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A SEVEN YEARS EXPERIENCE IN HIRSCHSPRUNGôS 

DISEASE TREATMENT  
 

 

Radu-Iulian Spataru1, Niculina Bratu1, Monica Ivanov1, Dan-Alexandru Iozsa1 

 

 

 

Abstract 

Introduction. Hirschprungôs Disease (HD) is one of 

the main causes for the failure of meconium pass in the first 

24-48 hours of life or later chronic constipation in infants or 

children. The diagnosis and the evolution after certain 

surgical treatment make HD a controversial topic for the 

pediatric surgeons where the success strongly relates to the 

postoperative issues.  

Purpose. The feasibility and the safety of different 

diagnosis methods and operative techniques addressed in 

our team was the aim of our 7 years study.  

Materials and methods. A retrospective study has 

been conducted over the cases of HD treated by our team in 

the last 7 years (January 2007 ï June 2014). The study 

included 38 patients diagnosed by barium enema and/or 

suction rectal biopsy and further treated using 3 different 

operative techniques. Frozen tissue biopsy has been 

introduced in our team in the last year of our study and it has 

been used in 5 cases for intraoperative confirmation of the 

length of aganglionic bowel. 

Results. Barium enema (used in 31 cases) was 

highly suggestive in diagnosis and preoperative imaging of 

the most cases of HD, but the gold standard for diagnosis is 

a rectal biopsy, which can be obtained safely using a 

mucosa-submucosa suction device (used in 14 cases). 

Modified Duhamel procedure was applied in 19 cases, 

Soave in 13 cases and De La Torre-Mondragon in 6 cases. 

The mean age was 28 months (the youngest patient having 7 

weeks and the eldest 18 years old). The postoperative 

complications consisted in: residual septum, rectal bleeding, 

intestinal occlusion, enterocolitis, anastomotic stenosis, 

soiling and perianal rash. 

Conclusions. The diagnosis quality in our clinic has 

increased after introducing the rectal suction biopsy and 

intraoperative frozen section biopsy. The use of the stapler 

device in the modified Duhamel procedure brings significant 

improvements regarding outcome. Soave is a valuable 

solution in total colonic HD and re-do surgery. De La Torre-

Mondragon is an elegant procedure in the common type HD. 

Frozen tissue biopsy is a very safe method for intraoperative 

evaluation of the border between the aganglionic bowel and 

healthy colon.  

Key words: Hirschsprungôs Disease, surgical techniques, 

postoperative issues 

 

Introduction  

Hirschsprungôs disease is the most common congenital 

anomaly in distal gut motility [1]. The intrinsic innervation 

of the gut wall is derived from neurons that are located 

entirely within the intramural ganglionic plexuses. There are 

two kinds of plexuses: myenteric (or Auerbachôs) which 

lays within the muscularis externa between the circular and 

the longitudinal fiber layers, and there are two or more 

submucosal plexuses, the most superficial being the 

Meissner plexus [2]. HD is characterized by the absence of 

this intrinsic innervation in a variable length. The absence of 

propagation of the peristaltic wave is associated with the 

lack of submucosal and myenteric nervous plexuses making 

obstruction of the distal gut the primary clinical feature of 

HD [3]. Any child with history of chronic constipation or 

infant with failure of meconium pass in the first 2 days of 

life should be checked out for HD using appropriate 

diagnostic techniques [3, 4]. After the diagnosis of HD the 

surgical approach with the resection the aganglionic bowel 

segment is the current definitive treatment. On the other 

hand, the surgical approach over HD implies a lot of 

challenges in the matter of postoperative issues [1]. 

In our clinic, we recorded a significant improvement in the 

quality of diagnosis of HD by routine use of aspirative rectal 

biopsy and intraoperative frozen section histopathological 

examination. We also improved our surgical approach by 

replacing our classical Duhamel with the one-stage 

procedure using a stapler device and by introducing De La 

Torre-Mondragon surgical procedure. 

 

Purpose 

The aim of this study is to synthetize our last 7 

years experience in HD management and to present the 

benefits or the disadvantages of different operative 

techniques used by our team. By using 3 different surgical 

approaches into treating HD patients and different diagnosis 

methods weôve encountered varied aspects in the 

postoperative evolution. We are also claiming the 

importance of aspirative rectal suction biopsy and 

intraoperative frozen section biopsy.  

 

 

 

ĭñMarie Sklodowska Curieò Emergency Clinical Hospital for Children, Bucharest 

E-mail:  radu_spataru@yahoo.com, nina.bratu@yahoo.com, mqmivanov@yahoo.com, dan.iozsa@yahoo.com 
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Materials and Methods 

Our study focuses over the cases of HD treated by 

our team in the last 7 years (January 2007 ï June 2014). We 

included in this retrospective analysis 38 patients who were 

diagnosed and surgically treated at different ages. The 

diagnosis was based by clinical picture, barium enema (26 

cases), rectal suction biopsy (14 cases) and intraoperative 

frozen section biopsy (last consecutive 5 cases). In all cases, 

the diagnosis was confirmed by histopathological 

examination, using hematoxylin and eosin staining. We 

have used 3 different approaches: Modified Duhamel ï one 

stage intervention using a stapler device (19 cases), Soave 

(13 cases) and De La Torre-Mondragon (6 cases). We have 

used modified Duhamel technique in common or high forms 

of congenital megacolon, and also in the majority of the 

cases admitted with an already performed colostomy. Soave 

procedure was preferred in high forms/ total aganglionosis 

and also in re-do pull-through surgeries. In the last years, 

based on the improved diagnostic means (rectal suction 

biopsy facility and intraoperatory biopsy) we introduced De 

La Torre-Mondragon technique. In present it is our surgical 

procedure of choice for patients with common type of HD. 

 

Results 

We have studied 38 cases of HD treated by a single 

team over the last 7 years. The sex ratio was 3.2:1 (29 males 

and 9 females). The mean age of intervention was 28 

months. The youngest patient we have treated was 7 days 

and the oldest was of 18 years of age. 

All cases showed constipation as major clinical 

sign. 8 patients experienced episodes of enterocolitis, 

previous to surgery. 12 children presented in emergency 

with acute signs of bowel obstruction. 15 cases suffered 

initial enterostomy (10 colostomies and 5 ileostomies), in 9 

of them stoma being performed in other centers. 

Barium enema was performed in 31 patients. In 9 

cases the result was inconclusive (29%). In 6 patients 

repeated barium enemas were done, without obtaining 

suggestive images for HD. 

In the last 14 cases we improved our diagnosis 

methods by introducing suction rectal biopsy. In 11 patients 

the results were positive for HD (78.6%). In 3 of them the 

result was unsatisfying, because of the quality of the 

obtained specimen (absence or not enough submucosa).  

Frozen tissue biopsy was introduced in our clinic in 

the last year and was used in the last 5 consecutive cases. In 

all of them the length of the aganglionic segment was 

demonstrated. 

In our series we encountered 5 difficult cases, 

misdiagnosed in other centers, with previous failed 

operations, in which the definitive diagnosis was established 

by serial open full thickness biopsies [12].  

In all operated cases the diagnosis was confirmed 

by histopathological examination, using hematoxylin and 

eosin staining.  

26 of our cases had common type of HD, 5 patients 

had a long colonic segment affected, 2 patients with short 

HD and 5 patients with total colonic HD. 

