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INCIDENCE, RISK FACTORS, AND NOSOCOMIAL GERMS 

FOR VENTILATOR -ASSOCIATED PNEUMONIA IN 

CHILDREN  

 

 
Daniela Chiru1,2, CrŁciun A1,2, ŝepeneu NF1,2, ķipoĸ C4, Teofana Bizerea2, Alina Grecu2, Otilia 

MŁrginean1,2, Mirabela Dima1,3, Constantin I1,3 

 

Abstract 

Introduction. Early diagnosis and aggressive 

treatment is fundamental in the management of patients with 

ventilator-associated pneumonia (VAP).  

Aim. The aim of this study was to determine the 

incidence of VAP among mechanically ventilated children 

and to identify the main risk factors and nosocomial germs 

for development of VAP in a critically ill PICU population. 

Material and methods. A retrospective, 

observational study was conducted over a period of 2 years 

(January 2011 ï December 2012) in the Fist Pediatric 

Intensive Care Unit (PICU) of Emergency Hospital for 

Children "Louis Turcanu" Timisoara and included all 

mechanically ventilated children Ó 48 hours aged 0-18 

years. 

Results. Of all 51 mechanically ventilated patients, 

who met the inclusion criteria, 43.13% developed VAP. 

Patients with VAP needed a greater number of days of 

mechanical ventilation (mean 23.59 vs. 5.68 days) and a 

longer duration of hospitalization (mean 42.18 vs. 20.27 

days) than those without VAP. Multiple regression analysis 

identified 4 factors associated with VAP (p < 0.05): 

previously use of an antibiotic (t-statistics (t-stat) = 2.33, p = 

0.036), previously use of more than one antibiotic (t-stat = 

2.89, p < 0.01), previously use of an antifungal drug (t-stat = 

2.00, p = 0.05), and reintubation (t-stat = 2.71, p < 0.01). 

Organisms identified by culture, involved in the etiology of 

VAP were: gram-negative bacteria 88.8%, fungi 6.6%, and 

gram-positive bacteria 4.4%. 

Conclusions.  The incidence of VAP was higher 

(43%) in our study. Children on previously use of antibiotics 

or antifungal drugs, or experienced reintubation,  developed 

VAP and had a longer period of mechanical ventilation and 

hospitalization. Pseudomonas aeruginosa was the most 

common Gram-negative bacteria associated with VAP. 

Keywords: mechanical ventilation, children, ventilator-

associated pneumonia 

 

 

 

Introduction  

 VAP is defined as nosocomial pneumonia 

diagnosed in patients mechanically ventilated for Ó 48 hours 

with signs of a new lower respiratory tract infection (1). For 

a correct and quick VAP diagnosis, medical staff must have 

a high clinical suspicion combined with blood tests, 

radiographic examination, and microbiologic analysis of 

tracheal secretions. Despite advances in supportive care, 

antimicrobial therapies, mechanical ventilation, and 

prevention of VAP, it remains an important cause of 

hospital morbidity and mortality (2).  

The epidemiology, associated risk factors, and 

outcomes of VAP are not as well documented in pediatric 

patients as they are in adult patients. In adults, the reported 

incidence of VAP worldwide ranges from 8% to 28% (2,3). 

The most common organisms isolated from endotracheal 

aspirate in adult patients who developed VAP were 

Pseudomonas aeruginosa, Methicillin-resistant 

Staphylococcus aureus, Klebsiella pneumoniae and 

Acinetobacter baumannii (4,5). In adults, independent risk 

factors for development of VAP include duration of 

mechanical ventilation, the presence of chronic pulmonary 

disease, sepsis, acute respiratory distress syndrome (ARDS), 

neurological disease, trauma, patient age, previous antibiotic 

treatment, reintubation, transport out of the Intensive Care 

Unit (ICU), transfusions and use of histamine-2 blockers 

(3,6). In addition, VAP in adults has been associated with 

prolonged duration of mechanical ventilation as well as 

increased length of ICU stay, hospital stay, hospital cost, 

and absolute mortality (3). 

The incidence of VAP depends on the population 

studied, the type of ICU, local infections and resistance 

patterns, and the diagnostic criteria used. Knowledge of the 

incidence of nosocomial infections and their associated risk 

factors may be important to allow more effective 

development and use of preventive measures (7).  

PICU patients not only encompass a wide range of ages 

different from adult ICU patients but also differ in their 

developmental physiology, underlying disorders, and 

treatment needs.  

 
1 University of Medicine and Pharmacy ñVictor Babesò Timisoara 
2 Emergency Hospital for Children ñLouis Turcanuò Timisoara 
3 Emergency County Hospital Timisoara 
4 Economics University Timisoara 

E-mail: dani.chiru@yahoo.com, ac_ro@ymail.com, nftepeneu@yahoo.com, cipriansipos@yahoo.com, 

teofanabizerea@yahoo.com, alina_gr2006@yahoo.com, omarginean@ymail.com, dima_mirabela@yahoo.com, 

constantinilie@umft.ro
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CPIS points 0 1 2 
Temperature, 0C Ó 36.5 and Ò 38.4 Ó 38.5 and Ò 38.9 Ó 39 or Ò  36 

Leukocyte count, /mm3 Ó  4.000 and Ò  11.000 < 4.000 or > 11.000 < 4.000 or > 11.000 + band forms Ó 500 

Tracheal secretions Rare Abundant Abundant + purulent 

Chest X-ray infiltrates No infiltrate Diffused Localized 

PaO2/FiO2, mmHg > 240 or ARDS*  Ò 240 and no evidence of ARDS 

Microbiology Negative  Positive 

 

Table 1. The Clinical Pulmonary Infection Score (CPIS) 

 

 

We performed this study to determine the incidence 

of VAP among mechanically ventilated children and to 

identify the main risk factors and nosocomial germs for 

VAP in a critically ill PICU population. 

 

Material and methods 

A retrospective, observational study was conducted 

over a period of 2 years (January 2011 ï December 2012) in 

the Fist Pediatric Intensive Care Unit (PICU) of Emergency 

Hospital for Children "Louis Turcanu" Timisoara and 

included all mechanically ventilated children Ó 48 hours, 

aged 0-18 years. 

The following data were collected from each 

patient: age, sex, admission diagnosis, concomitant chronic 

diseases, number of days on ventilator, hospital length of 

stay, outcome (discharge, transfer, death).  

All potential risk factors were noted: use of 

medications (antibiotics, antifungal drugs, steroids, 

continuous inotrope or vasoactive infusions, histamine type-

2 receptor blockers or proton-pump inhibitors, 

metoclopramide, infusions of benzodiazepines or opiates), 

route of mechanical ventilation (nasotracheal, orotracheal, or 

tracheostomy), ventilation tube characteristic (cuffed versus 

uncuffed tube or tracheostomy), suction system (opened or 

closed), procedures like need for reintubation 

All episodes of VAP were evaluated. VAP was 

define according to the Clinical Pulmonary Infection Score 

(CPIS), using 6 parameters (8): body temperature, white 

blood cells count, volume and appearance of tracheal 

secretions, oxygenation (PaO2/FiO2 ratio), chest X-ray, and 

ñblindò tracheal aspirate cultures (Table 1). A score > 6 was 

suggestive for VAP diagnosis. The tracheal aspirates for 

culture were obtained under aseptic conditions using a 

ñblindò opened suction after detaching the ventilatorôs tube 

from the endotracheal tube. The selected germs and the 

antibiogram from tracheal aspirate culture were also noted.   

Preterm babies, patients with congenital immunodeficiency 

disorders or surgical diseases were excluded from the study. 

A patient could be included twice when two successive 

episodes of VAP occurred at least 7 days apart. Patients with 

positive endotracheal cultures who met the study definition 

for VAP were considered to have VAP; those who had no 

clinical signs and symptoms of pulmonary infection were 

considered to have endotracheal colonization. 

This study was approved by the Hospital 

institutional review board. 

Statistical analysis was performed using Microsoft 

Excel 2007 software. Results are expressed as mean Ñ SD. 

Univariate analysis was used to compare the variables for 

the outcome groups of interest (patients with VAP vs. 

patients without VAP). Comparisons were unpaired and all 

tests of significance were 2-tailed. Continuous variables 

were compared using Studentôs t test for normally 

distributed variables. All p values < 0.05 were considered 

statistically significant. Results of the multiple regression 

analyses are reported as t-statistics with 95% confidence 

intervals. 

 

Results 

Of all 56 mechanical ventilated patients, 51 met the 

inclusion criteria. Twenty-two (43%) of them developed 

VAP. Six patients had more than one episode of VAP: 4 of 

them developed 2 successive episodes, at least 7 days apart, 

one patient had 3 episodes and other patient had 4 episodes 

of VAP, resulting in a total of 31 episodes of VAP. 

Demographic data for patients with VAP and without VAP 

are shown in Table 2.  Of the 51 patients, 37 (72.5%) were 

males and median age was 2.2 years (26.45 month). In both 

groups, there were no statistically significant differences in 

age (p=0.54) or gender (p=0.23). Univariate analysis of 

admission diagnosis and concomitant chronic diseases were 

also not statistically significant different between those who 

developed VAP and those who did not. Instead, the absence 

of a chronic disease was found to be significant in patients 

who did not developed VAP (p=0.03). The most common 

admission diagnosis in both groups was acute respiratory 

failure and the most frequent concomitant disease was 

chronic neurological pathology (e.g. cerebral palsy). The 

cause of ICU admission did not correspond to the incidence 

of VAP in our study.  

All tubes used for intubation were cuffed 

(Microcuff) and all suction systems were closed, both in 

patients with or without VAP. We did not found any 

differences between the intubation route (oral, nasal, or 

tracheostomy) and the occurrence of VAP. 

The duration of mechanical ventilation was longer 

among patients who developed VAP (23.59Ñ19.03 days vs. 

5.68Ñ2.37 days, p<0.01) and also the hospital stay was 

longer in patients with VAP (42.18Ñ29.83 days vs. 

20.27Ñ11.51 days, p<0.01). In this study the mortality rate 

of patients with VAP was 22.8%. There was no significant 

difference in mortality between patients with VAP and those 

without VAP (22.8% vs. 27.5%, p=0.69). 
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 Non-VAP 

(n=29) 

VAP 

(n=22) 

p 

Age (mean ÑSD) month (0-216) 30.08Ñ52.30 21.68Ñ44.83 0.54 

Sex (n, %) 

Male 

Female  

 

23 (79.3) 

6 (20.7) 

 

14 (63.6) 

8 (36.4) 

0.23 

 

Cause of ICU admission (n, %) 

Acute respiratory failure 

Neurological disease 

Cardiovascular disease 

Severe sepsis 

Others  

 

19 (65.5) 

2 (6.9) 

3 (10.3) 

3 (10.3) 

2 (6.9) 

 

14 (63.6) 

1 (4.5) 

1 (4.5) 

5 (22.8) 

1 (4.5) 

 

0.89 

0.72 

0.43 

0.25 

0.72 

Concomitant diseases (n, %) 

Chronic respiratory failure  

Chronic neurological disease 

Chronic cardiovascular disease 

Malnutrition  

Without chronic diseases 

 

1 (3.4) 

9 (31.0) 

2 (6.9) 

4 (13.8) 

13 (44.8) 

 

4 (18.2) 

9 (40.9) 

1 (4.5) 

4 (18.2) 

4 (18.2) 

 

0.11 

0.47 

0.72 

0.68 

0.03 

Intubation characteristics (n, %) 

Orotracheal   

Nasotracheal    

Tracheostomy   

 

21 (72.4) 

6 (20.6) 

2 (6.9) 

 

12 (54.5) 

8 (36.4) 

2 (9.1) 

 

0.20 

0.23 

0.78 

Endotracheal tube type (n, %) 

Cuffed     

Uncuffed 

 

29 (100) 

0 (0) 

 

22 (100) 

0 (0) 

- 

Suction system (n, %) 

Closed  

Opened 

 

29 (100) 

0 (0) 

 

22 (100) 

0 (0) 

