esposito, et al., 2000), which is in accordance with our 
procedure of pathway 5. 
The testes were successfully repositioned and postoperatively continued to descend toward 
the bottom of the scrotum in all of the patients in this series. No testicular atrophy or hernia 
formation occurred, and cosmesis was excellent in all the patients.  

5. Conclusion 
We proposed a systematic approach to cryptorchidism, facilitating one-stage orchiopexy by 
combining a diagnostic/therapeutic laparoscopy and an orchiopexy through a trans-scrotal 
incision. This systematic approach was applied to 191 testes in 159 boys. The testes were 
provided additional length of the vascular stalk by dissecting the retroperitoneum in 
proportion to the testicular position under laparoscopic control. All concurrent PPVs were 
closed using the Endoneedle technique. And all the testes were delivered into the scrotum 
through the natural embryological route from the scrotal incision without necessitating any 
F-S procedures. This procedure was thought to be a useful one-stage diagnostic and 
therapeutic maneuver for all nonpalpable and palpable maldescended testes, enabling 
increased patient privacy owing to virtually invisible scars.  
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1. Introduction 
Cryptorchidism is a term that has been used interchangeably with the term undescended 
testis. Both terms refer to an abnormally positioned testis, but cryptorchidism literally 
means “hidden testis”. Isolated cryptorchidism is one of the most common congenital 
anomalies found at birth and affects upward of 3% of full-term male newborns 1-3. Unilateral 
cryptorchidism is more common than bilateral cryptorchidism, which occurs in 1.6% to 1.9% 
of boys. Testicular descent into scrotum is usually complete by the second trimester; 
however a significantly higher rate of cryptorchidism in premature boys suggests that the 
process of descent may not be complete until close to term. The cause of cryptorchidism is 
multifactorial. An undescended testis can be located anywhere between the abdominal 
cavity and just outside the anatomic scrotum. Approximately 70% to 77% of cryptorchid 
testes will spontaneously descend, usually by 3 months of age 3. Factors that predict 
complete spontaneous descent by 3 months of age include low birth weight, bilateral 
cryptorchidism, normal scrotal anatomy and testis that are positioned lower along the 
normal path of descent; boys with a small or poorly rugated scrotum and those with 
hypospadias are more likely to be cryptorchid at 3 months 2. By 1 year of age, the incidence 
of cryptorchidism declines to about 1% and remains constant throughout adulthood.  
Normal germ cell development during childhood is a continuous process that is completed 
at puberty 4. Undescended testes demonstrate more pronounced impairment in germ cell 
development the higher the testes are located, although newborns with intrabdominal testes 
have a normal number of germ cells 4. The histopathologic hallmarks associated with 
cryptorchidism are evident between 1 and 2 years of age and include decreased numbers of 
leydig cells, degeneration of sertoli cells, delayed disappearance of gonocytes, delayed 
appearance of adult dark (Ad) spermatogonia, failure of primary spermatocytes to develop, 
and reduced total germ cell counts 5-7. A decrease in cryptorchid testes volume by 6 months 
of age has been reported 8. Similar pathology has been observed in the contralateral 
descended testis, though to a lesser extent, which supports the theory of hypogonadotrophic 
hypogonadism as the possible cause of the decreased fertility seen in males with unilateral 
cryptorchidism6, 9. Histopathologic studies in younger cohorts of patients have provided 
evidence of abnormal germ cell maturation correlating with spermiograms in adulthood. 
Biopsy findings from children with unilateral cryptorchidism typically demonstrate reduced 
total germ cell counts as a result of failure of the two prepubertal steps involved in 
maturation and proliferation of germ cells: 1) transformation of the fetal stem cell pool 
(gonocytes) into adult stem cell pool (Ad spermatogonia) at 2 to 3 months of age and 2) 
transformation of Ad spermatogonia into primary spermatocytes (meiosis) at 4 to 5 years10. 
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When specific stage of germ cell maturation was examined, transformation of gonocytes into 
Ad spermatogonia between 2 and 3 months of age appeared to be critical for male fertility, 
not the total number of germ cells. Lee 11 postulated that paternity would be a better index 
for verification than the sperm count because it is known that men with subnormal sperm 
counts can have normal paternity rates. When compared with a control group, paternity 
was significantly compromised in men with previous bilateral, but not unilateral 
cryptorchidism (53% versus 75%, respectively) 12.  
It is a well established fact that children born with undescended testes are at increased risk 
for testicular malignancy. Approximately 10% of testicular tumors arise from an 
undescended testis 13. The incidence of a testicular tumor in the general population is 1 in 
100,000 , and the incidence of a germ cell tumor in men formally cryptorchid is 1 in 2550 ; 
therefore , the relative risk is approximately 40 times greater  13. It is controversial whether 
orchiopexy affects the natural history of development of a testicular tumor, although 
emerging evidence supports the claim that prepubescent orchiopexy may lessen the risk. 
Moller and associates 14 reported on a large cohort of men in Denmark and found the 
relative risk for testicular cancer in men with treated or persisting cryptorchidism to be 3.6 
(95% confidence interval (CI), 1.8 to 6.9) , but no increase in risk was observed in men who 
reported a history of undescended testes that underwent spontaneous descent . Studies 
provide evidence to support the contention that early orchidopexy may protect against the 
development of malignancy. 

2. Management of cryptorchidism  
Definitive treatment of an undescended testis should take place between 6 and 12 months of 
age. Spontaneous descent occurs by 3 months of age in most boys. Early intervention should 
be considered in order to theoretically prevent the complications of cryptorchidism that may 
be manifested before 1 year of age. Every effort should be made to preserve any testicular 
tissue at an early age, especially in children with unilateral or bilateral intra-abdominal 
testes. This recommendation is based on the poor paternity rates in men with a history of 
bilateral cryptorchidism. Orchiectomy is typically reserved for postpubescent males with a 
contralateral normally descended testis when the cryptorchid testis is either anatomically or 
morphologically abnormal or too far from scrotum to allow for tension free placement 
without compromising the vascular integrity of the testis.  
Laparoscopy has achieved its greatest degree of general acceptance, both diagnostically and 
therapeutically, in the realm of pediatric urology for the management of a nonpalpable 
testis. Several thousand cases in the literature have documented the impact of laparoscopy 
in the management of a nonpalpable testis, over a quarter of century. Clear advantages of 
laparoscopy with regard to specificity and sensitivity have been shown compared to 
ultrasonography and magnetic resonance imaging in detecting intra-abdominal testes. The 
principles of surgery for a nonpalpable testis are equal to, if not enhanced by a laparoscopic 
approach; exposure, lighting and magnification remain critical to this pediatric procedure. 
The advantages of laparoscopy over conventional open surgical approach to a nonpalpable 
testis include accurate anatomic assessment of testicular position and viability and, when 
necessary, optimal accessibility to the crux of the surgical problem 15.  

3. Indications for laparoscopy 
- All cases of nonpalpable testes: integrated concept of diagnostic laparoscopy combined 

with open surgery (revision of inguinal canal, with or without orchiopexy) or combined 
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with therapeutic laparoscopy (staged orchiopexy or orchiectomy for intra-abdominal 
testes). 

- Suspected intersex (laparoscopy for diagnosis, eventually biopsy and/or orchiectomy). 
Several limitations can be associated with laparoscopy especially in children as smaller body 
size implies smaller space tolerances of the abdominal wall, which makes standard trocar 
placement more dangerous. Looser attachments of the peritoneum to the extraperitoneal 
structures in children makes trocar placement more difficult. Use of a dull trocar is a 
potentially dangerous instrument in children. Acute infectious disease, coagulopathy and 
prior abdominal surgery with suspected adhesions form contraindications for a laparoscopic 
procedure.  
Instruments for laparoscopic procedures should include a video cart with insufflators, light 
source, video camera, video monitor, video recorder and electrocautery unit. In smaller 
children it is preferable to use mini-laparoscope (1.9 mm) with 2.7 mm trocar shaft, and for 
older children 3.5 or 5 mm laparoscopes. 3.5 mm trocars and laparoscopic 
forceps/graspers/scissors are used in smaller children, whereas 5 mm trocars and 
instruments are used in older children. 5 mm or 10 mm clipping instruments may also be 
necessary. 

4. Diagnostic laparoscopy for a nonpalpable testis 
A nonpalpable testis accounts for approximately one fifth of children with an undescended 
testis. Diagnostic laparoscopy has been commonly used for the assessment of a nonpalpable 
testis, with the accuracy of testicular localization reported to be greater than 95%16, 17. 
Radiologic imaging studies carried out to identify a nonpalpable testis, carry unacceptable 
false-negative and false-positive rates 18, 19. Elder 20   reported that inguinal ultrasound, rarely 
localises a true nonpalpable testis and in only 18% of cases correctly identified testes located 
in the inguinal canal. Magnetic resonance imaging has been shown to be an effective method 
of detection in 37% of cases 21. Radiographic imaging is also not adequately sensitive enough 
to determine the quality of the testis when compared with direct visualization. This includes 
assessing whether the testis is dysmorphic or hypoplastic or whether epididymal or vassal 
non-union anomalies coexist that would ultimately have an impact on the type of surgical 
procedure performed. Whatever be the technique used , radiographic or surgical , it must be 
highly accurate because the fate of a missed intra-abdominal testis is potentially serious 
with respect to preserving testicular function and can be catastrophic because of the risk of 
malignancy . Diagnostic laparoscopy has also been shown to be useful in the management of 
a previous inconclusive open exploration for a nonpalpable testis22, 23.  

5. Technique 
The technique of diagnostic laparoscopy begins with patient in supine and 10° head down 
position. A bladder catheter is placed and if need arises a nasogastric tube is also inserted. 
Access is gained either with a modified veress needle technique where the rectus fascia is 
identified and incised prior to needle introduction, or via the open technique. The open 
technique involves a semilunar supraumbilical or an infraumbilical incision carried down to 
the rectus fascia. The rectus fascia is opened and the preperitoneal fat is spread enough to 
expose the peritoneum. The peritoneum is grasped and brought up to the incision. The 
peritoneal layer is opened sharply and the trocar placed usually between the obliterated 
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umbilical arteries. This open (Hasson technique) method lessens the risk of inadvertent 
trauma to the intra-abdominal structures, as well as extraperitoneal insufflation. 
Pneumoperitoneum is created with CO2 at a flow rate between 8 and 10 L/min with a 
pressure limit of 8 to 10 mm Hg. A 2-0 absorbable U stitch is placed in the rectus fascia to 
help maintain the pneumoperitoneum and facilitate quick closure, especially if the 
fasciotomy has been generous. The anaesthesiologist is requested not to use NO2 during 
induction or any portion of the procedure to avoid bowel distension.  
The pediatric laparoscope is introduced to view the intraperitoneal pelvic anatomy. The 
various anatomical landmarks are identified which include the bladder and the urachal 
ligament, lateral umbilical ligaments, inferior epigastric vessels, internal ring, vas deferens 
and spermatic vessels. Examining the side opposite the pathology is useful for comparing 
normal anatomy, especially in the case of a vanishing testis, so that the degree of atresia can 
be directly measured.  
There are three distinct possibilities and courses of action that can arise when diagnostic 
laparoscopy is used to assess a nonpalpable testis. 
1. All spermatic cord structures are present and enter  into the inguinal canal (viable 

intracanalicular testis or an intracanalicular or scrotal atrophic testis) 
2. Spermatic vessels and vas deferens can be identified. They end blindly on the psoas 

muscle without any detectable testis (vanishing testis , anorchia) 
3. Intra-abdominal testis present with or without open inguinal canal 
Examination of the contralateral testis has been helpful in predicting the fate of the 
nonpalpable testis; however, it is not a reliable method of definitely determining testicular 
presence or absence. Hypertrophy of a normally descended testis may connote monorchia. 
A dysgenetic or hypoplastic testis will not usually result in contralateral testicular 
hypertrophy, defined as a testis greater than 2 ml or testicular length greater than 2 cm. A 
contralateral testis length of 2 .0 cm or greater predicted monorchia in over 90% of cases 24-26. 
Approximately 34% to 64% of children with a nonpalpable testis will be monorchid 27. An 
intra-abdominal vanishing testis will demonstrate the classic anatomy of a blind ending vas 
and spermatic vessels, usually within a few centimetres of the internal ring. No testicular 
tissue will be present. When blind ending spermatic vessels are found, no further surgical 
intervention is necessary, although considerations should be given to performing a trans-
scrotal testicular fixation procedure on the normally descended contralateral testis because 
of the reported risk for abnormal testicular fixation28.  
When the spermatic vessels and the vas are seen exiting the internal ring, including those 
that are comparatively hypoplastic, one must consider viable testicular tissue within the 
caudal extent of the descent. An inguino-scrotal exploration must be performed and the 
cord remnant excised. Even though most testicular remnants or nubbins demonstrate 
histologic evidence of ischemia and necrosis, in up to 13% of cases viable residual testicular 
elements will be present 29, 30.  
An intra-abdominal testis usually is seen within a few centimetres of the internal ring. In 
most of these cases, the processus vaginalis is patent and the vas deferens is seen exiting into 
the inguinal canal (long looping vas deferens). Occasionally an intra-abdominal testis can be 
much further from the internal ring and has been reported though rarely, in the perinephric, 
perihepatic or crossed ectopic sites. The vas deferens can demonstrate non-union with any 
cryptorchid testis and therefore, when blindly ending, is not confirmative of a vanishing 
testis30. The entire abdomen should be inspected at the time of diagnostic laparoscopy. 
Inspection of the ipsilateral internal ring during diagnostic laparoscopy is important because 
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in 91% of boys with a patent processus vaginalis the testis will be viable whereas if the 
processus vaginalis is closed 97% of the testes will be vanished or absent  31 .  

6. Open inguinal versus laparoscopic exploration for a nonpalpable testis 
The choice of traditional open surgical exploration versus primary laparoscopy for 
assessment of a nonpalpable testis is a matter of debate. Open surgical exploration via an 
inguinal incision was the procedure most commonly used before the introduction of 
laparoscopy in the management of a nonpalpable testis. The arguments exist that inguinal-
scrotal exploration is nonetheless necessary to evaluate the cord and gonadal structures 
exiting the internal ring, and thus laparoscopy may have been avoided altogether32 . 
Kanemoto et al33 combined inguinal exploration and transinguinal laparoscopy to test this 
strategy as an alternative. They found that an extended incision was unnecessary in the case 
of a blind ending vas and vessels in the peritoneum because this could be easily assessed 
with transinguinal laparoscopy. Laparoscopy was avoided in 73.3% of cases altogether 
because the testis, its remnant or testicular vessels, and the vas deferens were detected by 
inspecting the inguinal region. Ravasse et al34 felt that laparoscopy was critical to a change 
in management in only 23% of patients. Several other reports have appeared, wherein utility 
was found in at-least 50% of patients when diagnostic laparoscopy was performed as the 
primary approach to a nonpalpable testis. Cisek et al27  reported that in 66% of their patients 
benefitted from a primary laparoscopic diagnosis and treatment strategy that would have 
otherwise resulted in compromised exposure via an inguinal exploration. Laparoscopy, 
whether primary or adjunctive to an open exploration, offers a logical extension of surgical 
principles, especially if conversion to a therapeutic laparoscopic procedure is anticipated. 

7. Laparoscopic orchidopexy 
One of the first indications for laparoscopy in pediatric urology was a nonpalpable testis, 
reported more than 30 years ago35. Originally this procedure was only for diagnostic 
purposes. As laparoscopy became more and more feasible in pediatric patients, the 
procedure has progressed to complete laparoscopic orchidopexy in the intervening time. 
Laparoscopic orchidopexy is now standard in the management of an intra-abdominal 
undescended testis. A laparoscopic approach has advantages over standard open 
orchidopexy, in that it accurately assesses the presence, absence, viability and entire 
anatomy of an intra-abdominal testis. Laparoscopic orchidopexy allows accessibility to the 
entire course of the spermatic vessels to their origin, usually the limiting factor in tension-
free mobilization of an intra-abdominal testis. Dissection close to the origin of the spermatic 
vessels is possible because the surgeon’s range of motion with laparoscopic instrumentation 
extends across the entire abdominal cavity. Magnification of these delicate vessels aids in 
dissection and preservation of the main and collateral blood supply.  
Technique : The age at which laparoscopic orchidopexy should be performed is the same as 
for standard open orchidopexy , usually between 6 and 8 months and certainly before 1 year 
of age . The surgical procedure for a boy with a nonpalpable testis begins with examination 
under anaesthesia. In approximately 18% of boys a previously nonpalpable testis will be 
palpable27. An 8 Fr catheter or infant feeding tube is placed per urethra to drain the bladder 
before and during the entire procedure. Diagnostic laparoscopy is performed initially. We 
prefer a modified open technique for placement of the first trocar in a child so as to reduce 
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the inherent complications associated with blind placement of a Veress needle, such as 
extraperitoneal emphysema or bowel injury. A semilunar incision is made within the 
umbilical groove and carried down to the rectus fascia. The fascia is grasped with 2-0 
absorbable sutures and then incised in the midline until the peritoneum is visualized. The 
Veress needle is then introduced and radially dilated to allow a 5 mm port. This modified 
open technique allows a tight seal and minimizes loss of insufflation during the procedure. 
An intra-abdominal testes is usually found within 1 to 2 cm of the internal ring, which is 
usually patent (Figure 1). Once it has been decided to proceed with laparoscopic 
orchidopexy, two more 3 or 5 mm ports are placed under direct vision. As to where these 
ports should be placed, it is the surgeon’s preference so as to achieve the greatest degree of 
instrument freedom and avoid crossing instruments during dissection (Figure 2). Attention 
to the distal paratesticular elements is necessary to determine whether the vas deferens exits 
beyond the internal ring into the inguinal canal as in a looping vas. The first element of 
testicular mobilization is drawing the gubernaculam attachment from the internal 
ring/inguinal canal, transecting it, and using it as a grasping point for safe testicular 
manipulation (Figure 3). The retroperitoneum is incised with a minimal 1 cm margin 
laterally to the testicle and medially alongside the vas deferens. The peritoneum is 
mobilized carefully across the spermatic vessels. All vessels around the vas deferens and the 
peritoneal plane between vas and vessels is left intact. Electrocautery is avoided as far as 
possible. The testis is carefully mobilized from the psoas fascia towards the inguinal ring.  
 

 
Fig. 1. A non-palpable left testis is seen at the left internal ring. The vas deferens is noted 
passing laterally towards the testis over the medial umbilical ligament. The spermatic 
vessels are seen proximal to the testis. 
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Fig. 2. A three port technique for laparoscopic orchidopexy demonstrates a single 5 mm 
umbilical port and 2 additional working 3 or 5 mm ports placed in the mid-clavicular line at 
the level of the anterior superior iliac spine. The working ports may be placed further 
cephalad depending on the size of the patient and length of instruments. 

Care is taken to preserve the triangle of tissue medial to the spermatic vessels and lateral to 
the vas deferens durng mobilization (Figure 4). Adequate mobilization is complete when the 
testis easily reaches the contralateral internal ring without undue tension. As in the Prentis 
manoeuvre, a new internal ring is created medially to the epigastric vessels which shortens 
the overall distance to the scrotal position. An incision is made at the lower pole of the 
scrotum to provide a dartos pouch. A laparoscopic grasper is inserted and guided through a 
tunnel to the new inguinal ring and pull the mobilized testis in to the scrotum without 
forced tension. With an assistant maintaining the position of the testis near the scrotum, the 
surgeon may now incise redundant peritoneal folds laparoscopically to gain some 
additional length (Figure 5). It is critical for the surgeon to personally monitor tension on the 
spermatic cord as the testis is passed into the scrotum to avoid inadvertent avulsion of the 
spermatic vessels.  
Before the ports are removed, bleeding should be assessed laparoscopically under low intra-
abdominal pressure by releasing the pneumoperitoneum. On removing the ports , 
hemostasis should also be assessed at the port sites, as well as being sure that the umbilical 
closure does not include bowel or omentum . 
Esposito et al 36 reported their experience with diagnostic laparoscopic in 85 children with 
nonpalpable testes, of whom 25 children had intra-abdominal testes. In 24 children 
laparoscopic orchidopexy was successful. Surgery lasted between 40 and 80 minutes. There 
was only 1 (4%) intraoperative complication namely iatrogenic rupture of the spermatic 
vessels. Similarly Radmayr et al 37 analyzed the success rate and long term outcome of 
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Fig. 3. The gubernaculum of the testis is mobilized. Once confirmed that a looping vas 
deferens is not present, the gubernaculum is divided using cautery. 

 

 
Fig. 4. The left testis is mobilized towards the contralateral right internal ring demonstrating 
the triangle of preserved mesentery between the vas deferens and spermatic vessels of the 
left testis. 
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Fig. 5. With the left testis now mobilized into the left hemiscrotum via an incision medial to 
the medial umbilical ligament, residual peritoneal attachments may be incised 
laparoscopically to gain additional length to the testicle. 

laparoscopic orchiopexy in 84 patients .28 were managed by direct laparoscopic orchiopexy . 
After a mean follow-up of 6.2 years all laparoscopically managed testicles were in a normal 
scrotal position with normal perfusion as revealed by colour Doppler sonography.  
Riqueimo et al 38 reported on results of laparoscopic orchiopexy in children with palpable 
undescended testes. 28 children with 30 undescended palpable testes were treated by 
laparoscopic orchiopexy. The operative time was 50 minutes. On follow-up ranging 5 
months to 5 years, 29 of these testes maintained good size and a correct position. 

8. Laparoscopic fowler-stephens orchidopexy 
If the testes is immobile and beyond 2.5 cm from the internal ring , it may be prudent to 
perform a staged orchidopexy consisting of clipping the internal spermatic vessels and 
returning 6 months later to mobilize the testis on collateral vessels and the deferential artery. 
Fowler-Stephens step I involves incising retroperitoneum bilaterally parallel to the 
spermatic vessels at-least 2 cm cranially to the upper pole of the testis. The spermatic vessels 
are mobilized, held with grasper and two absorbable clips applied without dividing them. 
Vessel ablation can also be done using the harmonic scalpel via a 5mm port.  
The second stage of the orchidopexy is usually completed 6 months later. It can be 
performed in either open or laparoscopic fashion. The same principles apply as with an 
open second stage procedure if performed laparoscopically. Dissection begins in the area 
where the spermatic vessels were earlier clipped. The vessels are now divided. The 
retroperitoneum is incised with a 1 cm margin laterally to the testis and medially alongside 
the vas deferens. The peritoneal flap remains pedicled to the vas deferens. All the vessels 
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around the vas deferens and the peritoneal plane between the vas and vessels are left intact. 
The gubernaculum is dissected as far distally as possible. The testis is mobilized carefully 
from the psoas fascia towards the inguinal ring. A new internal ring is created medially to 
the epigastric vessels. An incision is made at the lower pole of the scrotum and a dartos 
pouch is created. A laparoscopic grasper is guided through a tunnel to the new internal ring 
and the mobilized testis is pulled into the scrotum.  
Lindgren et al 39 performed 18 laparoscopic Fowler-Stephens procedure in 14 patients. Five 
testes were treated with a 2 stage procedure, while 11 were managed by laparoscopic 
mobilization followed by laparoscopic vessel clipping and orchiopexy in 1 stage. In 2 
additional patients, nearly all dissection was performed laparoscopically but due to 
extenuating circumstances, inguinal incisions were required as well. At mean follow-up of 6 
months all cases without previous surgery that were managed by laparoscopic orchiopexy 
were without atrophy and the testes were in scrotal position. They concluded that 
laparoscopic transection of the testicular vessels was safe in boys with high abdominal 
testes.  
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1. Introduction 
Cryptorchidism is a common congenital anomaly of newborns that may resolve, persist or 
first appear in later childhood. It affects 4% to 5% of full-term and in 9% to 30% of 
premature males at birth. This figure falls to around 1% to 2% after 3 months, as a significant 
number will descend spontaneously within the first few months of life (Barthold, & 
Gonzalez, 2003, Sijstermans, et al. 2008) 
The testis can be found in any position along its usual line of descent; however, 
approximately 80% will be located in the inguinal region, just outside the inguinal canal. 
Approximately 20% of undescended testes are nonpalpable, and in 20% to 50% of children 
with nonpalpable testis, the testis is absent (Smolko& Brock, 1983) 
Laparoscopy has been established as the most reliable diagnostic modality for the 
management of impalpable testes, It clearly demonstrates the anatomy and provides visual 
information upon which a definitive decision can be made. Non visualization of the testes at 
laparoscopy has been coined with the broad term (Absent testis), which is coined with 
vanishing, atrophied or agenetic testes.  
In this report we will discuss the phenomena of absent testes in the light of recent discovery 
of a subgroup of testes that failed to descend from it is embryological subrenal position and 
likely to be labelled as an absent testis unless one is aware of the complexity of testicular 
development and descent 

2. Testicular development and descent  
Proper evaluation and management of cryptorchidism requires a thorough understanding 
of the normal testicular development and descent which depend on a complex interaction 
among endocrine, paracrine, growth, and mechanical factors. 
Bipotential gonadal tissue begins differentiation into a testis during the 6th and 7th weeks of 
gestation under the effects of the testis-determining SRY gene. At the eighth week of 
gestation, Sertoli cells appear and produce Müllerian inhibitory substance (MIS) to cause 
regression of the Müllerian ducts. By the 10th week, Leydig cells produce androgens and 
insulin-like factor 3 (INSL3). Androgens are important for differentiation of various parts of 
the Wolffian duct and both androgens and INSL3 are required for testicular descent 
(Hadziselimovic & Adham, 2007; Hutson & Beasley, 1988)  
Development of the male external genitalia,including the scrotum, occurs between weeks 10 
and 15 of gestation and results from the conversion of testosterone to dihydrotestosterone 
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by the enzyme 5 alpha reductase type 2 in the primordia of these tissues. The development 
of the scrotum allows for the ultimate descent of the testis from the abdomen.  