We have used 3 different approaches: Modified 

Duhamel procedure using a stapler device (19 cases), Soave 

technique (13 cases) and De La Torre-Mondragon (6 cases).  

After modified-Duhamel procedure we noticed the 

following complications [11]: 5 cases of minor rectal 

bleeding, subocclusive symptoms do to remnant septum 

with subsequent fecaloma formation in the rectal ampula in 

4 cases, repeated enterocolitis in 3 cases, mechanical 

occlusion or adhesion in one case. 

In patients who underwent Soave procedure we 

encountered 9 cases of significant perianal rash, and 7 cases 

with night soiling. We must mention that night soiling 

cannot be attributed to the technique itself, but to the length 

of the aganglionic segment and/or to the re-do surgery 

situation in 5 patients. 

Analyzing the total/subtotal colonic HD cases that 

were operated using Soave technique we noted a medium 

frequency of stools in the first month after surgery of 7-

15/day. Nevertheless, the frequency of stools decreased 

gradually in all cases as in after two years follow-up the 

frequency reduced to 4-6/day.  In this group we noted 2 

cases having postoperatory enterocolitis. 

Despite the limited number of De La Torre 

Mondragon patients, we can affirm that this procedure gave 

us the best results, with only one complication reported ï 

anastomotic stenosis successfully treated by serial 

dilatations. 

 

Discussions 

The rectum is always affected in HD, but the length 

of the additional involved proximal situated bowel varies 

widely [7].  

In most of the cases, contrast enema, as the 

traditional way of diagnosis, may help the surgeon not only 

to presume the diagnosis of HD, but also to estimate the 

length of the aganglionic segment. In particular situations, 

as in neonates, in operated patients and in total 

aganglionosis forms, the diagnostic value of contrast enema 

diminishes considerable. This is the reason why the 

aspirative rectal biopsy has become a gold standard for the 

HD [8]. The procedure can be done at the bedside or in an 

ambulatory setting without the need for general anesthesia. 

Adequate tissue is obtained for analysis in the majority of 

patients. Repeated suction biopsies or full-thickness biopsies 

can be performed if the initial biopsy is equivocal. 

A study made in 2005 [10] presents the sensivity 

and specificity of the three main diagnosis methods used in 

HD (see table 1). It mentions rectal suction biopsy with a 

sensivity of 93% and a specificity of 100%, contrast enema 

with a sensivity of 76% and a specificity of 97% and rectal 

manometry with a sensivity of 83% and specificity of 93%. 

Other studies report a variability in contrast enema 

test, with a sensibility that can vary from 65% to 80% and a 

specificity of diagnosis from 65% to 100% [3, 6]. The 

normally innervated proximal colon may undergo 

progressive dilation, while anganglionic region may have a 

grossly normal or contracted appearance but it isnôt effective 

in all forms of the disease ï for example, in a total colonic 

the diagnosis is difficult to establish using radiologic 
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studies. Most cases are limited to the rectum and sigmoid 

colon [6, 7]. The length of the aganglionic small bowel and 

the age of the patient can influence the radiological findings 

in total colonic HD. The transitional zone can be false-

positive in total colonic HD. The colon can appear normal. 

Total colonic HD may be assumed if the contrast enema 

study is normal but the patient remains symptomatic and 

other causes of distal bowel obstruction have been excluded 

[5]. On the other hand the barium enema is a good screening 

test for HD since it correlates with rectal biopsy as 

confirmation diagnosis [6]. 

In the investigation of neonates with functional 

large-bowel obstruction and older children with severe 

constipation, rectal biopsies remain the main diagnosis 

method. In our department weôve used a RBI2 suction rectal 

biopsy device without manometric control. This techniqueôs 

principle is getting small amounts of submucosa by direct 

suction of superficial rectal layers using an aspiration 

endorectal device. The correct gathered submucosa is sent to 

the Pathology Department for histological examination. The 

procedure can be done at the bedside or in an ambulatory 

setting without the need for general anesthesia. Adequate 

tissue is obtained for analysis in the majority of patients. 

Repeat suction biopsies or full-thickness biopsies under 

general anesthesia can be performed if the initial biopsy is 

equivocal [8] 

An important mention would be that recent studies 

are trying to include full colonoscopy as a useful tool in 

determining the transition zone in transanal endo-rectal pull-

through in HD (De la Torre-Mondragon technique) but none 

of them are concludent [9]. 

 

Conclusions 

Introducing rectal suction biopsy in our clinic made 

possible reducing the age of intervention due to the early 

diagnosis of the disease and also the necessity of 

colostomies in common type and short HD cases. The 

relatively small percentage of positive results obtained in 

our series (78.6%) may be attributed to the learning curve of 

the procedure. 

Frozen tissue histopathological examination should 

be a mandatory intraoperative step in evaluating the length 

of the affected colon segment, in order to decide the right 

spot for the future anastomosis. This quick procedure can 

prevent re-do surgery and future complications. 

Soave procedure has been confirmed as the best 

choice for high forms of HD and for re-do surgery in 

misdiagnosed and mistreated cases. All cases of re-do 

surgery have reported variable night soiling as a 

complication. 

De La Torre Mondragon became in our team the 

surgical procedure of choice for common type of HD, due to 

rapid postoperatory recovery and lack of complications. 
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DAILY PRACTICE OF MECHANICAL VENTILATION IN A 

PEDIATRIC INTENSIVE CARE UNIT - EXPERIENCE OF 

THE FIRST PEDIATRIC CLINIC TIMISOARA  
 

Daniela Chiru1,2, Craciun A1,2, Tepeneu NF1,2, David VL1,2, Otilia Marginean1,2, Ilie C1,3 

 

Abstract 

Aim. To assess how children requiring 

endotracheal intubation are mechanically ventilated in First 

Pediatric Intensive Care Unit (PICU), Timisoara. Material 

and methods. A four years observational study (January 

2010 ï December 2012) was conducted in the Fist PICU of 

Emergency Hospital for Children "Louis Turcanu" 

Timisoara and included all mechanically ventilated children 

Ó 24 hours, aged 0-18 years. Results. One hundred eight 

patients met the inclusion criteria. The mean age of the 

patients was 27 months and median duration of mechanical 

ventilation was 9 days. The mean PRISM III score on 

admission was 17. The mean duration of mechanical 

ventilation was 9.36 days. Major indication for mechanical 

ventilation was acute respiratory failure. We used pressure-

limited conventional modes of ventilation. Mean peak 

inspiratory pressure (PIP) values were constant < 30 

cmH2O, with 12% of the patients having a maximum PIP Ó 

30 cmH2O, but < 35 cmH2O. There was little variability 

with positive end-expiratory pressure (PEEP) choice, with a 

mean value of 5 cmH2O. Mean levels of tidal volume (VT) 

was 8.16 ml/kg, and medium inspiratory fraction of oxygen 

(FiO2) was < 0.6. Arterial blood gases analyses showed 

normo- and hypocapnia. Sixty-seven percent of the patients 

fulfilled the oxygenation criteria for ARDS, but only half of 

them had bilateral pulmonary infiltrates. No mechanical 

complication as pneumothorax was noted. Ventilator 

associated pneumonia was encountered in 39% of patients. 

A total of 34 (32%) children died. Conclusions. Pressure 

ventilation modes were standard in our PICU. Describing 

the standard care and how mechanical ventilation is 

performed in children can be useful for future clinical trials. 