- 

Reintubation (n, %) 1 (3.4) 7 (31.8) 0.01 

Ventilator  days (mean ÑSD) 5.68Ñ2.37 23.59Ñ19.03 <0.01 

Hospital length of stay (mean ÑSD) 20.27Ñ11.51 42.18Ñ29.83 <0.01 

Outcome 

Discharged   

Death     

Transferred to another hospital 

 

20 (6.8) 

8 (27.5) 

1 (3.4) 

 

15 (68.1) 

5 (22.8) 

2 (9.1) 

 

0.95 

0.69 

0.43 

Ventilator -associated pneumonia (n, %) 

1 episode only   

>1 episode 

 

- 

- 

 

16 (72.7) 

6 (27.3) 

 

- 

- 

 

Table 2. Study Population Characteristics (n=51) 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Variables associated with VAP, by multiple regression analysis 

 

 

 

 

Variables Coefficients Standard Error  t-stat p 

Antibio tics 0.35 0.15 2.33 0.02 

Antibiotics in association 0.58 0.20 2.89 0.005 

Antifungal drugs 0.27 0.13 2.00 0.05 

Reintubation 0.45 0.16 2.71 0.009 
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Table 4. Variables not significantly associated with VAP, by multiple regression analysis 

 

 

 Median Standard Deviation (SD) 

CPIS score  8.16 0.68 

Body temperature, 0C  38.2 0.79 

Leukocyte count, x103/mm3 18.43 9.24 

PaO2/FiO2 ratio, mmHg 242.45 107.82 

 

Table 5. Numeric variables of CPIS 

 

 

Pathogen n, % 

Total 45 (100) 

Gram-negative bacteria  40 (88.8) 

Pseudomonas aeruginosa  26 (57.7) 

Klebsiella pneumoniae  8 (17.7) 

Acinetobacter baumannii 3 (6.6) 

Serratia marcescens 3 (6.6) 

Gram-positive bacteria 2 (4.4) 

Staphylococcus aureus MRSA 2 (4.4) 

Fungi 3 (6.6) 

Candida ssp. 3 (6.6) 

Polymicrobial  7 (15.5) 

 

Table 6. Microorganisms isolated from 31 episodes of VAP 

 

 

Medium VAP score, according to CPIS was 8.16 

(min.= 7 and max.= 9). Means and standard deviations of 

numeric variables of VAP score (body temperature, 

leukocyte count, PaO2/FiO2 ratio) are shown in Table 5. 

In our study we found that the risk factors for VAP 

were: previously use of one (p=0.02) or more antibiotics 

(p<0.01), previously use of an antifungal drug (p=0.05) and 

reintubation (p<0.01) (Table 3).  We did not find any 

significant differences in the occurrence of VAP and use of 

transfusions, immunoglobulins, continuous infusion of 

benzodiazepines or opiates, inotrope infusions, steroids, 

metoclopramide, and proton-pump inhibitors (Table 4).  

Most cases of VAP were caused by Pseudomonas 

aeruginosa, which accounted for 88.8% of causative 

organisms (Table 6). Microorganisms isolated in the 

tracheal aspirates of patients with VAP were P. aeruginosa 

(n=26, 57.7%), Klebsiella pneumoniae (n=8, 17.7%), 

Acinetobacter baumanii (n=3, 6.6%), Serratia marcescens 

(n=3, 6.6%), Staphylococcus aureus MRSA (n=2, 4.4%), 

and Candida ssp. (n=3, 6.6%). VAP was polymicrobial in 7 

patients (15.5%). 

Discussions  

We conducted a retrospective, observational study 

to find the incidence, risk factors, and nosocomial germs for 

ventilator-associated pneumonia (VAP) in mechanically 

ventilated pediatric patients. Our study population included 

patients from PICU in an urban pediatric hospital. In the 

absence of a true gold standard for VAP in children, VAP 

was defined according to the CPIS, using clinical and 

biological parameters. CPIS has been used in multiple 

studies on VAP in adults (9-12), but limited data is available 

on pediatric patients (13-15). In patients with confirmed 

VAP, we found a median CPIS score of 8.16, comparable 

with the values reported in literature (15). 

The incidence of VAP among mechanically 

ventilated children was 43.13%, higher than reported (2,3), 

but comparable to studies conducted in developing countries 

(16,17). This can be a reflection of health care of patients.  

Like other studies before, our multivariate analysis 

of risk factors revealed previous use of one ore more 

antibiotics (p=0.02, respectively p<0.01), antifungal drugs 

(p=0.05) and reintubation (<0.01) to be positively associated 

Variables Coefficients Standard Error  t-stat p 

Transfusions -0.20 0.18 -1.05 0.29 

Immunoglobulins -0.06 0.15 -0.39 0.69 

Benzodiazepines -0.32 0.16 -1.92 0.06 

Opiates  0.15 0.14  1.03 0.30 

Inotrope infusions  0.08 0.17  0.50 0.61 

Steroids  0.07 0.16  0.42 0.67 

Metoclopramide -0.01 0.16 -0.10 0.91 

Proton-pump inhibitors  -0.15 0.14 -1.03 0.30 
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with the development of VAP (18,19). Aggressive usage of 

antibiotics and routine periodic change of endotracheal tube 

should be discouraged. 

Several risk factors for the development of VAP 

identified by other studies such as transfusions, 

immunoglobulins, narcotics, inotrope infusions, use of 

gastric stress ulcer prophylaxis were not found to be 

associated with VAP in our study. This may be due to the 

fact that we analyzed risk factors temporally related, in the 

72-hour period, before a positive endotracheal tube culture 

and not simply at any time during mechanical ventilation.  

Transfusions of different blood products were 

reported by other studies as risk factors for VAP (20-22). In 

our PICU, we limit the use of transfusions and 

immunoglobulins only to patients with sepsis/severe sepsis, 

and maybe because of the small number of these patients in 

our study (3 patients non-VAP and 5 patients with VAP), we 

did not found any association with the occurrence of VAP.  

Some studies have identified use of sedation and 

neuromuscular blockade, to be independently associated 

with VAP (23,24). The particular association of narcotics 

with VAP may indicate that gastrointestinal hypomotility 

secondary to narcotics may be a mechanism for increased 

risk of VAP via microaspiration of gastric contents. We 

found no difference in use of sedative agents between 

patients who developed VAP versus those without VAP, and 

this is maybe because we used in all patients cuffed 

endotracheal tubes, witch prevented microaspirations. 

Similarly, H2 blockers usage was associated with an 

increased risk as it can alter the gastric pH, thereby 

facilitating organism multiplication which, when aspirated, 

can lead to occurrence of VAP. By contrast, probiotics 

administration reduced the incidence of ICU-acquired 

pneumonia (25). In our study, we did not found H2 blockers 

as risk factors for VAP, and the majority of intubated 

patients received probiotic treatment (data not shown). Data 

regarding the usage of H2 blockers are controversial. For 

example, Gautam et al. (26) found in a new research that the 

absence of tube feeding and the absence of stress ulcer 

prophylaxis were independent risk factors for VAP.  

Other risk factors published before, both in children 

and adults, but not identified in our study were gender, 

admission diagnosis, chronic obstructive pulmonary disease, 

bronchoscopy, tracheostomy, oropharyngeal colonization, 

prolonged MV, supine body position, tube thoracostomy, 

enteral feeding, genetic syndrome,  and transport out of the 

PICU (5,14,18,27,28). 

The most common bacterial isolates from 

endotracheal aspirates were Pseudomonas aeruginosa 

(57.7%), followed by Klebsiella pneumoniae (7.7%). A 

small number of patients developed VAP with 

Staphylococcus aureus (4.4%). Pneumonia in pediatric 

population is often associated with Pseudomonas aeruginosa 

and Staphylococcus aureus, according to the National 

Nosocomial Infections Surveillance (NNIS) in the United 

States (29) and to the European Multicenter Study Group 

(30).  

We found in our study that VAP did not have a 

serious impact on mortality (p=0.69). We also found that 

patients who developed VAP had longer duration of 

mechanical ventilation (p<0.01) and longer hospital stay 

(p<0.01) than those who did not, which is consistent with 

other reports (14,16,18,19,26-28).  

 

Conclusions 

The incidence of VAP was higher (43%) in our 

study. Children on previous use of antibiotics or antifungal 

drugs, or experienced reintubation developed VAP and had 

a longer period of mechanical ventilation and 

hospitalization. Pseudomonas aeruginosa was the most 

common Gram-negative bacteria associated with VAP. 

Awareness about the various risk factors will aid in 

reduction of the morbidity associated with VAP. VAP 

negatively impacts clinical and economic outcomes in 

critically ill pediatric patients by prolonging the length of 

mechanical ventilation and hospital stay and may increase 

total hospital charges. 
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MESENTERIC OXYGEN DESATURATION IN AN 

NEWBORN WITH INTRAUTERINE GROWTH 

RESTRICTION AND COMPLEX CONGENITAL HEART 

DISEASE WHO DEVELOPED NECROTISING 

ENTEROCOLITIS -CASE PRESENTATION 

 

 
Laura Olariu 1,2*, Boia ES1,2, Gabriela Olariu3, Olariu S3 
 

Abstract 

Congenital heart disease is a major risk factor for 

the development of necrotising enterocolitis (NEC), 

although its pathophysiology remains incompletely 

understood.  NEC is a multifactorial disease that occurs in a 

high risk newborn. NEC incidence is inversely proportional 

to gestational age, only 10% of term infants develop disease.  

We present the case of a term newborn with 

intrauterine growth restriction and complex congenital heart 

disease (CHD), who developed in the underlying disease, 

enterocolitis at 10 days of life. Early diagnosis was 

established using near-infrared spectroscopy (NIRS) which 

showed significant mesenteric oxygen desaturation 

secondary to significant decrease in aortic blood flow. 

The standard treatment of NEC with antibiotics, 

enteral feeding cessation and cardio-circulatory support did 

not work in this newborn due to decreased mesenteric blood 

flow  and significant ischemia. CHD  that caused extremely 

low blood flow in mesenteric territory and which could not 

be surgically corrected  caused child's death. 

NIRS is a noninvasive diagnostic method that 

monitors  highly accurate regional tissue oxygenation and 

could detect mesenteric ischemia in early stages. 

The authors want to emphasize through this rare 

case of CHD,  that any heart disease with decreased aortic 

flow  lead to impaired  mesenteric oxygen delivery beeing a 

risk factor for NEC. Tissue hypoxia secondary to decreases 

in mesenteric blood flow is the central pathophysiological 

cause of NEC  in this term infant. 

We also want to highlight the usefulness of NIRS 

for noninvasive measurement of tissue perfusion in all high 

risk neonates. 

Keywords: term newborn, intrauterine growth restriction, 

complex congenital heart disease, necrotising enterocolitis , 

near-infrared spectroscopy, mesenteric oxygen desaturation. 

 

 

 

 

Introduction  

NEC is an inflammatory bowel disease of the 

newborn, beeing one of the most common gastrointestinal 

emergency in this age, causing a high mortality rate between 

10-30%, surgical cases exceeding 50% (1).  

NEC is considered a multifactorial disease that 

occurs in a high risk newborn. Despite the research 

conducted for understanding this disease, the 

pathophysiology of NEC is still incompletely understood. It 

is believed that involve a complex interaction among several 

factors: gestational age, infant milk formula, enteral 

nutrition, functional immaturity of the newborn gut, 

intestinal hypoxia-ischemia, treatment with antibiotics and 

the presence of infectious agents or toxins (2). The main 

pathogenetic link is represented by intestinal ischemia and 

reperfusion injury with an inadequate inflammatory 

response (3,4). 

NEC incidence is inversely proportional to 

gestational age, over 90% of affected infants are preterms 

and only 10% of term infants develop the disease(5.) These 

term infants often present additional risk factors that may 

predispose to intestinal ischemia such as CHD,  intrauterine 

growth restriction or asphyxia at birth (6,7,8,9). From CHD, 

increased risk in developing NEC have the following: 

obstruction of the aortic arch, hypoplastic left heart 

syndrome and common arterial trunk (6). 