2.1 Wolffian duct development 
The Wolffian duct is originally derived from the pronephros, whose ductal derivative 
elongates posteriorly through the mesonephros and extends to the cloaca. The pronephros 
eventually degenerates but its ductal derivative remains in the mesonephros and becomes 
the Wolffian duct (WD). WD structure is further differented into epididymis, vas deferens, 
seminal vesicle and ejaculatory ducts, and is dependent on androgens from fetal Leydig 
cells for its development. The anterior or upper portion of the WD adjacent to the testis 
elongates and folds into the epididymis. Meanwhile, the mesonephric tubules differentiate 
into efferent ducts that eventually connect to the rete testis and the epididymis. The middle 
portion of the WD remains a simple tube, to form the vas deferens. The posterior or caudal 
portion of the WD dilates, elongates cranially and eventually forms the seminal vesicle 
(Hadziselimovic et al., 1987; Hutson & Beasley, 1988; Saino et al. 1997) 
Androgens are crucial for the maintenance and elaboration of the WD later in development. 
Their action is mediated via their receptor in the androgen receptor (AR) inside target cells. 
Androgens enter their target cells and bind to AR to regulate the transcription of specific 
genes. In humans, androgen insensitivity syndrome owing to null mutations of AR resulted 
in the female phenotypes (Hadziselimovic & Herzog, 2001; Wensing, 1988). Furthermore, 
when females were exposed to excessive androgens by testis transplantation during fetal 
development, the WD persisted, signifying the role of androgen in WD development 
(Hadziselimovic & Adham, 2007; Rajfer & Walsh, 1977). 

2.2 The gubernaculum development 
The gubernaculum undergoes 2 phases of development. In the first phase the gubernaculum 
thickness, in a process known as the swelling reaction, which is mediated primarily by Insl3. 
This process dilates the inguinal canal and creates a pathway for testicular descent. The first 
phase of descent is complete by 15 weeks of gestation. During the second phase the 
gubernaculum undergoes cellular remodeling and becomes a fibrous structure rich in 
collagen and elastic fibers. At about the 25th weeks of gestation the processus vaginalis 
elongates within the gubernaculum creating a peritoneal diverticulum within which the 
testis can descend. A central column of gubernacular mesenchyme remains attached to the 
epididymis. Gubernaculum then bulges out of the abdominal musculature and begins to 
elongate towards the scrotum, eventually arriving there between 30 and 35 weeks of 
gestation (Shenker et al., 2006; Wensing, 1988) 
Failure of the first phase of descent is rare and results in an intraabdominal undescended 
testis (UDT). Failure of progression of the second stage of descent is more common, and the 
UDT remains somewhere between the internal inguinal ring and the neck of the scrotum 
It should be noted that the gubernaculums does not provide any traction on the testis to 
cause its descent nor is anchored to the scrotum, but mainly attached to the epididymis. 
Under androgen stimulation the gubernaculum pulls the epididymis and facilitates its 
descent, indirectly guiding the testis into the scrotum. (Hadziselimovic, 2001, 2007)   
In addition, the epidermal growth factor plays an active role at the level of the placenta to 
enhance gonadotropin release, which stimulates the fetal testis to secrete factors involved in 
descent such as descendin, an androgen-independent growth factor involved in 
gubernacular development. (Hadziselimovic & Adham, 2007) 
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Other mediators of descent include calcitonin gene-related peptide (CGRP). It is excreted by 
the genitofemoral nerve under androgen stimulation. It causes contraction of cremasteric 
muscle fibers and subsequent descent of the gubernaculum, followed by the testis. (Hutson 
& Beasley, 1988; Shenker et al. 2006) 
Both (MIF) and testosterone act locally as paracrine hormone. Failing of the testis to secrete 
the MIF hormone will lead to ipsilateral persistent of mullerian tissues and abnormality of 
the paracrine function of testosterone is responsible for epididymal anomalies and UDT 
(Husmann & Levy, 1995; Shenker et al., 2006) 
There are animals in which the epididymis descends and the testis remains intra abdominal, 
but there are no animals in which the testis descends and epididymis remaines intra-
abdominal a crucial information in understating laparoscopic finding of impalpable testes 
(Hadziselimovic &Adham, 2007) 
If the testis is agenetic, one would expect that the ipsilateral mullerian structure not be 
suppressed. The absence of Mullerian remnants means that the there has been a testis at one 
stage of development that survived well above the 9th week of gestation. 

2.3 Processus vaginalis 
The processus vaginalis grows along and partially encircles the gubernaculum, creating a 
potential space in the inguinal canal and scrotum. Although the testis is stationary between 
the 3rd and 7th months of fetal life, the gubernaculum and the processus vaginalis together 
distend the inguinal canal and scrotum,thus creating a “path” for testicular descent. 

2.4.Testicular agenesis  
A testis may be unable to form in a 46, XY individual because the gonadal ridge fails to form 
or its blood supply fails to develop. Individuals with testicular agenesis may have either a 
male or a female phenotype. The variable phenotypic appearances, including the presence 
of some form of the internal genitalia, relate to the time during gestation when the testis was 
lost. The key clinical sign indicating testicular agenesis rather than a vanished testis is the 
presence of ipsilateral Müllerian structures. This entity is totally different from the 
vanishing testis syndrome. It is virtually impossible to have a testicular agenesis in a normal 
phenotype male with no remnant of mullerian structures on the affected site. 

3. Management of impalpable testes  
3.1 Imaging of impalpable testes 
When the testis is not clinically palpable, a battery of imaging investigations are described to 
locate the testis. These include ultrasound scanning (USS), magnetic resonance imaging 
(MRI), magnetic resonance angiography (MRA) and Computed tomography (CT). Despite 
these many options, it is still commonly believed that none of them accurately predict either 
the position or morphology of the testis, with the overall accuracy of radiological 
investigations being estimated at only 44%. (Fritzsche et al. 1987, Kullendorff et al. 1985, 
Malone  & Guiney, 1985; Weiss, 1979,1986) 
However there are occasions in which imaging is undoubtedly beneficial especially in obese 
children  where although a testis appears to be impalpable following clinical examination; it can 
be located either intracannicular or at superficial inguinal pouch position by simple US. These 
patients can then proceed to inguinal exploration with the option to convert to laparoscopy if no 
testis was found. Although some centers still advocate groin exploration in impalpable testes 
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(Lakhoo et al. 1996, Ferro,et al. 1999) several studies have shown that a significant proportion of 
testes that appear absent at the  time of inguinal exploration can subsequently be identified at 
laparoscopy. (Boddy et al, 1985; Patil at al. 2005; Perovic; Janic 1994) 

3.2 Laparoscopy for impalpable testes 
Laparoscopy has been established as the most reliable diagnostic modality for the 
management of impalpable testes. In experienced hands, laparoscopy is capable of 
providing nearly 100% accuracy in the diagnosis of the intra-abdominal testis with minimal 
morbidity. It clearly demonstrates the anatomy and provides visual information upon which 
a definitive decision can be made. Both internal rings can be inspected; the location and size 
of the testes, their blood supply and the nature, course and termination of the vas, and 
epididymis can be determined. All of these anatomical landmarks individually or 
collectively have bearing on the operative management of the Impalpable testes. (Atlas & 
Stone 1992; Bianchi, 1995; Bogaert  et al. 1993;Elder, 1993; EI Gohary, 2006; Froeling et 
al.1994;Humphrey et al. 1998; Poenaru et al.1994; Perovic& Janic 1994)  
In our series of 1652 UDT seen between 1986-2009, 431 were impalpable representing 26.5%. 
We used both diagnostic and/or operative laparoscopy in the management of 362 testes 
from 1992 to 2009.Table 1 depicts our updated figures of laparoscopically managed UDT 
 

 
 

 
 

 
 

The possible findings at laparoscopy is either a normal testes at variable distance of the 
closed or opened internal ring atrophied or no testes. Fig 1-4. If no testes are identified, one 
is left with the possibility of vanishing or absent testes. Vanishing abdominal testes are 
readily diagnosed when a blind-ending vas meets a leach of flimsy testicular vessels, and 
are thought to result from a prenatal vascular accident or intrauterine testicular torsion 
(Stephen & Lawrence, 1986) Fig 3. Intra-abdominal testicular torsion as a cause for testicular 
atrophy or vanishing testes has been postulated but as far as we can ascertain never been 
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seen. However one of our patients aged 8 had an atrophied left testis due to several twists of 
its blood supply leading to atrophic changes Fig 4 (El Gohary, 1997) 
 

 
Fig. 1. Testis near opened internal ring 
 

 
Fig. 2. Testis away from closed internal ring 
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Fig. 3. Vanishing testis 

 
 

 
Fig. 4. Atrophied testis with vascular twist  
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3.2.1 Testicular epididymal separation 
As the vas is embryologically derived separately from the testis (Hadziselimovic,et al.1987), 
finding the vas alone with no testicular vessels does not exclude an existing testis in 
abnormal locations or merely separated from the vas. Testicular epididymal separation 
allowing epididymis to elongate and descent to the scrotum without associated testicular 
descent is a known phenomena (Marshall& Shermeta, 1997, Shereta, 1979) Fig 5,but there 
are rare situation of complete urogenital nonunion in which there are no communication 
between the descended epididymis and the UDT. (Emanuelet, 1997; Wakeman, 2010; El 
Gohary, 2009). An extreme example of this was one of our reported cases  in which the vas 
enters closed internal ring and a normal testis lying completely dissociated from the vas in 
the pelvis (El Gohary,2009 ) Fig 6. This particular case would have been labeled as an 
atrophied testis, but for the diagnostic accuracy of laparoscopy. The explanation to these 
phenomena is related to the embryological development of the wolfian system separately 
from the testis with the gubernacular attachment to the epididymis rather than the testis. 
(Hadziselimovic, 2007) 
 

 
Fig. 5. Separated epididymis (vas is seen entering the canal leaving an intra- abdominal 
testis) 

3.2.2 The testicular vessels as a landmark for testis  
The testicular vessels are a good landmark for testicular localization and there is a 
relationship between the size of the feeding vessels and the testicular tissue. (El Gohary, 
1997; Smolko 1983) Visualizing of well developed spermatic vessels predicts the presence of 
a good-sized testis whereas poor blood supply is invariably associated with poorly 
developed or atrophied testes (fig 7,8) 
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Fig. 6. Urogenital none union 

 

 
Fig. 7. Normal size testicular vessels and vas deferens entering closed ring 
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Fig. 8. Hypoplastic vessels entering closed ring 

Obese boys with UDT are difficult to examine even under GA. Those group of patient may 
benefit from an initial ultrasonography and groin exploration before embarking upon 
diagnostic laparoscopy. These children represent the majority of our patient subjected to 
diagnostic laparoscopy with the finding of good testicular vessels leading to a good size 
testes outside abdominal cavity during groin exploration  

3.2.3 Absent testes 
The term absent testes has been used in the literature to denote vanishing, atrophied, nubbin 
of tissue at the end of the spermatic or agenetic testes. Agenetic testes in a 46, XY individual 
do occur because the gonadal ridge fails to form or its blood supply fails to develop. 
Individuals with testicular agenesis may have either a male or a female phenotype. The 
variable phenotypic appearances, including the presence of the internal genitalia, relate to 
the time during gestation when the testis was lost (Shenkeret al. 2006). The key clinical sign 
indicating testicular agenesis rather than a vanished testis is the presence of ipsilateral 
Müllerian structures. True congenital absence of one testis is virtually impossible in a 
phenotype male with no remnant of mullerian structures on the affected site. 

3.2.4 Non-descent of the testes 
Non-descent of the testes is a subgroup that may cause confusion about the real status of the 
testes. They are located at their initial embryological position below the kidneys, in contrast 



 
Advanced Laparoscopy 

 

88

to the high abdominal testes which are present along the line of descent at a variable 
distance from the internal ring (fig 2). This entity was realized when, during routine 
laparoscopy for impalpable testes, a leach of flimsy vessels was encountered entering an 
open inguinal canal with no vas (Fig. 9). The initial impression was that of an absent testis. 
During further inspection a vas was found hidden under the caecum and going in an 
upward direction toward the right hypochondrium. 
When followed the vas was seen to join the epididymis which was attached to a subrenal 
testis (Figs. 10 and 11). In 2008 we reported eight testes in 7 patients found at the sub-renal 
position after an initial finding of no testes and no vas at the pelvic inspection; seven on the 
right side and 1 on the left. The later belong to a patient with bilateral UDT (El Gohary, 
2008). We have since found another 4, all were on the right side. 
The predominance of right side for this particular cases is difficult to explain and it is rather 
early to generalize before we collect more cases 
 

 
Fig. 9. Initial finding of no vas and flimsy vessels in patients with subrenal testis 

The etiology might be attributed to poorly developed or absent gubernaculum. This is 
highlighted by the fact that the only trace of gubernacular tissues in the present cases was a 
leach of vessels along the course of testicular descent. Gubernaculum is attached to the 
epididymis and plays an integral part in testicular decent. 
There are 2 reports of subrenal testes with initial finding at laparoscopy very similar to our 
cases, but with the difference that they had no vas or epididymis and associated with 
ipsilateral muticystic kidney. There is a correlation between absent vas and renal anomalies 
(Deane & May,1982; Ellsworth & Cheuck, 2009; Kim et al. 2005) but those cases of absent vas 
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Fig. 10. Vas looping up towards subrenal testis 

 

 
Fig. 11. Vas joining sub-renal testis 
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and non visualization of the testis are extremely rare. And in patients with normal male 
phenotypic appearance warrant through laparoscopic exploration to locate the hidden testes 
along the course of descent.  

3.2.5 Spermatic vessel ligation 
In 1903, Bevan suggested division of the spermatic vessels to allow for scrotal placement of 
high abdominal testes. Fowler and Stephens,1959 expanded on this approach by dividing 
the spermatic vessels well above the testis and carefully preserving the collateral vassal 
arteries by leaving a strip of peritoneum attached to the vas when dissecting it into the 
pelvis. Ransley et al. 1984 reported a two-stage Fowler Stephen orchedopexy (FSO); This 
involved preliminary ligation of the spermatic vessels and after an interval of several 
months to allow for compensatory dilatation of collateral blood supply. Bloom, 1991 
described performing the first stage laparoscopically. Lindgren et al. 1999 reported on 
laparoscopic single-stage FSO. Although it has been proposed that a single-stage FSO is 
more favorable than 2satge procedure, as it avoids repeat anesthesia and the potentially 
difficult dissection associated with re-operation, (Boddy, 1991; Docimo, 1995); The majority 
of published series favors two-stage procedure as it allows for compensatory dilatation of 
collateral blood supply and have a better chance for testicular vascularization (Bloom, 1991; 
Boddy et al.1991; Daher et al. 2009; Dave et al. 2009).  
The blood supply to subrenal testes are very short and cannot be mobilized to gain enough 
 

 
Fig. 12. 2nd stage FSO in a patient with subrenal testis showing good vasculature (clips are 
close to the testis as the blood supply in subrenal travels short distance) 
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length of the cord, but the vas runs a log course in upward direction and its blood supply 
can  be used as a support for the mobilized testis using FSO. 
We have used one stage FSO in 2 patients, one of them became atrophied and the other 
attained good scrotal position. Two stage Fowler Stephen were used in the management of 
10 subrenal testes with good result in 7, (Fig 12) one reached to mid scrotal position and 2 
atrophied. The overall success rate for all Fowler-Stephens procedures was 85%, (Daher et 
al. 2009; Dave et al. 2009; Hutson & Clarke, 2007) 

4. Conclusion 
When no testis could be identified during laparoscopy, the vas and the testicular vessels are 
traced as leading points for testicular localization. As the vas develops separately from the 
genital ridge; its absence does not exclude the presence of a testis in an unusual location. 
Testicular vessels proved to have high accuracy as a land mark for the developing testis and 
its size has a relationship with the fictional testicular tissues, however poorly developed 
gubernaculums can easily be mistaken for hypoplastic testicular vessels. 
Subrenal none descended testes represent a variant of abdominal testes that are likely to be 
missed unless one is aware of its possible anatomical location. In this subset of cases there 
are no vas at initial laparoscopy and what looks like flimsy vessels represent poorly 
developed gubernaculum. Based upon embryological facts of testicular development, in a 
phenotypically normal male it is virtually impossible to be associated with an absent or 
agenetic testis. The absence of Mullerian remnants means that the there has been a testis at 
one stage of development that survived well above the 9th week of gestation. There are 
reported cases in which the testis was absent during initial laparoscopy and was 
subsequently found under the renal lower pole; which makes laparoscopic examination of 
the site of origin below the kidneys an essential step in all cases apparent absent testes. We 
do believe that testicular absence does not exist in normal males and that cases that were 
labeled as (absent testes) should be re-scoped to exclude sub-renal testes. An algorithm for 
management of impalpable testes is highlighted. 
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1. Introduction 
1.1 Embryology 
Until the 7-8 weeks gestation embryo (sexual differentiation time), the testis and ovary have 
the same position. Afterwards, the testis remains close to the future inguinal canal and the 
ovary moves away from the groin. 
Both gonads have upper suspensory ligament and lower gubernaculum. The cranial 
suspensory ligament persists in females and regresses in boys. This is believed to be due to 
androgenic hormonal control. The gubernaculum enlarges in boys. This is controlled by a 
non-androgenic hormone mostly mullerian inhibiting substance (MIS). 
Condensation of mesenchyme around the gubernaculum forms the inguinal canal 
musculature. A diverticulum of peritoneum grows caudally through the mesenchyme of the 
gubernaculum to form the processus vaginalis. The caudal part of the gubernaculum 
remains solid and the proximal part is divided into a central part (attached to the 
epididymis) and a parietal part (the cremasteric muscle) (Heyns 1987). At the third 
trimenster, the caudal part of the gubernaculums migrates through the inguinal abdominal 
wall and across the pubic region to the scrotum. 
The processus vaginalis grows inside the gubernaculum, with the testis leaving the 
abdominal cavity within it (Backhouse,1982).  
Scrotal migration of the testis and gubernaculums is under androgenic control. This is 
believed to be through the release of calcitonin gene related peptide (CGRP) by the 
genitofemoral nerve that control gubenaculum migration (Grocock ,1988). 
Intra-abdominal pressure, through the patent processus vaginalis, is a probable additional 
factor. This process is complete by the 35 weeks (Huston, 1996). 

1.2 Incidence 
Cryptorchidism is the most common anomaly of the male genital system. Around 4% of 
infants at birth have undescended testes. At 1 year old, the incidence is around 1%.  
20% of undescended testes are impalpable. Blind inguinal exploration of the impalpable 
undescended testes is unlikely successful. 

1.3 Etiology 
Multifactorial and many possible causes are raised: 
- Defects in the migratory mechanism itself. 
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- Genitofemoral nerve defects due to lack of gonadotrophin secretion by the pituitary or 
the placenta. 

- Abnormal location of the genitofemoral nerve with subsequent wrong site migration 
(outline the line of descent). 

- MIS or testosterone deficiency. 
- Some inherited syndromes are associated with undescended testes:   

 microcephaly: possibly due to pituitary hormone or gonadotrophin deficiency. 
 Prune-belly syndrome: possibly due to mesodermal defect and possibly decreased 

abdominal pressure. 
 Abdominal wall defects: gastroschisis, omphalocele, bladder extrophy 

(Hadziselimovic, 1987).  
 Neural tube defects as myelomeningocele due to defect of the genitofemoral nerve 

motor nucleus and abdominal wall paralysis. 

2. Laparoscopy for impalpable testis 
2.1 History 
- 1976: Cortesi et al published the first case managed by laparoscopy. 
- 1991: Bloom performed the first stage of Fowler-Stephens by laparoscopy. 
- 1992: Jordan performed single stage laparoscopic orchidopexy. 
- 1994: Caldamone reported second stage Fowler-Stephens orchidopexy laparoscopically. 

2.2 Differential diagnosis 
Impalpable testis may be one of the following: 
1. In the inguinal canal but can not be felt (excess fat, small testis) 
2. Absent testis: either due to agenesis or intrauterine torsion (vanishing testis). 
3. Intra-abdominal testis: 
- Peeping: close to the deep inguinal ring and can be manipulated into the canal. 
- Low abdominal testis. 
- High abdominal testis. 

2.3 Age of the procedure 
As parenchymal damage is clear under electron microscope at 1 year old and by light 
microscope at 18 months, the optimum age for surgery is before 1 year of age. 

2.4 Preoperative preparation 
Informed consent including the possibility of converting to laparotomy, staged orchidopexy, 
orchiectomy, contraletral scrotal orchidopexy. 

2.5 Technique 
Under general endotracheal anesthesia. Re-examine the boy under anesthesia to confirm the 
diagnosis of non-palpable testis. Make sure that the stomach is empty. Nasogastric tube 
might be inserted in small infants. Make sure that the urinary bladder is empty. If full under 
anesthesia; apply suprapubic pressure (Crede' manuveur) or insert a small catheter. Prep 
and drape the abdomen and the scrotum   



 
Laparoscopy for Impalpable Testes 

 

97 

2.6 Position 
The child is supine. The surgeon in the opposite side of the impalpable testis, the monitor is 
opposite to the surgeon, the assistant on the left hand side of the surgeon and the scrub 
nurse to the right. 
The patient is rotated to the contra-lateral side with mild Trendelenberg position on starting 
intervention. 

2.7 Port - placement 
For diagnostic laparoscopy, an umbilical port, by either the closed or open technique, is inserted. 
If the decision is taken for intervention; insert 3 mm trocar at the side of the impalpable 
testis at the midclavicular line at the umbilical level, and 5 mm trocar at the contra-lateral 
midclavicular line at a slightly lower level. 