Keywords: children, mechanical ventilation, modes of 

mechanical ventilation 

 

Introduction  

Mechanical ventilation is one of the most common 

procedures performed in pediatric intensive care units 

(PICU), with 20% to 64% of patients admitted to the PICU 

requiring ventilator support (1). The reasons for mechanical 

ventilation and management strategies vary, depending not 

only on disease state, but also on PICUôs size, patient 

population served, clinicianôs experience and local protocols 

(2,3). 

Many mechanical ventilation modes are currently 

used in clinical practice to provide respiratory support for a 

wide spectrum of patients, ranging from no lung disease to 

acute lung injury (ALI) or acute respiratory distress 

syndrome (ARDS). No data exist so far to determine the 

ventilatory mode that provides the greatest benefit with the 

minimum risk of ventilator-induced lung injury. 

The definitions of ALI and ARDS for infants (older 

than one month of life), children, and adolescents are 

essentially similar to that already reported in adults (4-6). 

However, there are intrinsic differences between pediatric 

patients and adults, which often can affect management 

strategies. Infants and young children, as compared to older 

children, adolescents, and adults, have more compliant chest 

walls, higher sedation requirements, lower hematocrit 

(which may affect global oxygen delivery), higher baseline 

airways resistance, and lower functional residual capacity. 

Additionally, the still developing and growing lung may be 

at greater risk for ventilator-induced lung injury at a lower 

airway pressure than the developed lung of an adult (7). 

By the end of the 20th century, pediatric 

intensivists had learned important insights about mechanical 

ventilation based on what works in adults. Outcomes over 

the past 2 decades have improved for adults with 

ALI/ARDS, managed with lung-protective ventilation 

strategies. The ARDS Network study (8) demonstrated that 

lower tidal volumes (VT) of 6 ml/kg with limited plateau 

pressures decreases mortality and increases the number of 

days without ventilator use, than traditionally high VT of 12 

ml/kg predicted body weight. In addition, the application of 

PEEP for lung recruitment has improved also the outcomes 

in adults (9-11). Much less is known about pediatric 

mechanical ventilation practice in ALI/ARDS. A recent 

prospective, cross-sectional, observational Pediatric Acute 

Lung Injury Ventilation (PALIVE) study (12) enrolling 

fifty -nine pediatric intensive care units in 12 countries in 

North America and Europe reveals inconsistent mechanical 

ventilation practice in children with ALI. Attempts at 

creating a PEEP/FiO2 titration grid similar to the ARDS 

Network model (8) were unsuccessful, as routine pediatric 

practice demonstrated great variability in the application of 

PEEP in relation to FiO2. 

We conducted this study to describe the standard 

care and how mechanical ventilation is performed in our 

PICU. 

 
1University of Medicine and Pharmacy ñVictor Babesò Timisoara 
2Emergency Hospital for Children ñLouis Turcanuò Timisoara 
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Material and method 

A four years observational study (January 2010 ï 

December 2013) was conducted in the First PICU of 

Emergency Hospital for Children "Louis Turcanu" 

Timisoara and included all mechanically ventilated children 

Ó 24 hours, aged 0-18 years. Preterm babies, patients with 

congenital immunodeficiency disorders, malignant or 

surgical diseases were excluded from the study. 

Demographic data (gender, age, weight), reason for 

mechanical ventilation (MV), chronic functional status, 

route of mechanical ventilation (nasotracheal, orotracheal, or 

tracheostomy), need for reintubation, ventilation tube 

characteristics (cuffed versus uncuffed tube or 

tracheostomy), suction system (opened or closed), ventilator 

data, number of days on ventilator, hospital length of stay, 

complications of MV, outcome (discharge, transfer, death), 

and pediatric risk of mortality score (PRISM) III (13) were 

collected in all patients. 

Ventilator parameters were collected at two 

different moments of MV: at the start of MV (time A) and 

after 72 hours of MV (time B). It was considered that a 

minimum period of 48 hours on MV would be necessary for 

comparation, since shorter periods of MV do not generally 

alter respiratory mechanics (14,15). Ventilator data were 

referring to: peak inspiratory pressure (PIP), positive end-

expiratory pressure (PEEP), respiratory rate (RR), 

inspiratory fraction of oxygen (FiO2), and tidal volume 

(VT). Values of VT were derived by measuring the exhaled 

tidal volume corrected by the body weight (ml/kg). The 

maximum and minimum values of PIP, PEEP and FiO2 

were noted during the entire period of MV for each patient. 

Arterial blood gases were also collected at two 

different moments: one hour after starting MV (time C) and 

after 72 hours of MV (time D). PaO2/FiO2 ratio for ALI or 

ARDS diagnosis was calculated for each patient. 

Endotracheal intubation (oral or nasal) was 

performed with pre-oxygenation and after rapid sequence 

induction using a sedative agent, an analgesic, and a 

paralyzing agent.  It was also part of standard care to keep 

ventilated patients under continuous sedation and analgesia. 

Central venous lines were placed in the majority of 

ventilated patients for drugs infusions and for blood 

analyses. No arterial line was present. Enteral nutrition was 

achieved on nasogastric tube and was completed by 

parenteral nutrition. 

The ventilator devices of our PICU are represented 

by two Viasys Avea and two iVent machines. Exhaled tidal 

volume measured by the ventilator device was used. The 

following modes of ventilation were available: pressure 

control ventilation (PCV), volume control (VCV), volume 

target pressure control (VTPC), airway pressure relieve 

ventilation (APRV), synchronized intermittent mandatory 

ventilation (SIMV) with pressure support (PS) and 

continuous positive airways pressure CPAP with PS.  

This study was approved by the Hospital 

institutional review board. 

Statistical analysis was performed using Microsoft 

Excel 2007 software. Results are expressed as percent (%), 

minimum, maximum, and mean Ñ standard deviation (M 

ÑSD). Variables were compared using Studentôs t test for 

normally distributed variables. Comparisons were unpaired 

and all tests of significance were 2-tailed. Statistical 

significance was considered at p value < 0.05. 

 

Results 

 A total of 108 pediatric patients needed ventilatory 

support for a minimum of 24 hours and met the inclusion 

criteria. Study population characteristics are shown in 

Table1. Seventy-four (68.51%) patients were males and the 

mean age was 2.3 years. Overall, 11 (10.18%) were 

neonates under 30 days; 61 (56.48%) were infants aged less 

than a year; 17 (15.74%) were small children (between the 

ages 1 and 3 years); 5 (4.62%) were between 3 and 6 years 

old; and 14 (12.96%) were over 6 years of age. 

Seventy percent of the patients were orotracheal 

intubated. All endotracheal tubes were cuffed (Microcuff 

Kimberly-Clark) and all suction systems were closed. 

Reintubation, due to accidental detubation or tube 

obstruction with adherent secretions occurred in 13.88% of 

the patients.  

The mean duration of mechanical ventilation was 

9.36Ñ8.52 days and the mean hospital length of stay was 

24.7Ñ18.66 days. Of all 108 patients, 34 died before 

discharge, resulting in 31.48% of deaths. The median value 

of PRISM III score on admission was higher in non-

survivors than in survivors (17 vs. 22, p <0.01). Ventilator-

associated pneumonia occurred in 34.24% of the patients. 

No barotrauma like pneumothorax was noted. Mortality rate 

was 31.48%. 

