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Abstract 
Objectives: To evaluate the predictive value of bed-side laparoscopy for the probable pathological 

affection and therapeutic policy for patients with clinically and radiologically diagnosed neonatal 

enterocolitis (NEC). Patients & Methods: The study included 96 patients; 74 males and 52 females; 

with mean gestational age of 569±7496 weeks. All patients were non-responders to medical treatment 

for a mean duration of 5698769± days. All patients were anemic with leucocytosis and 55 patients 

were thrombocytopenic. All patients showed pneumatosis intestinalis (PI); 5± patients were grade I, 

64 patients were grade II and 44 patients were grade III; 47 cases had pneumoperitoneum and 6 

patients had gas in the portal vein. Bedside diagnostic mini-laparoscopy was performed at bedside in 

the NICU under intravenous fentanyl anesthesia using 63
o
 laparoscope for abdominal exploration and 

additional incision was made at right lateral side of the abdomen for introduction of suction/irrigation 

device. Then, patients underwent exploratory laparotomy through supra-umbilical transverse incision 

and surgical decision was taken according to degree of tissue affection. Postoperative (PO) care was 

provided at NICU. Results: Laparoscopy identified 49 cases had pan-necrosis, 2 cases had long-

segment necrosis, 46 cases had perforation; 2 cases showed one evident perforation and 8 cases 

showed more than one perforation, 64 patients had localized perforation with somewhat healthy 

intestine and no gangrene and one case showed gangrenous perforated gall bladder with right 

hypochondrial collection and ceiled with amalgamated jejunal loops. Bed-side laparoscopy could 

identify cases with pan-intestinal necrosis with 4331 sensitivity and accuracy of exploratory bed-side 

laparoscopy for sparing unnecessary non-therapeutic laparotomy. Moreover, laparoscopy identified 

cases had long-segment necrosis with 231 sensitivity and accuracy rates, but underestimated the 

presence of multiple perforation by 581. Eighteen patients passed smooth PO course and were 

discharged alive without gaining new morbidities; 46 patients developed controllable surgery-related 

morbidities and were discharged alive, while 65 patients died during their PO course. 

Conclusion: Bed-side exploratory laparoscopy allowed sparing unnecessary surgery by 4331 accuracy 

and provides information about the underlying pathology that could aid in correct surgical decision-

making by at least ±81. 
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Introduction 
Necrotizing enterocolitis (NEC) is among the 

most severe conditions that can affect preterm 

infants. NEC remains a common cause of 

morbidity and mortality in the neonatal period. 

Despite many advances in the management of 

the critically ill neonate, the attempts at 

prevention and determining best treatment for 

NEC have been elusive, and unfortunately, the 

overall survival for this poorly understood and 

complex condition has not improved
(4,5,6)

. 

 

Although the etiology and pathogenesis of NEC 

remain controversial, initial bacterial coloni-

zation could play a pivotal role in the 

development of NEC. It is believed that NEC is 

secondary to a complex interaction of multiple 

factors, notably prematurity, that result in  
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mucosal damage, which leads to intestinal 

ischemia and necrosis. The mucosal injury may 

be due to infection, intraluminal contents, 

immature immunity, release of vasoconstrictors, 

and inflammatory mediators. The loss of 

mucosal integrity allows passage of bacteria and 

their toxins into the bowel wall and then into the 

systemic circulation, resulting in a generalized 

inflammatory response and overwhelming 

sepsis in the severe forms of NEC
(7,8,9)

. 

  

The inflammatory process in NEC leads to 

increased blood flow in the affected bowel 

segment. Bacteria penetrate the mucosal defense, 

and their by-products of metabolism lead to the 

formation of intramural gas. As NEC progresses, 

platelet-activating factor produced by inflame-

matory cells and bacteria propagate the 

inflammatory cascade, mainly that of cytokines 

and complement, leading to extensive 

transmural involvement. Immature regulatory 

control of mesentery circulation makes the 

neonatal intestinal microvasculature vulnerable. 

When neonates are subjected to stress, 

endothelial cell dysfunction occurs and results 

in vasoconstriction of arterioles, inflammatory 

cell infiltration and activation in venules, and 

endothelial barrier disruption in capillaries. The 

compromised vasculature increases circulation 

resistance and therefore decreases intestinal 

perfusion, and may eventually progress to 

intestinal necrosis
(±,2,6)

. 