2.8 Pneumoperitoneum 
Is established at 10-12 mmHg. This can be tolerated even by small infants. Pressure is up to 
15 mmHg in older boys. 
 
 

 
 

Fig. 1. Flow chart for the actions that should be taken depending on the findings on 
laparoscopy. 
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2.9 Diagnostic laparoscopy 
Using OO telescope, start exploration by looking for the testis at the possible sites. This could 
be deep to the internal inguinal ring, along its line of descent, or behind the urinary bladder. 
Plunging testis is detected by the presence of a patent processus vaginalis and by trying to 
manipulate the testis in and out the deep ring. Sometimes, the colon has to be retracted 
medially in order to detect a high testis. Further management is depending on what you 
find out on laparoscopy. See the flow chart for different possible scenarios and 
management: 

2.10 Laparoscopic orchidopexy (Figures 2-15) 
The colon is mobilized medially. Dissect the gubernaculum out of the internal ring and 
divide as distally as possible. Beware of long-loup vas around the gubernaculum. 
Dissect the peritoneum around the internal ring. Proceed with the dissection around the 
spermatic vessels high up. Avoid dissection at the area of meeting of the vas with the 
vessels. The small vessels anastomoses in this area are valuable testicular supply in case in 
need for clipping the gonadal vessels because of short pedicle (Fowler-Stephens technique). 
Dissect the bands of adhesions as needed to gain enough length. This could be as high as the 
origin of the gonadal vessels. 
Test the gained length by pulling the testis to the contra-lateral internal ring. If this is possible, 
then the length is enough and it is likely to reach the scrotum without much tension. 
The testis could be passed to the scrotum in one of three main routes: 
1. Through the normal native internal ring through the inguinal canal if the cord length is 
 good. 
2. Medial to the inferior epigastric vessels (lateral umbilical fold): in case of short cord 
 length (Prentiss maneuver). 
3. Medial to the medial umbilical fold: in case of very short cord length. 
Prepare a subdartos pouch in the hemiscrotum, push an instrument (long artery forceps or 
5-mm trocar) through the scrotum into the abdominal cavity. Some authors pass an 
instrument antegradely i,e from the abdominal cavity, through the internal ring, guided to 
the scrotum by palpation over the pubic area and the pass the trocar sheath over the 
instrument into the abdominal cavity. 
The testis is grasped from the area of gubernaculums attachment and pulled into the 
scrotum Deflation of the pneumoperitoneum is helpful in that step. The testis is secured in 
the subdartos pouch with fine stitches. The pathway might need dilatation in case of large 
gonads (Jordan et al., 1992).  
Re-inspect inside again through the laparoscope after re-inflating the peritoneum, if has 
been deflated, for any residual bands that need be dissected and to ensure hemostasis.  
The peritoneum over the area of dissection at the internal ring might be closed with stitches 
or endoclips. Some authors leave this area without closure with no reported complications 
related to this attitude. 

2.11 Staged orchidopexy 
If a two-stage procedure is planned, then ligation and division of the testicular vessels 
proximal or cephalad to the testis is required, followed by a 6-9 month period of time to 
allow augmentation of the secondary collateral vasculature to the testis. This ligation and 
division can be performed either with endoscopic cautery, endoscopic laser (KTP) or 
endoscopic clips (Holcomb, 1994).  
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The peritoneum overlying the testicular vessels approximately 2 cm cephalad to the testicle 
is incised. The testicular vessels are then either coagulated with the cautery or laser or 
secured with the 5 mm endoscopic clip applier and divided. If the two-staged approach is 
used, nothing further is performed at this time. 
 

 
Fig. 2. Left abdominal testis. Note the vas (dotted arrow), spermatic vessels (thick arrow), 
gubernaculum out of the internal inguinal ring (thin arrow). 

 

 
Fig. 3. Gubernaculum is pulled out of the internal ring (arrow). 
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Fig. 4. The gubernaculums is dissected far from its testicular end. 

 

 
Fig. 5. The peritoneum around the internal ring is dissected. 

 

 
Fig. 6. The peritoneal window is dissected. 
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Fig. 7. The vascular pedicle after being dissected high up to its origin. 

 

 
Fig. 8. Testing the cord length by pulling the testis towards the contra-lateral internal ring. 

 

 
Fig. 9. The scrotal crease incision. 
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Fig. 10. The subdartos pouch is developed. 

 

 
Fig. 11. 5 mm trocar is passed through the scrotal incision to inside the peritoneal cavity. 
This might be guided over an instrument passed from the peritoneal cavity outwards. 

 

 
Fig. 12. The port as it is passed inside. Notice the medial relation to the inferior epigastric 
vessels. This rout is useful in case of relatively short cord.   
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Fig. 13. The testis is grasped from the gubernaculum by an atraumatic instrument and 
pulled to the scrotum; not necessarily inside the sheath but rather following its tract. 

 

 
Fig. 14. The testis after being pulled and positioned in the subdartos pouch.  

 

 
Fig. 15. The testis is secured in the scrotum without tension. 
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3. Conclusions 
Laparoscopy is the gold standard for management of impalpable testes. Its diagnostic as 
well interventional potentials make it the routine technique for dealing with that problem. 
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1. Introduction 
Endoscopic surgery has revolutionized pediatric surgery in the past twenty years. Number 
of operations that were previously performed through abdominal wall incisions can now be 
completed using endoscopic surgical techniques. The degree to which pediatric surgeons 
have incorporated minimally invasive surgery into their daily practice is amazing as well as 
the range of performed procedures. By the end of the year 2010, more than 43000 papers 
have been published in prereviewed medical literature with the title containing words 
minimally invasive or laparoscopy. Among them, more than 3500 were in the field of 
pediatric surgery. Around seventy procedures have been described and one quarter of them 
has wide acceptance as the treatment of choice.  
Continuous efforts to minimize scarring from surgery led surgeons to explore new 
innovative and even less invasive solutions. Laparoscopic surgery using instruments in 
reduced sizes (mini & microlaparoscopy), two-port endoscopic surgery and less visible port 
laparoscopy (suprapubic and lateral –“hidden incisions”) were described as initial attempts. 
NOTES natural orifice translumenal endoscopic surgery as a completely non visible scar 
procedure advocated by some general surgeons hasn’t found supporters among pediatric 
surgeons. Idea of  an endoscope passing through a natural orifice and then a internal 
incision in the stomach, vagina, bladder or colon, thus avoiding any external incisions or 
scars to perform surgery has numerous limitations. Question whether the improved 
cosmesis is worth the risk of visceral injury is the basic complaint about NOTES.  
So for the vast majority of surgeons the most promising less invasive endoscopic surgery 
concept is a single incision laparoscopic surgery. This is a broad concept of single entry port 
surgery, applicable in abdomen, pelvis and thorax, performed by laparoscopes, scopes with 
working channels and endoscopes with flexible tips, and completed  intraabdominaly or 
partly extracorporealy. Plenty of terms and acronyms exist to describe broad concept of 
single incision surgery. Laparoendoscopic single-site surgery consortium for assessment and 
research (LESCAR), a multidisciplinary group of experts of various specialties, has recently 
reached a consensus on nomenclature and advocate the term laparoendoscopic single-site 
surgery (LESS).  
This concept has gained immense popularity throughout the world within the past few 
years. General surgeons as well as pediatric surgeons perform LESS in wide range of 
indications and volume of procedures inclines steadily.  
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In pediatric surgery, two basic concepts of single incision surgery exist and appropriate 
terminology for some of the procedures performed is still missing. One group of procedures 
is single site laparoscopic surgery using multiports and the set of LESS- adjusted 
instruments. Multiports (Endocone, X-cone, TriPort, UNI-X, SSL3P) are specially designed 
ports based on the principle of one-entry-multiple-working channel devices. Some instead 
of multiports use one large caliber and two adjacent trocars trough the single fascia incision. 
Surgery was performed using two or three specially adjusted, highly maneuverable 
instruments (S-shaped, bent or articulating instruments) in the manner similar or very much 
alike conventional laparoscopy. LESS performed by multiports provide independence of 
instrument movements and a steady field of vision. Traction and triangulation of tissue 
prior to dissection are in limited extent but still sufficient to fulfill basic requirements of 
laparoscopic operative technique.  
Another concept is single port laparoscopic surgery with the use of a operative laparoscope. 
These scopes reduce the number of ports placed during minimally invasive operations by 
providing both visualization and a operative channel. Surgeons use laparoscopic instruments 
and operate trough the working channel of the operative endoscope. Procedures could be 
completed intraabdominaly or a part of the surgery could be done in the manner of open 
surgery extracorporealy. The group of procedures which combines laparoscopy and 
extracorporeal open surgery is the most known as transumbilical laparoscopically assisted 
surgery- TULA surgery. Completion of procedure extracorporeally in the manner of 
conventional surgery eliminates need for expensive devices; staplers cartridges, endoloops 
and clips, consequently TULA gained additional popularity because of low expenses. Some 
authors report favorable results of TULA in term of operative time comparing to open and 
conventional laparoscopy. The reported advantages of TULAA as a technique that reduces the 
cost of laparoscopy, while preserving all the benefits of laparoscopic surgery made this 
technique widely popular in developing countries. This is an update of the possible uses of 
TULA for the anomalies and conditions encountered in infants and children.  

2. Basic principles of operative technique 
A traditional laparoscopic procedure involves three trocars and requires three separate 
incisions. One port is placed for the laparoscope, and two additional ports are placed for 
retraction and dissection. Surgeons use instruments freely while the field of vision is steady 
and visualization could even be improved as the assistant rotates 30 or 45 degree scopes.  
TULA is basically a single port technique. In some cases an accessory port is placed to assist in 
retraction. What makes this procedure specific for use is the fact that all intraabdominal 
dissection that needs to be done is made with an instrument which passes through the 
working channel of the telescope. Therefore, special equipments are necessary, including a 
telescope with a working channel and long shaft 420-430 mm instruments(Figure 1). Standard 
set of long shaft 420-ɵ5mm instruments include; a Maryland dissector, fine grasping forceps,  a 
hook-cautery, curved scissors and a aspiration catheter  because  standard suction devices 
usually can not pass through the working chancel of the scope or the length of the suction 
device in not sufficient. The approach can sometimes be demanding because of the unsteady 
field of vision. Movements of the instrument change the position of the laparoscope and 
produce sliding of the operated substrate out of the field of vision. Another problem 
concerning visibility is the parallax of working instruments and the field of vision. Therefore, 
an adjusted operative technique using minimal and gentle movements is required.  
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Fig. 1. Telescope with a working channel and long shaft 420-430 mm instruments 

Basic preoperative considerations include thorough explanation of the procedure to the 
patient and parents. As with any surgical procedure, the patient will be required to sign a 
consent form. Proper selection of patients that are not seriously compromised would be wise 
choice during the learning curve. Precise procedure planning based on accurate 
preoperative diagnostic is necessary.  
Operative room set up and instrumentation check up are mandatory. Compatibility of 
instruments and accessories is of utmost importance because most commercially available 
suction devices are too short for usage through the working channel of the scope. All suction 
activities need to be done by suction catheters. Procedure should be understood by all team 
members to reduce confusion during procedure and reduce operative time. 
All procedures are performed under general anesthesia, with endotracheal intubation, 
assisted ventilation, muscle relaxants and proper analgesia. Nasogastric tube decompression 
and bladder catheterization are done routinely. Single perioperative dose of antibiotic can be 
administered.  
Transumbilically assisted procedures usually have four main steps. Target organ is freed 
from intraabdominal adhesions. Exposition of the operative substrate onto the abdominal 
surface with precautions of slippage and spillage is the next step. Removal of substrate by 
open technique is the third part. Finally, the scope is reinserted to check the condition of the 
stump, exclude bleeding and perform final washings. 
While several port reinsertions are frequently necessary to complete the operative 
procedure, creation of an appropriate easy-entry abdominal approach is recommendable. 
The 12 mm port is inserted through the umbilical incision by open technique. Some 
procedures could be accomplished through 5 mm ports and a small diameter scope, but 
these scopes provide poor visibility, mostly due to the instrument’s optics and the fact that 
part of the screen is obstructed by the grasper. The open insertion of the first port could be 
sometimes time consuming, but much safer, especially in neonates with elastic abdominal 
wall, proximity of vital structures and potentially still patent umbilical vessels. The 
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possibility of patent umbilical vessels in neonates is not a reason to abandon umbilical 
placement of the laparoscopic port as it is feasible to identify and avoid these structures by 
meticulous preparation. Once, the incision in the midline is done, traction sutures on the 
both ends will help to manipulate with the abdominal wall, help to reduce accidental air 
leakage by approximating incision edges and help to reinsert the port in the case of 
substrate slippage during extraction. Pneumoperitoneum of 8 mmHg is standard for 
neonatal laparoscopy and usually sufficient to enable excellent visualization of the whole 
abdomen and pelvis. Visualization could be further improved by a cranio-caudal slope and 
an additional abdominal wall lifting by traction sutures on the edges of the incision site. 
Adjusted intraabdominal pressures are necessary with increasing age. For preschool and 
school children, pressure up to 10mmHg is usually sufficient, while for adolescents, 
pressures could reach values for mature population.  
Gentle synchronous movement of the camera and instruments provide sufficient visibility 
and exposure. Caution should be focused on coagulation while thermal injury is a 
threatening complication in a very limited working space. 
After the port removal, fascia is closed by interrupted absorbable sutures and a single 
anchorage skin suture umbilicoplasty is performed to restore the shape of the umbilicus. 
Finally, it is important to stress out three tips which enable safer and simpler procedure. 
Traction sutures on edges of fascia incision enable easier port reinsertion and wound 
closure at the end of procedure. Testing mobility of the operative substrate 
intraabdominally prevents substrate slippage during extraction and tears of the mesentery 
and adhesions, so in this way serious bleeding can be prevented. Finally, inspection of the 
abdominal cavity at the end of the procedure can be performed equally well in number of  
cases with manual abdominal wall lifting, so there is no need for CO2 reinsufflation and 
time can be saved.  

3. Indications 
In a particular condition, several important facts will determine the indication for TULA. 
The clinical status and the overall patient condition, previous experience in endoscopic 
surgery, available technology and willingness of hospital management to afford special 
telescope and adjusted set of instruments, the availability of OR, support from other staff 
and legislative. However, for some conditions widely accepted for conventional 
laparoscopy, TULA is suitable. TULA is for simple appendicitis, as the most common 
pediatric emergency, a diagnostic and a therapeutic approach with potentially numerous 
advantages. At the same time, TULA is suitable for various elective pediatric surgical 
procedures as follows; nonpalpable testis, exploration for abdominal pain, diagnostic and 
staging lymph node biopsies, ovarian cysts, biopsies for Hirschsprung's disease and leveling 
colostomy creation, urachal remnants surgery, gastrostomy and treatment of empyema. 
Although feasibility has been demonstrated in some procedures such as lung wedge 
resection and ingiunal hernia repair, I prefer to use other than TULA approach. 

3.1 Simple appendicitis 
Transumbilical laparoscopically assisted appendectomy is the most common single-port 
operation performed in pediatric surgery. Procedure begins with universal steps; operative 
creation of easy-entry abdominal access, pneumoperitoneum and insertion of the working 
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scope. The omentum should be moved away and appendix properly exposed. Sometimes, 
cranial retraction of the cecum helps. Rarely an additional port for traction is necessary. 
Once located; the appendix is freed from adhesions with a dissector, then grasped at the tip 
and extracted onto the abdominal surface via the umbilical port, with simultaneous release 
of the pneumoperitoneum. All three tools; port, scope and instrument should be brought 
out of abdomen together with appendix (figure 2) for this maneuver. The appendix is 
skeletonized off its mesenteric supply and divided at its base as in the open technique. The 
covering of the stump with the peritoneum is described, but it is not clear whether 
peritonealization has any particular benefit in reducing frequency of intra abdominal 
infections. Majority of surgeons advocate exposed appendicle stump as in conventional 
laparoscopy. The stump is dropped back into the peritoneal cavity and the umbilical port is 
replaced. Manual lifting of the abdominal wall usually enables sufficient working space and 
eliminates need for reestablishing of pneumoperitoneum. Then, the scope is reinserted to 
ascertain stump condition and check up for bleeding. Eventually, washout of the abdominal 
cavity is undertaken. Method is suitable even during infancy. According to currently 
published reports, TULA appendectomy technique seems to result in more complications 
but this difference is not statistically significant. Complications were minor port-site wound 
infections successfully treated with wound care and sometimes antibiotics. Complication 
rate may be explained by the technique of drawing the inflamed appendix through the 
umbilical wound. The absence of intraoperative complications and the minimal conversion  
 

 
Fig. 2. Port, scope and instrument should be brought out of abdomen together with 
appendix  
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rates confirm the safety of the technique. Reduced number and length of incisions lead to 
better cosmesis. Reduced cost is an additional advantage of TULAA. It is shown that higher 
cost of conventional laparoscopy is solely attributable to the purchase price of the used 
supplies. In limited resources, saving achieved by TULAA could be significant.  

3.2 Exploration for abdominal pain   
Almost all diagnosis and conditions clinically indistinguishable from appendicitis could be 
verified by operative scope and a vast majority of verified conditions could be solved in 
very similar manner as TULAA. The same principles as for appendectomy can be applied to 
any operation in which the operative telescope is used for acute abdominal pain. Mesenteric 
adenitis and inflammatory conditions of the terminal ileum can be verified and extension of 
the inflamed bowel can be accurately measured. The terminal loop of inflamed bowel can be 
brought outside for biopsies and enlarged mesenteric lymph nodes can be taken for 
histology. Omental torsion can be clearly indentified, infracted omentum can be brought 
extracorporeally and partial or subtotal omentectomy can be done very easily, followed by 
peritoneal washings and control of haemostasis at the end of the operation. Meckel 
diverticulum could produce pain secondary to ulceration or inflammation. Other 
omphaloeneteric duct remnant; sinus or band can produce pain due to mechanical 
obstruction. In the presence of Meckel diverticula, exposure on the umbilical incision and 
extraabdominal resection of the diverticula is feasible. Wedge excision or total resection and 
end to end anastomosis is possible. If an end to end anastomosis is performed, the bowel 
might be congested and it may be extremely difficult to reduce bowel loop back in to the 
abdomen. Incision should be enlarged at the beginning of procedure to prevent vascular 
bowel injury during surgery. Fibrous bands or other Vitelline duct remnants can be brought 
outside and resected. If coagulation and dissection is performed intraabdominally, the same 
principles as for adhesion release after previous abdominal operations should be applied. 
Idiophatic intussusception can be noticed and gently reduced by traction but sometimes 
additional port for counter traction is necessary. Gonadal pathology and ovarian torsion can 
be found even in infancy and prompt reaction and detorsion could prevent infarction and 
rupture of the ovary and definitive lost of gonadal tissue.  

3.3 Diagnostic biopsies, tumor staging and lymph node sampling 
3.3.1 Diagnostic biopsies for uncertain benign conditions  
Biopsies could help in differentiation in the cases of persistent hepatomegaly and 
splenomegaly of uncertain etiology, whether it is infective, metabolic or malignant. The 
hepatosplenic form of Cat scratch disease is a rare occurrence among children with intact 
immune system, and we previously published personal experience with laparoscopy. Liver 
and splenic masses of unknown origin, giant granulomas or tiny nodules could by precisely 
collected and analyzed.  

3.3.2 Lymph node sampling  
Patients who require mesenteric or pelvic lymph node sampling or lymphadenectomy are 
candidates for single-port laparoscopy. It is especially applicable for pediatric 
hematologic malignancies with primary abdominal presentation; lymph node 
involvement, wide dissemination and malignant ascites. In juvenile myelomonocytic 
leukemia abdominal symptoms could last over a period of weeks or months. The primary 
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indication for diagnostic laparoscopy  in pediatric  hematological malignancies  and 
lymphomas is a tissue diagnosis through biopsy of intraabdominal lymph nodes in the 
absence of peripheral lymphadenopathy, particularly when percutaneous core needle 
biopsy has been nondiagnostic. Procedures were performed through a single umbilical 
incision using an operative scope. Lymph node could be extracted or enucleated from 
bulking sites by meticulous preparation. For single nodules, problems could arise in the 
yield of adequate nodal counts. Another possibility is mesenteric nodules sampling. 
Exposure of a bowel loop on the umbilical incision and extracorporeal lymph node 
dissections could be the simplest solution.  

3.3.3 Biopsies for abdominal masses  
An abdominal mass in an infant or a child is a challenging diagnostic problem. It includes a 
spectrum of lesions of diverse origin and significance. Beyond the newborn period, there is a 
significant increase in malignant tumors. Therefore, all soft-tissue lumps that persist or grow 
should be biopsied. Biopsy is the only reliable way to determine or exclude malignancy. If 
needle biopsy fails to obtain sufficient or appropriate sample, tissue can be obtained via 
surgical biopsy. Although port site metastases are now reported less frequently, this serious 
complication of laparoscopic cancer surgery can still occur. Another serious complication is 
peritoneal seeding due to malignant spillage and tumor implantation. However, same 
complication can occur in open surgery. We prefer laparoscopic guidance for needle biopsies 
and active hemostasis in cases of persistent bleeding on biopsy site. For identification of the 
most appropriate puncture site operative scope could play a crucial role. Natural topography 
or adhered organs can make an obstacle for proper puncture so they should be gently 
removed by a grasper or a dissector to provide most appropriate biopsy samples. 

3.3.4 Staging 
Indications for staging laparoscopy in pediatric surgery are rare. Staging laparoscopy is 
indicated for primary staging or even restaging of Hodgkin’s lymphoma when accurate 
staging affects decisions for appropriate treatment and prognosis. Single port laparoscopy 
with operative scope is a worthily attempt and additional port could be   a reasonable spare 
solution. Gynecologists tend to expand the role of laparoscopy in the treatment of more 
gynecological malignancies. There are reports of single-site staging surgery for oncologic 
procedures. Potential benefits remain to be assessed in comparison with more conventional 
minimally invasive approaches. Pre-treatment laparoscopic staging in early-stage disease for 
therapeutic strategies planning and the laparoscopic second-look procedures in disease status 
assessment at the completion of adjuvant chemotherapy could be done in selected patients.  

3.4 Nonpalpable testis – Fowler-Stephen procedure stage I 
The length of testicular vessels is the main limiting factor in the descent of the testes in the 
scrotum. Since Fowler and Stephen proposed the division of testicular vessels, high and as 
far from the testes as possible to maintain collateral blood supply, this approach became 
standard in the treatment of high intra-abdominal testes, although testicular atrophy as a 
potential complication exists. Cortesi introduced the diagnostic laparoscopy and Jorden first 
completed a laparoscopic orchidopexy. Further investigations proved laparoscopic 
transection of the testicular vessels as safe in boys with high abdominal testes that do not 
reach the scrotum after laparoscopic high retroperitoneal dissection. Two-stage Fowler-
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Stephens orchiopexy appears to carry a higher rate of success than the single stage 
approach. First step in the treatment of nonpalpable testes is abdominal exploration by an 
operative scope. The decision to perform a staged Fowler-Stephen orchidopexy was based 
on the distance of the testis from the deep inguinal ring on laparoscopy. If the distance was 
more than three centimeters, we proceeded to a staged Fowler-Stephen orhidopexy. In the 
first stage, performed completely as single port, opening in the parietal peritoneum is 
created by 430-ɵ5mm scissors connected to diathermy for minor coagulation. Dissector is 
used for vascular plexus mobilization and testicular vessels are finally cautherized by a 
hook cauthery. This procedure yields a fair success rate. The magnification and wide 
mobilization of laparoscopy probably allows better preservation of the collateral vascular 
supply than open exploration. Transsection of the vessels by diathermy is a very safe, cost-
effective method. 