NIRS is a noninvasive, feasible and beneficial 

technology, that monitors regional tissue oxygenation 

reflecting the  tissues perfuzional status. NIRS has the 

ability to continuously and simultaneously monitor tissue 

perfusion in different organs without interrupting pacientôs 

routine care. Studies have demonstrated the efficacy of 

NIRS to monitor cerebral, intestinal and renal perfusion, to 

detect potential ischemic episodes. NIRS can help other 

monitoring methods currently used, to increase the degree of 

suspicion of abnormal perfuzional status in infants and thus 

reduce the risk of developing ischemic lesions 

(10,11,12,13). 
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It utilizes light wavelengths (700-1000nm). The 

technique consists in placing probes on different areas of the 

body such as the forehead (cerebral), abdomen (mesentery) 

and lower back (renal). Each probe consists of a light source 

and 2 photodetectors to measure tissue oxygen levels at 

different tissue depths. One path length measures surface 

level tissue oxygenation and the other path length measures 

deep tissue oxygenation. The photons emitted from the light 

source scatter in the tissue bed and those that are not 

absorbed are returned to the skin photodetector. By 

measuring the amount of light (deep path minus surface 

path) returned to the skin, NIRS values represent the amount 

of spectral absorbtion that is occuring in the tissue bed. This 

measurement represents the weighted average of arterial, 

venous and capillary oxygenation at the tissue level  and is 

reported as regional oxygen saturation (rSo2). In this way, 

the clinician can monitor directly, in real time, fluctuations 

in tissue oxygenation (14). 

Case presentation 

We present the case of a female newborn, the 

second child of young, healthy  parents,  undispensarized 

pregnancy , born at home, assisted by midwife, with 

gestational age of 39 weeks and birth weight 2300 grams. 

No significant family history. The child is brought in 

Neonatology Department of Emergency Municipal Hospital 

Timisoara 1 hour after birth. He presented good general 

status at birth, with good neonatal adaptation. 

On the 6th day of life begins to present impaired 

general condition, hypotonic, pale, mottled skin, abdominal 

distension, hypothermia, cold extremities, prolonged 

capillary refill time, barely perceptible pulse, systolic 

murmur grade 1, cyanosis. The child develops respiratory 

distress syndrome with high oxygen necessary that worsen 

quickly, SaO2 reached 45% with FiO2> 50%. 

It was initially diagnosed as a possible septic shock 

by infection with unknown germs. Has been decided 

intubation and mechanical ventilation, with improvement in 

oxygen saturation, then no episodes of desaturation. After 

24 hours the clinical status of the baby has improved 

consistently, so  we decided to detubate him.  We 

administerd him oxygen under chefalic cort with a minimal 

FiO2 of 30% throughout the monitoring period. Since we 

have excluded  the septic  component  of the neonatal shock, 

we performed an  echocardiography. 

Echocardiography showed interrupted aortic arch 

with ensuring blood flow in the descending aorta through 

the ductus arteriosus, wide ventricular septal defect, patent 

foramen ovale, severe pulmonary hypertension,  

suprahepatic  veins and inferior vena cava dilatation (Figure 

1).  

Considering CHD presenting decreased aortic flow 

and therefore decreased mesenteric flow, we decided to 

initiate monitoring of regional cerebral and mesenteric 

oxygenation through near-infrared spectroscopy. One probe 

was placed on the abdomen  child on the midline, below the 

umbilicus and above the pubic symphysis to measure 

regional mesenteric  oxygenation and second probe was 

placed on the right side of the forehead to measure cerebral 

oxygen saturation. (Figure 2). 

On the 9th day of life the baby begins to present 

digestive  symptoms with  gastric  residue containing milk 

then bilious content, increased abdominal diameter, 

hepatosplenomegaly, without bowel movements, no femoral 

artery pulse. All this clinical symptoms raises the suspicion 

of NEC onset. Abdominal X-ray  reveals intestinal air- fluid 

levels  with intestinal pneumatosis without 

pneumoperitoneum (Figure 3). We established the diagnosis 

of NEC. 

We stoped enteral nutrition and we instituted 

antibiotic therapy. Biological samples did not reveal 

thrombocytopenia, significant acidosis or bacterial infection. 

Continuous monitoring of mesenteric oxygenation 

highlights significant decrease in oxygen saturation (rSO2 = 

25.2% Ñ 8.9%) compared with cerebral oxygenation (rSO2 

= 72% Ñ 5%) during the monitoring period (p <0.0001 ) 

(Figure 4). 

As specific therapy it is tried by medication to  

keep open the ductus arteriosus, and decreasing pulmonary 

hipertension by selective pulmonary vasodilatory therapy (to 

decrease blood flow in the pulmonary circulation and 

increased mesenteric blood flow). 

Despite the instituted therapy, after a short period 

of improvement of clinical symptoms and biological 

parameters, clinical status of the child deteriorates 

progressively with cardiorespiratory decompensation and 

worsening digestive symptoms, he died at 17 days of life 

(Table 1). 

 

Discussion 

NIRS has been used extensively to monitor 

cerebral perfusion in neonates, especially during cardiac 

surgery and cardiopulmonary bypass. More recently, it has 

been reported using of NIRS to measure perfusion in other 

tissues, such as those of the liver, the kidneys, and the lower 

abdomen (15,16,17). 

In a study conducted by Fortune and his 

collaborators it was revealed the association between NEC 

and mesenteric oxygen desaturation. They monitored 40 

neonates, 10 who had acute surgical abdomen (including 5 

with NEC) and 30 neonates without abdominal pathology 

and they watched the changing of mesenteric-to-cerebral 

oxygenation ratios. The results showed that the control 

group had an median  ratio of 0.96 while the study group 

had a much lower ratio of 0.66 (P <0.001).The authors also 

reported that a ratio of less than 0.75 was predictive for 

intestinal ischemia (positive predictive value) and that a 

ratio of 0.96 or more excluded the diagnosis (17). 

Stapleton and colleagues presented a case like ours, 

highlighting the significantly mesenteric oxygen 

desaturation measured by NIRS, in a newborn with CHD, 

that developed NEC  (18). 
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Figure 3.  The X-ray reveals the 

appearance of NEC. 

Figure 2. The two positions of  spectroscopy 

probes: cerebral and abdominal. 

Figure 1. Echocardiography shows interrupted aortic arch, dilated pulmonary artery, wide ventricular septal 

defect. 
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Parameters D  9 D 10 D 11 D 12 D 13 D 14 D 15 D 16 D 17 

SaO2 % 96 95 97 95-97 89-95 85-92 83-92 <85 70-40 

BP mmHg 83/60 80/60 115/75 100/70 62/41 130/73 80/60 82/55 70/50 

HR b/min 141 125 150 160 150 165 172 175 180-60 

D ml /24h  42  50 100 80 115 56 30 24 6 

rSO2c 75 75 76 73 67 68 65 67 65 

rSO2s 35 30 26 28 23 23 19 0 0 

 

Table 1. The patient's vital parameters monitored from the time of NEC  diagnosis until death.SaO2 = arterial oxygen 

saturation, BP = blood pressure, HR=heart rate , D = diuresis, rSO2c = regional cerebral oxygen saturation, rSO2s = somatic 

regional oxygen saturation, D = day 

 

 

It is unknown whether gut ischemia is a primary or 

secondary factor in the development of NEC, but the finding 

that our patient experienced significant mesenteric 

desaturation during the early stages of NEC supports the 

hypothesis that tissue hypoxia is central to the 

pathophysiology of NEC, especially in term neonates with 

CHD. 

The development of mesenteric desaturation may 

be due to decreased regional oxygen delivery that is 

secondary to decreased cardiac output and/or increased flow 

to the pulmonary vascular bed. 

Conclusions 

NIRS is a noninvasive, highly accurate, diagnostic 

method, that detects mesenteric ischemia in early stages. A 

specific target  therapy for NEC in this phase may be saving. 

The authors want to emphasize through this rare 

case of CHD,  that any heart disease with decreased aortic 

flow  lead to impaired  mesenteric oxygen delivery beeing a 

risk factor for NEC. Tissue hypoxia secondary to decreases 

in mesenteric blood flow is the central pathophysiological 

cause for NEC  in this  term newborn. 

Using this technology, of the near-infrared 

spectroscopy , for non-invasive measurement of tissue 

Figure 4. Regional cerebral and mesenteric  oxygen saturation, measured by near-infrared 

spectroscopy after diagnosis of NEC. 
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oxygenation in high risk neonates, it is likely that 

understanding and therapy management of these patients to 

improve. 
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PHARMACOGENETIC ASPECTS WHICH IN FLUENCE THE 

PHARMACOKINETIC PROPERTIES OF ATYPICAL 

ANTIPSYCHOTICS ï PRELIMINARY STUDY  
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Abstract 

Patients under medical treatment show significant 

differences in treatment response. Among the reasons of this 

variability, the genetic factors play an important role. 

Pharmacogenetics is a new science, at the crossroads 

between pharmacology and genetics, which studies how 

genes polymorphism influences inter-patient variability in 

drug response, in terms of efficacy and side effects profile. 

The existence of a large number of schizophrenic patients 

showing resistance to antipsychotic treatment requires the 

development of such methods that could be able to predict 

the individual responsiveness to antipsychotics treatment. 

The ability to predict treatment response based on gene 

variation aims to optimize drug therapy by prescribing the 

most effective drug in the right dose and with the lowest risk 

of side effects. This paper highlights the current knowledge 

about the clinical utility of determining the genetic factors 

that may affect the metabolism of atypical antipsychotics. 

The paper does not want to present an exhaustive list of all 

pharmacogenetic studies in the field, but is focused on the 

most studied examples of DNA sequence variations in genes 

that encode cytochrome P450 enzymes, in relation to 

treatment response. Pharmacokinetic studies were identified 

by means of combinations of the keywords in the Pub Med 

database. 

Keywords: antipsychotics, pharmacogenetics, 

polymorphisms, cytochrome P450. 

 

Introduction  

Atypical antipsychotics are a class of drugs that 

have as main indications schizophrenia and bipolar disorder. 

Since clozapine, the prototype of this class, which was 

introduced in medical practice in 1989, various novel 

compounds have entered the market: risperidone, 

olanzapine, quetiapine, ziprasidone, aripiprazole, 

paliperidone, asenapine, iloperidone. Compared to classical 

antipsychotics, they have a number of benefits: reduced risk 

of extrapyramidal syndrome, superior efficacy for 

improving negative symptoms, treatment of refractory cases 

and little effect on prolactin secretion. These advantages are 

considered to be due to the dual antagonism of the 

dopaminergic and serotoninergic system. The atypical 

antipsychotics have of course their own side effects: weight 

gain, predominantly for clozapine and olanzapine, 

hyperlipidemia and hyperglycemia. Over time it was 

observed that for the same antipsychotic given in the same 

dosage there is a wide variation from patient to patient 

regarding length of the onset of action, intensity of 

pharmacological action and severity of side effects. Thus, 

the current research directions are oriented towards 

understanding the interindividual variability of treatment 

response in order to customize and optimize drug choice. 

With the completion of the Human Genome 

Project, researchers became interested in the genetic 

differences between humans and identification of those 

genes that have an impact on health status. 

The fact that patients respond differently to 

antipsychotic treatment is largely due to the different genetic 

imprinting existing between one another. Psychiatric 

pharmacogenetics aims to identify the genetic inheritance of 

a patient and how this influences drug treatment outcomes. 

Most pharmacogenetic research conducted in the 

field, uses as strategy the candidate gene approach, that 

explores the association between an allelic variation of 

candidate gene and the characteristic of interest (such as 

treatment response). This requires knowledge of the 

pharmacology of antipsychotics in order to select those 

genes that encode proteins that the drug interacts with in the 

course of the pharmacokinetic process (cytochrome-P450 

enzymes, plasma binding protein, transport protein, etc.) or 

of the pharmacodynamic process (receptors, enzymes, etc.). 

Subsequently, the molecular genetic techniques can 

establish the existence of genetic polymorphisms 

(variations) in these genes of interest which might be 

responsible for phenotypic differences.  This means that a 

certain gene in the form of an allele determines a certain 

type of treatment response, while another allele of the same 

gene, may generate an altered response. 
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The discovery of pharmacogenetic markers that 

influence antipsychotic pharmacodynamics, with strong 

predictive value for clinicians, is difficult because the 

mechanism of drugs action involves multiple proteins and 

second messengers, and each of them can be subject to 

genetic variability. 