The causes of PICU admission are listed in Table 2. 

Acute pulmonary conditions were the primary reasons for 

mechanical ventilation in 57.37% of the patients. Bacterial 

pneumonia was the most common primary diagnosis present 

in 18.51% of patients and bronchopneumonia was the 

second most common in 17.59% of patients. Among 

patients with acute respiratory failure, 16.66% had severe 

sepsis/septic shock. Nonpulmonary conditions, including 

neurologic diseases, cardiac diseases, and other diagnoses 

constituted 25.87% of patient condition. 

Table 3 lists preexisting chronic medical conditions 

of the patients. Chronic neurologic diseases, represented 

mainly by cerebral palsy were found in 27.78% of patients, 

followed by malnutrition in 20.37% of patients. Chronic 

respiratory diseases (bronchopulmonary dysplasia and 

congenital pulmonary fibrosis) were present in 8.33% of 

patients. 

At time A (start of MV), pressure assist-control 

(PC-A/C) mode was predominantly applied (89.91%), 

whereas pressure synchronized intermittent mandatory 

ventilation (PC-SIMV) was used in 10.18% of the patients. 

At time B (MV at 72 hours), PC-A/C was applied in 62.03% 

of patients, PC-SIMV in 12.03%, and CPAP in 14.81% of 

patients (Table 4).  

Descriptive characteristics of ventilation 

parameters at time A and B are shown in Table 5. At time A, 

mean PIP was 25 cmH2O, PEEP was 5 cmH2O, ventilator 

rate (VR) was 32 b/min, FiO2 was 0.58, and VT was 8.16 

ml/kg. 
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Table 1. Study population characteristics  

  N=108 

Age (M ÑSD) month (0-216) 27.65Ñ51.00 

Age, N (%): 

    0-1 month 

    1 month-1 year 

    1-3 years 

    3-6 years 

    > 6 years 

 

11 (10.18) 

61 (56.48) 

17 (15.74) 

5 (4.62) 

14 (12.96) 

Sex, N (%) 

Male 

Female  

 

74 (68.51) 

34 (31.48) 

Intubation characteristics, N (%) 

Orotracheal   

Nasotracheal    

Tracheostomy   

 

75 (69.44) 

29 (26.85) 

4 (3.70) 

Endotracheal tube type, N (%) 

Cuffed     

Uncuffed 

 

108 (100) 

0 (0) 

Suction system, N (%) 

Closed  

Opened 

 

108 (100) 

0 (0) 

Reintubation, N (%) 15 (13.88) 

Ventilator  days (M ÑSD) 9.36Ñ8.52 

Hospital length of stay (M ÑSD) 24.7Ñ18.66 

Complications of MV, N (%) 

          Ventilator-associated pneumonia 

 

37 (34.25) 

          Pneumothorax 0 (0) 

Outcome, N (%) 

Discharged   

Death     

Transferred to another hospital 

 

68 (62.96) 

34 (31.48) 

6 (5.55) 

PRISM III score (M ÑSD) 17Ñ6.83 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Cause of PICU admission 

Cause of PICU admission N (%) 

Respiratory causes 

Bacterial pneumonia 

Bronchopneumonia 

Pneumocystis jiroveci pneumonia 

Neonatal respiratory distress 

syndrome 

Meconium aspiration 

Acute laryngitis 

Pulmonary edema 

Cardiac causes 

          Congenital cardiac malformations 

          Congestive cardiac failure 

          Cardiac tamponade 

Neurologic causes 

          Status epilepticus 

          Viral encephalitis 

          Bacterial meningitis 

Severe sepsis 

Others 

         Phenobarbital poisoning 

         Hemolytic-uremic syndrome 

         Severe depression 

         Guillaine-Barre syndrome 

62 (57.37) 

20 (18.51) 

19 (17.59) 

14 (12.96) 

6 (5.55) 

1 (0.92) 

1 (0.92) 

1 (0.92) 

8 (7.39) 

3 (2.77) 

4 (3.70) 

1 (0.92) 

16 (14.80) 

9 (8.33) 

5 (4.62) 

2 (1.85) 

18 (16.66) 

4 (3.68) 

1 (0.92) 

1 (0.92) 

1 (0.92) 

1 (0.92) 

 

 

Table 3. Preexisting chronic medical conditions 

Concomitant diseases N (%) 

Malnutrition  

Chronic respiratory disease 

Bronchopulmonary dysplasia 

Congenital pulmonary fibrosis  

Chronic neurologic disease 

          Hydrocephaly 

          Cerebral palsy 

          Spinal muscular atrophy type 1 

          Duchenne muscular dystrophy   

          Hypoxic-ischemic encephalopathy 

Others 

         Chronic renal disease 

         Hemolytic disease of newborn 

         Pierre-Robin syndrome 

22 (20.37) 

9 (8.33) 

7 (6.48) 

2 (1.85) 

30 (27.78) 

5 (4.62) 

14 (12.96) 

2 (1.85) 

2 (1.85) 

7 (6.48) 

5 (4.62) 

3 (2.77) 

1 (0.92) 

1 (0.92) 

 

Table 4. Modes of mechanical ventilation 

 Modes of MV   N (%) 

A PC-A/C  

PC-SIMVÑPSV 

 97 (89.91) 

11 (10.18) 

67 (62.03) 

13 (12.03) 

16 (14.81) 

12 (11.11) 

B PC-A/C  

PC-SIMVÑPSV 

CPAPÑPSV  

Without MV  

 

Time A ï Start of MV, Time B ï MV at 72 hours 
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Table 5. Ventilator parameters 

Ventilator 

parameters 

Time of 

MV  

N Min.  Max. Mean Std.Dev. p 

PIP (cmH2O) A 

B 

108 

96 

19 

14 

33 

32 

25.18 

23.42 

2.70 

4.10 
<0.01 

PEEP (cmH2O) A 

B 

108 

96 

3 

2,5 

8 

8 

5.07 

4.80 

0.83 

0.98 

0.075 

VR (breaths/min) A 

B 

108 

81 

18 

15 

60 

60 

31.91 

28.89 

11.13 

10.09 

0.158 

FiO2 A 

B 

108 

96 

0.21 

0.21 

1 

1 

0.58 

0.45 

0.20 

0.18 
<0.01 

VT (ml/kg) A 

B 

108 

96 

5 

5 

12 

11 

8.16 

7.14 

1.47 

1.44 
<0.01 

Time A ï Start of MV, Time B ï MV at 72 hours 

 

 

 
 

 
 

 
 

Figure 1. Maximum and minimum PIP 

Figure 2. Maximum and minimum PEEP 

Figure 3. Maximum and minimum FiO2 
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Table 6. Arterial blood gases and PaO2/FiO2 ratio 

 Time of MV N Min.  Max. Mean Std.Dev. p 

pH C 

D 

108 

96 

7.13 

7.01 

7.63 

7.66 

7.38 

7.40 

0.09 

0.08 

0.286 

PaO2 (mmHg) C 

D 

108 

96 

49 

51 

166 

149 

89.84 

89.50 

18.68 

15.52 

0.665 

PaCO2 (mmHg) C 

D 

108 

96 

19 

21 

84 

82 

41,09 

39,55 

11,68 

9,16 

0,187 

PaO2/FiO2 

(mmHg) 
C 

D 

108 

96 

62 

60 

510 

523.8 

182.09 

245.5 

97.73 

124.01 
<0.01 

Time C ï one hour after starting MV, Time D ï after 72 hours of MV 

PaO2 ï partial pressure of oxygen, PaCO2 ïpartial pressure of carbon dioxide 

 

 

Values of PIP, FiO2 and VT were statistically 

improved at time B (p<0.01).  