3.5 Gastrostomy 
Gastrostomy may be indicated in numerous situations. For all children with conductible 
esophagus PEG (percutaneous endoscopic gastrostomy) is the treatment of choice 
according to less invasiveness. The principle is endoscopic approximation of the stomach 
and peritoneum followed by percutaneous entrance into the stomach by cannula. 
Percutaneous cannula insertion is guided by transillumination. However, the morbidity of 
PEG placement still remains around or slightly less than 10%, due to injury to the 
intestine, colon or esophagus. 
For those children whose esophagus is not passable for flexible endoscopy, e.g. refracter 
strictures, epidermolysis bullosa, (Figure 3) etc, endoscopic guidance by transstomach 
illumination is not possible. Then, gastrostomy made by an operative laparoscope placed 
trough the umbilical port could be one of the options. The stomach and abdominal wall can 
be visualized directly thus limiting the chance of inadvertent injuries. Stomach is fixed by a 
fine grasper and approximated to the abdominal wall. Two percutaneous sutures are placed 
and PEG cannula can be inserted into the stomach as in endoscopic PEG placement, but now 
 

 
Fig. 3. Laparoscopic gastrostomy in epidermolysis bullosa 
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under visual control. Rest of the procedure is very much alike PEG procedure (Russell 
introducer technique). A guidewire is inserted through the cannula and dilation of ostomy 
channel is performed using dilators from PEG set. A series of dilators are used to increase 
the size of the gastric opening. Once sufficient width is achieved, PEG tube is inserted over 
the wire into the stomach under visual control and catheter balloon is insufflated with fluid. 
The fixation plate is then placed ensuring that sutures pass through the holes of fixation 
plate. Finally, knot tying anchorages fixation plate and stomach. This type of laparoscopic 
gastrostomy involves two skin incisions an umbilical and a stoma site incision.  
Some authors prefer gastrostomy with a single incision performed on stoma site. After 
introduction of port and operative scope, the stomach is indentified by the instrument 
which passes through the scope working channel. Greater curvature is grasped at the 
appropriate location and brought out through the trocar site. The gastrostomy is then 
sutured to the fascia and a primary gastrostomy button is placed. 

3.6 Urachal remnants  
Urachal defects are rare with urachal cysts, being the most common anomaly occurring in 
approximately 1/5,000 births. Urachal cyst, embryological remnant of the allantois 
originally communicates with the vertex of the bladder. Symptoms could be infection or less 
often recurrent umbilical secretion. Excision is curative. Abdominal exploration by usage of 
an operative scope provides clear insight in retropubic Retzius space and as a diagnostic 
procedure should be advocated in all cases of umbilical secretion when routine imaging 
techniques fail to show pathologic substrate. Procedure provides reliable diagnosis and 
enables safe and efficient treatment of pathology as single port. The dissection is performed 
on the anterior peritoneal wall. Cyst or urachal bend can be grabbed and exposed together 
with the vertex of the bladder on umbilical port. Cyst should be excised and the vertex of 
the bladder sutured with sutures in two layers. Bladder decompression by a catheter is 
mandatory. Laparoscopic approach shown in the previous case made it possible to 
minimize a long vertical incisional scar and related complications. 

3.7 Biopsies and leveling colostomy for Hirschsprung's disease  
Once the diagnosis of Hirschprung disesase is established by rectal biopsy, primary pull 
through is the treatement of choice. The presence of associated anomalies may dictate a 
staged approach. Immediate operation should be undertaken if irrigations are ineffective 
and leveling colostomy should be performed.  
By the use of the operative scope, mobile parts of the colon can be exposed on the umbilical 
incision and serial full thickness biopsies can be made in order to identify the most distal segment 
of the bowel with ganglion cells. In spite of the fact that gross appearance of the colon can 
suggest a transition zone it is smart to perform biopsies on at least four locations of the colon. We 
recommend biopsies on the rectosigmoid, the sigmodescendent flexure, the splenic flexure, and 
the hepatic flexure. All these segments can be easily brought to the umbilical incision and 
biopsies can be performed as in open surgery with full thickness sampling and closure of the 
biopsy sites by sutures. The transition zone should be identified with a frozen section biopsy. A 
colostomy above the transition zone in such cases is life protecting and should be performed in 
the same act. Additional trocar should be inserted at the place of the ostomy creation and the 
appropriate segment of the colon marked by sutures during biopsies should be brought out 
through the trocar site. A loop of bowel is secured by sutures to the incision in the abdominal 
wall. Colostomy is then finished in the traditional way. By this approach it is possible to create 
colostomy on all levels of colon, sigmoid, splenic or hepatic flexure (Figure4). 
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Fig. 4. Single port leveling colostomy after serial biopsies 

3.8 Ovarian cyst torsion, infarction and amputation 
Due to the stimulation by maternal hormones, cystic changes in fetal ovaries can be noticed 
in as much as one third of all female newborns. Hormonal imbalance during puberty is the 
reason for another peek of incidence among adolescents. The routine ultrasound scan as 
well as the improved US resolution have increased detection of cysts and allied gonadal 
pathology. Ultrasound patterns and cyst size have a prognostic value. Simple cysts greater 
than 5 cm in diameter have a greater chance of complications such as enlargement, rupture, 
bleeding and torsion. Shift from simple to a complex US pattern during follow up and 
verified debris, septation and solid component suggest complications. High incidence of 
complications is an argument in favor of surgical intervention regardless of symptoms or 
age of the patient.  
Author prefers two basic approaches. For simple cysts larger than 5 cm, laparoscopic 
decompression can be done. Cyst is identified and drained percutaneously by a suction 
needle. 
For complicated cysts, partial decompression and size reduction is done as the initial 
procedure by a puncture of the cyst. Second step is cyst exposure through the usage of a 
instrument and a operative scope on the umbilical incision. Incision enlargement is done if 
necessary. Rest of the cyst is removed on the abdominal wall as a open technique either by 
free cyst wall resection or by deflated cyst enucleation and if possible, ovary sparing surgery 
and tunica albuginea reconstruction. 
Three major issues exist with single port laparoscopy during infancy and puberty 
considering dissection, elimination and puncture needle manipulation. 
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If the cyst wall is attached to the parietal peritoneum, dissection is necessary. By pushing 
cyst forward, loose adhesions are exposed. Dissection of adhesions can be done by scissors’ 
tip (curved tip scissors) as close as possible to the peritoneal side in order to preserve the 
integrity of cyst wall until the whole cyst is completely freed and mobile (Figure 5). 
 

 
Fig. 5. Preserved  integrity of the cyst after laparoscopic mobilization 

If the ovary has undergone irreversible changes, elimination of bulky necrotic tissue can be a 
problem. Two possible solutions are available and decision should be made on case to case 
basis. The cyst could be suctioned to fit the size of the umbilical port and removed combined 
with incision enlargement, or it could be brought to the umbilical incision, capsule incised, 
solid component enucleated and then removed in reduced size as gall bladder removal for 
cholelithiasis. 
Finally, some tips regarding manipulation with puncture needle. It has been previously reported 
that the suction needle has a tendency to slide on the cyst and to cause an injury of adjacent 
organs in the presence of negative pressure. Visualization of the puncture site by camera and cyst 
fixation during puncture by the instrument which passes through the scope working channel 
minimizes the risk of slippage. Once puncture is done, a grasper placed on the puncture site 
around puncture needle solves the problem of potential fluid leakage and needle slip-out and 
enables manipulation with decompression needle inside the cyst in the cases of septation.  

3.9 Treatment of empyema 
Inflammatory fluid and debris in the pleural space as result of ongoing infection usually 
resolves after therapy. Some effusions do not resolve in spite of prolonged antibiotic 
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therapy. Inflammatory response can proceed until adhesive bands form. The infected fluid 
becomes loculated pus in the pleural space. No clear consensus has been reached concerning 
the optimal therapeutic strategy for advanced empyema. We consider thoracoscopy may be 
indicated only if chest tube drainage is inadequate and ineffective because of tube clogging 
and multiple loculations. Prior thoracoscopy, serial ultrasound examinations should be 
performed on daily basis in  the patient in a sitting position. Ultrasonography may provide 
information about the size, position and the viscosity of the lesion. Ultrasonography may 
also reliably demonstrate septa in the pleural fluid collection but the most important 
sonograpy could determine trocar insertion level. Scope insertion should be planned at least 
two intercostals space under or above the locus of empyema collection determined by 
ultrasound. Intrathoracic pressure up to 5 mmHg will collapse or partially collapse the 
lungs and improve visualization. Decortication and fluid aspiration are procedure goals. 
Decortication and release of the lung is a delicate procedure and can result in serious 
bleeding. Therefore, it is not clear whether total decortication is necessary or only partial 
decortication could be sufficient, especially having in mind the high incidence of 
readhesions. Limited experience showed that division of adhesion is possible using a 
Maryland grasper through the scope. Dissection should be done as close as possible to the 
parietal pleura and the chest wall while preserving pulmonary tissue. We found no need for 
a complete excision of all adhesions but only resection of the septa and a conversion of 
multilocular lesion to a single volume process. Sufficient size chest tube insertion should be 
done on the lowest point to enable sufficient drainage.  

4. Conclusion 
Single-port surgery has evolved significantly in the past few years and has been shown to be 
valuable, safe and effective alternative to traditional laparoscopy in the performance of 
minimally invasive operations. Pelosi in 1992 published first appendectomy, done trough a 
puncture on the umbilicus incision. An idea to apply principles and strategies of both 
procedures, laparoscopy and open surgery and thus compile advantages, resulted in 
development of laparoscopically assisted techniques- TULA for various indications. This 
approach represents a natural progression of minimal access surgery towards less invasive 
approach and is now a significant portion of LESS. Elastic abdominal wall and relatively 
short abdominal distances to the umbilicus made transumbilical laparoscopically assisted 
surgery especially feasible during infancy and childhood.  
Clear advantages of TULA are fewer incisions and decreasing costs. Fewer incisions 
minimize scars from surgery and lead to improved cosmesis. But, fewer incisions also 
slightly reduce operative time concerning time needed for insertion and closure of 
additional port sites and some authors reported statistically significant time saving for 
TULA-appendectomy in comparison to conventional laparoscopy. Finally, single incision 
eliminates most frequent complications associated with additional port insertion like 
hemorrhage due to injury of the inferior epigastric vessels, gastrointestinal lesion or 
ureter injury. 
In spite of reported decline in cost of laparoscopic instruments and supplies during time, 
laparoscopic operative procedures are still more expensive then open surgery. Cost-
effectiveness of laparoscopic surgery is based on the fact that the operative cost surplus is 
outnumbered by secondary savings associated with decreased hospital stay and earlier 
resumption to normal activities. In TULA, cost of operative procedure usually equals cost of 
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open surgery and operative cost surplus of laparoscopy is eliminated. At the same time, 
TULA procedure provides clinical benefits and secondary savings associated with 
laparoscopy.  
Some authors report improved patient outcomes like decreased pain and quicker recovery 
as additional advantages but controlled randomized trials to confirm that data are still 
missing.  
However, this technique, although very popular, has certain limitations. Little or no formal 
guidance, training or structured protocols exist at the moment. Therefore, a significant role 
in maximizing patient safety is setting threshold for conversion to conventional three port 
laparoscopy or even open surgery appropriately low. Some argue that TULA may lead to an 
increase in umbilical wound infections. Further investigations and bigger series of cases are 
necessary to give us clear picture in the incidence of these infections. Some reported 
difficulties when performing TULA in larger adolescents, but with certain precaution 
measures, surgery is done routinely in adult population too. Finally, one instrument is not 
sufficient for more complex and demanding surgery, but operative scope enables creative 
solutions for various surgical situations even in the complex MIS procedures.  
To have a complete insight into problem maybe the fact that PUBMED search for words- 
transumbilical single port laparoscopy gives 519 results, and if filter age is added; All Child: 
0-18 years- result is 96 published papers. 72 of 96 papers were published in the last five 
years, and thus provide a proof how challenging and vibrant part of surgery TULA is. 
Simplicity of most TULA procedures and low complication rate reported so far amplified 
reported benefits of transumbilically assisted approach. It makes TULA potent alternative to 
traditional MIS. 
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1. Introduction 
Varicocele is dilatation of pampiniform plexus in the scrotum.  It is one of the most common 
causes of male infertility.  The aim of this chapter is the evaluation of the role of laparoscopy 
in varicocele treatment; however, because of high incidence of this disease we will discuss it 
in brief. 

2. History 
Celsus, in the first century, found that varicocele makes testicular atrophy. Abol-ghasem 
Khalaf Zahravi (Albucasis) mentioned this subject and added that my teacher (Celsus) 
suggested orchidectomy for testis atrophy due to varicocele through scrotal incision parallel 
to the penis (1). 
Toullouch published a paper in 1952 about an infertile man with bilateral varicocele.  He 
operated on him, and the patient became fertile.  Then after two children he came in for 
vasectomy (2). 

3. Vasculature 
The main artery of the testes arises from the aorta.  This artery communicates to the other 
arteries like cremaster and vasal arteries at the internal ring (3). 
The main testicular vein has a high anastomotic condition which is called the internal 
spermatic vein.  It has some communication with external pudendal, cremasteric and vasal 
veins (3). 
The left internal spermatic vein drains to the left renal vein just opposite to the adrenal vein 
at a rectangular angle, but the right internal spermatic vein drains to the inferior vena cava, 
4-5 cm below the renal vein (4). 

4. Diagnosis 
Physical exam is still the key to diagnosis of varicocele.  However, in obese patients or 
during cold weather or for any other doubt, sonography, especially color Doppler 
sonography, is indicated.  Our study showed that the standing position with and without 
Valsalva maneuver and looking for reflux to be the choice procedure for the diagnosis of 
varicocele (5). 



 
Advanced Laparoscopy 

 

120 

5. Grading 
Clinically, there are three grades for varicocele. 
Grade I.  The patient is standing and varicocele appears while the scrotum is palpated and 
Valsalva maneuver is done. 
Grade II.  Varicocele appears while the scrotum is palpated without Valsalva maneuver. 
Grade III.  Varicocele appears as a "bag of worms" while the patient stands, without valsalva 
and palpation. 

6. Incidence and laterality 
Left sided varicocele is more common than the right side (85% vs. 11.2-25%, 6- 7).  The use of 
ultrasonography incidence of bilateral varicocele is more common than before.  Our study 
on diagnosis of suspected varicocele with ultrasonography among100 patients showed 
bilateral varicocele was 87%, left side12%, and only right side1%(5) Incidence of varicocele 
among young patients is 8-20%, but in infertile cases it is up to 40% (7-8). 
The reason for high incidence of varicocele in the left side may be the longer left spermatic 
vein and its attachment to the left renal vein with a perpendicular angle just opposite the 
adrenal vein established behind the descending colon. 

7. Etiology 
Etiology of varicocele is not really known.  The most acceptable theory is absence or 
insufficiency of internal spermatic vein valves and resulting venous reflux with its 
consequent results.  But Shafik (1973) suggested that varicocele is the result of cremasteric 
weakness and made scrotal plication for its treatment (9). 
Renogonadal bypass and nutcracker phenomenon is another theory for varicocele 
appearance. 

8. Effect of varicocele on spermatogenesis 
Now, most researchers believe that varicocele has some adverse effect on spermatogenesis.  
It is said that retrograde venous flow increase the scrotum temperature up to 2.5 deg. C. 
(10), and this increased temperature change stagnation of blood and decreases blood flow 
from the scrotum end to decrease oxygen and finally decrease maturation of sperm at the 
epididymis (7). 
Retrograde of adrenal metabolites through left internal spermatic vein, which have 
serotonin, can decrease spermatogenesis as well.  It is suggested that serotonin can increase 
prostaglandin production and affect spermatogenesis. 
Recent study by Benof et al (11) showed increased cadmium, even in unilateral varicocele, 
can accumulate bilaterally and induce apoptosis, decreasing sperm concentration. 

9. Symptoms and siepididymisgns 
The most important symptom of varicocele is infertility.  From 21 March 1990 until 20 March 
2003 we operated on 1,711 patients.  The operation was done because of infertility in 91.7%.  
Dull ache and heavy sensation (48%) were another symptom.  We also found two additional 
symptoms:  early ejaculation and spouse abortion. 
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In one study in the city of Kerman, Iran, the incidence of spontaneous abortion was 12% ( 12 
), but it was 59% (P<0.05) among 117 patients with varicocelectomy (from Sept. 1997), 
From September 1977 we asked about early ejaculation.  499 (58%) out of 862 varicocele 
patients had early ejaculation.  The incidence of early ejaculation in our population was 27% 
(P=0.000) (13). 
Three months postoperatively, 206 out of 499 patients that came for follow up 154 (75%) had 
improvement (6). 
Recently we are conducting a research in our IVF Center (Montaserieh) on varicocele and 
DNA fragmentation on sperm of spouses with their wives' history of abortion.  
Varicocelectomy can decrease DNA fragmentation in most cases (not published data). 
It is believed that varicocele can effect on hypothalamus - hypophyse axis (14).  In this 
regard it decreases Sertoli cell and Leydig cell functions (15). 
Sometimes we diagnosed high grade varicocele incidentally, without any symptoms and 
with children. 

10. Treatment 
10.1 Indication for treatment 
Not all varicoceles need treatment. We have seen, as we mentioned earlier, that, varicoceles 
with no symptoms: i.e. infertility, pain, sperm abnormality and testicular atrophy, do not 
need intervention. 
There are different treatments for a varicocele, including varicocelectomy, sclerotherapy and 
recently laparoscopy (16-17).  Open varicocelectomy and sclerotherapy is beyond the scope 
of this chapter. So we will focus on laparoscopic varicocelectomy. 
In 1991 Aaberge et al introduced laparoscopic varicocelectomy as the new and less invasive 
treatment for varicocele (18).  In 1999 Piskun and Rajpal introduced laparoendoscopic single 
site (LEES) surgery for cholecystectomy (19).  This newer technique is even less invasive 
than conventional laparoscopy, and it is safe and effective with a single 10 – 15mm incision.  
But it needs more cases and comparison with conventional laparoscopy (20).  For this reason 
we describe the conventional laparoscopic varicocelectomy. 

10.2 Technique 
Patient in supine position and under general anesthesia received by nasogastric tube and 
urethral Foley catheter.  A one-cm transverse incision is made immediately above the 
umbilicus, and then fascia is opened transversally.  We prefer Hasson (open) rather Verese 
(Blind) technique.  Before the insertion of a 10 mm trocar, we grasp the fascia with 0-nylon.  
After insertion of the trocar, the abdomen is filled with Co2 gas (# 15 mm Hg).  At this time, 
a 10 mm telescope is inserted into the first trocar.  Now we can see abdominal organs 
including the internal spermatic vein.   
After that two 5mm trocars are inserted through the midclavicular line at both sides of the 
umbilicus.  Grasping with one hand and using scissors in the other hand, two perpendicular 
incisions are made in the peritoneum overlying the left or right internal spermatic veins.  By 
lifting the vascular mass, arterial and lymphatic component should be separated from the 
vein(s) (fig.1-3).  Then veins are ligated by one or two clips (fig.4). 
We do not recommend cauterizing or suturing or even cutting the veins, to save time.  
When a 5 mm clip- applier is not available, it is possible to change the 10 mm telescope to a 
5 mm telescope and  10 mm clips applied. 
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Fig. 1-3. Right int. spermatic vein 
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Fig. 4. Left int. spermatic vein after clipped applied  

11. Our study 
We conducted a randomized study comparing three different forms of varicocelectomy: 
Laparoscopy, open with general anesthesia and open with local anesthesia.  We allocated 30 
patients with bilateral varicoceles in each group.  Our aim was to compare operative time, 
complications, and sperm analysis after surgery.  SPSS Software was used for data analysis. 
P value <.05 considered significant (21). 

12. Results 
The mean operative times were 3.0 ± 5.5, 27.0 ± 3.5 and 38.0 ± 1.8 minutes respectively 
(P = .02). 

13. Complications 
Regarding complications, it occurred only in the laparoscopic group (subcutaneous 
emphysema (one case). 
Post operative complications were summarized in table I. 
 

 
Table 1. Varicocelectomy Complications With Different Surgical Methods* 
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Sperm count after 3 months with analysis t test did not show any significant changes among 
the three groups, except slight improvement of sperm morphology in Group 3.  It is also 
summarized in Table 2(21). 
 

 
Table 2. Semen Analysis Results With Different Varicocelectomy Methods 

Our results showed the Complications, cost and also operative time, laparoscopy is not 
superior to other methods of varicocelectomy.  It is similar to other studies (22). 
We recommend laparoscopic approach for obese patients, recurrent (or persistent) 
varicocele, history of inguinal surgery and patients who had other diseases (renal cyst, 
inguinal hernia, non palpable testis, etc). 
One important notice: Bilateral varicocele is certainly more common than other urologic 
diseases that need laparoscopy surgery.  So for gaining experience and increasing the 
learning curve, conventional laparoscopic varicocelectomy or LESS has this potential value 
and are good options. 
We do not advocate the laparoscopic approach for unilateral varicocele except when it is 
concomitant with other mentioned pathology. 

14. Conclusion 
Laparoscopic varicocelectomy is recommended for infertile men with bilateral varicoceles.  
It is preferred in obese patients, history of inguinal surgery and or other diseases (renal cyst, 
inguinal hernia, non palpable testis, etc). 
LEES varicocelectomy is promising but needs either more experience or more patients. 
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1. Introduction 
The widespread use of abdominal cross-sectional imaging such as computed tomography 
(CT) and magnetic resonance imaging (MRI) has resulted in a significant rise in the 
frequency of incidentally detected renal masses (Mouraviev et al., 2006). Most tumors are 
small and localized renal tumors have been shown to be of a very early clinical stage. It is 
estimated that in 2009, 57,760 new cases of kidney caner will be diagnosed and 12,980 
patients will die of the disease in the United States (American Cancer Society, 2009). 
Nephron-sparing surgery such as partial nephrectomy remains the gold standard in patients 
with small renal cell carcinomas (RCCs), with oncologic outcomes similar to the use of a 
radical nephrectomy (Bandi et al., 2008). However, both open and laparoscopic partial 
nephrectomy are associated with a significant complication rate and laparoscopic partial 
nephrectomy is also associated with a significant learning curve, increased warm ischemia 
time, and a higher morbidity rate as compared with open partial nephrectomy (Gill et al., 
2003). Many cases with incidentally detected small renal tumors are found in elderly 
patients with significant comorbidities, and these patients may not be good surgical 
candidates. Therefore, several investigators have utilized a variety of energy-based tissue-
ablative technologies such as radiofrequency (RF) ablation, cryoablation, high-intensity 
focused ultrasound, microwave thermotherapy, and interstitial photon irradiation as 
alternative treatment options of small renal masses (McAchran et al., 2005). Among these 
minimally invasive ablative techniques, RF ablation and cryoablation are the most 
commonly utilized methods and have been extensively studied. For short-term results, 
cryoablation (4.6% tumor-persistent disease and complication rate of 10.6%) is considered 
better than RF ablation (7.9% and 13.9%, respectively) (Weld & Landman, 2005). However, 
there are no prospective comparative studies to suggest that cryoablation is more effective 
than RF ablation for the treatment of small RCCs. RF ablation has several advantages with a 
superior relationship between the RF-probe diameter and the volume of ablated tissue 
(Mahnken et al., 2005). RF ablation also provides many potential benefits, including a low 
complication rate, reduced morbidity, shorter hospital stay, absence of an ischemic period, 
possible conscious sedation, less expensive than surgery, and the ability to avoid the higher 
risk of surgical resection in elderly patients (Lotan & Cadeddu, 2005; Mouraviev et al., 2006; 
Park et al., 2007). Furthermore, RF ablation may minimize destruction of normal renal tissue 
and thus minimizes removal of functional nephrons (Mylona et al., 2009). For the 
intermediate term, the oncologic outcomes of RF ablation appear comparable to that of 
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partial nephrectomy for small, early stage RCCs (Stern et al., 2007). However, long-term 
data is still lacking. 