 

The options for surgical interference range 

between primary peritoneal drainage or 

laparotomy. However, the optimum choice 

between both remains controversial particularly 

in low birth-weight infants. Peritoneal drainage 

offers temporary decompression, drainage and 

stabilization of the patients whilst awaiting 

surgery, or in patients too unstable to tolerate 

surgery or anesthesia. The principal surgical 

objectives of laparotomy are to control sepsis 

and removal of gangrenous bowel preserving as 

much bowel length as possible. The surgical 

options at laparotomy include resection with 

enterostomy, resection with primary anasto-

mosis, proximal jejunostomy and "clip and 

drop" technique. The option exercised is 

influenced by the clinical status of the patient 

and the extent of the disease
(43,44,45)

. 

  

The current study aimed to evaluate the 

predictive value of bed-side laparoscopy for the 

probable pathological affection and therapeutic 

policy for patients with clinically and 

radiologically diagnosed neonatal necrotizing 

enterocolitis.  

 

Patients and Methods 
The current prospective study was conducted at 

General Surgery in conjunction with the 

Neonatal Intensive Care Unit (NICU) in Al-

Jafel Hospital, KSA; since January 5332 till Feb 

5346 and comprised 96 neonates with gesta-

tional age ranging between 58 and 65 weeks 

and chosen from those admitted for treatment of 

NEC and failed to respond to medical treatment.  

  

Collected data included patients’ demographic 

data including gestational age, duration of 

illness, gender and body weight and laboratory 

investigation including determination of 

hemoglobin concentration, total and differential 

leucocytic count and platelet count. All patients 

underwent serial plain X-ray abdominal films in 

both supine postero-anterior and lateral 

decubitus positions for assessment of presence 

of fixed dilated bowel loop, presence and degree 

of pneumatosis intestinalis (PI), portal venous 

air (PVA) and pneumoperitoneum. The PI was 

graded according to Voss et al.,
(46)

 as mild 

(grade I) if confined to one quadrant, moderate 

(grade II) if confined to 5-6 quadrants and 

severe (grade III) if present in the four 

abdominal quadrants; absence of  PI was graded 

as grade 3. 

   

Bedside diagnostic mini-laparoscopy: The 

procedure was performed at bedside in the 

NICU under intravenous fentanyl anesthesia 

with vecuronium muscle paralysis. After 

preparation of the abdomen, a 6-7mm incision 

was made slightly above and to the left of the 

umbilicus till the peritoneum was opened to 

introduce the port for the camera under direct 

vision (open technique) and carbon dioxide 

pneumoperitoneum was established with a 

maximum pressure of 43 mmHg and maximal 

flow rate of 5 L/min. A 63
o
 laparoscope was 

used for inspection and exploration of the 

abdomen. An additional incision was made at 

right lateral side of the abdomen for 

introduction of suction/ irrigation device. When 

a drain is necessary, a Penrose drain was 

positioned in one of the port sites. 

   



MJMR, Vol. 42, No. 4, 4102, pages (20-25).                                                                        Mohamed Rabea 

 

22                                                                         Bed-side exploratory laparoscopy for patients had neonatal 

Thereafter, patients underwent exploratory 

laparotomy through supra-umbilical transverse 

incision, peritoneal fluid collections were taken 

for bacteriological examination and surgical 

decision was taken according to degree of tissue 

affection; peritoneal drainage and follow-up in 

cases without identified intestinal perforation, if 

no improvement occurred patients underwent 

laparotomy. In cases with localized disease, 

bowel resection and primary anastomosis was 

performed or resection of necrotic segment and 

exteriorization of viable ends as stoma in those 

with long intestinal segment necrosis or non-

therapeutic laparotomy for those with pan-

necrosis.  

 

Postoperative care was provided at NICU with 

patient maintained on ventilatory cardio-

respiratory support, appropriate parentral anti-

biotic therapy, oral decompression, adequate 

fluid and electrolyte replacement and then 

parentral nutrition was supplied. Six-weeks after 

initial laparotomy and disappearance of clinical 

and radiological signs of NEC, patients with 

stoma underwent laparotomy for intestinal re-

anastomosis to regain continuity.  

