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Abstract

Objective: We sought to determine the clinical and histopathological factors associated with 

intestinal hemorrhage and its correlation with clinical outcomes in neonates with surgical 

necrotizing enterocolitis (NEC).

Methods: A retrospective study compared clinical and histopathology information in neonates 

following surgical NEC with severe hemorrhage and those with mild/moderate hemorrhagic 

lesions seen on resected intestine pathology.

Results: The infants with severe hemorrhage (Grade 3-4, 81/148, 54.7%) had significantly lower 

exposure to antenatal steroids (52.5 % vs 76.9 %; p=0.004), had higher gestational age (28.5 

weeks [7.14] vs. 26.58 [2.90]; p=0.034), lost more bowel length ( p=0.045), had higher CRP 

levels at 2 weeks (p=0.035), and had less intestinal failure ([ 30.3 %vs 52.5 %]; p=0.014) than 

mild to moderate (Grade 0-2, 67/148, 45.2%) hemorrhage group. Those with severe hemorrhage 

had significantly higher mean inflammation score (2.67 [0.94] vs. 1.63 [0.92]; p=<0.001), higher 

necrosis scores (1.95 [1.28] vs. 1.49 [1.35]; p=0.037), higher neovascularization (p=0.01), higher 

fibroblasts (p=0.023) and higher lymphocyte percentages up to 48 hours (p<0.05) following NEC 

than mild/ moderate hemorrhage group.

On multi regression, less exposure to antenatal steroids (OR 0.18 [95% CI 0.05-0.58]; p=0.005), 

higher inflammation (OR3.7 [95% CI 2.09-7.32]; p=0.001), and lymphocyte count on the day 

of onset/24 hours following NEC (OR 1.06 [95% CI 1.02-1.11]; p=0.005) were independently 

associated with a higher odds of severe intestinal hemorrhage.
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Conclusion: The surgical NEC infants with intestinal hemorrhage most likely had lower 

exposure to antenatal steroids and higher inflammation grade and lymphocyte counts following 

NEC onset on multi-regression modeling.
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Introduction:

Necrotizing enterocolitis (NEC) is inflammatory bowel necrosis seen in 5-10% of very low 

birth weight infants [1]. The disease remains a leading cause of morbidity and mortality, 

surgical intervention, and prolonged medical needs in the surviving infants [2-8]. Infants 

with advanced NEC usually undergo bowel resection after an exploratory laparotomy, and 

the remaining intestine is managed with primary anastomoses and/or intestinal stoma.

The resected bowel typically shows coagulation necrosis, inflammation, interstitial 

hemorrhages, and reparative changes on the pathology examination. The severity of these 

pathological abnormalities may correlate with the disease’s severity and the progression 

pace and may even help predict clinical outcomes [9, 10]. For example, our previous 

study reported worse clinical outcomes for infants with incomplete resected margins in 

neonates with surgical necrotizing enterocolitis [11]. In addition, we have recently reported 

an association between bowel hemorrhage (OR 7.79 [95%CI: 2.19-27.72]; p=0.002) and 

Grade 3-4 white matter brain injury in preterm infants with surgical NEC [12].

We have previously reported that neonates with fulminant NEC (death within 48 hours 

of NEC onset) frequently developed thrombocytopenia, lymphopenia, neutropenia, and 

leukopenia. Neonates who had also received red blood cell transfusions after or platelet 

transfusions before the onset of NEC had developed the fulminant disease [13], suggesting 

active bleeding at the intestinal tissue level contributing to subsequent intra-vascular volume 

depletion causing hypotension and shock. In clinical practice, occult or frank blood in 

stools as a presenting symptom is seen only in less than 10% of infants with NEC. 

In current literature, there is no study analyzing the clinical impact and factors linked 

with intestinal hemorrhage at the histopathological level in preterm infants with surgical 

necrotizing enterocolitis. This study aims to determine the clinical and histopathological 

predictors of intestinal hemorrhage after injury secondary to NEC and its correlation with 

clinical outcomes in preterm infants.

Methods:

After Institutional Review Board approval, this retrospective study was conducted at the 

University of Mississippi Medical Center (UMMC) in Jackson, Mississippi. Our center is 

a regional referral center for infants with surgical NEC. A detailed review of the medical 

records identified 193 patients who underwent exploratory laparotomy for advanced NEC 

(NEC Bell stage III) [14] between January 2000 and December 2018. After excluding 15 

infants due to incomplete clinical data and 30 with confounding disorders such as congenital 
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heart disease, intestinal atresia, and spontaneous intestinal perforation (SIP), we identified 

148 infants as eligible for this study.