2. Mechanism 
High-frequency, alternating electric current produced by the RF generator is delivered to 
target tissues through an electrode. RF current returns to the generator via grounding pads 
and thereby completes the electrical circuit. Deposition of RF energy results in molecular 
friction and heat production, leading to membrane disruption, protein denaturation, 
vascular thrombosis, and ultimately, coagulation necrosis. Thermal damage is dependent on 
both the tissue temperature achieved and the duration of heating. Heating tissue to 50°C to 
55°C for 4 to 6 minutes produces irreversible cell injury. At temperatures between 60°C and 
100°C, near-immediate coagulation necrosis is induced. At 110°C, tissue vaporizes and 
carbonizes (McAchran et al., 2005; Zagoria, 2004a). 

3. Patient selection: Indications and contraindications 
Indications for RF ablation include significant comorbidities making the patient a high 
surgical risk, pre-existing renal insufficiency, advanced age, life expectancy of more than 1 
year but less than 10 years, a solitary kidney, patients who refuse surgery, or multifocal 
RCC, such as in patients with von Hippel-Lindau disease or familial RCC (Gervais et al., 
2005b; McAchran et al., 2005). The only absolute contraindications include irreversible 
coagulopathy or acute and severe medical instability, such as sepsis (Zagoria, 2004a). 

4. Techniques 
4.1 Equipment: RF systems and electrodes 
RF generators are either temperature-based or impedance-based systems. A temperature-
based system (RITA Medical Systems, Mountain View, CA, USA) monitors tissue 
temperature by the use of thermocouples at the needle tips and determines completion of 
treatment when the tissue adjacent to the probe has reached a target temperature for a 
predetermined duration of time. Impedance-based systems (Radionics, Burlington, MA, 
USA; RadioTherapeutics, Sunnyvale, CA, USA; CelonPOWER System, Teltow, Germany) 
measure the impedance of the surrounding tissue of the electrode and RF energy is 
delivered until the impedance exceeds a critical level (Anderson et al., 2005; Desai & Gill, 
2002). To the best of our knowledge, there are no comparative clinical studies showing a 
clear advantage for the use of each system. All of these generators modulate the amount of 
electrical current delivered to the electrode. If too much RF energy is provided too quickly, 
charring occurs immediately surrounding the electrode. This charring highly increases the 
resistance of the tissue and does not allow delivery of the electric current into the tissue. 
Thus, ablated zones are decreased in size and results are less reproducible (Anderson et al., 
2005). There is a variety of electrodes: single versus multiple tined probes versus cluster, and 
wet versus dry versus cooled-tip probes. However, there are no randomized comparative 
clinical studies for the electrode types. 

4.2 Guidance and approaches 
RF ablation is performed under ultrasound (US), CT, or MR guidance for exact targeting of 
the electrode within renal tumors. Most investigators prefer CT guidance that allows 
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accurate placement of the electrode. Although US provides widespread availability, real-
time imaging, absence of ionizing radiation, low cost capabilities, and portability, US has 
some limitations for guiding electrodes. (Fig. 1, US-guided radiofrequency ablation.) In 
some cases, it is difficult to visualize lesions due to a lack of innate tissue conspicuity or 
overlying bony structures or gas-containing bowel structures. During US-guided RF 
ablation, a tumor surrounding the electrode becomes centrifugally hyperechogenic 
secondary to microbubble formation in the ablated tissue. Thus, it may be difficult to 
appreciate the difference between tumor tissue and normal tissue. Such acoustic changes 
may increase the difficulty to reposition the probe for further treatment. For renal RF 
ablation, CT has some advantages, including superior anatomic delineation, easy 
visualization of small tumors, absence of obscuring artifacts after ablation, and intravenous 
contrast enhancement to determine the adequacy of ablation (Zagoria, 2004a). (Fig. 2, CT-
guided radiofrequency ablation.)  
RF ablation can be performed via open, laparoscopic, or percutaneous approach. Open RF 
ablation is rarely used in clinical practice. Laparoscopic RF ablation performed under 
general anesthesia is typically used for anterior and medial tumors or for tumors in close 
proximity to the ureter, renal hilum, or adjacent organs. Percutaneous RF ablation can be 
performed under conscious sedation or general anesthesia (Anderson, 2005; Carraway et al., 
 

 
Fig. 1. US-guided radiofrequency. US image shows a echogenic electrode within the tumor 
(arrow). 



 
Advanced Laparoscopy 

 

130 

 
Fig. 2. CT-guided radiofrequency ablation. Unenhanced CT scan shows a targeted electrode 
within the tumor (arrow). 

2009). Meta-analysis has shown that a percutaneous RF ablation procedure is safer and as 
equally effective as compared with an open or laparoscopic approach, although more than 
one treatment session may be needed to treat renal tumors completely (Hui et al., 2008). 

4.3 Pre-RF ablation biopsy 
There is no consensus on the value of performing a percutaneous biopsy prior to ablation of 
renal tumors. A pre-ablation biopsy is not required for treatment and a biopsy should be 
performed at the preference of the surgeon (Anderson et al., 2005). However, a biopsy is 
recommended if it is expected that the biopsy results will have an impact on patient 
treatment and follow-up imaging planning (Zagoria, 2004a). 
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4.4 Imaging follow-up 
Immediate follow-up imaging on postoperative day one or two is generally unnecessary 
and can cause misinterpretation, as the presence of periablation enhancement suggestive of 
reactive hyperemia may mimic the presence of a residual viable tumor on contrast-enhanced 
imaging (Carraway et al., 2009). Follow-up CT examinations are performed at 1 month, 3 
and 6 months, and then every 6 months thereafter in our institution. However, the timing of 
follow-up imaging studies varies among institutions and the optimal interval time remains 
to be determined (Gervais et al., 2005a). 

4.5 Outcomes 
4.5.1 Therapeutic efficacy 
Treatment success for RF ablation is assessed by postprocedural imaging, and is typically 
assessed by CT imaging or MR imaging at least 1 month after treatment. Imaging 
immediately after the procedure can be difficult to interpret because periablation 
inflammation may mimic the appearance of a residual viable tumor (Hines-Peralta & 
Goldberg, 2004). A definition of complete coagulation necrosis and thus a completely 
ablated tumor after RF ablation is the absence of enhancement on CT or MR images. 
Enhancement (> 10 HU or > 15% with CT and MR imaging, respectively) of any portion of 
the tumor is considered a residual viable tumor. Recurrence is defined as new enhancement 
that develops after CT or MR images have been interpreted to show complete necrosis 
(Gervais et al., 2005b; Zagoria, 2004a). Effectiveness is defined by the proportion of tumors 
without residual enhancement after one treatment session (i.e., primary effectiveness) or 
after repeated treatments (i.e., secondary effectiveness) (Hui et al., 2008). In our series, 17 
RCCs in 16 patients were subjected to RF ablation treatment. The mean tumor size was 2.2 
cm (range, 1.6-5.0 cm) and all tumors were in an exophytic location. The mean follow-up 
period was 23.8 months (range, 17-33 months). During the radiological follow-up period, 13 
tumors of 12 patients were successfully treated in one ablation session and 4 tumors of 4  
 

 
Fig. 3. Radiofrequency ablation of renal cell carcinoma. A. Contrast-enhanced CT scan 
shows low attenuated, exophytic tumor (arrow) with multiple, irregularly enhancing septa 
in the right kidney. B. Two-year follow-up contrast-enhanced CT scan after radiofrequency 
ablation treatment shows no intratumoral enhancement with decreased tumor size and 
peritumoral halo (arrow), suggesting complete ablation and no recurrence. 
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patients required more than one session on the basis on follow-up CT. (Fig. 3, 
Radiofrequency ablation of renal cell carcinoma.) One tumor required 3 sessions based on 
areas of persistent enhancement within the tumor. In addition, 7 tumors of 7 patients 
required electrode repositions, as the tumor size was too large. Technical success and 
technical effectiveness were achieved in all cases (100%). Local recurrence was not detected 
in any of the cases. On follow-up CT, all tumors showed a variable degree of size reduction 
(mean diameter, 0.6 cm; range, 0.2-1.7 cm) in comparison with pretreatment CT. No 
metastases developed in the patients during the follow-up period.  
Successful rates for complete RF ablation of small renal tumors have ranged from 82% to 
100% in recent series. Gervais et al. demonstrated that in 85 patients (100 renal tumors) 
who underwent percutaneous RF ablation, small (≤ 3 cm) peripheral tumors were 
completely ablated with 100% success; however, larger tumors (3-5 cm and > 5 cm) were 
ablated with 92% and 25% success rates, respectively (Gervais et al., 2005b). Zagoria et al. 
showed data on 125 RCCs in 104 patients who underwent percutaneous RF ablation. The 
tumor size ranged from 0.6 cm to 8.8 cm (mean size, 2.7 cm). Of 125 renal tumors, 116 
(93%) tumors were completely ablated with a mean follow-up interval of 13.8 months 
(Zagoria et al., 2007). McDougal et al. presented outcomes of 16 patients with biopsy 
proven RCCs with greater than 4-year follow-up. These investigators showed successful 
outcomes in exophytic masses smaller than 5 cm. Twelve (92.3%) of the 13 tumors treated 
had no evidence of disease (McDougal et al., 2005). Levinson et al. reported data with the 
longest follow-up to date (61.6 months). A total of 31 patients received 34 RF ablation 
treatments. Tumor sizes ranged from 1.0 cm to 4.0 cm (median size, 2.0 cm). The overall 
recurrence-free survival rate was 90.3%. There was a 100% metastasis-free rate and 
disease specific survival rate in the cohort of patients. The overall patient survival was 
71.0% (Levinson et al., 2008). 

4.5.2 Complications 
Complications are classified as major or minor based on the classification of the Society of 
Interventional Radiology with major complications requiring treatment or hospitalization 
and minor complications needing only conservative monitoring (Gervais et al., 2005a). In 
general, the overall complication rates of RF ablation have been reported from 2.8% to 
17.6% with the majority of complications being minor complications (Carraway et al., 
2009). The most common complication is hemorrhage (Gervais et al., 2005b). (Fig. 4, 
Perinephric hematoma.) 
Major complications include superficial liver laceration, significant blood loss, congestive 
heart failure, conversion to open surgery, hemorrhage leading to nephrectomy, pulmonary 
embolism, myocardial infarction, pancreatic injury requiring surgery, ureteropelvic junction 
obstruction, ureteropelvic junction injury requiring nephrectomy, urine leakage, 
pneumonia, pelvic vein thrombosis, hematuria with significant blood clots and urinary 
obstruction, persistent muscle weakness, ureteric thermal injury requiring stent insertion, 
persistent urinoma, proximal ureteral stricture, cutaneous–urinary fistula, colon–nephric 
fistula, colon injury, and needle tract seeding. Minor complications include perirenal 
hematoma, transient hematuria, wound infection, postoperative ileus, hydronephrosis, 
wound separation, probe site pain or paresthesia, infection, an increased serum creatinine 
level, and transient neuropathy (Hui et al., 2008). 
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Fig. 4. Perinephric hematoma. Contrast-enhanced CT scan shows hematoma (arrow) in the 
right perinephric space after radiofrequency ablation treatment. 

5. Factors influencing successful ablation 
Tumor size and location are the two most important factors that determine whether RCCs can 
be treated successfully. Zagoria et al. found that the major determinant of successful RF 
ablation was tumor size. There was no correlation between the success of ablation and tumor 
location, histology, and the presence of renal disease (Zagoria et al., 2004b). A recent series 
showed that RF ablation could be reliably performed to treat RCCs smaller than 3.7 cm 
(Zagoria et al., 2007). However, upper size limits for consideration of renal tumors for RF 
ablation have not been determined. Various investigators have set this limit from 2.5 cm to 4.0 
cm. (Gervais et al., 2005b). Despite advances in electrode design, successful ablation of tumors 
greater than 4 cm in diameter has been challenging. However, larger tumors require multiple 
overlapping ablations (Park et al., 2008). The location of the tumor can also influence the 
success of RF ablation. Even large exophytic tumors are usually treated successfully. However, 
central tumor ablation fails more frequently because of a heat sink effect where regional 
vascular flow reduces the extent of the thermally induced coagulation (Yoon et al., 2009). 
Gervais et al. found that both a small size and noncentral location are independent significant 
predictors of complete necrosis after a single ablation session, based on the use of multivariate 
analysis (Gervais et al., 2005b). The gauge and configuration of the electrode tip, intensity and 
length of the current, duration of energy applied, and certain characteristics of the tissue that is 
being ablated determine the extent of tissue ablation. Optimization of these factors is 
mandatory for success of RF ablation (McAchran et al., 2005). 
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6. Perspective 
Many clinical and experimental studies have reported promising short and intermediate-
term outcomes with RF ablation for the treatment of small renal tumors. However, multi-
institutional, high volume, long-term follow-up data on cancer-specific survival are not as 
yet available and such data are required before RF ablation can be considered as a standard 
of management. A further prospective or a randomized trial comparing RF ablation with 
nephron-sparing surgery such as a partial nephrectomy is needed. Optimal techniques to 
perform RF ablation for renal tumors are still evolving. We are awaiting further studies on 
factors that influence successful ablation. Additionally, future trials should also use 
standard terminology. Further studies for RF ablation will likely aim to alleviate existing 
shortcomings by the improvement of imaging and guidance, by increasing the size of the 
ablation zone, and by improving performance for problematic cases. 

7. Conclusion 
Although nephron-sparing surgery such as laparoscopic partial nephrectomy must remain 
standard therapy for patients with small, localized RCCs, RF ablation for the treatment of 
RCC is a very promising technique that should be considered as a treatment option for 
patients with small renal tumors who are not good surgical candidates. For indications, RF 
ablation can be applied successfully for the treatment of refractory hematuria resulting from 
RCC, for local recurrence of RCC, and for isolated metastases from RCC (Zagoria, 2004a). RF 
ablation is increasingly performed and the use of RF ablation has become widespread due to 
comparable encouraging short and intermediate-term outcomes and a relatively low 
incidence of major complications. However, critical use of this procedure is emphasized 
until more long-term follow-up results are available. Although a number of controversies 
currently remain, we believe that image-guided RF ablation is a safe and effective treatment 
option with a very low complication rate for small exophytic renal tumors in selected 
patients. 
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1. Introduction 
In the 1990s, laparoscopic surgery became accepted as a standard approach for general 
surgical operations including cholecystectomy (Barkun et al., 1992) and appendectomy 
(Attwood, Hill, Murphy, Thornton, & Stephens, 1992). In these randomized studies, the 
laparoscopic compared to the open approach resulted in decreased length of hospital stay, 
fewer postoperative complications, more rapid return to normal activities with reduced 
analgesic requirements. This was associated with decreased cost of care and also achieved 
superior cosmetic results leading to increased patient satisfaction. Following this, the 
frontier of laparoscopic surgery was pushed further forward through experimentation of 
other complex intraabdominal surgery including colorectal surgery (Milsom, Lavery, 
Church, Stolfi, & Fazio, 1994), bariatric surgery (Cowan, 1992) and more recently 
hepatopancreaticobiliary surgery (Gigot et al., 2002). The growth and expanded role of 
laparoscopic surgery in abdominal operations meant that cancer surgery may now be 
performed using laparoscopy. 
Despite the perioperative advantages, laparoscopic cancer surgery has been highly debated 
and its oncological appropriateness has been questioned. Doubts over the technique 
concerned compromising oncologic principles through loss of the surgeon’s ability to 
perform tactile assessment which could otherwise have been performed in an open surgery. 
It was also thought that with laparoscopic approach may limit the extent of resections. For 
example, in the setting of laparoscopic colon resection, reduced lymph nodes harvested 
from insufficient mesentery may make disease staging inaccurate. Further, there are 
concerns regarding the development of port-site metastasis. 
Port site metastasis was first described by Dobronte and colleagues (Döbrönte, Wittmann, & 
Karácsony, 1978) who described the case of a patient developing local tumor metastases in 
the abdominal wall two weeks after laparoscopy for malignancy and explained that this 
occurred due to infiltration of malignant ascites during needle and trocar insertion into the 
abdominal cavity at the port site. Since this report, there has been extensive publication of 
case reports in the literature, describing this phenomenon in gastrointestinal (Cook & Dehn, 
1996), urological (Chueh, Tsai, & Lai, 2004) and gynaecological malignancies (Sanjuán et al., 
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2005). This chapter identifies through a literature search the risk of port-site metastasis in 
laparoscopic surgery for cancer and discusses the current understanding to guide practice 
and management.  

2. Incidence of port site metastasis 
It was initially thought that port-site metastasis was associated with advanced malignancy. 
Cook and Dehn reported a rate of five of 46 patients (11%) developing port-site metastasis 
after undergoing laparoscopy and identified that advanced disease with serosal 
involvement of the tumor was associated with the occurrence of this phenomenon (Cook & 
Dehn, 1996). However, port-site metastasis has also been reported in patients undergoing 
colectomy for Duke A tumors (Prasad, Avery, & Foley, 1994). This may have been a result of 
soilage of tumor into the peritoneal cavity during surgery, implantation of circulating tumor 
cells present in the lymphatics and haematogenous system that are transacted as part of 
surgery or trauma during the process of specimen retrieval. 
To ascertain the incidence of port-site metastasis, we undertook a literature review of large 
clinical trials that reported results after an adequate follow-up time to determine the risks of 
its occurrence. As shown in table 1, from the 17 studies reviewed that included 11,027 cancer 
patients undergoing laparoscopic surgery or diagnostic laparoscopy, it appears that the 
port-site metastasis is a rare phenomenon, occurring in less than 2% of patients (COLOR, 
2009; Fleshman et al., 2007; Jayne et al., 2010; Kaiser, Kang, Chan, Vukasin, & Beart, 2004; 
Kim, Park, Joh, & Hahn, 2006; Koffron, Auffenberg, Kung, & Abecassis, 2007; Lacy et al., 
2008; Liang, Huang, Lai, Lee, & Jeng, 2007; Lujan et al., 2009; Martinez, Querleu, Leblanc, 
Narducci, & Ferron, 2010; Miyajima et al., 2009; K. H. Ng et al., 2009; S. M. Ng et al., 2008; 
Rassweiler et al., 2003; Shoup et al., 2002; Song et al., 2010; Zivanovic et al., 2008). In eight 
randomized clinical trials comparing laparoscopic surgery to open surgery for cancer, there 
was no statistical difference in the development of port-site metastasis or wound metastasis 
(COLOR, 2009; Fleshman et al., 2007; Jayne et al., 2010; Kaiser et al., 2004; Lacy et al., 2008; 
Liang et al., 2007; Lujan et al., 2009; S. M. Ng et al., 2008).  
In an international survey of port-site metastasis involving members of the German Society 
of Surgery, Swiss Association for Laparoscopic and Thoracoscopic Surgery and Austrian 
Society of Minimal Invasive Surgery, participants reported 70 of 409 cases (17.1%) of port-
site metastasis in patients undergoing laparoscopic cholecystectomy for gallbladder cancer 
and 19 of 412 cases (4.6%) of port-site metastasis in patients undergoing laparoscopic 
surgery for colorectal cancer (Paolucci, Schaeff, Schneider, & Gutt, 1999). These authors 
further alluded to the association of port-site metastasis and the propensity for 
intraperitoneal spread of cancer. The incidence data reported in this study appears to be 
high when compared to the tabulated studies. It is likely that the high incidence may be an 
effect of the learning curve of laparoscopic cancer surgery during the 1990s era as modern 
data seems to suggest otherwise. 
In summary, it appears from current data that port-site metastasis is a rare occurrence and 
its incidence is unlikely to be more common than wound metastasis when oncologic 
principles are adhered to in the technical performance of laparoscopic surgery. 

3. Hypotheses for port-site metastasis 
There are several mechanisms that have been proposed and studied in an experimental 
setting to investigate the development of port-site metastasis in animal models. Although 
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these in-vivo experiments has provided some mechanisms to explain its occurrence, the 
limitations in the homology of animal models where human cancer cell lines are used due to 
the lack of available native tumor cells and the immunodeficient state of these animal 
models (de Jong & Maina, 2010). Nevertheless, animal models remain a unique opportunity 
to provide in vivo information in translation research. The most commonly discussed 
hypotheses include hematogenous dissemination, wound contamination, effects of 
pneumoperitoneum that including the type of insufflating gas, chimney effect, 
aerosolization, surgical technique and the local immune response. Experiments 
investigating these hypotheses have yielded both positive and negative results and it is 
likely the occurrence of port-site metastasis is multifactorial stemming from a combination 
of these various hypotheses. 

3.1 Hematogenous dissemination 
The concept of hematogenous dissemination goes against the concept of direct spread of 
cancer cells to explain port-site metastasis. The establishment of port-sites for access results 
in tissue trauma and during the healing process, its hyperaemic state, provide a nutrient rich 
environment for tumor growth and may become a sanctuary site of tumor metastasis in 
patients with free circulating tumor cells within the systemic circulation. It has been 
previously shown that tumor cells establish themselves in sites with increased blood supply 
at a greater rate than normal tissues (Murphy et al., 1988). Two studies specifically 
compared the rates of port-site metastasis in a group undergoing intravenous cancer cell 
injection versus intraperitoneal injection in a mice model. Iwanaka et al reported an 
incidence of 0% compared to 63% of port-site metastasis in immature A/J mice undergoing 
intravenous compared to intraperitoneal injection of TBJ-neuroblastoma cells (Iwanaka, 
Arya, & Ziegler, 1998). Brundell et al used male Dark Agouti rats and injected a suspension 
of 105 Dark Agouti mammary adenocarcinoma cells into the internal jugular vein and 
stimulated laparoscopic conditions by a 15 minute period of insufflations and compared the 
port-site metastasis rate in rats who had routine closure of port-sites or in another group 
whom they performed a mid-line laparotomy prior to closure. These authors reported one 
case of port-site metastasis in the laparoscopic group and no wound metastasis in the 
laparotomy group (Brundell, Ellis, Dodd, Watson, & Hewett, 2002). Both these studies 
demonstrate that port-site metastasis occurring through hematogenous dissemination is 
rare, even in the presence of a hyperaemic wound state induced by the mid-line laparotomy 
as performed in the second study. 