 

Results 
The study included 96 patients; 74 males and 

52 females; with mean gestational age of 

569±7496; range: 5±-66 weeks. Thirty-four 

patients were younger than 63 weeks gestational 

age and 68 patients were older. All patients 

were admitted to the NICU and received 

medical treatment, but unfortunately were non-

responders and were prepared to surgery after a 

mean duration of 5698769±; range: ±-69 days. 

All patients were anemic with mean Hb conc. of 

±977494; range: 9-6 mg/dl; however, 74 patients 

(86971) had Hb conc. of ≤± mg/dl. Total 

leucocytic count was 44.3774.77; range: 292-

48.7 x43
6
 cell/mm

6
 and platelet count was 

48695±796; range 63-578 x43
6
  platelet/ mm

6
. 

There were 55 cases (64961) had 

thrombocytopenia with mean platelet count of 

43494±2946 x43
6
 platelet/ mm

6
; while the other 

7± cases had mean platelet count of 4±±9977.48 

x43
6
 platelet/ mm

6 
(Table 4).   

 

Table (0): Patients’ demographic and disease related data and preoperative  

                  laboratory findings 

 

 Number (%) Mean (range) 

Gender Male 74 (86971)  

Female 52 (73991)  

Gestational age  (weeks) Strata  <63  67 (76961) 52947392 (5±-56) 

≥63  68 (839±1) 64967494 (63-66) 

Total  96 (4331) 569±7496 (5±-66) 

Duration of disease (days) Strata  ≤ 47  4± (579±1) 2927595 (±-47) 

>47-52   54 (63971) 55987695 (4±-5±) 

>52  64 (77961) 6596749± (63-69) 

Total  96 (4331) 5698769± (±-69) 

Lab 

data 

Hb conc. (gm/dl) Strata  ≤±  74 (92961) 9997398 (9-±) 

>2  52 (649±1) 2987398 (2-6) 

Total  96 (4331) ±977494 (9-6) 

TLC 

(01
2
 cells/mm

2
) 

Strata  <43  87 (±2961) 694873979 (292-696) 

≥43 48 (549±1) 4496874976 (43-4897) 

Total  96 (4331) 4493774.77 (292-4897) 

Platelet count  

(01
2
platelet/mm

2
) 

Strata  ≤453 55 (64961) 4349472946 (63-453) 

>453 7± (92941) 4±±9977948 (456-578) 

Total  96 (4331) 486957796 (63-578) 

 

 

Pneumatosis intestinalis (PI) of variant grades 

(Fig. 4) was detected in all patients; 5± patients 

(66951) showed grade I, 64 patients (77961) 

grade II and 44 patients (48961) showed grade 

III pneumatosis. Pneumoperitoneum, (Fig. 5) 

was detected in 47 cases (53961) and gas in the 

portal vein was detected in 6 cases (7961), (Fig. 

6).  
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Fig. (3): Patients' distribution according to radiologic findings
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Fig. (0): Plain X-ray showing pneumatosis 

intestinalis in a case of enterocolitis 

Fig. (4): Plain X-ray showing pneumoperitoneum 

with ground glass appearance in a case of enterocolitis 
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Laparoscopy identified 49 cases (56961) had 

pan-necrosis, 2 cases (44991) had long-segment 

necrosis, 46 cases (42921) had perfo-ration; 2 

cases showed one evident perforation and 8 

cases showed more than one perforation and 64 

patients (77961) showed localized perforation 

with somewhat healthy intestine and no 

gangrene but with patches of covering pyogenic 

membrane. Laparoscopy identified a case (4971) 

with gangrenous perforated gall bladder 

associated with right hypochondrial collection 

and ceiled with amalgam-mated jejunal loops, 

(Table 5).  

 

At laparotomy, pan-necrosis with non-resectable 

gangrenous intestine was confronted with in 49 

cases and abdomen was drained and closed. 

These 49 cases were considered as non-

therapeutic laparotomy and assured 4331 

sensitivity and accuracy of laparoscopy for 

identifying such pathological state and thus 

could spare laparotomy (Table 5). 

 

Laparotomy defined 43 cases had long-segment 

necrosis; resection and stoma formation was 

feasible in 2 cases, while for the remaining two 

cases, necrotic loops were amalgamated in the 

form of localized collection and defunctioning 

jejunostomy was performed. Laparoscopy 

accurately defined the first 2 cases, but failed to 

explore the presence and extent of intestinal 

necrosis in other two cases and was falsely 

diagnosed as localized collection for a 

sensitivity and accuracy rates of 231 for long-

segment necrosis, (Table 5).  