By now, the greatest progress made in 

antipsychotic therapy individualization based on molecular 

diagnosis, is represented by cytochrome P450 genotyping. 

Since most antipsychotics are metabolized by cytochrome 

P450 enzymes, the existence of genetic variation affecting 

the enzymatic activity will influence the plasma 

concentration of antipsychotics, and therefore the efficacy 

and tolerability of medication. 

 

Material and method 

Prior to inclusion in this study, informed consent 

was obtained from each subject. A special attention was 

given to protect the privacy of the subjects. This study 

respected the guidelines which regalements the utilization of 

patients data and the use of patients DNA samples in 

research use. 

A lot of 50 patients were selected for molecular 

genetic investigations. Inclusion on the study lot was made 

based on several criteria. Were selected patients who 

undergo treatment with aripiprazol and risperidone.  

An evaluation form was established and applied for 

all the patients who undergo treatment with the above 

mentioned drugs. It were collected dates about the age at 

which the individual first experienced a diagnosis or 

symptoms of schizophrenia. The severity of manifestations 

was established based on the PANSS score.  Different 

grades were used in order to correlate the severity of each 

symptom (1 = absent, 2 = minimal, 3 = mild, 4 = moderate, 

5 = moderate severe, 6 =severe, 7 = extreme). For each 

patient from the study lot, PANSS score before initiation of 

the treatment was available. In order to evaluate the 

therapeutic effect, PANSS assessments at 1, 3 and 6 month 

after initiation of anti-psychotic treatment was done. 

The patients selected for study were divided in 2 

sub-lots based on the PANSS score evolution. Those who 

presented clinical improvement of the manifestation, based 

on the PANSS score were included in sub-lot 1 which 

served as a reference lot. The second lot included patients 

that did not exhibit the expected evolution in clinical 

manifestations. 

For each patient 2 mL of venous blood was 

collected using a heparinized blood collection tube. The 

DNA extraction was done by using the commercial DNA 

extraction kit (Qiagen Mini DNA Extraction kit). In this 

study, the CYP2D6 alleles, CYP2D6*3, CYP2D6*4, 

CYP2D6*5, CYP2D6*6 were selected for detection based 

on the frequencies of those polymorphism in Caucasian 

population.  

For the CYP2D6 SNPs genotyping, we choose the 

TaqManÈ Pre-Developed Assay for Allelic Discrimination 

Kit (Applied Biosystems). Amplification and analysis of 

patientsô samples are run on a 7500 Real-time PCR sistem 

(Applied Biosystems).  

The first stage of the study had the purpose of 

selecting the cohort of patients under treatment with 

risperidone and aripiprazole, followed by identification of 

sublots based on the clinical evolution after the therapy, 

selection of the polymorphisms that will be evaluated, DNA 

samples preparation as well as the optimization of the 

protocol for SNPs identification. The second part of the 

study includes SNPs evaluation and statistical analysis of 

the results. Statistical analysis has the purpose of evaluating 

the existence of a positive or negative correlation between 

the presence of a specific genotype and the PANSS score 

evolution after treatment institution.  

 

Discutions 

Cytochrome P450 iso-enzymes are found primarily 

in the endoplasmic reticulum of hepatocytes, but are also 

present in the gut and brain. They are involved in phase I 

reactions of the hepatic biotransformation of antipsychotics, 

and are responsible for the modification of functional groups 

by oxidation reactions that increase hydrophilicity of 

molecules, in order to eliminate them from the body. Each 

CYP enzyme is the product of a particular gene. The 

occurrence of genetic mutations in the gene, will produce 

different allelic variants of that gene. Allelic variants will 

encode CYP enzyme variants with different degrees of 

activity. When genetic mutation occurs with a frequency 

greater than 1% in the population is called a genetic 

polymorphism. The most polymorphic izoforms are 

CYP2D6, CYP3A4, CYP2C19 (1). Following the 

characterization of patientsô genetic profile in relation to 

polymorphic forms of these enzymes, genotype-phenotype 

correlations can be established. For example, based on 

allelic variants of P450 CYP2D6 gene, four phenotypes 

have been identified:  

Å "ultrarapid metabolisers" are patients with allelic 

variants encoding highly functional enzymes 

Å "intermediate metabolizers" and "poor 

metabolisers" are patients with allelic variants coding for 

enzymes with deficient or dysfunctional activity 

Å "extensive metabolizers", are patients with wild-

type allelic variants, with the highest frequency in the 

population, which have normal enzymatic activity. 

Atypical antipsychotics have primary and 

secondary pathways of biotransformation. These should be 

well known in order to properly assess the clinical relevance 

of polymorphisms (Table 2) (3). For a poor metaboliser 

CYP2D6, prescribing an antipsychotic such as aripiprazole, 

iloperidone, paliperidone or risperidone, which are 

extensively metabolized by this particular isoenzyme, 

should be avoided. If there is no therapeutic alternative 

available, it is recommended to reduce their doses. 

Until recently, the way in which the optimal dose 

of antipsychotic could be determined, with clinical efficacy 

and minimal risk of adverse effects, was by regular 

determination of drugs plasma levels, but this required 

repeated blood sampling. Conducting a therapy using 

pharmacogenetic testing has the advantage of anticipation of 

plasma levels, before antipsychotic administration, so that 

the initiation of therapy should be judiciously done. For 
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example, Hendset et al. recommends for CYP2D6 poor 

metabolisers patients, a 30-40% reduction of the maximum 

aripiprazole daily dose, so that they reach the same steady 

state concentration of aripiprazole and dehidroaripirazole 

(the active metabolite) as extensive metabolisers (4). 

 

 

 

 

 

 

Genotype 

 

 

Phenotype 

 

Consequences at usual recommended 

dosage of active drugs  

Frequency in 

the Caucasian 

population 

(%) (2). 

Gene duplication in 

absence of inactive or 

low activity allele 

ultrarapid 

metabolisers 

- subtherapeutic plasma levels 

- therapeutic ineffectiveness 

 

2 

Two alleles (wild-type) 

with normal activity 

extensive 

metabolizers 

- therapeutic plasma levels 

- clinical efficacy 

80 

Two low-activity allele 

or carriers of one active 

allele and one inactive or 

one low-activity allele 

and one inactive 

intermediate 

metabolizers 

- increased plasma concentrations 

- adverse effects, toxicity 

- biotransformation in another 

unfavorable pathway 

- reduced prodrug activation  

 

 

10 

Two inactive alleles poor 

metabolisers 

- increased plasma concentrations 

- adverse effects, toxicity 

- biotransformation by another 

unfavorable pathway 

- lack of prodrug activation 

 

 

8 

Active alleles * 1, * 2, * 33, * 35 

Low activity alleles *  9, * 10, *  17, * 29, * 36, * 41 

Inactive alleles * 3 - * 8 * 11 - * 16, * 19 - * 21, * 38, * 40, * 42 

Table 1. CYP2D6 genotype-phenotype relationship 

 

 

 

Not always pharmacogenetic studies have led to 

recommendations for clinical practice, because many of 

them have failed to achieve significant results. 

In 1995, Arraz et al. undertook one of first studies on 

correlation between the CYP2D6 genotype and response to 

antipsychotic treatment. The study included 130 Caucasian 

patients that had been undergoing treatment with clozapine. 

They observed that poor metabolisers and ultrarapid ones 

were equally distributed in the 2 groups of patients - 

responsive and non responsive to treatment -, failing to 

establish a correlation between CYP2D6 genotype and drug 

response (5). This may however be due to the fact that 

CYP2D6 is a minor metabolic pathway for clozapine, the 

maijor being CY1A2. It goes without saying that the poor 

metaboliser phenotype in a minor metabolic pathway will 

have a lower impact on treatment response as compared 

with the poor metaboliser phenotype in a major metabolic 

pathway. Also, one pharmacogenetic study of Melkerson et 

al. failed to establish an association between the poor and 

intermediate CYP2D6 metaboliser phenotype and plasma 

levels of clozapine and its metabolite N-desmetilclozapina. 

Instead, CYP1A2 poor metabolisers (major route of 

metabolism of clozapine) have higher plasma concentrations 

and a higher risk of hyperlipidemia and increased insulin 

resistance (6). 
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Atypical antipsychotic CYP2D6 CYP3A4 CYP1A2 

Aripiprazole +++ +  

Clozapine + + +++ 

Iloperidone +++ +  

Olanzapine +  +++ 

Paliperidona +++ +  

Quetiapine  +++  

Risperidone +++ +  

Ziprasidone  +  

 

Table 2. CYP450 enzymes responsible for metabolism of atypical antipsychotics. 

 

 

Once genotyping of cytochrome P450 became 

possible, Dutch Pharmacogenetics Working Group of Royal 

Dutch Pharmacist Association, based on current research 

evidence, recommends testing of P450 genotype in order to 

individualize therapeutic doses of: 

Å aripiprazole: reduction of the maximum dose to 

10 mg / day (67% maximum recommended daily dose) for 

CYP2D6 poor metabolisers; 

Å risperidone: in poor, intermediate or ultrarapid 

CYP2D6 metabolisers, administration of an alternative drug 

is recommended (eg, quetiapine, olanzapine, clozapine) or 

careful monitoring of side effects and adjustment of dose 

based on clinical response. Information from 

pharmacogenetic studies is insufficient to determine the 

exact optimal dose (7). 

In the list of drugs that have included 

pharmacogenetic information in their lables, Food and Drug 

Administration (FDA) included aripiprazole, clozapine, 

iloperidone, risperidone. The biomarker that is referred to is 

CYP2D6. In CYP2D6 poor metabolizer patients, for 

aripiprazole and iloperidone, a 50% reduction of the initial 

dose is recommended, with subsequent dosage adjustment 

based on the clinical response. Also, reducing the dose of 

clozapine is recommended, without specifying the exact 

percentage (8). 

Another advantage of pharmacogenetic testing, 

prior to administration of an antipsychotic, is the possibility 

to protect the patient from drug-drug interactions that can 

have serious consequences. The cytochrome P450 enzyme 

system can be disrupted by factors such as cigarette smoke, 

alcohol but also drugs. There are drugs (e.g. antiepileptics, 

antiretrovirals etc.) with enzyme induction effect, which 

increase the enzymatic activity and accelerate the hepatic 

biotransformation of the co-administered drug (this case, an 

atypical antipsychotic), reducing its plasma concentration. 

This induction leads to diminishing or annulment of the 

therapeutic effect of the atypical antipsychotic drug. Other 

drugs that have enzyme inhibition effect (e.g. macrolides), 

leads to a decrease in rate of hepatic biotransformation of 

the atypical antipsychotic, causing increased plasma half-

life, with the risk of accumulation and occurrence of toxic 

effects from overdose. (9) This types of drug interaction can 

turn an extensive metabolizer into a rapid one (by enzymatic 

induction) or into an intermediate/poor one (by enzymatic 

inhibition). 

In 1999, Markowity et al. noted that the association 

of ciprofloxacin with olanzapine causes the doubling of 

plasma concentrations of olanzapine, effect due to CYP1A2 

enzyme inhibitory activity of ciprofloxacin (10). In 2006, 

the case of a 70 years old patient was presented, that 

underwent chronic treatment with azathioprine, vasartan and 

olanzapine, to whose therapeutic regimen ciprofloxacin (800 

mg / day) and furosemide were introduced. After 3 days, the 

patient experienced a prolongation of 610 ms of the QT 

interval, which gradually returned to normal after replacing 

ciprofloxacin with a cephalosporin. This iatrogenic 

prolongation of the QT interval may be caused by 

ciprofloxacin administration itself or may be due to the 

cumulative effect of ciprofloxacin and olanzapine. 

Ciprofloxacin has a CYP1A2 enzyme inhibition effect on 

olanzapine, which causes accumulation of unmetabolised 

olanzapine, with the risk of adverse effects, including 

prolongation of QT interval (11). There is no information 

about the CYP1A2 phenotype of the patient. As a rule, the 

effects of enzymatic inhibition interaction are more severe if 

the patient is a poor metabolizer. 