Mean PIP values were constant < 30 cmH2O in 

both times of determination. At time A, values of PEEP Ò 5 

cmH2O encountered in 75.92% of the patients and PEEPÒ 8 

cmH2O in 95.38% of the patients. At time B, 80.2% of the 

patients had a PEEP Ò 5 cmH2O. Values of FiO2 Ò 0.6 had 

69.15% of the patients at time A and 82.10% of patients at 

time B.  

 Maximum and minimum values of PIP, PEEP, and 

FiO2 by age groups are listed in Figures 1-3. The mean 

values of maximum PIP was < 30 cmH2O, with 12% of the 

patients having a PIP Ó 30 cmH2O, but < 35 cmH2O. Two 

percent of the patients had a maximum PEEP Ó 8 cmH2O. 

The mean values of maximum FiO2 was Ò 0.65, and the 

mean values of minimum FiO2 was Ò 0.35.  

Arterial blood gases values at time C and D of 

determination and PaO2/FiO2 ratio are shown in Table 6. 

There was no statistical differences for pH (p=0.286), PaO2 

(p=0.665), and PaCO2 (p=0.187) at time C and D of 

determination. Most patients (58%) were normocapnic and 

22% of them were hypocapnic. 

The mean value of PaO2/FiO2 ratio was < 200 at 

time A and < 300 at time B. ARDS was defined as bilateral 

pulmonary infiltrates, acute onset, PaO2/FiO2 ratio of 200 

or less, and no suspicion of left heart failure (or a pulmonary 

capillary wedge pressure of 18 or less). Sixty-seven percent 

of the patients fulfilled the oxygenation criteria for ARDS, 

but only half of them had bilateral pulmonary infiltrates. 

Weaning and extubation criteria and sedation 

protocols were not focused in this study. 

 

Discussions 

The patients enrolled in the study were hospitalized 

in a medical PICU and the practitioners are pediatric 

specialists with subspecialty in intensive care. This study 

reflects the real situation of mechanically ventilated children 

in our unit in the last 4 years. The weaknes of this study is 

that data extraction was performed in the last 4 years and 

practice changed in the last 2 years.  

In our study, the main reasons for intubation and 

mechanical ventilation were quite variable, but almost 60% 

of the patients had acute respiratory failure. A much lower 

incidence, of 26% was reported by Khemani et al (1) in a 

multicenter clinical trial witch enrolled 12,213 children 

intubated and mechanically ventilated from 16 US PICUs.  

Almost 30% of the patients associated chronic 

neurologic pathology, mainly represented by cerebral palsy, 

and 20% associated various degrees of malnutrition. The 

children with malnutrition were mostly recovered premature 

babies.  

The mean age of the patients was 2.3 years; with 

57% having less than one year old. Principi et al (16) and 

Randolph et al (2) reported almost the same incidence of 

mechanically ventilated infants.   

The mean duration of mechanical ventilation was 

9.36 days, corresponding to the same duration reported 

before both in children and adults (2,17).  A shorter median 

length of ventilation of 4 days was reported in studies 

enrolled children hospitalized in medical and surgical PICUs 

(18,19). 

The main route of intubation was oral in 70% of the 

cases; this route being performed in emergent intubation. 

There are studies reporting only orotracheal intubation and 

no nasotracheal intubation (20). 

In all patients we used cuffed endotracheal tubes 

(Microcuff Kimberly-Clark), because they have several 

advantages: decrease the rate of ventilator-acquired 

pneumonia (21); reduces the need for tube exchanges 

(22,23); provides a perfect seal with the trachea even at low 

inflation pressure, without air leaks (22,24); and do not 

increase the risk of post-extubation stridor (22,23). 

The mean PRISM III score on admission in PICU 

was 17, a higher value than previously reported (25,26), 

suggesting a more severe illness on admission. A PRISM 

score of 16 was found by Dahlem et al (27) in ARDS 

patients, and a score of 22 in non-survivor ARDS patients. 

Ventilator-associated pneumonia occurred in 34% of the 

cases, also a higher prevalence than reported (28), reflecting 

the level of health-care of this patients in a low socio-

economic country.   

 The mortality of the study group was 

31.48%, comparable with the mortality found by Zhu et al 

(25) for ARDS patients. Overall PICUs mortality was 2.5%.  

We used exclusively pressure-limited modes of 

ventilation, even though other modes were available. The 
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most used mode was PC-A/C. As pressure ventilation was 

used, and no volume ventilation at all, more attention was 

paid to inspiratory pressure limits than to tidal volume 

control. 

Mean PIP values were constant < 30 cmH2O, with 

12% of the patients having a maximum PIP Ó 30 cmH2O, 

but < 35 cmH2O. There was little variability with PEEP 

choice, with a mean value of 5 cmH2O. Only 2% of the 

patients had a maximum PEEP Ó 8 cmH2O. Low levels of 

PEEP applied can be explained by the fact that patients had 

no central venous pressure monitored, as it is well known 

that high PEEP predominantly decreases cardiac output 

through a decrease in preload of right ventricle (29). In 

general, most patients who are managed without arterial 

lines are receiving modest ventilator support (1).  

There was no direct connection between PEEP and 

FiO2, preferring low levels of PEEP and high levels of 

FiO2. This was also noted by Khemani et al (1) and Santschi 

et al (12). Mean FiO2 levels at the start o MV was < 0.6, and 

decreases at 0.45 after 72 hours of MV. The mean levels of 

FiO2 reported before varies between 0.35 and 0.5 (1,25,30). 

In our study, mean levels of VT at the start of MV 

were 8.16 ml/kg, and decreased at 7.14 ml/kg after 72 hours 

of MV. Reported levels of VT in the era of ñlow VTò varies 

between 7.4 and 9.5 ml/kg (12,20,25,30). 

Arterial blood gases showed normocapnia and 

hypocapnia, and as the mean PaO2/FiO2 ratio was < 200 at 

the start of MV and < 300 after 72 hours of MV, results that 

the ALI/ARDS strategies were not fully implemented. 

Kemani et al (30) proposed in 2011 a computer protocol for 

ALI/ARDS for children aged over one year old in a 

retrospective cohort study. The authors concluded that 

clinicians infrequently decreased FiO2, even when the PaO2 

was high (>68 mmHg) and the protocol would have 

recommended more positive end expiratory pressure (PEEP) 

than was used in actual practice. Also, the clinicians often 

made no change to either PIP or VR when the protocol 

would have recommended to change, even when the pH was 

greater than 7.45 with PIP at least 35 cmH2O, being lost 

opportunities to minimize potentially ventilator induced 

lung injury for children with ALI/ARDS.  

 

Conclusions 

Pressure-limited ventilation modes were standard 

in our PICU. Protective lung strategies for ALI/ARDS were 

not fully implemented, as ventilatory settings resulting in 

normocapnia/hypocapnia were still being used. Describing 

the standard care and how mechanical ventilation is 

performed in children can be useful for future clinical trials. 
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Abstract 

Introduction: The non-invasive respiratory support, 

type CPAP, is widely used to support respiratory function in 

preterm infants and it is often the first choice in the neonatal 

intensive care unit.  