Clinical information:

Demographic data such as birth weight, gestational age, gender, ethnicity (African 

American, Caucasian, or Latino), and mode of delivery were noted. Other important 

clinical information included Apgar scores ≤6 at 5 minutes, age at initiation of feedings, 

culture-proven sepsis at the time of NEC onset, central line use, patent ductus arteriosus, 

indomethacin therapy, and the age of onset and the clinical presentation of NEC (abdominal 

distension, bloody stools, and feed intolerance). In addition, we collected radiological data 

such as pneumatosis, pneumoperitoneum, or portal venous gas from the abdominal X-ray 

and time to surgery after NEC onset. In addition, we recorded data on Penrose drain, length, 

and region of bowel resected. At our center, preterm infants with pneumoperitoneum who 

weigh less than 1 kg at NEC diagnosis and are hemodynamically unstable are treated first 

with a Penrose drain at the bedside but may later receive laparotomy.

We also recorded data on the length of hospital stay, postoperative morbidities, and mortality 

in neonates with and without intestinal hemorrhage. Postoperative morbidities included 

the duration of postoperative ileus, parenteral nutrition days, time to full feeds, surgical 

complications, and short bowel syndrome. The time to full feeds was defined as the time 

from surgery until 120 mL/kg/day of enteral feeding. Surgical complications included the 

presence of adhesions, dehiscence, fistula, and wound infection in the postoperative time. 

Finally, intestinal failure was defined as the need for parenteral nutrition for more than 90 

days or at the date of discharge.

Pathology:

Sample assessment: Hematoxylin & eosin (H&E)-stained sections of surgically 

resected intestine were evaluated by a team of a board-certified gastrointestinal pathologist 

and a senior pathology trainee. The trained grossing personnel determined the tissue sections 

were taken from the representative most affected area of the intestine.

Pathology Definitions: We evaluated the resected bowel for histopathological evidence 

of NEC, including coagulative necrosis, inflammation, hemorrhages, and reparative 

changes. Coagulative necrosis in intestinal cells was defined by the loss of hematoxylin 

staining of the nuclei and diminished cytoplasmic staining with eosin but with relatively 

preserved, ‘ghost-like’ crypt-villus histoarchitecture. Inflammation was noted as infiltration 

by inflammatory cells such as monocytes and neutrophils. Hemorrhages, marked by the 

extravasation of blood cells, were recorded in various layers of the intestine. Reparative 

changes included microscopic evidence of neovascularization, increased fibroblasts or 

myofibroblasts, and epithelial regeneration. The severity of NEC was assessed by the depth 

to which these histopathological changes (coagulative necrosis, inflammation, hemorrhages, 

and reparative changes) were seen: Grade 1 was limited to the mucosa, Grade 2 changes 

extended to the submucosa, Grade 3 to the muscularis, and Grade 4 change was transmural. 

Histopathological changes were also evaluated based on percentage of tissue involved (low = 

<30%, medium = 30-60%, and high = >60%).
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Statistical methods:

Continuous variables are presented as mean (standard deviation) if normally distributed 

and median (interquartile range) if normality does not hold. If normality criteria were 

satisfied, differences in continuous measures’ statistical associations were tested using a 

pooled t-test for equal variances or a Satterthwaite t-test for unequal variances. When the 

normality assumption was not satisfied, continuous measures’ statistical association was 

tested with the Wilcoxon rank sums test for equal variances or the Kolmogorov-Smirnov test 

for unequal variances. Categorical variables are presented as counts (column percentage).

Differences in categorical measures’ associations with and without severe intestinal 

hemorrhage were tested using the χ2 test when cell counts were adequate; otherwise, 

Fisher’s exact test was used with low expected cell counts. The unadjusted association 

between histopathological, clinical risk factors, and intestinal hemorrhage status (severe 

vs. mild/moderate) on pathology was investigated through univariate logistic regression. 

In addition, multivariate logistic regression models were performed to assess the adjusted 

relationship between the hemorrhagic status (severe vs. mild/moderate, mild/moderate as 

reference group) and histopathological findings. The univariate and multivariate logistic 

regression results are presented as odds ratios (ORs). All tests were two-sided, with an 

alpha value set to be 0.05. The statistical analyses were performed in the SAS 9.4 statistical 

software.

Results:

One hundred and forty-eight infants were included in the analysis. Eighty-one infants 

(81/148, 54.7%) had severe-grade (Grade 3-4) hemorrhage, and sixty-seven infants (67/148, 

45.2%) had mild to moderate intestinal hemorrhage.

Comparison of severe intestinal hemorrhage (Grade 3-4) vs mild to moderate (Grade 0-2) 
hemorrhage:

The infants with severe hemorrhage (Grade 3-4) had significantly lower exposure to 

antenatal steroids (42 [52.5] vs 50 [76.9]; p=0.004), had higher gestational age (28.57 [7.14] 

vs. 26.58 [2.90]; p=0.034), lost more bowel length (28.8 cm [28.04] vs. 20.2 cm [22.13]; 

p=0.045), exhibited higher mean CRP levels 2 weeks following the onset of N.E.C. (7.06 

[6.87] vs. 4.20 [3.72]; p= 0.035), and had lower frequency of intestinal failure (TPN > 90 

days, 23 [30.3] vs. 32 [52.5]; p=0.014) compared to preterm infants with mild to moderate 

(Grade 0-2) hemorrhage.The data has been summarized in Table 1.