Aripiprazole is metabolized via CYP2D6 and 

CYP3A4. Thus, if initial aripiprazole doses in patients how 

are CYP2D6 poor metabolizers have to be decreased by 

50%, they will be reduced to 25% if the patient is 

concomitantly under treatment with a potent CYP3A4 

enzyme inhibitor (e.g. ketoconazole) (12). 

Most studies on pharmacokinetic aspects of 

pharmacogenetics of atypical antipsychotics have focused 

on the influence of cytochrome P450 genotype on plasma 

concentrations of drug and its active metabolite, which were 

correlated with treatment response. 
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Studies attempting direct correlation between cit. 

P450 polymorphisms and clinical efficacy of the treatment 

are fewer and most of them have negative results. After 

failure of Arranz et al. to establish such a correlation, Riedel 

and his collaborators assessed the influence of CYP2D6 

genotype on the plasma concentrations of risperidone and 9-

HO-risperidone (active metabolite) and the relationship with 

clinical efficacy. Efficacy was defined as 30% reduction of 

the PANSS score (positive and negative syndrome scale) 

after 6 weeks of treatment. Although CYP2D6 *4 allele 

carriers, (associated with reduction of enzyme activity) 

showed an increase in plasma levels of risperidone and its 

active metabolite, the polymorphism could not be correlated 

with efficacy of treatment defined by the PANSS score (13). 

In 2008, Thomas P. published a study which also fails to 

associate the efficacy of olanzapine treatment with 

CYP2D6*4, CYP1A2*1C, CYP1A2*1F polymorphisms 

(14). Although cit. P450 phenotype influences plasma drug 

concentration, more studies are needed to assess 

consequences from the clinical point of view. 

Promising progress is made in CYP genotyping to 

assess propensity to obesity induced by atypical 

antipsychotics. Ellingrot et al. have established a 

relationship between CYP2D6 polymorphisms and weight 

gain for 11 patients that were under olanzapine treatment. 

Patients with genotypes *1/*3 and *4, associated with the 

status of poor metabolizers, had a higher increase of body 

mass index as compared to carriers of the wild type allelic 

variant (*1/*1) (15). These results are supported by the 

study of Lane et al., conducted over 123 ethnic Chinese 

schizophrenic patients. The presence of CYP2D6 188-C/T 

polymorphism (CYP3D6 *10 - reduced enzyme activity) 

was associated with a greater increase in weight after 6 

weeks of monotherapy with risperidone, as compared to the 

homozygotes wild-type (16). 

Recently AmpliChip CYP450 (Hoffmann-

LaRoche, 2003), the first pharmacogenetic test was 

approved by the U.S.A. and the European Union allowing 

identification of CYP2D6 and CYP2C19 gene 

polymorphisms in order to assess the patientsô metabolizer 

status. Although molecular diagnosis technology has 

advanced, genotyping for P450 cytochrome is not usually 

integrated into clinical practice. The physicians often resort 

to pharmacogenetic testing only when pharmacokinetic 

parameters are so much modified that there are problems in 

clinical practice. 

 

Conclusions 

We have done a literature overview regarding the 

role of CYP450 polymorphisms in anti-psychotic treatment 

response and we believe that our study is justified by the 

lack of information about the frequency of specific 

genotypes in the Romanian population and their impact in 

establishing the best treatment and the correct dose of anti-

psychotics. 

In any case, even if phenotyping of enzymatic 

status is useful for predicting plasma concentration of 

antipsychotics and of active metabolites and to make 

recommendations on therapy starting and dosage, further 

future studies are needed so that pharmacokinetic aspects of 

pharmacogenetics of antipsychotics should find applicability 

in the exact anticipation of treatment response from a 

clinical point of view. What is certain is that the future holds 

an important place to psychofarmacogenetics in therapeutic 

management and personalized therapy. 
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RETINOPATHY OF PREMATURITY - RISK FACTORS  

FOR EVOL UTION  
 

 
Ramona Albulescu1, Florina Stoica1, Nicoleta Andreescu1, Maria Puiu1 

 

Abstract 

Retinopathy of prematurity (ROP) is a disorder 

characterised by abnormal retinal vascular development, and 

several risk factors are involved. The condition may be in 

mild form or it may result in retinal detachment which may 

eventually cause blindness. The management of the risk 

factors involved in the disease etiopathogenesis and the 

treatment by laser photocoagulation performed in early 

stages of the disease are important factors that contribute to 

less premature infants with retinopathy of prematurity. 

Key words: retinopathy of prematurity, risk factors, retinal 

detachment 

 

Introduction  

Retinopathy of prematurity (ROP) is a disorder 

characterised by abnormal retinal vascular development due 

to the disorganized growth of retinal blood vessels and 

several risk factors are involved. ROP affects prematurely-

born babies with low birth weight. The incidence of the 

retinopathy of prematurity is inversely related to the 

gestational age and the weight at birth. The condition may 

be in mild form or it may result in retinal detachment, which 

may eventually cause blindness. (1) 

 Retinopathy of prematurity may be described 

according to location, stage and extent (1,2).  

 For the purpose of defining the location, three 

concentric zones were defined, centred on the optic disc:  

- zone I: a circle, the radius of which extends from 

the centre of the optic disc to twice the distance from the 

centre of the optic disc to the centre of the macula,   

- zone II: retinal zone which extends centrifugally 

from the edge of zone I to the nasal ora serrata (at 3 o'clock 

in the right eye and 9 o'clock in the left eye), the circle 

reaching the area of the anatomical equator on the temporal 

side.  

- zone III: the residual crescent-moon retina, 

anterior to the edge of zone II.( 1,2) 

 According to extent, retinopathy of prematurity is 

quantified as number of clock-hours of involvement, as if 

the top of the eye were 12 on the face of a clock. Therefore, 

pathology at the 3 o'clock position corresponds to the right 

and nasal side of the right eye and the temporal side of the 

left eye, while the 9 o'clock position corresponds to the left 

and temporal side of the right eye and the nasal side of the 

left eye, as the examiner looks at the patient's eyes (1,2). 

There are several stages of retinopathy of 

prematurity:  

- stage 0:  the retinal vascularisation is incomplete 

or "immature"; 

- stage 1:  a thin, but well-defined white division 

line, at the junction between the posterior vascularised and 

anterior avascular retina. There may also be noticed an 

abnormal vascular tortuosity, stopping at the division line; 

- stage 2: an elevated ridge, specific to the stage 2, 

replacing the line. It is characterised by volume in height 

and width, extending out of the plane of the retina. The ridge 

may change colour from white to pink, and the vessels may 

proliferate outside the plane of the retina, beyond the ridge 

and into the vitreous. It should be noted that the presence of 

these retinal vessels, elevated outside the plane of the retina 

and into the ridge, do not represent a posterior retina 

detachment.  

Sometimes, small isolated tufts of neovascular 

tissue lying on the surface of the retina, commonly called 

"popcorn" may be seen posterior to this ridge structure. 

These do not constitute the degree of fibrovascular growth 

that is a necessary condition for stage 3;                                                  

 - stage 3: extraretinal fibrovascular proliferation or 

neovascularization, specific to stage 3, is mainly localised as 

follows: a) continuous with the posterior edge of the ridge, 

causing a ragged appearance of the ridge; b) into the 

vitreous, perpendicular to the plane of the retina; c) 

immediately after the posterior edge of the ridge, however 

not always connected to it;                                  

- stage 4: partial retinal detachment, which can be 

further divided into:  stage 4A, which includes extra-foveal 

retinal detachment, and stage 4B, where the partial retinal 

detachment includes the fovea. Stage 4 retinal detachments 

are generally concave and most are circumferentially 

oriented. Its localization and extent need further analysis. 

Usually, retinal detachments begin at the point of 

fibrovascular attachment to the vascularised retina and then 

advance both towards the anterior and the posterior edges; 

- stage 5: total retinal detachment, generally 

tractional and usually funnel-shaped, being sometimes 

exudative; according to the funnel configuration, it can be 

subdivided depending if the anterior and posterior portions 

are open or narrowed.(1,2) 

As more than one stage may be present in the same 

eye, staging the ROP for the eye as a whole is determined 

according to the most severe stage present (3). 
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Figure 2. A. - ROP stage 4A , B. - ROP stage 4B (www.ejournalophthalmology.com) 

Figure 1. A. - ROP stage 1, B. - ROP stage 2, C, - ROP stage 3+  (www.intechopen.com) 

Graphic 1. Reference zones used for ROP classification  (www.eophta.com) 

http://www.ejournalophthalmology.com/
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Besides the lesions described above, ROP may be 

characterised by additional signs of disease development, 

called ñplus-diseaseò (PD) factors, which include increased 

venous dilatation and arteriolar tortuosity of the posterior 

retinal vessels which can increase in severity to include iris 

vascular engorgement, poor pupillary dilatation (pupillary 

rigidity), and vitreous haze. A "plus" sign is added to the 

disease stage when more than one of the above signs of 

severity is identified (3). 

Aggressive posterior retinopathy of prematurity 

The gravity ROP in zone 1 and the different aspect 

of severe disease in this area have required recent definition 

by the international committee composed of ROP 

classification, the concept of aggressive posterior 

retinopathy of prematurity. This is a severe form of ROP, 

which is progressing rapidly and has the characteristics: 

posterior location (zone I or posterior zone II), the gravity 

factor as opposed to the addition of poorly defined 

peripheral retinopathy (a system of new blood vessels, with 

hard features said, at the junction with the avascular retina 

vascular). Aggressive posterior retinopathy of prematurity 

extends circumferentially, the vascular changes rapidly 

evolving and requiring emergency treatment setting. 

Alternatively, the disease reaches Stage 5 of the ROP (3). 

Objective: Monitoring the evolution of the 

retinopathy of prematurity when risk factors are involved. 

The screening programme for the diagnosis of ROP aims at 

determining the optimum timing for treatment 

administration in prematurely-born infants which are 

suspected to develop severe forms of the disease, and at 

reducing, as much as possible, the number of examinations 

in children with ROP risk, as such examinations are rather 

unpleasant. The intervals between examinations was not 

fixed, it varied according to the retinopathy development 

stage (3). 

 

 

 

 
 

 

 

 
 

 

 

 

Figure 4.  Aggressive posterior 

retinopathy of prematurity 

(www.intechopen.com) 

Figure 3. A. ROP stage 5, B. ROP ñPlus-diseaseò factors (www.retinophatyprematurity.com) 



 

 
JURNALUL PEDIATRULUI ð Year XVI, Vol. XVI, Nr. 64 , october -december 2013  

 

 23 

Material and method 

The research study was performed at the maternity 

ward in "Dumitru Popescu" Hospital Timisoara, and the 

research team included a neonatologist, a paediatrician and 

an ophthalmologist, the contribution of each team member 

being very important in the early screening of prematurely-

born infants presenting a risk of ROP development, as well 

as in establishing an early diagnosis of ROP, in order to 

administer the optimal treatment and prevent long-term 

complications.  

The ophthalmologist performed the examination 

with an ophthalmoscope. With the use of an indirect 

ophthalmoscope and a 20-dioptre lens, first the anterior and 

then the posterior poles were examined. The examination 

was performed according to the examination protocol 

included in the ROP screening.  

 

Results 

 There have been examined 50 prematurely new-

born infants ( from Timisoara and neighboring areas) that 

included all the infants with BW (born weight) <1500 g and 

with GA (gestational age)<32 weeks and also other infants 

over 32 weeks that presented associated risk factors 

(oxygen, ventilation, sepsis, etc). The repartition on 

gestational age and born weight was the following: 17 infats 

with GA between 24-28 weeks and BW 750-1000 g,  22 

infants GA 28-32 weeks and BW between 1000-1500 g,and 

11 infants with GA>32 and BW>1500g. 

From the study lot, 28 infants (56%) did not present 

ROP modification; 22 infants had ROP (44% in risk 

category).   

Using the ICROP classification, we have the 

following repartition on stage: stage 1= 10infants (18%), 

stage 2=7 infants (14%), stage 3=5 infants (10%), stage 

4=1infants (2%), stage 5= 0 infants. All the infants 

examined received supplemental oxygen and most of them 

had anemia.  

From the 6 infants (stage 3 and stage 4 of ROP), at 

three of them was done laser treatment. 