 

Laparoscopy defined 46 cases had definite 

visible intestinal perforation; 2 patients had only 

one visible perforation and 8 patients had more 

than one perforation. Laparotomy confir-med 

the diagnosis of single perforation in 9 patients, 

while the other two patients diagnosed 

laparoscopically as having single were found to 

have multiple perforations, thus, laparoscopy 

underestimated the presence of multiple 

perforation by 581. For patients with multiple 

perforations, multiple resections and stomas 

were performed while patients had only single 

perforation in partially viable intestine 

underwent resection and primary anastomosis, 

(Table 5).  

 

The patient diagnosed laparoscopically as 

having gangrenous gall bladder was found to 

have gangrenous jejunal loops amalgamated 

with gangrenous gall bladder as phlegmon; this 

patient had cholecystectomy and jejunal 

resection with primary closure. Three patients 

were diagnosed laparoscopically as having 

localized peritonitis were found to have colonic 

perforation and underwent colonic resection and 

proximal colostomy, (Table 5, Fig. 7).  

 

Table (4): Laparoscopic and operative findings 

 

Findings Laparoscopy Operative 

Pan-necrosis 49 (56961) 49 (56961) 

Long-segment necrosis 2 (44991) 43 (47981) 

Multiple perforations 8 (±951) 6 (461) 

Single perforation 2 (44991) 9 (29±1) 

Localized peritonitis  64 (77961) 57 (67921) 

Gangrenous gallbladder and jejunal loops  4 (4971) 4 (4971) 

Colonic perforation 3 6 (7961) 

Total 96 (4331) 96 (4331) 
        

         Data are presented as numbers; percentages are in parenthesis 

 

 

Eighteen patients passed smooth postoperative 

course and were discharged alive without 

gaining new morbidities. Nineteen patients 

(developed surgery-related morbidities, but was 

controllable and were discharged alive; 9 

patients had stomal prolapse, 46 had wound 

infection and 6 of them had wound dehiscence 

with a complication rate among survivors of 

84971 and 5±981 among studied neonates. 

Thirty-two patients (79971) died during their 

postoperative course; 49 patients had peritoneal 

drainage for pan-necrosis, 9 patients after 
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resection of long intestinal segment, 7 after 

multiple intestinal resections, 6 patients after 

resection and direct closure of small intestine 

and two patients had colonic resection and the 

patient with gangrenous jejunal loops and gall 

bladder also died, (Table 6, Fig. 8). 

 

Table (2): Postoperative morbidity and mortality 

 

Mortality  Morbidity among survivors (n=23) 

Diagnosis & procedure Number 

(%) 

Diagnosis Number (%) 

Peritoneal drainage for pan-

necrosis  

49 (56951) Stomal prolapse  9 (29±1) 

Long-segment resection 9 (29±1) Wound infection 

but no dehiscence 

43 (47981) 

Multiple-segment resection 7 (8921) Wound infection 

and dehiscence 

6 (7961) 

Intestinal resection & direct 

closure 

6 (7961) No morbidities 42 (59941) 

Colonic resection 5 (5961) Total  6± (86991) 

Gangrenous gall bladder and 

jejunal loops 

4 (4981)   

Total mortalities 65 (79971)   

 

 

 

Fig. (4): Diagnosis of studied cases as judged by laparoscopy 

and lapatotomy
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Fig. (5): Patients' distribution according to postoperative outcome
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Discussion 
Bed-side laparoscopy could identify cases with 

pan-intestinal necrosis and the diagnosis was 

assured by laparotomy giving a 4331 sensiti-

vity and accuracy of exploratory bed-side 

laparoscopy for sparing unnecessary non-

therapeutic laparotomy. Moreover, laparoscopy 

could identify cases had long-segment necrosis 

with a sensitivity and accuracy rates of 231. 

Laparoscopy defined 46 cases had definite 

visible intestinal perforation; 2 patients had only 

one visible perforation and 8 patients had more 

than one perforation; laparotomy confirmed the 

diagnosis of single perforation in 9 patients, 

while the other two patients diagnosed laparo-

scopically as having single were found to have 

multiple perforations, laparoscopy under 

estimated the presence of multiple perforation 

by 581. 