Aim of the study: The aim of the study is to 

compare two therapeutic approaches to respiratory distress 

syndrome due to surfactant deficiency in premature infants. 

Material and method: In this study were included 

all premature infants with gestational age up to 29 weeks, 

who were treated in the Intensive Care Unit within Oradea 

Maternity Hospital between 01st of January 2010 and 31st 

of December 2013. In the study were included 141 infants, 

divided into two groups: for the infants in the first group the 

prophylactic surfactant was administered within the first 30 

minutes after birth and the infants in the second group 

received CPAP immediately after birth. 

Results and Conclusions: This study presents the 

fact that the prophylactic surfactant reduces the duration of 

the CPAP respiratory therapy, of the mechanical ventilation 

and of the oxygen therapy. Most of these infants, from these 

two groups, didnôt require CPAP conversion into assisted 

ventilation. The respiratory recovery was good in our study 

in both groups. The survival rate was of 68% in the first 

group, respectively 62,12% in the second group and the 

survival rate in the absence of oxygen at the corrected age of 

36 weeks was of 62,66% in the first group and of 56% in the 

second group. The incidence of bronchopulmonary 

dysplasia was of 4% in the first group, respectively of 7,5% 

in the second group. The incidence of pneumothorax and of 

sepsis was higher in the group of infants with selective 

surfactant.  

In conclusion, in premature infants with gestational 

age between 26-29 weeks with spontaneous breathing 

movements, the CPAP respiratory support must be used 

immediately after birth and the surfactant therapy should be 

introduced at the first clinical, laboratory and radiological 

signs of respiratory distress. Using this strategy, there are 

obtained the maximum benefits from this respiratory 

therapeutic method, reducing the incidence of respiratory 

morbidity.  

Key words: preterm infant, CPAP, surfactant. 

 

Introduction  

The non-invasive respiratory support, type CPAP, 

is widely used to support lung function in premature infants, 

it is often the first choice in the neonatal intensive care 

unit.1,2 In case of extreme preterm infants, CPAP is an 

alternative to mechanical ventilation and intubation3, and in 

premature infants with gestational age over 30 weeks, CPAP 

is an alternative to oxygen therapy by head box .4 

                CPAP is an attractive option for the treatment of 

infants with respiratory failure because it keeps the 

spontaneous breathing, without need for endotracheal 

intubation, with the reduction of the incidence of pulmonary 

injuries.5 

                A continuous positive airway pressure (CPAP) 

can be provided with face mask, nasopharyngeal or 

endotracheal probes and single or double prongs. The use of 

positive pressure to the airways implies a great number of 

benefits, including the stabilization of airways, the increase 

of lung volume, the reduction in airway resistance, but also 

in respiratory effort.6,7  However the increased PEEP values 

may increase the partial pressure of CO2, with the reduction 

of tidal volume and with the increase of dead space. The 

increase of lung volume may lead to the reduction of the 

compliance and to the air leak syndrome. The increase of 

intrathoracic volume may also lead to the reduction of the 

cardiac activity. CPAP devices may cause skin abrasion and 

lesions of the nose.8,9 

                Other forms of non-invasive ventilation are IPPV, 

SIMV, HFOV by nasal prongs. 

 Currently the optimal time for initiating CPAP and 

surfactant therapy or for using the mechanical ventilation as 

a beginning therapy in extremely low birth weight infants is 

not clearly defined.10,11 The respiratory support, type CPAP, 

can be provided with different techniques, as Bubble CPAP 

system (conventional CPAP) or as some new, modern and 

sophisticated systems. CPAP pressure is generated by two 

possible mechanisms: with variable flow and with constant 

flow. CPAP use involves team effort, experience and 

permanent medical assistance.12- 16  
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Aim of the study  
The aim of the study is to compare two therapeutic 

approaches to respiratory distress syndrome due to 

surfactant deficiency in premature infants: administration of 

the prophylactic surfactant, followed by extubation and 

CPAP vs. the administration of the selective surfactant and 

early CPAP.  

 

Material and method  
In this study were included all premature infants 

with gestational age up to 29 weeks, who were treated in the 

Intensive Care Unit within Oradea Maternity Hospital 

between 01st of January 2010 and 31st of December 2013. 

The information was taken from the consultation sheet and 

monitoring sheets of the infants. Of a total number of 172 

premature infants with a gestational age up to 29 weeks, in 

this study were included 141 infants: 

They were selected by the following criteria: 

- infants with gestational age between 25 weeks 0 

days and 28 weeks 6 days 

- spontaneous breathing movements 5 minutes after 

birth 

- clinical evidence of respiratory distress syndrome: 

cyanosis, moan, polypnea, indrawing, movement of the 

nasal wings 

- radiological evidence of medium or severe form 

of RDS ( respiratory distress syndrome) 

- absence of congenital malformations 

Exclusion criteria: 

- severe asphyxia or Apgar score of 3 or less at 5 

minutes 

- endotracheal intubation for resuscitation 

- ineffective respiratory movements 

- genetic disease. 

The infants in the first group received prophylactic 

surfactant in the first 30 minutes after birth and the infants in 

the second group received CPAP therapy immediately after 

birth. 

 

Method  

All infants were resuscitated in the delivery room 

using 100% O2, which was administrated in free flow or by 

ventilation with positive pressure by using a balloon and a 

mask. After they were stabilized and fulfilled the criteria of 

study groups, they were distributed in one of the two groups. 

              The infants in the first group were intubated and 

received a single surfactant dose in the first half an hour 

after birth, after that they were ventilated by using a balloon 

for 5 minutes, then they were extubated and it was continued 

the CPAP respiratory therapy. 

 The infants in the second group were treated only 

by early CPAP. In case of CPAP therapy failure and after 

pulmonary radiological examination, the infants received 

selectively a single surfactant dose that was administered by 

endotracheal probes. 

              The CPAP respiratory support was provided by 

Infant Flow System by nasal cannula, using the following 

parameters: initial FiO2= 40%, PEEP= 4, MAP= 7, based on 

the hemoglobin oxygen saturation (HbO2Sat) values. The 

second dose of surfactant was administered to those infants 

that still have clinical and radiological RDS criteria. 

Criteria of CPAP conversion into assisted 

ventilation: 

- FiO2 demand over 40% to maintain hemoglobin 

oxygen saturation (HbO2Sat) between 85%-92%, 

- apnea, defined by over 4 spontaneously reversible 

apnea episodes in an hour or by 2 apnea episodes in an hour, 

which need ventilations by using a mask and a balloon. 

- respiratory acidosis, defined as PCO2 over 

65mmHg and pH < 7,2 in capillary blood  

Detubation criteria and continuation of CPAP 

respiratory ventilation: 

- FiO2 under 40% to maintain hemoglobin oxygen 

saturation (HbO2Sat) between 85-92% 

- low ventilation pressure (PIP, PEEP, mean arterial 

pressure < 7cm H2O) 

-PCO2 under 65mm/Hg and pH >7,2 in capillary 

blood 

              The results were evaluated at the corrected age of 1 

week, 28 days, 36 weeks and then at their discharge from 

hospital. 

At one week age the infants were evaluated 

regarding the necessity of orotracheal intubation and of 

assisted ventilation in the first 7 days of life. In this category 

are the infants who couldnôt be detubated in an hour after 

surfactant administration and those who fulfilled the criteria 

of CPAP conversion into assisted ventilation in first hours 

after birth. 