We report the different evolution of ROP in two 

prematurely-born infants from twinsô cases, with multiple 

associated risk factors, admitted to the maternity ward in the 

"Dumitru Popescu" Hospital from Timisoara.    

Case 1. The prematurely-born infant P.D. was 

included in the screening for retinopathy assessment at 35 

weeks corrected postnatal age. The infant was diagnosed 

with stage-2 retinopathy of prematurity in zones I and II, 

with severe plus disease, and the later evolution became 

rapidly unfavourable. Laser therapy was performed 24 hours 

from the diagnosis. After the laser therapy, the evolution is 

still unfavourable. Approximately one month after the laser 

therapy, the diagnosis is stage-4 retinopathy of prematurity, 

and the parents were instructed to have the infant examined 

at a vitreous-retinal surgery clinic, yet the surgery is not 

performed. At present, the child is monitored at the 

Ophthalmology Clinic from Timisoara, with the following 

diagnosis: Right eye: ROP, stage 4b, partial retinal 

detachment, post-laser treatment status; Left eye: ROP, 

stage 4a, partial retinal detachment (nasal side), post-laser 

treatment status; 

Case 2. The prematurely-born infant A.M. was 

included in the screening for retinopathy assessment at 37 

weeks correct postnatal age. Upon ophthalmologic 

examination, the premature infant was diagnosed with stage-

1 retinopathy of prematurity. The later development of the 

disease was unfavourable, and one week of monitoring, the 

diagnosis is posterior aggressive ROP/AO. Laser therapy 

was performed 24 hours from the diagnosis, and the later 

development was favourable. At present, the child is 

monitored at the Ophthalmology Clinic from Timisoara, 

with the following diagnosis: post-laser retinopathy of 

prematurity/AO, and severe myopia, and is subjected to 

regular assessments. 

 

 

 

 

       
 

 

 

Graphic 3. Stages of ROP found in the study lot  
Graphic 2. The report between the infants presenting 

ROP modifications and the sublot without ROP 

modifications 
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Supplemental oxygen 50 infants (100%) 

Intraventricular haemorrhage 40 infants (80%) 

Respiratory distress syndrome 21 infants (42%) 

Surfactant 8 infants (16%) 

Sepsis 33 infants (66%) 

Anaemia 49 infants (98) 

Blood transfusion 3 infants (6%) 

Maternal associated risk factors 18 infants (36%) 

 

Table 1. Complications found in infants included in this study 

 

 

Associated risk factors Prematurely P.D Prematurely A.N 

Gestational age 28 weeks 29 weeks 

Birth weight 1100g 1120 g 

Oxygen therapy 24 h 18 h 

Anemia Hb= 6,9 g/l Hb= 7 g/l 

Blood transfusion 2 2 

Intraventricular bleeding Grad II Grad II 

Maternal risk factors Anemia, Imminent abortion Anemia, Placenta praevie 

Apgar index 6 6 

Table 2. Associated risks factors found the presented cases 

 

 

 

Discussions 

There are two theories explaining the retinopathy in 

premature infants:  the oxygen toxicity and hypoxia theory 

and the "hiatus" links formation theory.  Retinopathy in 

premature infants develops in two stages, influenced by 

factors such as the presence/absence of oxygen or by 

oxygen-independent factors (8)One major oxygen-related 

factor is the vascular endothelial growth factor (VEGF), 

together with another major oxygen-independent factor, the 

insulin-like growth factor 1 (IGF-1). Stage I (hyperoxia) of 

ROP starts with a delay in the development of retinal 

vascularisation immediately after birth and continues with 

the partial regression of existing vessels, followed by Stage 

II induced by hypoxia.  Hyperoxia induces changes in the 

VEGF: suppressed VEGF in the first phase of ROP prevents 

physiologic retinal vascular development, while high VEGF 

determined by the phase-2 hypoxia of the ROP lead to 

abnormal vascular proliferation or neovascularisation (8,9) 

A major role in this theory is played by the IGF-1 

insulin-like growth factor 1, which acts directly to stimulate 

the VEGF for the maximum vascular development. The lack 

of IGF-1 in the prematurely-born infants prevents normal 

vascular development in phase-1 of the ROP, despite VEGF 

being present. As the prematurely-born infant grows, the 

increased IGF-1 levels in phase-2 of the ROP allow the 

VEGF to stimulate physiological vascular development 

(neovascularisation). It is believed that bringing the IGF-1 to 

the normal level immediately after the birth of a premature 

infant might be useful in preventing the ROP. At the same 

time, the presence of oxygen free radicals leads to the 

membrane alteration of the mesenchymal fusiform cells 

(precursors of the vascular wall), leading to the formation of 

"hiatus"-like links, which will prevent the formation of 

normal blood vessels. 

The retina of prematurely born infants is not 

completely developed, and this is also the case of the other 

organs. The presence of risk factors determines an abnormal 

development of the retina and thus leads to the retinopathy 

of prematurity (9).   

Various risk factors contribute to the development 

of ROP. They are: gestational age less than 32 weeks, and 

especially less than 30 weeks, birth weight under 1,500 g, 

and especially infants with birth weight lower than 1,200 g 

(1% for the infants with birth weight over 1,500 g, 80% for 

the infants with birth weight between 750 and 1,000 g - 10% 

severe forms, and approximately 100% for the infants with 

birth weight between 500 and 750 g - 10% develop severe 

forms of ROP) (10) 

There is a close connection between oxygen 

therapy and ROP, between the duration of oxygen exposure 

and the severity (disease stage) of retinopathy  

Hypoxia (insufficient oxygen) represents a risk 

factor, as the increased carbon dioxide level in the blood 

influences the retinal metabolism and induces extremely 

high VEGF, which has a negative impact on eyesight.  

Assisted fertilisation methods (especially the in-

vitro fertilisation) contribute to the increased incidence in 

ROP by increasing the incidence of multiple pregnancy and, 

therefore, of premature births.  

Blood transfusion, as risk factor in ROP 

development, may be explained by the fact that premature 

infants receive adult haemoglobin whose oxygen 

desaturation index is different from the foetal haemoglobin, 

thus providing an additional quantity of oxygen at tissue 
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level. In the uterus, the tissue oxygen level is low and the 

normal vascular development in the retina is partially 

determined by the "physiological hypoxia" (10).  

Vitamin E deficit occurs due to the fact that 

prematurely-born infants do not receive the needed vitamins 

in the last trimester of pregnancy. The role of vitamin E in 

the child development is important due to its anti-oxidant 

characteristics. Pharmacological doses of vitamin E have 

been proposed for the treatment of premature infants with 

low birth-weight, in order to prevent the incidence of ROP, 

intra-cranial haemorrhage, haemolytic anaemia and 

pulmonary chronic diseases. However, very high doses of 

vitamin E can have negative consequences, as it increases 

the risk of infections that can cause death. Vitamin E 

supplements, especially when administered intravenously, 

increase the risk of intra-cerebral haemorrhage. The optimal 

dose of vitamin E for parenteral administration to 

prematurely-born infants has still not yet been determined. 

Vitamin E is not recommended in preventing the ROP, due 

to its undesirable side effects, while vitamin E supplements 

reduce the risk of developing severe retinopathy. (10, 11) 

Other possible risk factors include maternal factors 

(anaemia, gestational diabetes, sepsis, and antihistamine 

administration during pregnancy)  

The risk factors associated for the two prematurely-

born infants presented in this paper are mentioned in Table 

2. 

Increased support is given to establish the role of 

genetic factors in the development of the retinopathy of 

prematurity, a serious visual morbidity determined by 

premature birth. The specialty literature has reported 

research studies indicating the implication of three "single 

nucleotide polymorphisms" (SNPs), two in the CFH-gene 

and one in the EPAS1-gene. Upon expansion of this 

analysis, it was concluded that five SNPs from five genes 

(IHH, AGTR1, TBX5, CETP, GP1BA) are involved in the 

ROP development. (12) 

 

Conclusions 

Pregnant women should be monitored as closely as 

possible by the family physician and the obstetrician, in 

order to prevent premature births. A child born as closely to 

the term as possible has higher chances to have a well-

vascularised retina, as compared with the prematurely-born 

infants and, therefore, there is a lower risk to develop ROP. 

The management of the risk factors involved in the disease 

etiopathogenesis and the treatment by laser photo-

coagulation performed in early stages of the disease (in 

order to stop disease evolution before final changes occur in 

the retina) are important factors that contribute to less 

premature infants with retinopathy of prematurity. 

Although both prematurely-born infants were 

exposed to the same associated risk factors, the evolution of 

retinopathy was different - the theory of the genetic factor as 

risk factor, contributing to the ROP development is 

becoming more and more plausible. Our research study was 

very restricted, as it included only two prematurely-born 

infants; therefore we cannot completely support this theory.    
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ETIOPATHOGENESIS AND TREATMENT OPTIONS IN 

SHORT BOWEL SYNDROME ASSOCIATED WITH 

CHRONIC LIVER DISEASE  

 
Tepeneu NF1,2, Daniela Chiru1,2 
 

Abstract 

Short bowel syndrome is a life threatening disease 

with a high mortality and morbidity. Since home parenteral 

nutrition (PN) has been established, there is an increasing 

number of patients surviving the acute loss of bowel 

function. But in the long-time these patients suffer from 

different complications of PN, with loss of central venous 

access, recurrent sepsis and finally the syndrome of 

progressive cholestatic ihrer disease. Both loss of central 

venous access and especially the progressive cholestatic 

liver disease are the limiting factor for the long-term 

survival of patients suffering from intestinal failure. 

Interestingly, the pathophysiologic mechanisms of 

parenteral nutrition induced intrahepatic cholestasis have not 

been solved yet and seem to be of multifactorial genesis. 

Cholestasis has shown to be associated with prematurity, 

recurrent sepsis, enteral and parenteral nutrition, especially 

with lipid emulsions. Enteral feeding and a well-controlled 

regime of parenteral nutrition lower the incidence of end-

stage liver disease and, therefore,  has to be optimized in the 

therapy of these patients. 

Key words: Short bowel syndrome (SBS), parenteral 

nutrition (PN),  liver diseases, intrahepatic cholestasis 

 

Introduction  

Short bowel syndrome (SBS) is a result of 

anatomic or functional loss of major parts of the small 

bowel, leading to intestinal failure. The estimated incidence 

for SBS is 24.5 (12.1-36.9) per 100000 live births, with 

much higher incidence in pretem babies born before 37 

weeks of gestation compared with term newborns (1). A 

cohort study by Wales et al. showed a high mortality of SBS 

(6-45%)(2). On home parenteral nutrition (PN) survival 

rates at one and five year have been reported to be 91- 97% 

and 62-68% in adults and 97% and 89% in children (2).  

SBS patients initially require PN and are included 

in an intestinal rehabilitation program, that optimises the 

function of the remaining bowel using medical and 

nutritional strategies(3,4,5). 

Nevertheless, in some patients, intestinal autonomy 

cannot be restored and PN has to be performed for a long 

period of time(6). 

Beside the problems with the central venous access 

and recurrent infections of the central venous line, the major 

unresolved problem remains the development of intestinal 

failure associated cholestasis and end-stage liver 

disease(7).Intestinal failure is defined as the inability of the 

alimentary tract to digest and absorbsufficient nutrients to 

maintain normal fluid balance, growth and health.  Long 

time parenteral nutrition causes loss of venous access and 

recurrent catheter infections, however, the major unresolved 

problems of PN remains the PN associated liver disease.  

After Beath et al.(8) the PN associated liver 

damage can be classified in three stages: early, established 

and late intestinal failure associated liver disease. 

In an early stage there is a persistant elevation of 

liver enzymes, that are 1.5 times higher than normal, which 

persist over six weeks in infants and children. Bilirubin is <3 

g/L. Liver biopsy shows steatosis in 25% of the liver 

parenchyma and 50% of the portal tracts show fibrotic 

alteration.Established liver disease is characterized by 

elevated liver enzymes, that are more than 1.5 times higher 

than normal. Bilirubin is between. 3 and 6 g/L and liver 

biopsy shows steatosis in more than 25% of liver 

parenchyma and fibrosis affecting more than 50% of portal 

tracts.  