3.2 Wound contamination 
The effect of direct wound contamination stems from a variety of reasons. The extraction of 
tumor through a small port-site together with the leakage of CO2 that occurs may induce 
movement of free tumor cells that have an increased propensity to implant  in the 
traumatised tissue of the wound (Tseng et al., 1998). During the surgical procedure, ongoing 
passage and extrication of instruments that are contaminated by tumor material due to the 
dissection process, may also explain its occurrence. Bundell et al studied the mechanism of 
wound contamination through detecting an increased deposition of radiolabeled human 
colon cancer cells that were injected intraperitoneally in trocar site due to contamination, 
demonstrated increased movement of tumor cells with increase in volumes of gas 
insufflations and decreased insufflations pressures leading to an increased contamination of 
trocar and port-sites (S. M. Brundell et al., 2002).  
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3.3 Pneumoperitoneum 
Carbon dioxide is the most commonly used gas for insufflations during laparoscopic 
surgery. It is non-flammable, inexpensive, colourless, readily available and readily absorbed 
(Menes & Spivak, 2000). The effect of insufflating gas to distend the abdomen creates a high 
pneumperitoneal pressure and consequentially stimulate movement of free peritoneal 
tumor cells or may result in sloughing or shedding of tumor cells from viscera into the 
peritoneal cavity (Moreira et al., 2001). Hirabayashi et al further elucidated the effect of 
pneumoperitoneum by using a scanning electron microscope to study the effects of how 
tumor cells disseminate to form port-site metastases after pneumoperitoneum in a nude 
mice model injected with human gastric cancer cells. They found that pneumoperitoneum 
immediately results in peeling and destruction of the muscular layer of the abdominal 
peritoneum, increasing the propensity of tumor cell adhesion at port-sites and subsequently 
healing process occurs leading to scar formation with presence of entrapped tumor cells 
(Hirabayashi et al., 2002). A “chimney effect” that occurs when gas leaks out along the trocar 
has been thought to be implicated in the development of port-site metastases. In an 
experiment to examine this hypothesis, tumor cells at trocar sites were found to be higher 
compared to the control when leakage of carbon dioxide gas along the trocar was permitted 
during a rat animal model injected with CC-531 tumor cells intraperitoneally (Tseng et al., 
1998). However, this may be related to the concentration of the amount of injected 
intraperitoneal tumor cells in the animal model as some other authors have not yielded 
similar results in their experiments to support this theory. Brundell et al demonstrated that 
increasing the tumor cell inoculums resulted in increased deposition of tumor cells on both 
ports and port-sites in a swine model, and further showed that displacement of the ports 
(removing and reinserting) increased the number of tumors cells deposited at port-sites 
(Brundell et al., 2003). Whelan et al failed to show that aerosolization of viable tumor cells in 
either in vivo or in vitro experiments with pressures up to 30 mmHg (Whelan et al., 1996). 
Pneumoperitoneum increases intraabdominal pressure and results in an increased in blood 
flow in the anterior abdominal wall. This has also been thought to increase the risk of port-
site metastasis as the increased circulation provides a favourable medium for growth of 
tumor cells (Yavuz, Rønning, Lyng, Grønbech, & Mårvik, 2003). In addition, the type of gas 
has also been shown to influence the rates of port-site metastasis with helium insufflations 
being the least likely compared to argon and nitrogen that were more likely to be associated 
with port-site metastasis (Gupta, Watson, Ellis, & Jamieson, 2002).  

3.4 Immune response 
Carbon dioxide has been thought to be toxic to lymphocytes in vitro and hence its 
insufflations into the peritoneal cavity may potentially affect the peritoneal cell-mediated 
immunity. Mathew et al demonstrate this in an experiment where adenocarcinoma cells 
were injected in the left upper quadrant of the peritoneal cavity in syngeneic tumor-bearing 
rats and subjected to laparotomy, laparoscopy with carbon dioxide or gasless laparoscopy. 
The authors obtained peritoneal macrophage levels and showed that tumor-bearing rats 
produced significantly less TNG-alpha in vitro during laparoscopy with carbon dioxide 
compared to gasless laparoscopy or laparotomy (Mathew, Watson, Ellis, Jamieson, & Rofe, 
1999). The results of this experiment was replicated by Ost et al who measured TNF-alpha 
levels from peritoneal macrophage in mice subjected to either carbon dioxide 
pneumoperitoneum or laparotomy and showed that peritoneal macrophage TNF-alpha 
secretion was significantly inhibited in mice subjected to carbon dioxide pneumoperitoneum 
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(Ost et al., 2008). In a human experiment, Evard et al sampled blood and peritoneal fluid 
before and after pneumoperitoneum from 16 patients undergoing laparoscopic 
cholecystectomy and measured cytokine levels, lymphocyte vitality and showed that there 
were significant decrease in absolute lymphocyte and cytokine counts during the early 
postoperatively before returning to normal levels (Evrard et al., 1997). This transient 
immunosuppression may facilitate implantation of tumor cells during laparoscopic surgery. 

3.5 Surgical technique  
Arguably, the strongest risk for port-site metastasis would be the surgical technique. 
Anecdotal case series reporting port-site metastasis after laparoscopic surgery have shown a 
decrease in rates of port-site metastasis with experience. In a large animal study of mice 
established with splenic tumors (n=128) who underwent either an open splenectomy or 
laparoscopic -assisted splenectomy, it was shown that the incidence of port-site tumor 
recurrence in the laparoscopic-assisted group decreased significantly with time (Lee, 
Gleason, Bessler, & Whelan, 2000). This was likely the experience in human laparoscopic 
surgery. During the 1990s, there were a large number of case reports describing the 
occurrence of port-site metastasis after laparoscopic surgery. This occurred during the initial 
learning curve of surgeons. However, in contemporary series such as the rates of port-site 
metastasis reported in the trials shown in table 1, port-site metastasis is a rare occurrence 
due to improved handling of tumor laparoscopically, meticulous resection, rinsing of 
instruments and the application of protective measures. Other factors that include suture 
closing of the peritoneum (Agostini et al., 2002) and the type of instruments have also been 
investigated (Nduka, Poland, Kennedy, Dye, & Darzi, 1998). 

4. Clinical significance of port-site metastasis  
The clinical significance of port-site metastasis should be regarded as a sign of locoregional 
recurrence. Although this could manifest as a “drop metastasis” during specimen retrieval, 
it is more compatible that the entry into the peritoneal cavity during laparoscopic surgery 
with insufflations of gas, repeated instrument cannulation of port-sites and tumor dissection 
process that leads to spillage of lymph and blood containing circulating tumor cells makes 
port-site metastasis a condition with high risk for peritoneal carcinomatosis. Z’graggen et al 
in a series of 37 patients undergoing laparoscopic cholecystectomy for unsuspected 
gallbladder cancer reported that all patients developed port -site metastasis as recurrence 
that was associated with peritoneal metastases (Z'graggen et al., 1998). The rate at which 
port-site metastasis develop is likely a factor of the tumor biology. Zivanovic et al reported 
20 of 1694 patients developing port-site metastasis after laparoscopic procedures for 
gynaecologic malignancies and showed that in patients who developed port-site metastasis 
7 months from the laparoscopic procedure had a median survival of 12 months compared to 
37 months for patients who develop port-site metastasis after 7 months (P=0.004) (Zivanovic 
et al., 2008). Therefore, port-site metastasis should be regarded a strong risk factor for 
peritoneal dissemination in addition to other previously described factors that include full 
thickness penetration of tumor through the bowel wall, spillage of tumor from lymphatic 
channels by surgical trauma or free perforation of the tumor (Sugarbaker, 1988). 
Peritoneal dissemination of cancer cells in the peritoneal cavity circulate with peritoneal 
fluid as a transport vector along with gravitational forces and fluid hydrodynamics driving 
the peritoneal circulation resulting in the pelvis and subphrenic spaces being a  
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First 
Author 

Year 
Published

Type of 
Study 

Number of Patients

Tumor 
Origin 

Duration 
of 

Follow-
up 

(Months)

Risk of 
Recurrence 

[Lap / 
Open] 

(%) 

Disease-Free 
Survival [Lap 
/ Open]  (% at 

X-Years) 

Incidence 
of Port-Site 
Metastasis 

[Lap / 
Open] (%) 

Laparoscopic Open

Jayne 
(Jayne et 
al., 2010) 

2010 Randomized 526 268 Colorectal 56 NR 
55 / 58 

(P=0.48) at 5-
years 

1.7 / 0.4 
(P=NR) 

Lujan 
(Lujan et 
al., 2009) 

2009 Randomized 97 96 Rectal 34 NR 
85 / 81 

(P=0.895) at 5-
years 

0 / 0 
(P=NR) 

COLOR 
(COLOR, 
2009) 

2009 Randomized 534 542 Colon 53 31 / 29 
(P=0.24) 

74 / 76 
(P=0.70) at 3-

years 

1.3 / 0.4 
(P=0.09) 

Lacy (Lacy 
et al., 2008) 2008 Randomized 111 108 Colon 95 18 / 29 

(P=0.07) 

84 / 61 
(P=0.0015)  at 

5-years 

1 / 0  
(P=0.65) 

Ng (S. M. 
Ng et al., 
2008) 

2008 Randomized 51 48 Rectal 90 NR 
78 / 74 

(P=0.55) at 5-
years 

0 / 2 
(P=NR) 

Fleshman 
(Fleshman 
et al., 2007) 

2007 Randomized 435 428 Colon 60 19 / 22 
(P=0.25) 

69 / 68 
(P=0.94) at 5-

years 

0.9 / 0.5 
(P=0.43) 

Liang 
(Liang et 
al., 2007) 

2007 Randomized 135 134 Colon 40 NR 
72 / 68 

(P=0.362) at 5-
years 

0.7 / 0.7 
(P=NR) 

 
Kaiser 
(Kaiser et 
al., 2004) 

2004 Randomized 15 20 Colon 35 0 / 5 
(P=NR) NR 0 / 0 

(P=NR) 

Martinez 
(Martinez 
et al., 2010) 

2010 Retrospective 1216 - Uterine / 
Cervical 49 NR NR 0.4 / - 

Song (Song 
et al., 2010) 2010 Retrospective 1417 - Gastric 41 3.5 / - 94 / - 0 / - 

Ng (K. H. 
Ng et al., 
2009) 

2009 Retrospective 579 - Rectal 56 23 / - 76 / - 0.7 / - 

Miyajima 
(Miyajima 
et al., 2009) 

2009 Retrospective 1057 - Rectal 30 7 / - NR 0 / - 

Zivanovic 
(Zivanovic 
et al., 2008) 

2008 Retrospective 1694 - Gynaeco-
logical NR NR NR 1.2 / - 

Koffron 
(Koffron et 
al., 2007) 

2007 
Retrospective 

Matched 
Analysis

300 100 Liver 69 2 / 3 
(P>0.05) NR 0 / NR 

Kim (Kim 
et al., 2006) 2006 Retrospective 312 - Rectal 30 NR NR 0 / - 

Rassweiler 
(Rassweiler 
et al., 2003) 

2003 Retrospective 1000 - Urological 58 NR NR 0.2 / - 

Shoup 
(Shoup et 
al., 2002) 

2002 Retrospective 1548 - 
Diagnostic 
Upper GI 
Cancers

8 NR NR 0.8 / - 

Table 1. Literature review of major clinical trials reporting the risk of port-site metastasis 

common site for cancer cell implantation (Carmignani, Sugarbaker, Bromley, & 
Sugarbaker, 2003). Peritoneal carcinomatosis when managed with chemotherapy alone is 
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a rapidly progressive disease state characterised by a symptomatic clinical course that 
occurs as a result of the peritoneal tumor masses that leads to abdominal pain and sub-
acute bowel obstruction. In a single centre experience of 349 patients with peritoneal 
carcinomatosis from colorectal cancer, the median survival was 7 months (Jayne, Fook, 
Loi, & Seow-Choen, 2002). A combined modality approach of cytoreductive surgery and 
perioperative intraperitoneal chemotherapy introduced by Dr. Paul Sugarbaker from the 
Washington Cancer Centre has been shown to be effective in managing this locoregional 
recurrence and alter the fulminant natural history of this disease (Sugarbaker, Schellinx, 
Chang, Koslowe, & von Meyerfeldt, 1996). Current results of cytoreductive surgery with 
perioperative intraperitoneal chemotherapy for non-gynaecologic malignancies showed a 
potential for a median survival of 34 months with a corresponding 5-year survival rate of 
37% (Olivier Glehen et al., 2010).  

5. Diagnostic laparoscopy in patients at high risk for port-site metastasis 
Data cited in this manuscript strongly suggests that the benefits of laparoscopic oncologic 
surgery outweigh the risk of port-site metastasis. However, there is a subgroup of patients 
who may profit greatly from diagnostic laparoscopy but who are at increased risk for cancer 
implantation at the trochar site. These are patients with ascites in whom there is a high 
index of suspicion for peritoneal carcinomatosis or peritoneal mesothelioma. Patients to be 
included in this group are those who may have mucinous ascites from a colorectal or 
appendiceal adenocarcinoma, ascites from ovarian cancer, ascites associated with a 
diagnosis of gastric cancer, or ascites from peritoneal mesothelioma. In these high risk 
patients a modification of the diagnostic laparascopic technique should be considered. The 
port-sites should be limited to the midline or limited to sites that can be included as part of 
the abdominal incision. Lateral ports should be avoided except under unusual 
circumstances and are rarely mandatory in this clinical setting – diagnostic laparascopy in 
patients with suspect carcinomatosis. 

6. Management of port-site metastasis 
A simple subcutaneous wide excision of port-site metastasis would constitute a failure of the 
understanding of the mechanism that underlies its occurrence. Owing to the high risk for 
peritoneal carcinomatosis, an extensive clinical work-up comprising of positron emission 
tomography scans and contrast enhanced computed tomography scan should be performed to 
identify for other sites of metastasis. In the absence of distant metastasis, a wide excision of the 
port site together with a laparotomy to survey the peritoneal cavity should be performed. If there 
are evidence of peritoneal seeding, a cytoreductive surgery combined with perioperative 
intraperitoneal chemotherapy should be performed in patients whose demographic and disease 
factors fulfil the selection criteria for treatment. For pseudomyxoma peritonei, a complete 
cytoreduction may achieve 5- and 10-year survival of 87% and 74% respectively (Youssef et al., 
2011 ), a median survival of 53 months and 5-year survival of 47%may be achieved in patients 
with diffuse malignant peritoneal mesothelioma (Yan et al., 2009), a median survival of 30 
months and 5-year survival of 27% for colorectal carcinomatosis (Elias et al., 2010), a median 
survival of 30 months and 5-year survival of 25% for ovarian carcinomatosis (Helm et al., 2010) 
and a median survival of 15 months and 5-year survival of 23% in the setting of a complete 
cytoreduction for gastric carcinomatosis (O. Glehen et al., 2010). 
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7. Conclusion 
Previous reports of an increased clinical incidence of port-site metastasis needs to be re-
evaluated. It appears from current data that the incidence of port-site metastasis is rare and 
is unlikely difference from that of wound metastasis, hence does not negate the benefits of 
laparoscopic cancer surgery. The reduction in incidence may in part be due to adherence to 
oncologic principles during laparoscopic surgery and prevention strategies that include 
port-site protective applications (Seow-Choen, Wan, & Tan, 2009). There may be a 
preponderance for the occurrence of port-site metastasis in malignancies that have a 
propensity for peritoneal dissemination, for example, ovarian cancer, colorectal cancer, 
pancreatic cancer, gastric cancer and appendiceal cancer. Port-site metastasis is a strong risk 
factor for peritoneal dissemination.  An accurate diagnostic work-up should include 
imaging and exploration of the peritoneal cavity to identify peritoneal metastases.  In the 
setting of peritoneal disease, referral to specialized peritoneal surface malignancy centres for 
treatment should be mandatory. 
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1. Introduction 
Hepatocellular carcinoma (HCC) is the most frequent primary neoplasia of the liver and its 
incidence has risen  and mainly affects subjects with cirrhosis. Globally, the main risk factor 
for HCC is hepatitis B virus linked or not to aflatoxin (1). Nevertheless, in industrialised 
countries, the most frequent risk factors associated with HCC are chronic infection caused 
by hepatitis C virus and ethanol ingestion (2). 
In the treatment of HCC, besides the size and number of nodules, also involved the patient's 
clinical status assessed by different methods (Child-Pough classification, MELD, ECOG 
performans status, indocyanine green levels, etc). Recently, the Barcelona Clinic group (3) 
provides a staging classification using the Child-Pough classification, performans status, 
Okuda classification, and evaluate the presence of portal hypertension and bilirubin 
levels.In the initial stages, the treatment options include: resection, liver transplant and 
ablation. In subjects with compensated cirrhosis, candidates for resection must be selected 
carefully and the liver function reserve must be tested (4). The best candidates for surgery 
are those with single tumours, those who present normal bilirubin and no clinically 
significant portal hypertension (5). HCC vascularisation is predominantly arterial and this 
establishes a specific vascular pattern characterised by intense contrast uptake in the arterial 
phase, followed  by  rapid wash out in the portal phase (6). Nevertheless, given that tumour 
spread via the veins originates in the area immediately surrounding the tumour, from an 
oncological point of view, it is worth performing a resection with a margin of 1 cm.  
Despite the strict selection process, the recurrence rate for this disease is very high and can 
reach 70 % after 5 years (4), recurrences of which, 70 %  correspond to intrahepatic metastasis, 
that were not detected when the resection was carried out, and 30%  are de novo HCC (7,8). 
On the basis of this, it was established that when liver transplants are limited to those subjects 
with single tumours that measure 5 cm or less or with a maximum of 3 nodules which 
measure less than 3 cm and that do not present vascular invasion or extrahepatic 
dissemination, a 4-year survival rate of 75 % and a recurrence rate of 8 % is obtained (9). 
In subjects with decompensated cirrhosis of the liver, resection is formally contraindicated 
and a liver transplant must be considered. In subjects with intermediate stage HCC (stage B 
according to HCC classification), the only treatment that has proven to be beneficial in terms 
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of survival outcome is transarterial chemoembolization (TACE) (10-13). However, despite 
the radiological treatment response obtained, in over half the cases, the main disadvantage 
was that most of the subjects experienced development of the disease despite the initial 
response. This treatment focuses on the predominantly arterial vascularisation of the HCC. 
It involves the selective catheterization of the hepatic artery, injecting a chemotherapy agent 
that is embedded inside a transport medium (usually lipiodol) and occluding the arterial 
flow afterwards with different embolizing substances.  
Moreover, laparoscopic liver resection (LLR) of hepatocellular carcinoma (HCC) on cirrhosis 
is generally indicated in Child A patients with tumours minor than 5 cm located in the 
peripheral segments (14) and more rarely in the right posterior segments. Given the special 
nature of the liver and the cirrhotic patient, LLR involves a high risk of bleeding and could 
require the use of the Pringle maneuver. Both events (hemorrhage and use of the Pringle 
maneuver) could cause postoperative liver failure, the main cause of death after liver 
resection (LR) in child A patients. 
Preoperative transarterial chemoembolization (TACE) has until now been used in large 
HCC with two objectives: (a) to increase resectability  or liver transplantation, by achieving 
understaging, and (b) to increase survival, by decreasing recurrence rates. However, given 
that HCC is a tumour that is mainly irrigated through the artery, preoperative TACE could 
decrease vascularization in the segments to be resected, and therefore reduce the risk of 
hemorrhage during liver resection. Consequently, the use of preoperative TACE could be 
recommended in early onset tumours, especially when they are going to be resected 
laparoscopically.  

2. Laparoscopic surgical technique 
2.1 Pure laparoscopic hepatectomy (PLP) 
The patient is placed in the decubitus supine position, independent of the location of the 
lesion, with the legs apart and slight bent over the pelvis. The surgeon stands between the 
patient’s legs and the first assistant to the left, with the second assistant to the patient’s right 
using a second monitor. Five trocars are used (four 10-mm and one 12-mm), 4 of them 
following a concave line to the lesion. After creation of the pneumoperitoneum (12 mmHg 
of CO2), either with a verres needle or with optiview, a 10-mm trocar is placed at the 
umbilicus for insertion of the straight telescope, and the 4 remaining trocars are placed 
under direct visual guidance. 
The first and second (10-mm) to the left and the right of the umbilical trocar; the next (10-
mm) in the left flank, on the mid axillary line, to insert the clamp for the Pringle 
manoeuvre; and the remaining in the subxiphoid areas to insert the liver separation 
forceps or for a better view of the suprahepatic veins and posterior hepatic ligaments. An 
intraoperative laparoscopic ultrasonography is performed using a probe  inserted through 
the 10-mm trocar. 
After necessary mobilisation of the liver the lesser omentum is dissected for control of the 
hepatic pedicle. Dissection of the hepatic parenchyma is done with 10-mm Ligasure Atlas 
(Tyco) or harmonic scalpel (Ethicon). When the hepatectomy is finished, the haemostasis 
is completed with Tissuelink (Primm). Following, any possible bile leaks are sutured, a 
haemostatic substance is applied to the surgical bed and an aspiration drain is placed on the 
surgical bed. The tumour specimen is extracted via a Pfannestiel incisión, without 
fragmenting so that the resection margins can be checked (15,16).  



Transarterial Chemoembolization Prior to Early 
Hepatocellular Carcinoma Laparoscopic Resection in Patients with Child A Cirrhosis 

 

151 

 
a)     b) 

Fig. 1. a) Pure laparoscopic surgery; b) Aesthetic results  

 

 
a)     b) 

Fig. 2. Echography probe a) Laparoscopic probe; b) Hand-assisted probe 

2.2 Hand Assisted Laparoscopic Surgery (HALLS) 
In cases of conversion to a (15,16), the position of  the patient and the assistants is the 
same as with PLP. The operation is begun with a transverse incision in the right flank, 
3-5 fingerwidths from the right costal edge (from the mid axillary line to the anterior 
axillary line). 
Abdominal muscles are dissected to reach the anterior sheath of the rectus, which is 
generally opened in few centimetres, and the hand-port is inserted. With the surgeon’s left 
hand inside the abdomen a 10-mm trocar is inserted into an adhesion-free area, the 
pneumoperitoneum is created (12 mmHg CO2) and the 4 remaining trocars are then placed 
in the same location and with the same function as in PLP. Subsequently a sonography is 
performed with an abdominal probe inserted via the hand-port. The surgical specimen is 
extracted through the hand-port incision in the right flank.  
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Fig. 3.1 Hand-assisted laparoscopic liver surgery 

 

 
Fig. 3.2 Aesthetic results 

3. Preoperative TACE technique 
In 2 cases the procedure involved selective catheterization of the hepatic artery followed 
by an injection of adriamycin embedded in lipiodol and arterial flow occlusion using 
spongostan. In the other 8 cases, we used polivinyl alcohol spheres loaded with 
adriamycin (17).  

4. Our experience 
We have shown the immediate intra and postoperative results of 10 cirrhotic Child A 
patients with HCC stages 0 and A according to the Barcelona Liver Cancer Classification (3). 
These patients were given TACE prior to LLR. 
Between January 1996 and December 2010 we performed 720 LR on solid liver tumours, of 
which 100 were by laparoscopy. LLR was carried out on 10 patients with HCC on cirrhosis 
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using a preoperative TACE, which was applied in order to decrease intraoperative bleeding 
(Table 1). All patients were Child A cirrhosis, without portal hypertension (normal platelets, 
gastroscopy without varices and no splenomegaly) and a normal total bilirubin. After 3 
weeks of TACE, a routine CT-scan showed tumour response to the treatment and scarce 
vascularization of embolized segments. 
 

 
Fig. 4. TACE: we can see the tumor and where arterial occlusion is performed 

 

Sex , years Etiology Nodules Size 
(cm) Location Technique Conversion 

to HALLS

Surgical 
time/ 

minutes

Blood 
loss Morbidity 

Male, 75 C Virus 1 4 VI-VII VI-VII No 210 150 No 
Male, 66 Alcohol 1 3 III III No 240 100 No 

Male, 60 Alcohol 2 3 and 2
VI + 

 
VII 

VI + 
 

RF VII 

Yes, for RF 
S. VIII 240 200 No 

Female, 53 C Virus 1 5 V V 
Yes, for 

adherencial 
block 

150 150 No 

Male, 60 Alcohol 1 3 Left lobe LLS No 180 300 Ascitis 
Male, 82 Alcohol 1 5 VI VI No 150 500 Ascitis 

Female, 60 B Virus 1 4 VI-VII VI-VII No 120 100 No 
Male, 71 Alcohol 1 3 III III No 180 70 No 
Male, 72 Alcohol 1 3 III III No 150 100 No 
Male, 74 Alcohol 1 2 VI VI No 120 50 No 

Table 1. Characteristics of the 10 patients with the TACE protocol prior to laparoscopic 
resection until December 2010 
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RF. Radiofrequency 
 

 
Fig. 5. The CT scan shows tumor necrosis and ischemia of the right lateral sector 

The surgical technique performed was: bisegmentectomy VI-VII in 2 cases, segmentectomy 
VI in 3 cases (in 1 case we associated radiofrequency of a tumour located in segment VII, 
near to right hepatic vein), segmentectomy III in 3 cases, in 1 case segmentectomy V and left 
lateral sectionectomy in 1 case.  No Pringle maneuver was used. No patients were 
transfused. There was no postoperative mortality. Two patients presented postoperative 
ascites that was resolved with medical treatment. The mean hospital stay was 3.7 days 
(range 2-12 days). 