                The evaluation at the discharge from hospital 

includes: 

- death  

- at corrected age of 28 days or 36 weeks: survival 

by respiratory support of CPAP-type, survival in the 

presence of O2 with FiO2>21%, survival in the presence of 

atmospheric air, 

- incidence of pulmonary bronchodysplasia, 

- air leak syndrome, 

- pulmonary hemorrhage, 

- intraventricular hemorrhage 

- retinopathy of prematurity, 

- necrotizing ulcerative enterocolitis, 

- sepsis, 

- total duration of mechanical ventilation, 

- hospitalization period. 

 

Results  

172 premature infants with gestational age up to 

26-29 weeks, cared for within the Intensive Care Unit 

between 01st of January 2010 and 31st of December 2013   

Establishment of the group of infants eligible for 

the study:  

- total number 172;  

- eliminated - 31: infants intubated in the delivery 

room - 9, transferred infants from other hospitals - 12, other 

causes- 10.  

- infants admitted in the study -  141 

- first group ï received prophylactic surfactant, then 

CPAP -75.  
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- second group ï received early CPAP, then 

selective surfactant - 66 

Clinical and demographic criteria are presented in 

Table 1: 

    

Table 1: Clinical and demographic criteria. 

 

 Prophylactic Surfactant Early CPAP 

G mean  955 grams 962 grams 

GA mean 27,2 weeks 27.4 weeks 

Apgar Score mean 3,98 4.07 

Male 35 32 

Female 40 34 

Multiple pregnancy 6 
5 

 

 

Our study results concerning the infants present 

that the prophylactic treatment with surfactant immediately 

after birth isnôt better than CPAP treatment regarding the 

necessity for the initiation of the assisted ventilation in first 

week of life. In our study 6 infants from the first group, who 

were treated by prophylactic surfactant need intubation and 

mechanical ventilation versus 8 infants from the second 

group treated with early CPAP. Multiple doses of surfactant 

needed 11 children in the first group, respectively 13 

children in the second group. This study reveals that the 

prophylactic surfactant reduces the period of CPAP 

respiratory therapy, of mechanical ventilation and of oxygen 

therapy (Figure 1, 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Most of the infants of the two groups didnôt need 

CPAP conversion into assisted ventilation. The difference 

between the two groups was according to the selected 

parameters. The group with early CPAP and selective 

surfactant needed the use of higher ventilation parameters 

than the first group (initial mean FiO2 42 % versus 34%; 

initial mean PEEP 4,1 versus 2,8) and the necessity for the 

CPAP respiratory support was longer (19,8 days versus 14,5 

days).Only about half of infants in the second group needed 

surfactant administration (Table 2). 

 

 

Table 2: Used ventilation parameters CPAP INFANT FLOW. 

 

Prophylactic Surfactant Early CPAP 

FiO2 initial mean                                    34% 48% 

PEEP initial mean                                   2,8 4,1 
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Figure 1: Results at the age of 28 days. Figure 2: Results at the corrected age of 36 weeks. 
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The respiratory recovery was good in our study 

regarding the both groups. The survival rate was of 68% in 

first group and of 62,12% in the second group and the 

survival rate in the absence of oxygen at a corrected age of 

36 weeks of life was of 62,66 % versus 56%. The incidence 

of pulmonary bronchodysplasia was of 4%, respectively of 

7,5% in the second group. The incidence of pneumothorax 

and sepsis was higher in the group of infants with selective 

surfactant. The stabilization of the digestive tolerance 

occurred later in this group.  Other complications of preterm 

birth werenôt significantly different in the two groups 

(Figure 3). The duration of hospitalization was slightly 

lower in the group with prophylactic surfactant (Table 3).    

 The number of deaths was approximately equal in 

the two groups, 32% and 38%. The first causes of death 

were: intraventricular hemorrhage, infection and pulmonary 

hemorrhage (Figure 4, 5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Mean duration of CPAP and hospitalization: 

 Prophylactic Surfactant Early CPAP               

Mean duration of CPAP  14,5 days 19,8 days 

Mean duration of hospitalization        56,2 days    62,5 days 
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Figure 3: Differences of complications between the two groups. 
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Discussions 

                 The optimal time for the initiation of the CPAP 

therapy remains an unsolved problem. In COIN trial (CPAP 

versus orotracheal intubation)17, an international 

multicentre study, it was demonstrated, that the infants 

treated early with CPAP needed less ventilation days and 

had an oxygen dependence of more than 28 days, but less 

than 35 weeks of corrected age.  However, these infants had 

a higher rate of air leak syndrome. In a subgroup selected at 

random from the above mentioned patients Roehretal 

demonstrated the improvement of the pulmonary mechanics 

in 8 weeks after birth in infants who benefit by early CPAP 

respiratory support versus those who were intubated and 

mechanically ventilated. In a review published by Verder 

and his collaborators, medium or severe RDS was treated by 

using INSURE technique (intubation, surfactant, 

detubation), followed by CPAP. They noticed that this 

technique improves the oxygenation, reduces the pulmonary 

bronchodysplasia rate and diminishes the period of 

mechanical ventilation in about 50% of cases.   

 A recent meta-analysis of 6 clinical studies, of that 

3 randomized controlled clinical studies compares the 

results of two strategies of surfactant administration in 

infants with RDS or with SDR risk: the infants in the first 

group were treated with INSURE method then with CPAP, 

the infants in the second group were treated with selective 

surfactant, followed by intubation and continuous 

mechanical ventilation. The INSURE method was 

associated with a lower need for mechanical ventilation, 

with a lower incidence of pulmonary bronchodysplasia and 

a lower frequency of pneumothorax. However the number of 

surfactant doses per patient is significantly higher in those 

infants treated by INSURE procedure.18 The immediate 

detubation after the surfactant administration, followed by 

SNIPPV, which replaces the usual ventilation, was 

associated with the reduction of the need for oxygen, with 

the reduction of the period of intubation, of parenteral 

nutrition and of hospitalization.19 Another study presents 

that the detubation followed by SNIPPV is associated with 

the reduction of the need for oxygen and with an lower 

incidence of bronchodysplasia (73% versus 40%).20 

 

Conclusions 

 In conclusion, in premature infants with gestational 

age between 26-29 weeks with spontaneous breathing 

movements, the CPAP respiratory support should be used 

immediately after birth and the surfactant administration 

must be performed at the first clinical, paraclinical and 

radiological signs of RDS. Using this strategy the benefits of 

this respiratory option are maximal, reducing the respiratory 

morbidity.
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THERAPEUTICALLY ASPECTS IN DDH ï EARLY 

TREATMENT VERSUS LATE TREATMENT  
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Abstract 

Developmental dysplasia of the hip (DDH) is the 

most common musculoskeletal disorder in infancy and 

varies in severity, ranging from neonatal hip instability with 

or without associated acetabular dysplasia to irreducible 

dislocation. Although the disease is described by 

Hippocrates, there is no standard protocol for diagnosis and 

treatment unanimously accepted.  

Key words: Developmental dysplasia of the hip (DDH), 

ultrasound hip, early/late treatment of DDH. 