The late liver disease is characterized by elevated 

liver enzymes that are more than three times higher than 

normal. Bilirubin is >6 g/L. The international normalized 

ratio is >1,5 and additional signs for portal hypertension 

may be present. Liver biopsy shows fatty change with areas 

of intense fibrosis. 

The liver damage in PN associated liver damage 

shows some distinct features that are different from classical 

liver cirrhosis. Unlike in adults, the most common histologic 

finding in children is intrahepatic cholestasis rather than 

steatosis hepatis. There is an age related histologic 

alteration. This may reflects the immaturity of the biliary 

excretion system in neonates and is related to prematurity 

and duration of parenteral nutrition. Compared to cholestasis 

in adults, in neonates it occurs early and there is a high 

incidence of developing progressive cholestatic liver disease 

(17%)(9). Complete and incomplete block of bile secretion 

is associated with ductular reaction accompanied by 

periductular fibrosis. This eventually leads to fibrous 

linkage of adjacent portal tracts. This stage of "biliary 

fibrosis" is a potentially reversible lesion(10). Biliary 

cirrhosis in parenteral nutrition associated liver disease is 

unusual, but it is the final stage characterized by portal-

central fibrous septa and nodular parenchymal regeneration. 
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Liver fibrosis is classified according to the criteria 

of Desmet et.al ranging from grade 0-4. Periportal and 

architectural changes form the base for grading in chronic 

cholestatic liver disease: grade 1: portal changes; grade 2: 

periportal changes; grade 3: septal changes; grade 4: 

cirrhotic stage(10). 

Progressive cholestatic liver disease remains the 

most problematic life threatening complication of parenteral 

nutrition in short bowel syndrome. The incidence in 

childhood is as high as 40-60%(11,12). Potential liver 

damaging factors are: underlying disease, lack of enteral 

feeding, duration of parenteral nutrition, prematurity, 

extrahepatic biliary obstruction, recurrent sepsis, 

hypercaloric parenteral nutrition, lipid substitution > 1 g /kg 

body weight/day.  

It is under discussion whether there is correlation 

between the incidence of liver disease in SBS and the 

underlying disease. Several studies showed a higher 

prevalence of liver disease in SBS compared to other causes 

of intestinal failure(9,11,12). It has been suggested that liver 

disease is less frequently associated with medical causes of 

intestinal failure than with surgical causes except for such 

cases with protracted diarrhea that show a very aggressive 

form of intestinal failure. In surgical SBS the length of the 

bowel influences significantly the development of chronic 

liver failure, but that is potentially dependent on the 

possibility of enteral nutrition. It is evident that in patients 

with a surgical SBS a history of multiple surgical 

interventions and septic periods negatively influences the 

prognosis. But on the long term, underlying diseases that 

make PN difficult to control such as diseases of protracted 

diarrhea show the tendency of developing PN associated 

liver disease more quickly. 

Another important factor is the lack of enteral 

feeding, which is directly associated with the intensity of 

parenteral feeding. Total PN reduces the secretion of several 

gastrointestinal hormones, such as gastrin, motilin, 

pancreatic polypeptide, insulinotropic polypeptide and 

glucagon. The lower level of these hormones may lead to a 

reduction of motility and increases bacterial overgrowth and 

promotes biliary stasis (13). Therefore, it is very difficult to 

differentiate whether the increased risk of liver dysfunction 

is caused by the absence of enteral stimulation or the effects 

of PN. But generally enteral feeding has some important 

protective aspects that work without the influence of PN. It 

also has been suggested that the mucosal atrophy induced by 

the lack of enteral nutrition allows increased bacterial 

translocation across the gut mucosal barrier, but the results 

of clinical studies did not show evidence for that fact 

(14,15). 

In addition, the absence of enteral nutrition could 

lead to a reduction of enterohepatic circulation and 

accumulation of toxic bile acids with subsequent 

cholestasis(16). 

One of the first risk factors detected for parenteral-

nutrition associated cholestasis is the relation between 

prematurity and liver damage. In infants with a birth weight 

below 1000 g the incidence for cholestatic liver disease 

increases substantially.  Beate et al. detected a incidence of 

liver damage as high as 50% in infants with weight <1000 g 

and only 10% in infants >1500 g (17). Regarding the 

histology in neonates intrahepatic cholestasis is more 

common than steatosis hepatis, maybe reflecting the 

immaturity of the biliary excretion system in neonates and 

its susceptibility to hypoxia. It is also known that the bile 

salt pool in premature infants is reduced. There is a 

diminished hepatic uptake and synthesis of bile salts and 

additional a reduced enterohepatic circulation compared to 

infants and children(18). The development of cholestasis in 

infants is closely related to the duration of total parenteral 

nutrition (TPN). The overall incidence of cholestasis in 

infants on TPN is around 23% but increases up to 80% after 

60 days and 90 % after 3 months respectively(17). 

Recurrent sepsis is an important risk factor to 

develop intrahepatic cholestasis. Sepsis in 

SBS is associated with bacterial overgrowth due to 

intestinal stasis. There is some evidence that the liver 

damage is caused by bacterial overgrowth leading to 

bacterial translocation, with consecutive sepsis, but is also 

an effect of bacterial endotoxins. The pathway leading to 

liver damage in recurrent sepsis is not disclosed yet, even so 

cytokines such as TNF-Ŭ are suspected to play an important 

role(19). 

Another problem possibly related to bacterial 

overgrowth is the frequently observed developement of 

gastrointestinal ulcerations. These ulcerations within the 

small bowel might impair the intestinal barrier function of 

the bowel mucosa. There is evidence for the fact that 

bacterial overgrowth reduces the normal peristalsis, 

worsening the situation of the bacterial overgrowth(20). 

Severe protein malnutrition can be responsible for 

developing hepatic steatosis. Proteins are needed to 

synthesize very low density lipoprotein (VLDL), that is 

needed for the triacylglycerol (TAG) export. Patient under 

PN should generally be substituted sufficiently with amino 

acids for VLDL synthesis. Up to now, the deficiency of 

several methionine metabolites such as carnitin, choline, and 

taurine has been suggested to be responsible for steatosis 

and cholestasis. This is important in preterm infants, since 

normally methionine can be converted into these metabolites 

by hepatic transulfuration, a metabolic pathway that is 

underdeveloped in these patients(21). Carnitine, cholin and 

taurine generally are not part of parenteral formulation and 

there is strong evidence that levels are, low in small patients 

depending on PN(22,23). Excess calories from glucose >8-

12 mg/kg body weight (BW)/day are associated with hepatic 

steatosis, because total glucose potentially exceeds the 

maximum glucose oxidation rate(24). Generally high 

glucose infusion rates stimulate insulin release. High plasma 

insulin concentrations stimulate hepatic lipogenesis and the 

production of acylglycerol that goes along with inhibition of 

mitochondrial fatty oxidation. This process results in the 

accumulation of TAG within the hepatocytes. This could 

explain why continous PN infusion has a higher risk for 

liver damage than cyclic infusion. A period of 8 hours and 

more without PN a day has shown to lower the risk for liver 

damage(25). The incidence of steatosis hepatis is reduced 

when parts of the glucose energy supply is replaced by 
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parenteral lipid infusions. A very high parenteral lipid intake 

has also shown to result in hepatic complications(25). 

A fat overload syndrome results in exceeded lipid 

administration, because of the inability to clear that amount 

of phospholipids and polyunsatured fatty acids (PUFA). In 

multivariate analysis parenteral intake of soya bean based 

lipid emulsions >1 mg/kgBW/day has been shown to 

increase the risk for liver fibrosis, even so the exact 

pathophysiological mechanism is unresolved(26). Studies on 

the effect of composition of fatty acids on chronic liver 

disease in PN gave some conflicting results. On the one 

hand rats given a high proportion of omega-3 fatty acids led 

to increased hepatic fibrosis and reduction of PUFA content 

showed no significant difference PN induced liver 

disease(27). On the other hand, small case studies 

demonstrated significant benefits of children receiving 

higher amounts of fish-oil based omega-3 fatty acids(28) . 

Patients with SBS often have a history of multiple 

surgical interventions. Any kind of extrahepatic obstruction 

has to be avoided, since it is well-known that especially 

infants with extrahepatic atresia of the bile duct develop 

irreversible liver damage within a few weeks of age. In 

neonates and infants every kind of extrahepatic obstruction 

may worsen the prognosis for PN induced liver disease. In 

older patients there is a high risk for developing biliary 

sludge and gallstones. 

 

Therapeutic goals in patients with SBS and liver disease 

Bacterial overgrowth 

In patients having problems with the enteral 

feeding, despite a sufficient bowel length, endoscopy can 

help to set the diagnosis of chronic bacterial overgrowth. 

Typically ulcerations in the small bowel appear, while the 

big bowel mucosa has a regular endoscopic and histological 

appearance.Often the significance of the bacterial 

overgrowth is not completely understood by the treating 

physicians. The culture of stool rarely shows pathogenic 

alterations in those patients. In those patients with typical 

ulcerations diagnosed by endoscopy an eradication therapy 

with a large variety of antibiotics can be attempted. As a 

first line non-resorbable antibiotics, such as paromomycin 

and vancomycin as a mono therapy can be administered. 

Some patients have a cycle of eradication therapy of one 

week every month. Additional antibiotics like metronidazole 

or cephalosporine derivates are sometimes helpful; in some 

patients a combination therapy is mandatory. On the long 

term some patients develop bacterial overload with resistant 

bacteria. In those cases eradication has to be performed, 

according to the culture and antibiotic testing, as a life 

threatening problem can develop. 

Enteral feeding 

One of the key points in the management is the 

maximizing enteral nutrition. The general question is what 

kind of diet should be administered and what could be the 

ideal amount. Hyperosmolaric diet leads to intractable 

diarrhea in short bowel syndrome. Dilated gut or bacterial 

overgrowth increased permeability can lead to allergic 

reaction to any protein in the formula.  

Several hypoallergenic formulas exist; the most 

frequently used are the protein hydrolysate formulas such as 

PregomineÈ (Milupa, Friedrichsdorf, Germany) or AlfareÈ 

(Nestle, Vevy, Switzerland). The proteins in this category 

are hydrolyzed and have very low allergenicity. To 

minimize the potential risk for food allergy, it is possible to 

use an amino acid formula such as NeocateÈ (Pfrimmer 

Nutritia Germany, Erlangen, Germany), Concentrations of 

the nutrient agent and the amount of enteral nutrition have to 

be adapted slowly over weeks until a bowel movement 

frequency of 5-8 stool/day. In patients who do not tolerate 

sequential feeding, it may be necessary to start continuous 

feeding via feeding pump. When the infants get older, the 

diet remains the same, but it is possible to give them some 

additional food. Which kind is tolerated best is not 

predictable. Generally the children prefer salty food, due to 

the high loss of electrolytes in SBS. Nutrition rich in 

carbohydrates always has the risk of developing lactate 

acidosis, but it is possible to allow patients carbohydrates 

and sugar in a moderate amount. It is important to start with 

a nutrition rich in fibers, especially in patients with a 

preserved colon. In addition to the general ability to absorb 

short-chain fatty acids derived from bacterial fermentation, 

patients with SBS show an adaptation to the colonic mucosa 

too. The significant increase of brush border enzymes in the 

colonic mucosa allows the active transport of peptides too 

and potentially a transport of carbohydrates. To increase the 

enteral caloric intake, the supplementation of the regular 

food with medium chain triglycerides (MCT) can be tried, 

but often patients show severe diarrheaalter supplementation 

with MCT oil. The optimal nutrition cannot be 

recommended for all patients but has to be tried in every 

patient. One goal in enteral feeding is to achieve a stool 

frequency that should not exceed five bowel 

movements/day. 

Adjustment to parenteral nutrition 

Since most of the patients receiving home 

parenteral nutrition continue to eat, it is necessary to 

estimate enteral energy absorption and to adapt the 

parenteral energy substitution in patients with SBS and PN.  

The US and UK guidelines suggest a total daily energy 

intake of 105-146 kJ/kg BW and a protein intake of 0.8-1.5 

g/kg BW(29).  