5. Comments 
For most authors, HCC involves several surgical difficulties for laparoscopic approach (14-
16, 18-27), especially in the cirrhotic liver (14,18,19, 24.25) due to the increased hardness of 
the liver, portal hypertension and alterations in blood clotting. These difficulties make 
conversion to laparotomy, mainly because of hemorrhages. In 27 patients with HCC 
resected by laparoscopy [Cherqui et al. (14)],  there was a 26% conversion rate (7 patients, 5 
of which were due to hemorrhage); 6 patients had blood losses greater than 1000 ml and 3 of 
these were given a blood transfusion (15%). Given the risk from bleeding, the authors 
systematically carry out the intermittent Pringle maneuver (taking a mean time of 55 min) 
and this could explain why they report a longer mean surgical time (240 min) (14). The 
technical difficulties were greater in the resection of tumours located in right lobe (even 
when patients were in the left lateral decubitus position) compared to tumours located in 
the left lateral segments (II and III segments).  
Due to the greater risk of bleeding during LLR for HCC, we propose the use of TACE. As 
the tumour is mainly irrigated through the artery, selective TACE of the segments to be 
resected could lead to less vascularization, and therefore, less bleeding during LR. 
Consequently, there might be less need to occlude the hepatic hilum (this would prevent 
secondary hepatic ischemia, and therefore there could be less risk of postoperative liver 
failure), less surgical time and less transfusion. This seems to have been confirmed in the 10 
patients in our series. In spite of several tumours being located in a position that makes 
tumour resection technically more difficult, when LLR was used, mean surgical time was 
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low (174 min, range 120-240 min), mean blood loss was scarce (220 ml, range 50-500 ml) and 
the Pringle maneuver was not needed.  
In our series, unlike other authors (14-16), the patient was placed in supine position even 
when the lesions were in the right lobe. In two cases we had to convert to HALLS but this 
was not due to bleeding, which is a factor that commonly leads to conversion in other series 
(24,25,28). In the first case the patient was converted in order to mobilize the right hepatic 
lobe enabling radiofrequency of a 2 cm nodule located posterior to the right hepatic vein 
(resection of segment VI had been carried out previously); and, in the second case, 
conversion to HALLS was necessary because of complete blockage of adhesions of the 
subhepatic space due to a cholecystectomy 20 years earlier.   
In other series, intraoperative bleeding is lower than the levels published by Cherqui et al. 
(14). Belli et al. (19) carried out a retrospective study comparing 23 patients with HCC on 
cirrhosis treated using LLR compared to another 23 treated using open surgery (OS). Blood 
loss (260 ml vs. 376 ml by OS), transfusion (0% vs. 17% by OS) and the Pringle maneuver 
(0% vs. 21% by OS) were lower in the LLR group, although surgical time was higher (148 
min vs. 125 min with OS). Furthermore, only 1 patient out of 23 was converted (4.3%), the 
tumour was located in S VI and there were difficulties in finding the tumour for resection, in 
spite of the patient being in lateral decubitus position. Perhaps these good results are related 
to the location of the tumour (50% in the left lobe) and due to greater patient selection given 
that all the tumours were subcapsular and exophitic. In this kind of tumour that is so 
peripheral, it would probably be inadvisable to carry out TACE.  
There have been many retrospective studies of open surgery (30-32) comparing patients 
operated on by LR for HCC on cirrhosis with and without TACE. For Choi et al. (31) 
there are no differences in the 5 year survival rates between both groups and for Chen 
et al. (32) survival at 5 years was greater in the group with TACE. What is more, Choi et 
al. (31) compared the operative results of both groups, revealing slightly higher blood 
loss rates in the group with TACE, without statistical differences. These results are in 
contrast to our results and we believe that this is because the groups are not comparable 
because the TACE was carried out on central tumours > 5 cm and a greater % of major 
LR was carried out.  
To conclude, selective TACE of the tumour and of the segments to be resected by 
laparoscopy, in patients in the early stages of HCC on Child A cirrhosis without portal 
hypertension, seems to reduce blood losses and the need for occluding the hilum, and any 
consequent complications of occlusion. Prospective randomized studies are needed with a 
greater number of patients comparing laparoscopic resection with and without TACE in 
selected cases of HCC on cirrhosis, in order to analyze the advantages in the immediate 
postoperative period and the possible effects on long term survival.   
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1. Introduction 
Gastric cancer is one of the most common malignancies in Japan. Laparoscopic techniques 
have been used for the treatment of cancer in several organs, and laparoscopy-assisted distal 
gastrectomy (LADG) has recently been widely accepted for the treatment of early gastric 
cancer in Japan (Shimizu et al., 2003; Noshiro et al., 2005; Kitano et al., 2007). The potential 
benefits of LADG include less pain, less operative blood loss, earlier resumption of oral 
intake and shorter hospital stay compared to conventional open surgery (Adachi et al.,2000; 
Shimizu et al., 2000; Kitano et al., 2002). 
Obesity is a rapidly growing epidemic, and has been considered a risk factor for 
postoperative complications (Dhar et al., 2000; Inagawa et al., 2000). Special caution may be 
required when performing laparoscopic surgery on obese patients. Although several studies 
have reported that obesity adversely affects the technical difficulty and postoperative 
outcome of laparoscopic surgery (Noshiro et al., 2003; Senagore et al., 2003; Yasuda et al., 
2004), some recent studies have reported that obesity does not adversely affect these factors 
(Leroy et al.; 2005; Kim et al., 2006). The impact of obesity on the technical feasibility and 
outcome of laparoscopic surgery remains controversial. 
Obesity is characterized by an excess of visceral fat (VF) and subcutaneous fat (SF) 
accumulation. In Japan, the prevalence of obesity, defined by the World Health 
Organization as body mass index (BMI) ≥ 30 kg/m2, is only 2-3 %, in contrast to 30-35 % in 
the United States (Yoshiike et al., 2002; Kanazawa et al., 2005; Ogden et al., 2006). However, 
recent papers have shown that Japanese have more VF tissue than Caucasians (Tanaka et al., 
2003; Kadowaki et al., 2006). The accumulation of VF is thought to be one of the important 
factors affecting operative difficulty in laparoscopic gastric surgery. Although many 
surgeons feel that excess VF accumulation increases operative difficulty, the relationship 
between fat accumulation and operative difficulty has not been fully studied (Tsukada et al., 
2004; Seki et al., 2007). 
It is well known that excess VF accumulation is associated with cardiovascular disease, 
diabetes and hypertension (Fujioka et al., 1987; Kanai et al., 1990; Despres & Lemieux, 2006). 
We hypothesized that VF accumulation is also associated with technical difficulty and 
postoperative outcome of LADG. In this study, we evaluated the impact of VF accumulation 
on the technical difficulty and postoperative outcome of LADG (Ueda et al., 2009). 
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2. Patients and methods 
2.1 Patients 
The medical charts of 34 consecutive patients who had a preoperative diagnosis of early 
gastric cancer and underwent LADG in our hospital (Hamanomachi Hospital, Fukuoka, 
Japan) between November 2000 and November 2006 were analyzed. Three patients who 
underwent simultaneous LADG and cholecystectomy and one patient whose preoperative 
computed tomography (CT) was not performed in our hospital were excluded from the 
study. LADG was performed for lesions located in the antrum or body of the stomach. As 
the ability to perform extended lymphadenectomy is limited in LADG, the procedure was 
performed only for lesions thought preoperatively not to be infiltrating beyond the 
submucosal layer. The depth of infiltration of the lesion was assessed preoperatively using 
radiography, endoscopy and endoscopic ultrasonography. 

2.2 Measurement of visceral and subcutaneous fat accumulation 
VF and SF accumulation were quantified on preoperative abdominal CT images. The area of 
VF and SF tissue on cross-sectional CT at the level of the umbilicus was measured using 
FatScan software (N2 system corporation, Kobe, Japan) (Fig. 1A and 1B) (Yoshizumi et al., 
1999). Patients were divided into high and low VF accumulation groups based on the area of 
VF tissue, according to the criteria for VF accumulation recommended by the Japan Society of 
the Study of Obesity. Patients in the high VF accumulation group had an area of VF tissue ≥ 
100 cm2, and patients in the low VF accumulation group had an area of VF tissue < 100 cm2. 

2.3 Surgical procedures 
All LADGs were performed with 4 or 5 trocars under a pneumoperitoneum of 8 - 12 mmHg. 
Operative techniques consisted of the following procedures as described in other papers 
(Noshiro et al., 2005; Kitano et al., 2007): 1) laparoscopic dissection of the lesser and greater 
omentum, and ligation and division of the vessels to mobilize the stomach, 2) resection of 
the distal two-thirds of the stomach with D1+, D1+, or D2 lymph node dissection based 
on the Guidelines of the Japan Gastric Cancer Association, and 3) Billroth I reconstruction 
through a 5-8cm minilaparotomy incision. 

2.4 Statistical analysis 
We obtained the following clinical data from medical charts: age, sex, concurrent illnesses, 
tumor characteristics, operation time, operative blood loss, number of dissected lymph 
nodes, time to first flatus, time to resumed food intake, length of fever, white blood cell 
count, serum C-reactive protein (CRP) level and postoperative complications. Values were 
expressed as mean ± SD. Correlation between the area of fat accumulation and operative 
difficulties was analyzed by Pearson’s correlation test. Differences between the two groups 
of patients were analyzed by either Student t-test or Χ2 test. All statistical analyses were 
performed with StatView 5.0 software (SAS Institute, Cray, CA). A P value of < 0.05 was 
considered statistically significant. 

3. Results 
3.1 Correlation between fat accumulation and operative difficulty 
To investigate the effect of fat accumulation on the technical difficulty of performing LADG, 
the correlation between fat accumulation and operation time was analyzed. The area of VF 
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Fig. 1a. 

 
Fig. 1b. 

tissue was strongly and significantly correlated with operation time (P = 0.002, R2 = 0.285, 
Fig. 2A), but the area of SF tissue was not correlated with operation time (P = 0.229, R2 = 
0.052, Fig. 2B). The correlation between fat accumulation and operative blood loss was also 
analyzed. The area of VF tissue was strongly and significantly correlated with operative 
blood loss (P = 0.0003, R2 = 0.365, Fig. 2C), but the area of SF tissue was not significantly 
correlated with operative blood loss (P = 0.060, R2 = 0.120, Fig. 2D). These findings suggest 
that VF accumulation rather than SF accumulation may be a risk factor in LADG. Because 
BMI has commonly been used as a marker of obesity, the correlation between BMI and 
operation time or operative blood loss was also analyzed. BMI was significantly correlated 
with both operation time and operative blood loss (P = 0.044, R2 = 0.138, and P = 0.042, R2 = 
0.139, respectively) (Fig. 2E and 2F). VF accumulation was, however, much more strongly 
correlated with both operation time and operative blood loss than BMI. These data suggest 
that VF accumulation may be strongly associated with operative difficulty in LADG. 
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Fig. 2. 

3.2 The impact of VF accumulation on operative difficulty and outcome of LADG 
To confirm the impact of VF accumulation on LADG, patients were divided into high VF 
accumulation (160.4 ± 35.9 cm2) and low VF accumulation (53.9 ± 24.9 cm2) groups. 
Operative difficulties, operation time, operative blood loss, number of dissected lymph 
nodes, time to first flatus, time to food intake, duration of fever (> 37.5℃), white blood cell 
count on day 1 and 7, serum CRP level on day 1 and 7, postoperative complications, and 
conversion to laparotomy were compared between the two groups. Age, concurrent 
illnesses, tumor location, tumor size, tumor type, depth of tumor infiltration, and lymph 
node metastases were similar between the groups. The male to female ratio was significantly 
higher in the high VF accumulation group than the low VF accumulation group (Table 1). 
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The operative outcomes are given in Table 2. Operation time was significantly longer in 
the high VF accumulation group than the low VF accumulation group (294 ± 34 minutes 
versus 255 ± 32 minutes, P = 0.003). Operative blood loss was also significantly higher in 
the high VF accumulation group than the low VF accumulation group (240 ± 129 g versus 
109 ± 64 g, P = 0.001). There was no significant difference in the number of dissected 
lymph nodes, time to first flatus, time to food intake and duration fever between the 
groups. White blood cell count on day 7 and serum CRP level on day 1 and 7 were 
significantly higher in the high VF accumulation group than the low VF accumulation 
group. The frequency of postoperative complications and conversion to laparotomy was 
not significantly different between the groups, but major complications (anastomotic 
leakage) and conversion to laparotomy occurred only in the high VF accumulation group. 
There were no recurrences or deaths due to cancer during the follow-up period (range: 8 - 
75 months, mean: 32 months). 

4. Discussion 
The present study showed a significantly longer operation time and significantly more 
operative blood loss in patients with high VF accumulation than with low VF accumulation. 
However, time to first flatus, time to food intake, duration of fever elevation and 
postoperative complications were similar in the two groups. There were no operative deaths 
or requirements for blood transfusion in either group. These results suggest that LADG is as 
safe and beneficial for patients with high VF accumulation as for patients with low VF 
accumulation. 
In Japan, dietary changes favoring Western eating habits may have resulted in an increased 
rate of obesity in the population. BMI has been increasing in Japanese patients with gastric 
cancer (Kubo et al., 2005). Obesity is characterized by an excess of fat accumulation, and VF 
accumulation has been reported to be associated with obesity-related diseases such as 
cardiovascular disease, diabetes and hypertension (Fujioka et al., 1987; Kanai et al., 1990; 
Despres & Lemieux, 2006). VF accumulation may also be of great interest to surgeons, who 
consider excess fat accumulation to be a risk factor because of the limited visualization of 
surgical fields and increased difficulty of dissecting vessels. In this study, both operation 
time and operative blood loss were strongly correlated with VF accumulation, even though 
VF accumulation did not affect the operative death rate or postoperative complication rate. 
Our data suggests that VF accumulation may be a risk factor for operative difficulty in 
LADG. Two procedures were converted to open laparotomy, one because of difficulty 
isolating the root of the right gastroepiploic vessels in abundant fatty tissue, and the other 
because of difficulty in performing appropriate lymphadenectomy around the common 
hepatic vessels due to abundant fatty tissue. It is also recently reported that visceral fat 
accumulation increase operation time in laparoscopic resection of a rectosigmoid carcinoma 
(Seki et al., 2007). These data strongly supports the surgical opinion that VF accumulation is 
a risk factor in laparoscopic surgery. 
Although the obese population is increasing, severely obese patients are still uncommon in 
Japan compared to Europe and the United States. None of the patients in our study were 
severely obese, with the maximum BMI being 31 kg/m2 and the maximum VF being 230 
cm2. VF accumulation in severely obese patients may affect postoperative complications. 
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The effect of VF accumulation in severely obese patients undergoing LADG should be 
further investigated. 
Interestingly, the postoperative CRP and white blood cell count were significantly higher in 
the high VF accumulation group than the low VF accumulation group. VF accumulation is 
considered to contribute to systemic inflammation (Lyon et al., 2003). It has been shown 
recently that adipose tissue secretes inflammatory cytokines such as tumor necrosis factor-
alpha (TNF-) and interleukin 6 (IL-6), and that IL-6 production by human adipose tissue 
increases with obesity (Ronti et al., 2006). Gletsu et al. demonstrated recently that IL-6 
content in adipose tissue increased dramatically after laparoscopic surgery, especially in VF 
tissue, and that plasma IL-6 concentration is strongly correlated with IL-6 content in adipose 
tissue (Gletsu et al., 2006). Our data suggests that VF accumulation may play an important 
role in postoperative inflammation after LADG. 

5. Conclusions 
In conclusion, LADG for the treatment of early gastric cancer is as safe and beneficial for 
patients with high VF accumulation as for patients with low VF accumulation. VF 
accumulation may, however, be a risk factor in LADG because VF accumulation had a 
strong correlation with both operation time and operative blood loss. VF accumulation 
should be considered as a possible risk factor when making the decision to perform 
LADG. 
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Small Bowel Obstruction After Laparoscopic 
Roux – En - Y Gastric Bypass 
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México 

1. Introduction 
Obesity is an important health problem that has almost reached epidemic proportions. 
Morbid obesity, defined as body mass index (BMI) ≥ 40kg/m2 leads to a number of 
chronic-degenerative diseases with high morbidity, mortality, and costs of health care 
services. Conservative treatment has an elevated average of failure, being Bariatic surgery 
the best treatment. Surgical treatment results in sustained weight loss and control of co 
morbidities. (Sjöström, 2004; Buchwald, 2004). The Laparoscopic Roux–en-Y Gastric 
Bypass (LRYGB) is one of the most commonly performed bariatric procedures. Although 
the risk-benefit balance is highly favorable, it is important for the people in the field to be 
aware, understand and prevent potential complications. The aim of this chapter focuses 
on one of the potential complications of the LRYGB which is small bowel obstruction 
(SBO). 

2. General characteristics of the LRYGB 
This procedure was originally described by Masson and cols. in the 60's, based on the 
observation that patients who underwent gastrectomy presented weight loss. From the 
beginning it was found that factors such as size of the gastric pouch, diameter of the 
gastrojejunostomy, and length of the alimentary limb had an impact on the amount of 
weight loss.  
Surgical steps include: 
1. Construction of a divided small gastric pouch along the lesser curvature, and 
2. A small Roux-en Y gastrojejunostomy and a standard side to side jejunojejunostomy.  
Although there are several technical variations, volume of the gastric pouch is intended to 
be close to 30cc, length of the alimentary limb approximately 1m and length of the 
biliopancreatic limb  50cm. 
Physiologic changes involved in the RYGB include: 
- Early satiety due to the small size of the gastric pouch and elevation of the PYY in the 

lower part of the bowel. 
- Delay in the gastric empting as a result of the small diameter of the gastrojejunostomy, 

resulting in persistent satiety. 
- Decrease of appetite as a consequence of reduction of the levels of Grhelin in the 

excluded stomach.  
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- Reduction of the intestinal absorption as a result of the shortening of the small bowel by 
1,5m or more. 

- Intolerance to meals with high content of carbohydrates and fat. 
Among the many advantages of laparoscopic surgery in general, one is the reduction in 
adhesions which is a known factor for the development of SBO. LRYGB has demonstrated to 
improve patient recovery, to reduce postoperative pain, to diminish abdominal wall related 
problems but to increase the number of SBO from internal hernias. (Nguyen ,2004; 
Champion, 2007). When performing a LRYGB, the alimentary limb can be brought up in an 
antecolic or retrocolic fashion. In both techniques it is important to realize that there are 
some potential defects where the small bowel may be introduced producing an internal 
hernia. As it is shown in Figures 2 and 3, the mesenteric defect at the jejuno-jejunostomy 
takes place in both techniques, there is also a space between the alimentary limb and the 
mesocolon in both, and in the retrocolic fashion, the opening at the mesocolon is added as a 
potential defect. 

3. Small bowel obstruction from internal hernias 
In Figures 4 and 5, the way how a loop of small bowel can herniate through both the 
mesenteric defect at the jejunojejunostomy and the Petersen's space are shown. As we can 
presume, the major risk for an internal hernia is to leave the spaces open. However, it has 
been demonstrated that in some patients after significant weight loss, the intraabdominal fat 
 

 
Fig. 1. Antecolic and antegastric LRYGB. 



 
Small Bowel Obstruction After Laparoscopic Roux – En - Y Gastric Bypass 

 

169 

 
Fig. 2. Mesenteric potential defects. Retrocolic RYGBP (from Capella RF,Lannace VA, 
Capella JF. Bowel Obstruction after Open and Laparoscopic Gastric Bypass Surgery for 
Morbid Obesity. J Am Coll Surg 2006; 203:328-335.) 

tissue is also significantly reduced and the defects may be reopened. Small bowel 
obstruction in these patients has some peculiarities. Significant amount of small bowel can 
be introduced in the defect before symptoms appear. In many cases, the clinical feature 
becomes evident until the jejunojejunostomy passes through the defect. This has as a 
consequence that patients may experience nonspecific symptoms for long time or that 
symptomatic periods can be intermittent.  

4. Clinical presentation 
The most important symptom in patients experiencing small bowel obstruction after a 
RYGB is severe abdominal pain induced by food intake. Pain is associated to nausea but 
vomit is very rare. Some patients refer a history of repetitive episodes of abdominal 
discomfort that are resolved without medical management or with minimum dose of 
analgesics/antispasmodics. Opposite to the clinical feature of intestinal occlusion in non 
bariatric patients, bloating is rarely present. 



 
Advanced Laparoscopy 

 

170 

 
Fig. 3. Mesenteric potential defects. Antecolic RYGBP. PS Petersen´s defect.  JJ jejuno-
jejunostomy.   JD Jejunal mesenteric defect  (From Blachar A. Gastrointestinal complications 
of laparoscopic Roux-en-Y gastric bypass surgery: clinical and imaging findings. Radiology 
2002; 223: 625-632) 
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a)     b) 

Fig. 4. a. Surgical view of the mesenteric defect at the jejunojejunostomy. b. A loop of the 
common limb (arrows) is herniated into the mesenterium of the jejunojejunostomy 

  
a)     b) 

Fig. 5. a and b. A loop of small bowel is herniated through the Petersen´s space. (TM 
Transverse mesocolon, RL Roux limb) 

According to the limb that gets obstructed, the clinical characteristics may be different. Cho 
and colleagues for example have divided SBO into 3 types (Figure 6).  In Type I, the 
intestinal segment blocked is the alimentary limb, and because it is not connected to the 
bilio-pancreatic fluids, patients vomit only gastric juice and food remnants without bile 
content. In the Type II, the biliopancreatic limb is obstructed. Clinically there is no 
abdominal distention and radiological findings rarely show air-fluid levels; a contrast 
gastrointestinal series shows progression of radiological contrast along the entire small 
bowel up to the colon. The diagnosis is made on the basis of a high medical suspicion, a big 
air bubble in the left upper quadrant or by CT scan. Fortunately this type of hernia is very 
rare. The most common small bowel obstruction is Type III. Obstruction on any segment 
along the common channel occurs and the clinical picture is very similar to the classic bowel 
obstruction due to adhesions. The clinical features include abdominal pain, bloating, nausea 
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and vomiting. Multiple air-fluid levels are seen on X-rays and there is also enlargement of 
the gastric remnant. The diagnosis is established through the clinical feature and 
radiological studies including abdominal x-ray, contrasted upper gastrointestinal series and 
CT scan. 
 

 
Fig. 6. Sites of intestinal occlusion in a RYGBP. (Reproduced from Cho M, Carrodeguas L, 
Pinto D, et al. Diagnosis and management of partial small bowel obstruction after 
laparoscopic antecolic antegastric Roux-en-Y gastric bypass for morbid obesity. J Am Coll 
Surg. 2006; 202:262 – 268). 

For the diagnosis of SBO it is very important a complete clinical history and physical exam. 
Patients undergoing a RYGBP may present other medical conditions causing abdominal 
pain such as gastric ulcer, marginal ulcer, gallstones, irritable bowel syndrome, etc. Once 
other causes of abdominal pain are ruled out, a plain abdominal X-ray may help with the 
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diagnosis. In Fig 7, radiological characteristics of SBO are shown. Multiple air-fluid levels 
and dilation of bowel loops proximal to obstruction are highly suggestive of intestinal 
obstruction. The most sensitive and specific radiologic test to confirm the diagnosis is an 
abdominal CT (Iannuccilli, 2009). A gastrographin upper gastrointestinal series may be used 
as an alternative (Fig 8). It is important to highlight however, that in up to 20% of the 
patients the diagnosis cannot be established before surgery (Hwang, 2004; Higa, 2003). 
 