 

Introduction  

Ultrasonography is a method of choice for early diagnosis of 

developmental dysplasia of the hip (DDH) in newborns and 

infants (1,2,3,4). It is simple and noninvasive method for 

visualizations of the hip. While treating the DDH, it gives 

possibility for multiple performances and for monitoring 

(2,5,6). The treatment for hip dysplasia depends on the age 

of the patient and on the type of the hip disorder according 

to the Graf method (2,7). The goals of a screening program 

are early diagnosis in all patients who have DDH, when 

therapy is most effective and noninvasive. Radiographs are 

available and relatively low in cost. The main limitations are 

radiation exposure and radiographyôs inability to 

demonstrate the cartilaginous femoral head. Radiographs are 

of limited value during an first 3-4 months of infants life, 

when the femoral heads are composed entirely of cartilage, 

but they become more reliable for use in infants 4ï6 months 

of age, with the appearance of femoral head ossification 

(8,9,10,11). 

 

Purpose      

 The purpose of this paper is to demonstrate the 

differences between therapeutically results in the same type 

of DDH depending on time of initiation of treatment. The 

differences are therapeutic methods, duration of treatment, 

results and prognosis of the cases. 

 

Materials and methods 

Therapeutic aspects were studied 4 cases of infants 

with coxofemoral dislocation diagnosed and treated in the 

period 2011-2013. Two cases were diagnosed early 

ultrasonographic in the first month of life: I. M. male at age 

3 weeks (hip type II D) and B. B. female at the age of 4 

weeks (hip type IV) and was initiated early orthopedic 

treatment. The other two cases with hip dislocation were 

diagnosed radiological after the age of 5 months: D. C. 

female at the age of 5 months and N. A. female at the age of 

6 months and orthopedic treatment started late. 

 To patients with type II D and type IV diagnosed in 

first month of life, I performed close reduction and fixed it 

ultrasonographic guided with Dr. Bernau - T¿bingen hip 

abduction orthosis. Infants were followed clinically and 

ultrasonographic monthly. It is very important to collaborate 

with parents because they have to understand the severity of 

the disease and the importance of correct treatment.  

 The decision to stop the treatment was made when 

the hips has become type I A.   

 We found mature hips at all control hips ultrasound 

performed at 2 months after starting treatment, including the 

type IV.  Such infants diagnosed early in the first month of 

life were cured clinically and ultrasonographic until the age 

of 4 months. 

Subsequent the clinical and ultrasound controls 

were performed every 2 months until the age of 11-12 

months. 

 

Results      

 I will present case of newborn, I. M., boy ï 3 

weeks, diagnosed clinically and ultrasonographic with left 

hip dysplasia type II D (Ŭ angle 48,09Á; ɓ angle 77,88Á) ï 

picture 1a. I performed close reduction and fixed it 

ultrasonographic guided with Dr. Bernau-T¿bingen hip 

abduction orthosis; the hip has become type I B (Ŭ angle 

64,22 Á; ɓ angle 56,84Á) ï picture 1b. This case was 

followed clinically and ultrasonographic monthly, after one 

month (picture 1c) and two months of treatment (picture 

1d), when the hip has become type I A (Ŭ angle 64 Á; ɓ angle 

51Á) and I stoped the treatment. Ultrasound control of the 

same hip at the age of 11 months, when he started to walk,  

founded  mature left hip, type I A (Ŭ angle 69 Á; ɓ angle 51Á) 

ï picture 1e. 
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Next case presented is case of newborn, B. B., girl 

ï 4 weeks, that I diagnosed clinically and ultrasonographic 

with right hip luxated, type IV, labrum interposed between 

the femoral head and joint capsule ï picture 2a. After close 

reduction and imobilisation with Dr. Bernau-T¿bingen hip 

abduction orthosis, the hip has become type II D (Ŭ angle 

49Á; ɓ angle 77Á) ï picture 2b.  This case was followed 

clinically and ultrasonographic monthly, after one month 

(picture 2c)  and two months of treatment (picture 2d),  

when the hip has become type IA (Ŭ angle 61Á; ɓ angle 46Á) 

and I stoped the treatment. I performed ultrasound control of 

the same hip at the age of 5 month (picture 2e), 6 month 

(picture 2f) and 1 year, when she started to walk, founded  

mature left hip, type IA (picture 2g). 

    

 

D 

A B 

C D 

Picture 1. A ï Initial aspect. B ï After close reduction. C ï After 1 month with Dr. Bernau-T¿bingen hip abduction 

orthosis. D ï After 2 months with Dr. Bernau-T¿bingen hip abduction orthosis. E ï Final aspect at the age of 11 months. 
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Picture 2. Girl  ï 4 weeks, with right hip luxated, type IV. 
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In these two cases diagnosed in the first month, 

after two months of imobilisation with Dr. Bernau-T¿bingen 

hip abduction ortosis, the ultrasonographic aspect (hip type 

IA) allowed quit this and I continued treatment with hip 

abduction orthosis pantyhose for another 2 months. Such the 

duration of treatment was about 4 months, until the age of 4-

5 months.  

 

To patients diagnosed radiological after the age of 5 

months, I performed close reduction under general 

anesthesia and fixed it by immobilization in the spica cast ï 

Lorentz positions. Infants were followed radiologically at 6 

weeks and immobilized in the spica cast, in general 

anesthesia into Lorentz successive positions.  

 First case was infant N. A. girl ï 6 months, 

diagnosed radiologic with left hip luxated (picture 3a) that I 

performed close reduction under general anesthesia and  

immobilization in the spica cast ï Lorentz positions, and 

radiologic control after close reduction and imobilisation 

(picture 3b). The next radiologic controls was made at 6 

weeks (picture 3c) and 12 weeks from the close reduction 

(picture 3d), when the radiologic aspect shows a good 

position of the femoral head in the cotiloid cavity and a 

good coverage of the acetabular roof; I stop the 

imobilisation in the spica cast and I made imobilisation with 

Dr. Bernau-T¿bingen hip abduction orthosis for 2-3 months. 

This pacient started to walk at the age of 1 year and 2 

month. Radiologic controls at the age of 1 year and 8 

months (picture 3e) respectively at the age of 2 years 

(picture 3f) suggests a possible avascular necrosis of the 

femoral head. 
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Picture 3. Girl ï 6 months, diagnosed radiologic with left hip luxated. 
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The second case was infant D. C. girl ï 5 months, 

diagnosed radiologic with left hip luxated (picture 4a) and 

ultrasound with left hip type IV (Ŭ angle 40Á; ɓ angle 88Á - 

picture 4b) that I performed close reduction under general 

anesthesia and immobilization in the spica cast ï Lorentz 

positions, and radiologic control after close reduction and 

imobilisation. The next radiologic controls was made at 6 

weeks (picture 4c) and 12 weeks from the close reduction 

(picture 4d), when the radiologic aspect shows a good 

position of the femoral head in the cotiloid cavity and a 

good coverage of the acetabular roof; I stop the 

imobilisation in the spica cast and I made imobilisation with 

Dr. Bernau-T¿bingen hip abduction orthosis for 2-3 months. 

This pacient started to walk at the age of 1 year.  The last 

radiologic control at the age of 1 year and 4 months shows a 

good therapeutic results: a good position of the femoral head 

in the cotiloid cavity, a good coverage of the acetabular roof 

position and the appearance of ossification nucleus of the 

femoral head ï picture 4e. 
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Picture 4. Girl ï 5 months, diagnosed radiologic with left hip luxated and ultrasound with left hip type IV. 