The doses and type of parenteral lipid infusion 

seem to be of great importance. In patients without enteral 

caloric intake, parenteral lipid infusion is necessary to 

prevent fatty acid deficiency. 

US guidelines suggest that parenteral lipid infusion 

should supply 20-30% total energy and daily intake should 

be <2.5 g/kg BW and ideally <1.5 g/kg BW, according to 

the clinical guidelines of the National Institute for Health 

and Care Excellence (NICE) 2006. Most authors prefer a 

low-dose lipid regime with a daily intake of 1 g/kg BW and 

less. In patients with signs of progressive cholestatic liver 

disease, the lipid intake is reduced to one week with 1 g/kg 

BW and lipid dissolved vitamins are substituted. This 

regime has to be performed over a period longer than eight 

weeks. 
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Generally soya bean-based lipid intake is avoided, 

since the potential toxicity has been shown. Alternatives to 

the soya bean lipid infusions are lipid emulsions containing 

a mixture of long-chain and medium-chain TAG (e.g. 

LipofundinÈ; B Braun, Melsungen, 

Germany) emulsions with a high mono unsaturated 

fatty acids content (ClinoleicÈ; Baxter,Maurepas, France) 

and emulsions containing fish oil (SMOF Lipid; Fresenius 

Kabi, Bad Homburg, Germany). 

Cyclic parenteral nutrition 

Continuous PN showed to aggravate liver 

dysfunction. A cyclic parenteral nutrition seems to improve 

liver function and reduce insulin levels(25).The 

recommended 8-hour interruption is not always possible in 

practice. But in infants and small kids it is advisable to start 

with a 5-hour interruption of  parenteral nutrition. Beside 

liver function, the cycled PN allows greater patient freedom 

with patients going to the kindergarten and school and, 

therefore, it is an important point to improve quality of life 

of our small patients and their parents(25). 

Pharmacological treatment 

Ursodeoxycholic-Acid (UDCA) is a naturally 

occurring hydrophilic bile acid formed in liver and 

intestines. It stimulates biliary flow, reduces cholesterol 

absorption and hepatic cholesterol synthesis. In neonates it 

has been shown to reduce duration of PN induced 

cholestasis and to improve liver function. The recommended 

dose in orally administered UDCA is 10 mg/kg BW(30). 

Some studies, however, show a rebound cholestasis after 

withdrawal of UDCA(31). In older patients the beneficial 

effect seem to be less evident and the side effects are more 

common, especially diarrhea(32). 

Surgical options 

Since Bianchi (33) established the longitudinal 

intestinal lengthening and tapering (LILT) for the first time 

in 1980,several centres presented their series(34). LILT has 

become a serious option for patients with SBS and their 

adaptation reaction, such as increasing the bowel diameter. 

Kim et al. (35) presented in 2003 a less difficult and faster to 

perform surgical procedure in order to increase bowel length 

and to reduce the diameter of the dilated bowel: the 

technique of serial transversal enteroplasty. Both techniques 

allow to wean patients with SBS from parenteral 

feeding(36). Therefore, they play a crucial role in the 

treatment of SBS, in form of gastrointestinal 

rehabilitation(37). LILT means dividing the entire bowel 

longitudinally along the antimesenteric and mesenteric 

border between the mesenteric vessels passing to each 

hemisegment. With this technique maximal tailoring and 

lengthening can be achieved. The hemisegments are 

reconstructed to new bowel loops around the half of the 

original diameter in an isoperistaltic manner. The bowel 

continuity is completed by anastomosis to the duodenum 

and colon. The longitudinal sutures can be performed by 

hand or stapler suture. The serial transverse enteroplasty 

(STEP) procedure is a easier surgical technique to perform. 

STEP means the serial transverse applications of a stapler 

from opposite directions, to create a zig-zag channel. Main 

advantage of this technique is that no anastomosis has to be 

done and that there is a much lower risk of ischemic 

complications compared to the LILT. 

Several other techniques have been performed until 

now but only these two techniques have proven to be 

beneficial for the patients in larger series. Regarding the 

surviving time of patients with SBS, the patients undergoing 

autologous gastrointestinal reconstruction seem to have a 

much more favourable outcome compared to the patients 

who did not undergo LILT. Some series have a long-term 

follow-up, lasting over 80 months, with a survival rate of  

77%(36). Most of the patients were able to participate in 

normal social life, that means they went regularly to 

kindergarten or school. The most significant parameter for 

the prognosis after LILT has been shown to be the 

possibility to get weaned from parenteral nutrition. Beside 

the bowel length, the presence of the major part of the large 

bowel has been shown to be significant too. Up to now the 

decision upon which technique has to be used depends an 

the center of treatment. Anyway, STEP can be performed in 

patients after intestinal lengthening (STEP or LILT) as a 

second step operation, when adaptation leads to a new 

dilatation of the short bowel. LILT leads to a more effective 

lengthening compared to STEP, but it is technically more 

difficult to perform, with a higher risk of complications. 

LILT is, therefore, performed as first choice treatment only 

in those patients with a very short bowel and a significant 

dilation. STEP technique can be performed after LILT and a 

secondary dilation of the bowel(34,36,37). 

Intestinal transplantation 

Due to the difficulties of graft rejection, the 

intestinal transplantation has been unsuccessful until the 

1990s, when first clinical series were reported. Now there 

are over 60 centers worldwide that perform intestinal 

transplantation, with over 1 200 proceduresperformed so 

far(38). At the beginning intestinal transplantation was 

develop ed to rescue patients with intestinal failure having 

life threatening complications from PN. 

Nowadays, patients with intestinal failure due to 

SBS should be referred for intestinal transplantation before 

irreversible liver damage develops. In patients with 

irreversible liver damage a combined intestine/liver 

transplantation has to be performed. The criteria used to 

determine when combined transplantation is suggested are 

not clearly defined yet. The functional outcome of the 

transplanted patients shows that 70-80% of patients who 

undergo successful transplantation can be completely 

weaned from PN(38). The major problem of intestinal 

transplantation remains the acute and chronic rejection and 

immunosuppressive therapy. Acute cellular rejection can 

occur at any time, but is most common in the first year. 

Acute rejection is the leading cause of graft loss and 

happens in up to 79% of all patients. Infections in intestinal 

transplanted patients are also common, since 

immunosuppression is very intensive in these patients. 

Especially viral infections such as Cytomegalovirus have 

been a major problem. Secondary malignancies to the 

posttransplant lymphoproliferative disorder are described in 

7% of all transplanted patients. The overall outcome of all 

patients after intestinal transplantation has been improved 
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dramatically in the last 10 years. The one year patient 

survival now is over 80%(38). 

Prognosis of intestinal failure associated liver disease 

Generally progressive cholestatic liver disease is 

considered to be irreversible beyond the early stages of 

cholestasis, particularly in the presence of any degree of 

fibrosis in the liver. But only very few data are published 

about the outcome of non-cirrhotic liver injury. Patients with 

already morphologic liver damage, such as higher degree 

liver fibrosis, experience functional and biochemical liver 

recovery, even if the perioperative risk for patients with high 

grade liver fibrosis is significant elevated. The liver function 

improvement appears to parallel autologous gastrointestinal 

reconstruction and a significant improvement of enteral 

feeding. Histological follow-up after autologous 

gastrointestinal reconstruction has not been performed yet.  

None of the different studies allows any comment 

on the possibility of histological recovery of the liver if 

enteral autonomy remains sustained in the long term. Older 

data suggest that in the presence of established fibrosis in 

the liver, some ultrastruct¿ral changes persist even if 

biochemical recovery occurs(39). 

The results from different transplantation centers 

suggest that enteral autonomy from PN, accompanied by a 

program to reduce risk factors for liver dysfunction, may 

allow the possibility of liver function biochemical 

recovery(40).  
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DUPLICATED  COLLECTING  SYSTEM-DIAGNOSTIC  AND 

THERAPEUTIC  ASPECTS 

 

 
Daescu Camelia 1,2, Portaru Laura 2, Marginean Otilia 1,2, Militaru Andrea 1,2, Popoiu Calin3,4, 

Vasilie Doru3,4, David Vlad3,4, Marcovici Tamara 1,2, Craciun Adrian 1,2, Chiru Daniela1,2, Brad 

Giorgiana 1,2, Olariu Laura 1,2, Pavel Adina2, Pantea Ioana2 
 

Abstract 

Objectives: We present the clinical and imaging 

exploration of four patients that have duplicated collecting 

system emphasizing the diagnostic and therapeutic features. 

Methods: The cases of: Lacramioara, 10 years old- both 

sides duplication of renal pelvis and calyces, Alexandra 7 

years old - duplicity of renal pelvis and calyces on left side, 

Denis 1 month old and Bianca 1 year old - complete 

unilateral duplicated collecting system. Results: Presenting 

reasons: recurrent urinary tract infections, urinary 

incontinence, bronchopneumonia and sepsis in the neonate. 

Using the ultrasound investigation, urinary tract 

abnormalities are being seen and then confirmed by MRI. 

Therapeutic attitudes differ depending on the severity of the 

malformation. For the 7 years old girl, the urinary 

incontinence is due to aberrant implantation of the 

megaureter in the urethra. In the case ofthe newborn patient, 

surgical correction has been performed later on, at the age of 

2 years and a half, due to the parentôs noncompliance to 

treatment.Conclusions: Higher ureteral dilatation along with 

large ureter pole is the most specific ultrasound sign for 

complete double urinary collecting system. Corrective 

surgery in these cases is necessary. 

Keywords: double collector system, renal imaging 

 

Introduction  

Duplicated collecting systems, which is also known 

as duplex collecting systems, consists of two pyelocaliceal 

systems that are associated with a single ureter or with 

double ureters. The two ureters empty separately into the 

bladder or fuse to form a single ureteral orifice. (1) In the 

literature certain terms are used to better describe the 

anatomy of this duplicated collecting system, as follows: 

¶ Duplex kidney has a single renal parenchyma that is 

drained by 2 pyelocaliceal systems. 

¶ Upper or lower pole represent one component of a 

duplex kidney. 

¶ Duplex system: the kidney has 2 pyelocaliceal systems 

and is associated with a single ureter or with a bifid 

ureter (a partial duplication) or, in the case of a 

complete duplication, with 2 ureters (double ureters) 

that drain separately into the urinary bladder. 

¶ Bifid system: two pyelocaliceal systems join at the 

ureteropelvic junction (bifid pelvis), or 2 ureters join 

before draining into the urinary bladder (bifid ureters). 

¶ Double ureters: two ureters open separately into the 

renal pelvis superiorly and drain separately into the 

bladder or genital tract. 

¶ Upper and lower pole ureters: upper and lower pole 

ureters drain a duplex kidney's upper and lower poles, 

respectively. (2) 

Duplicated collecting system is found unilateral, as 

well as bilateral and for most of the times, genitourinary 

anomalies are associated. Because in some cases this 

anomaly is asymptomatic, duplicated collecting system is 

discovered incidentally when performing imaging studies 

for some other reasons. Furthermore, vesico-uretheral reflux 

of the lower pole ureter and the upper pole ureter dilatation 

can be associated, as well as the presence of the Ureterocel. 

(3)  

Concerning the imaging studies that can certificate 

the presence of the duplicated collecting system, abdominal 

ultrasonography is among the first one being used. The fact 

that itôs noninvasive gives it great advantage when applied 

to children, but still needs to be followed by MRI and CT 

scanning for more proper investigation. (4)  

 

Case report 

The first patient that the authors present is a 10 year 

old girl, Lacramioara that has been hospitalized for recurrent 

urinary tract infections with E coli in the Nephrology 

department of the Clinical Emergency Hospital for Children 

"Louis Turcanu", Timisoara. After an ultrasonography and 

cystography has been performed, a right ureterocel was 

suspected. The MRI discovers a bilateral duplicated 

collecting system and the patient remains under medical 

observation. (Fig. 1) 
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Fig.3 Abdominal ultrasound: left ureterocel (Bianca, 1 year old) 

Fig.2 MRI:  duplicated collecting system on the left side and the implantation of the megaureter in the urethra 

(Alexandra, 7 years old) 

Fig. 1 MRI:bilateral duplicated collecting system (Lacramioara, 10 years old) 

 