  
Fig. 7. Plain abdominal X-ray films showing a proximal small bowel obstruction after a 
LRYGB. An internal hernia at the mesenteric defect of the jejunojejunostomy was confirmed 
at surgery 

Radiological signs of small bowel obstruction on CT are: 
- Dilatation of the small bowel proximal to the obstruction with multiple air-fluid levels. 
- Normal or collapsed bowel distal to the obstruction. 
- The “mushroom sign” which is the result of the herniated mesenteric root through the 

jejunojejunostomy defect, bordered by the superior mesenteric artery and distal 
mesenteric branches. (Fig 9a) 

- The mesenteric swirl sign. Due to twisting of mesenteric vessels and fat around the 
mesenteric artery.  

- A jujunojeunostomy displaced to the right side of the midline which suggests torsion of 
the mesenteric root. (In the normal situation the jejunojejunostomy is located on the left 
side of the abdomen. (Fig 9b) 

- Loops of small bowel clustered at the left lower quadrant. 
- The hurricane eye sign created by mesenteric fat surrounded by tightly packed bowel 

loops.(Fig 10 a) 
- Multiple enlarged lymph nodes clustered together within the mesentery around a 

central vascular axis. (Fig 10 b) 
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Fig. 8. Gastrographin upper gastroinestinal study showing small bowel obstruction in a 
patient with internal hernia at the jejunojejunostomy  

 

  
a)    b) 

Fig. 9. Signs of SBO on CT. a) The mushroom sign. Note  the mesenteric root passing 
through the jejuno-jejunostomy defect, bordered by the superior mesenteric artery (thin 
arrow) and the distal mesenteric branches (thick arrow). b) The jejunojejunostomy is 
displaced to the right side of the abdomen. (arrow) 
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(Reproduced from Iannuccilli J, Grand D, Murphy B et al. Sensitivity and specificity of eight 
CT signs in the preoperative diagnosis of internal mesenteric hernia following Roux-en-Y 
gastric bypass surgery. Clinical Radiology 2009; 64: 373-380. ) 
 

  
a)     b) 

Fig. 10. CT scans showing a) the Hurricane sign (arrow) and b) enlargement of lymph nodes 
(arrow) 

In a patient with history of a RYGBP who present with abdominal pain associated to 
abdominal bloating, nausea, vomiting and radiological findings suggestive of small bowel 
obstruction, the diagnosis is very easy. However, patients with episodic abdominal pain and 
no radiological findings may represent a real challenge. Because untreated internal hernias 
have a potentially high risk of complications, diagnostic by laparoscopy is recommended in 
those patients. (Pitt, 2008) 

5. Management 
Initial management of patients with SBO includes proper assessment and reposition of fluids 
and electrolytes. A nasojejuneal tube may be needed for decompression in order to ameliorate 
the pain and to reduce the risk of bronchial aspiration at the time for surgery. Prophylactic 
antibiotics are highly recommended to prevent infections from bacterial translocation.  
Once the diagnosis is established, surgical management is the only therapeutic option. The 
time between the diagnosis and surgery must be just the necessary to stabilize the patient, to 
get pain control and take care of additional problems that may be present such as severe 
hyperglycemia in diabetics. 
Most patients may be treated by laparoscopy. Rapid sequence intubation is preferred in 
most patients. In the authors experience (Rodriguez & Herrera, 2010) the first step during 
the systematic surgical exploration is to explore Petersen’s space by lifting the mesocolon on 
the right side of the alimentary limb. A loop of bowel protruding behind the alimentary 
limb makes the diagnosis of a Petersen's hernia. To assess the jejunojejunostomy, 
identification of the distal ileum is recommended. Once the ileocecal valve is identified, the 
small bowel is run between forceps all the way up. A cluster of dilated small bowel loops 
above the mesocolon in a patients in whom the RYGP was performed retrocolic, makes the 
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diagnosis of hernia through the mesocolic defect. Any bowel herniation must be reduced by 
gentle traction using atraumatic forceps and the defects should be closed using non-
absorbable sutures. All potential sites for obstruction should be explored and all open 
defects must be closed even in the absence of an overt hernia. Figure 10 shows a hernia 
through the Petersen's space and proper closure of the defect after the hernia was reduced. 
In figure 11, a hernia through the mesenterium at the jejunojejunostomy is shown as well as 
the space after closure 
 

a)     b) 

Fig. 10. a) Hernia through the Petersen’s space and b) Petersen’s space properly closed. TM 
transverse mesocolon, M mesenterium, AL alimentary limb, BH bowel herniated. 

Intestinal function usually recovers soon after surgery and patients are able to take liquid 
diet on the 1st postoperative day. Prokinetics may help in the process. Many patients can be 
discharged from the hospital within 24 hrs. 
 

  
a)     b) 

Fig. 11. a) Internal hernia through the Jejunal mesenteric defect and b) The mesenteric defect 
has been closed  

The reported incidence of SBO from of internal hernias has important variations in the 
surgical literature. In our experience, proper closure of all potential defects with non 
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absorbable sutures significantly reduces the incidence of internal hernias. (Rodriguez, 2010). 
In a recent study two different techniques in patients undergoing an antecolic and 
antegastric RYGB were comparatively analyzed. In the first group, the surgical technique 
included a wide opening of the mesentery at the level of the jejunojejunostomy and the 
Petersen´s space was left open. In the second group, only a small mesenteric window at the 
jejunojejunostomy was opened and both, the Petersen´s space and the mesenteric folds at 
the jejunojejunostomy were meticulously closed. The incidence of internal hernia was 
excessively high in the first group and it significantly dropped in the second group.  
Just as in an abdominal wall defect, mesenteric defects are potential sites of SBO. Because of 
the peristaltic and random movement of the intestine, it is feasible that at some point a loop 
of small bowel may get into the defect and become obstructed. Table 1 shows the 
comparative analysis of SBO in different series 
 

1st Author, 
year 

Total 
No. 

Patients

SBO 
No 
(%) 

Roux 
limb 

fashion 

Internal 
Hernia 
No (%) 

Jejunal 
defect 

Petersen´s 
space 

Trans 
mesocoli
c defect 

Higa 2003 2000 - Retrocolic 63 (3.1) 14 5 44 
Champion 
2003 711 13 (1.8) Both 6 (0.8) 1 1 4 

Hwang 2004 1715 55 (3.2) Both 17 (0.9) 8 - 9 
Nguyen 2004 225 9 (4) Retrocolic 4 (1.7) 2 - 2 
Cho 2006 1400 21 (1.5) Antecolic 3 (0.21) - - - 
Authors 2010 187¶ - Antecolic 27 (14.4) 17 10 - 
 172§ - Antrecolic 2 (1.1) 2 0 - 

* Transverse mesocolic hernia 
¶Wide opening of jejunal mesentery and without closure of the Petersen´s defect. 
§ Without wide opening of jejunal mesentery and closure of the Petersen´s defect. 

Table 1. Comparative results of revision from SBO after laparoscopic gastric bypass 

It is important to mention that there are other sources of SBO after LRYGB such as kinking 
or narrowing of the intestinal anastomosis, intussuception and adhesions. Since internal 
hernias are more prevalent in these patients we decided to focus on the pathogenesis, 
diagnosis and treatment of internal hernias. Most surgeons agree that jejunojejunostomy 
should be performed using at least a 45 mm stappler. In order to reduce the risk of stenosis 
we recommend a 60mm anastomosis with manual closure of the common enterotomy or 
even a larger anastomosis (90mm using double firing of a 45mm stapler) when the common 
opening is also stapled.  
In the experience of the authors the most common site of an internal hernia when all defects 
were closed at the initial operation is the jejunojejunostomy.  

6. Conclusions 
SBO is a common complication after antecolic and antegastric LRYGB if mesenteric defects 
are not closed. Clinical presentation may be nonspecific, and the diagnosis frequently 
requires contrast imaging studies. Internal hernias can be successfully treated by 
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laparoscopy in most patients. The occurrence of internal hernias can be significantly reduced 
by careful closure of the mesenteric defects.  
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1. Introduction 
Mesothelioma, is a rare and poorly understood disease that arises from mesothelial cells 
lining serous cavities. From a histopathologic point of view there are epithelial, connective 
tissue and mixed varieties. Although commonly found in the pleura, the peritoneum is 
involved in 20-40% of cases.1-5  
Well-Differentiated Papillary Mesothelioma of the Peritoneum (WDPMP) is a type of 
epithelial mesothelioma which typically shows benign biological behavior,6-12 although 
several cases with a more aggressive form have been reported.13-18 Being uncommon, it lacks 
of specific clinical and radiological manifestations,19-21 and it is difficult to obtain precise 
information regarding its natural history and optimal management. The diagnosis is 
challenging and the delay is a component of the clinical picture of these patients. This 
chapter evaluates the applicability of laparoscopy when this entity is suspected. 

2. Diagnosis 
There is nonspecific presentation for peritoneal mesothelioma and the clinical diagnosis is 
difficult. Symptomatology is insidious, undefined and unspecific, but it can appear as a 
surgical emergency,22-23 although usually the disease is diagnosed incidentally during a 
laparoscopy, done for another other reason. Generally, the patient with peritoneal 
mesothelioma shows up with one or two types of symptoms and signs: those with 
abdominal pain, usually localized and related to an abdominal mass with little or no ascites 
and those, without abdominal pain, but with ascites and distension.24 A history of asbestos 
exposure is common in patients with pleural mesothelioma, but this association has not 
been firmly established in the  case of the peritoneal mesothelioma.25 

One of the clinical poorly understood aspects of this disease is the low diagnostic yield of 
the cytologic analysis of ascites. In a study of 51 patients with peritoneal mesothelioma, 
Sugarbaker et al26 found that only two patients had a definitive diagnosis established by 
paracentesis of the intrabdominal fluid and the cytology. The analysis of the ascitic fluid 
usually reveals an exudative process, varying from clearly, mucinosous or serohematic. The 
cytology can be diagnostic in approximately 80% of cases with an adequate sample, but it 
has to be related to an abdominal mass.27 In some cases it has been reported to be useful for 
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the diagnosis of Well-Differentiated Papillary Mesothelioma.28-29 No tumor marker is 
reliable for diagnosis. 
Peritoneal Mesothelioma does not have specific radiological characteristics. Therefore, a 
precise diagnosis based on imaging findings alone is not possible; in addition, 
distinguishing between benign and malignant processes, as well as primary and metastatic 
processes is also difficult (Figure 1). Lovell et al19 found that the Computed Tomography 
Scan is clearly superior to the ultrasound, specifically detecting small tumoral nodules and 
mesenteric or peritoneal thickening. The Tomography can reveal a peritoneal enhancing 
soft-tissue mass within the mesentery, omentum or peritoneum thickening, multiple small 
nodules surrounding the peritoneum, mesentery and omentum. Other findings include 
ascites, infiltrating mass involving the serous of the bowels, direct invasion within the liver, 
spleen and abdominal wall, retroperitoneal adenopathies and metastasis at distance.30 The 
pelvic involvement can suitably be evaluated by ultrasound as well as a small amount of 
liquid at cul-de-sac.19 Few data has been published about the magnetic resonance imaging 
and PET-CT imaging manifestations. Due to no specificity in clinical characteristics and the 
low trust of the conventional techniques in the diagnosis of mesothelioma, the laparoscopic 
surgery will allow assuring the definitive diagnosis and nowadays it is preferable to 
laparotomy, due to lower invasiveness. Application of diagnostic laparoscopy allows direct 
visualization of the abdominal-pelvic peritoneum and organs, and may disclose 
laparoscopic characteristics, which beside the direct vision biopsy allows the diagnostic 
accuracy of this uncommon medical entity. 
 

 
Fig. 1. Axial Contrast Abdominal-Pelvic Computer Tomography shows multiple round 
nodules and mesenteric and peritoneal thickening and ascites. A. WDPM (courtesy of Dr. 
Hyuong Sun Jang and Ki Young Ru) ,B. Peritoneal Carcinomatosis, C. Peritoneal 
Tuberculosis (courtesy of Dr Suárez-Grau and Dr Morales-Conde).  

3. Laparoscopic surgery 
The first case of peritoneal mesothelioma, involving the laparoscopic surgery and the 
peritoneal biopsy, was published in 1974.31 Nowadays the diagnostic laparoscopic surgery 
offers a fast, safe and less invasive form to confirm the diagnosis of peritoneal 
mesothelioma. We must consider the laparoscopic approach as the main technique for 
correct visualization of the peritoneal cavity, peritoneal fluid and multiple peritoneal 
biopsies obtained from intra-abdominal locations, to diagnose a multitude of 
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gastrointestinal diseases showing abdominal pain and ascites of unknown etiology. Yoon et 
al39 reported a diagnostic yield of 87.2% for diagnostic laparoscopy in patients with ascites 
of unknown origin. Piccigallo et al40 reported the correct diagnosis using the laparoscopic 
surgery and the histological examination of biopsy specimens, reaching a percentage of 
diagnostic security near 90%, in patients diagnosed with Malignant Peritoneal 
Mesothelioma. In patients with Well Differentiated Papillary Mesothelioma of the 
Peritoneum the laparoscopic surgery reduces the period of observation and for that reason, 
the repetition of examinations and other explorations, as well as avoiding the inherent 
complications related to laparotomy, with a more comfortable post-operative evolution by 
the smaller surgical trauma. Accurate diagnosis allows a precise therapy to be promptly 
started. The majority of authors recommend multiple biopsies with or without adjuvant 
therapy, instead of an extensive surgery due to its low malignant potential. We reported a 
case of WDPMP showing its resolution after adjuvant chemotherapy.41  
Diagnostic laparoscopic surgery is useful for staging pleural mesothelioma42 (although only 
two cases of Well Differentiated Papillary Mesothelioma, involving the peritoneal and pleural 
cavities, have been published).16-43 In cases of isolated pelvic nodules it can provide anatomic 
information, allows definitive management and pathologic diagnosis, therefore, to diagnose 
and treat WDPMP the laparoscopic approach can be used effectively and safely.21,44 

3.1 Surgical technique 
The diagnostic laparoscopic surgery can be done under general anesthesia or under local 
anesthesia and sedation. The table essentially will be moved into: steep anti-Trendelenburg + 
left tild, anti-Trendelenburg + right tild, steep Trendelenburg + left tild, steep Trendelenburg + 
right tild during the examination to mobilize the ascitic fluid and the intestine. The surgeon 
and assistants are positioned on the patient’s left side. The monitor is placed right to the 
patient´s head. The normally used instrument is a rigid endoscope with the optic connected to 
a cold light source, of 5 mm with a forward viewing angle of view of 0º and oblique viewing of 
30º. For the exploration of the peritoneal cavity, it is necessary to create a suitable 
pneumoperitoneum that is induced by CO2 insufflation, an intraabdominal pressure of 10 to 12 
mm is the adopted to secure a good vision. At the same time there it is introduced a supra or 
transumbical trocar and the laparoscope is passed through it, inspecting the peritoneal cavity. 
A second and third trocar (10 mm and 5 mm, respectively) can be positioned under visual 
control for biopsy and introduction of accessory instruments, according to the particular 
requirements in each case. In order to avoid complications, it is recommended to follow 
carefully a entry procedure technique due to adhesions between the small bowel loops and the 
abdominal wall. We use a blunt tip trocar described by Hasson,45 to enter the abdominal 
cavity, a small incision must be done under direct vision and the aponeurotic hole has to be 
adjusted by stitches to the Hasson trocar to avoid neumoperitoneum leaks. 

3.2 Abdominal cavity exploration 
Begin the exploration with the table in horizontal position. The presence of ascites in 
abdominal cavity is evaluated and its characteristics. Cytology and bacteriology samples 
should be taken under direct vision and finally the ascites should be completely emptied. 
The situation and degree of alterations must be defined. 
Then, the laparoscopic exploration must follow a defined systematic plan, covering the 
different quadrants of the cavity (Figure 2). 
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Fig. 2. Laparoscopic Exploration 

Henning and Look46 described four positions that allow a good vision of the entire 
peritoneal cavity; such positions can be modified according to the particular requirements of 
each case. In position I, it turns the table slightly (15-20⁰) towards the left and raise to the 
head other 15-20⁰. Being the explorer to the left of the patient, the laparoscope is introduced 
towards the right hypochondrium, which allows to observe the gallbladder, the hepatic 
edge, the surface of the right lobe and right side of the falciform ligament. The rotation of 
the optics, the variation of the intensity of the position or the cephalic elevation of the table 
provides a vision of the entire region. 
Position II is the same as I, but laparoscope moves under the round ligament, until reaching 
the left hypochondrium. If the light goes towards the right, the left hepatic lobe could be 
observed, the left side of the falciform ligament and the diafragm. If it goes towards the left 
side, it could see the anterior face of the stomach and the epiploic fat. 
Position III is achieved changing the position towards the right side (45⁰) and lifting the head 
on the exploration table (40⁰), with the surgeon at the right side. In this case, the spleen, the 
frenic and colonic ligament, good part of the anterior face of the stomach, including fornix and 
possibly, also the esofagic hiatus can be seen, if the gastrohepatic ligament allows it. 
Position IV is to inspect the inferior quadrants (pelvic region) and the rest of intraabdominal 
organs. This position requires the Trendelenburg´s position, turning the table towards the 
side that we wish to explore. The changes from one position to another require a lateral 
displacement of the optic, which always must be done in the sense of the iluminated field, to 
avoid tears of adhesions. In this case, the monitor should be placed down and to the right 
side of the patient. 
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3.3 Laparoscopic findings 
WDPMP, due to its rarity the surgeons are usually not sensitive with the disease. 
Laparoscopic findings of mesothelioma are indistinguishable of peritoneal tuberculosis, 
metastatic adenocarcinoma or primary tumour of the mesentery, from the gross standpoint, 
the common presentation sign of peritoneal nodules in WDPMP may lead to confusion 
during the diagnostic laparoscopic surgery, therefore a diagnosis is frequently difficult. 
However, the increased use of laparoscopic surgery to identify pathologic causes of ascitis 
of unknown origin, as well as pelvic pain, particularly in young women,  which implies that 
the surgeons must be conscious of the laparoscopic characteristics of this tumor and 
distinguished from other common neoplasms involving the peritoneum to be enabled to 
properly recognize and treat the tumor. 
The laparoscopic features of the Peritoneal Mesothelioma, are:40 

a. The presence of homogeneous spreading of nodules, plaques or masses on both parietal and 
visceral peritoneum (Figure 3). The nodules become more confluent plaque like masses and 
eventually omental span is observed with the progression of the disease 41(Figure 4). 

The nodules usually are: 
- Heterogenous size: The size of nodules is variable. Most of them appeared to be in the 

range of 0.5 cm to 2.0 cm, located in the abdomen and pelvis.18 If they appear under the 
form of a fine dissemination to miliar, therefore they can simulate the typical aspect of 
the tuberculous elements.47 They can one or multiple be distributed by the totality of the 
peritoneal cavity, omentum and mesentery. Occasionally, small foci of tumor are 
present in the surface of the ovary18(Figure 5). 

- White color. 
- Firm consistency. 
 

 
Fig. 3. Laparoscopic view of tumor whitish nodules on parietal peritoneum (courtesy of Dr. 
Hyuong Sun Jang and Ki Young Ru) 
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Fig. 4. Laparoscopic view of omental ¨caking¨ due to confluent nodules. 

 

 
Fig. 5. Laparoscopic view of multiple nodules in the ovarian surface (courtesy of Dr. 
Hyuong Sun Jang and Ki Young Ru). 
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b. The absence of direct or indirect signs of other abdominal neoplasms. 
c. The absence of hepatic metastases or the possible presence of nodules or plaques on 

Glisson´s capsule without  parenchyma envolvement. Just in the advanced states of the 
disease, the tumor infiltrates the capsule of the liver with later extension within the 
parenchyma and retroperitoneal structures. 

d. Ascites is practically constant and is variable in color from yellowish to cloudy to 
bloodstained. The ascitic fluid is usually serosanguinous or grossly blood-stained, but 
does not constitute a definitive diagnosis of peritoneal tumor. 

e. Little hyperemia that extends to all the peritoneum. It serves to the gross differentiation 
criterion of the inflammatory form, where the parietal peritoneum is erythematous. 

f. The presence of adhesions between the intestinal loops and the abdominal wall, that is 
typical of active tuberculosis, can in addition be seen in mesothelioma. In the case of 
Tuberculosis, when entering the cavity a multitude of adhesions between the different 
abdominal organs are present, emphasizing the hepatic adhesions47 (Figure 6). 

 

 
Fig. 6. Laparoscopic view of Peritoneal Tuberculosis: numerous small yellow-white nodules 
on the parietal peritoneum and adhesions (courtesy of Dr Suárez-Grau and Dr Morales 
Conde) 

3.4 Biopsy 
The laparoscopic surgery, in comparison with its diagnostic effectiveness, goes naturally 
considered as a whole and therefore not only with the inspection of the abdominal cavity, 
but with the biopsy for the histological diagnosis it is of extraordinary effectiveness48 adding 
diagnostic accuracy, due to the following reasons: 
- It can be done on several organs: Multiple biopsies of the parietal peritoneum, 

diaphragm, omentum and lesion of the pelvic cavity. 
- It comes often on the guide from the laparoscopic, reason why it is of particular 

importance when the injuries are unique. The biopsy must be taken near the edges close 
to the nodule and the peritoneum in order to avoid the central necrosis. 

- The site of the biopsy is not forced as by the transcutaneous biopsy; it can be taken with 
direct vision. 

- The histological fragment has the sufficient quality to assure the most precise 
examination (Figure 7). 
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Fig. 7. Well-differentiated Papillary Mesothelioma of Peritoneum Microscopic Findings. A. 
Well-developed papillae lined by uniform mesothelial cells with minimal cytologic atypia. 
B. Neoplastic mesothelial cell shows strong positive staining for Cytokeratins. C. 
Inmunohistochemical staining for Calretin. 

3.5 Complications 
3.5.1 Tear of Adhesions 
In some cases the adhesions are present, the small intestine loops tightly adherent to 
abdominal wall, with a careful open technique using a Hasson trocar to enter the abdominal 
cavity, these complications are rare. Beside, the substitution of the view field by a red veil 
indicates that the window of the optics has been applied on the small intestine or the 
adhesion; in these cases avoid to continue the movement, because it could originate a tear of 
the adhesions. 

3.5.2 Hemorrhage 
The observation of the biopsy site is a fundamental requirement to avoid any type of 
haemorrhagic complication. The laparoscopic biopsy is practically risk free, due to the use of 
coagulation to form a clot or by positioning fibrin dressings. 

3.5.3 Port-site metastases 
Recurrences at the insertion site of the laparoscope or other instruments for malignant 
mesothelioma as well as WDPMP have been reported, this source of disease usually 
progresses fast compared to the intraabdominal component and requires extensive surgery 
for the local control.13,22,38,49 The aggressive nature of such recurrences is evident. According 
to Sugarbaker,27 any invasive procedure used to establish the diagnosis of mesothelioma, 
including the paracentesis, should be carried out with great precaution and they 
recommend that paracentesis or laparoscopic surgery should be carried out along the 
midline of the abdominal wall, allowing the port site and the needle tract to be excised as 
part of the cytoreductive surgery. 
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4. Conclusion 
Well-Differentiated Papillary Mesothelioma is an entity rarely observed and difficult to 
diagnose. Laparoscopy with biopsy under direct vision is an accurate and safe technique to 
confirm the diagnostic.  
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