  

These findings indicated the ability of bed-side 

exploratory laparotomy for sparing unnece-

ssary surgery by 4331 accuracy and help in 

correct surgical decision-making by at least ±81. 

These data coincided with that previously 

reported in literature concerning a probable role 

of bed-side laparoscopy for prediction of the 

presence and extent of pathological affection in 

neonates with clinical diagnosis of NEC; Pierro 

et al.,
(47)

 reported that laparoscopy performed in 

NICU could provide information regarding 

intestinal viability which can guide further  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

surgical management and that 6 of 8 cases (931) 

did not require further surgery after laparo-

scopic evaluation, moreover, it is feasible and 

tolerated well even in critically ill neonates less 

than 4,333 g. Clark & Mackinlay
(48)

 

documented that the versatility of laparoscopy 

enables good visualization of the bowel and 

organs and that laparoscopy in the initial 

evaluation of NEC is invaluable, and can avoid 

potentially unnecessary surgery in an already 

extremely unwell infant. 

 

Tan et al.,
(49)

 documented that laparoscopy can 

provide useful information for surgical 

decisionmaking and allows for precise place-

ment of a microlaparotomy incision over the site 

of perforation, thus minimizing the trauma from 

open surgery in this special group of patients. 

Leva et al.,
(4±)

 believed that the decision to 

perform a laparoscopy, despite the very low 

weight of NEC patients, was crucial in the 

management of non-detected perforation at X-

ray, which may only require washout of the 

cavity that can be managed with laparoscopy 

and thus reducing the morbidity of laparotomy 

for suspicion of perforation in patients affected 

by NEC who do not respond to medical 

treatment.  

 

Nah et al.,
(42)

 documented that diagnostic 

laparoscopy can be safely performed in 
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extremely low-birth weight infants; it allows 

precise identification of the site of perforation to 

perform a limited microlaparotomy at this site, 

thus significantly reducing the surgical trauma 

of extensive bowel handling. Corona Bellostas 

et al.,
(46)

 evaluated laparoscopy for early diag-

nosis of intestinal perforation or necrosis in 

order to avoid unnecessary laparotomies  in 

patients had NEC and found laparoscopy 

avoided laparotomy in a patient who did well 

after washing and drainage and magnified 

lesions in one patient who did not require 

laparotomy after intestinal bypass, and in other 

cases, laparoscopy was followed by mini-

laparotomy oriented to the lesions and stoma 

formation.  

 

Numanoglu & Millar
(53)

 evaluated 46 patients 

with presumed NEC and underwent laparoscopy; 

standard laparoscopy identified perforation in 8 

patients and gangrenous bowel in two, one 

patient was found to have chyle ascites, and one 

patient had no abnormal findings on 

laparoscopy; laparotomy and necessary surgical 

intervention were performed in all 43 patients 

with positive laparoscopy findings and conc-

luded that laparoscopy helps to improve 

assessment of patients with a diagnosis of NEC, 

allows early identification of perforation and 

necrosis. Smith & Thyoka
(54)

 conducted a syste-

matic review of published literature (4663-5345) 

for the use of laparoscopy for management of 

acute NEC; and reported that 421 of infants did 

not require further surgery following laparo-

scopy, 61 had no evidence of NEC, 81 had no 

evidence of perforation and/or intestinal 

gangrene, and 81 had NEC totalis precluding 

further surgery and concluded that laparoscopy 

can be useful in selected babies with suspected 

NEC to avoid unnecessary laparotomy and 

minimize the trauma of surgery In support of 

the efficacy of exploratory laparoscopy, 

Martinez-Ferro et al.,
(55)

 evaluated laparoscopy 

as a therapeutic modality for a series of infants 

who developed colonic strictures as a sequelae 

of NEC and reported that laparoscopy was 

effectively performed in all cases without 

conversion to open surgery with anastomosis 

was colocolic in all patients, except in 4 case, in 

which it was colorectal and all babies recovered 

uneventfully. 

 

It could be concluded that bed-side exploratory 

laparoscopy is a useful tool in the armamen-

tarium of surgical management of NEC, 

allowing sparing unnecessary surgery by 4331 

accuracy and provides information about the 

underlying pathology that could aid in correct 

surgical decision-making by at least ±81. 
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