Histopathologically, the infants with severe hemorrhage (Grade 3-4) had significantly higher 

mean inflammation score (2.67 [0.94] vs. 1.63 [0.92]; p=<0.001) and higher necrosis scores 

(1.95 [1.28] vs. 1.49 [1.35]; p=0.037), as anticipated higher neovascularization (1.57 [1.07] 

vs 0.95 [1.03]; p=0.01), higher fibroblasts (1.47 [1.04] vs. 0.92 [1.07]; p=0.023) compared 

to preterm infants with mild to moderate (Grade 0-2) hemorrhage. Infants with severe 

hemorrhage (Grade 3-4) had significantly lower WBC count, lower absolute neutrophil 

counts (ANC), and higher lymphocyte percentages up to 48 hours following the onset of 
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NEC compared to the other group. Those with severe hemorrhage had significantly lower 

platelet counts 24-48 hours after NEC onset. The data has been summarized in Table 2.

On multi regression, less exposure to antenatal steroids (OR 0.18 [95% CI 0.05-0.58]; 

p=0.005) and higher inflammation (OR3.7 [95% CI 2.09-7.32]; p=0.001), lymphocyte count 

on the date of onset and 24 hours following NEC (OR 1.06 [95% CI 1.02-1.11]; p=0.005) 

were significantly associated with a higher risk of severe intestinal hemorrhage compared to 

those with mild to moderate intestinal hemorrhage. The data is summarized in Table 4.

Discussion:

Our study first comprehensively reported the clinical correlates of intestinal hemorrhage in 

preterm infants with surgical NEC. The infants with severe hemorrhage (Grade 3-4) had 

significantly lower exposure to antenatal steroids, had higher gestational age, lost more 

bowel length, had higher mean CRP levels two weeks following the onset of NEC, and 

had a lower frequency of intestinal failure in the bivariate analysis compared to preterm 

infants with mild to moderate hemorrhage. However, factors such as exposure to antenatal 

steroids, lymphocyte count on the onset and 24 hours following NEC diagnosis, and tissue 

inflammation remained significant on multi-logistic regression modeling.

In this cohort, infants with severe intestinal hemorrhage received less antenatal steroids, 

most likely increasing the risk of intestinal hemorrhage in preterm infants. Randomized 

control trials and meta-analysis have shown that maternal administration of a single course 

of antenatal corticosteroids is commonly associated with an overall reduction in neonatal 

death and morbidity, including respiratory distress syndrome, intraventricular hemorrhage, 

NEC, and neonatal intensive care unit admissions [15]. The effects of glucocorticoids on 

vascular health and dysfunction may be mediated in part by the activation of endothelial 

nitric oxide synthase (eNOS) [16].

In our study, infants with severe intestinal bleed had a median gestation age of 28.5 weeks 

vs. 26.5 weeks, pointing towards gestational age-specific changes in the vascular structure 

and responses to various stimuli and functions. The endothelial glycocalyx (EG) has been 

recognized as an essential determinant of vascular integrity and health. This delicate 

structure of proteoglycans, glycoproteins, glycosaminoglycans, and associated plasma 

proteins covers the endothelial cells of the whole vasculature. It is involved in important 

vascular functions such as the regulation of vessel tone, permeability, cell-endothelial 

interaction, and hemostasis, as reviewed by Cosgun et al.[17]. EG maturity is gestational 

and postnatal age-dependent [18].

In this cohort, infants with intestinal hemorrhage had significantly higher coagulative 

necrosis than other groups. The intestinal vascular resistance is determined by the balance 

between vasodilatation by nitric oxide and endothelin ( ET-1) mediated vasoconstrictor 

inputs [19]. Furthermore, studies have shown that vascular endothelial growth factor 

(VEGF) and the VEGF receptor-2 signaling pathway play a vital role in intestinal 

mucosal microvasculature [20]. In addition, endothelial TLR4 activation is required for 
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NEC development, which impairs intestinal perfusion [21] via the vasodilator molecule 

endothelial nitric oxide synthase (eNOS).

Animals with NEC (Rat Pups) demonstrated significantly smaller inflow and premucosal 

arterioles than control animals. The rat pups with NEC also had an altered intestinal 

arteriolar flow with a distinct “stop-and-go” pattern, suggesting severe vascular dysfunction 

compared to control animals [22]. The experimental animals also demonstrated an increased 

expression of inflammatory mediators. In our cohort, we noticed a higher severity of 

inflammation in infants with intestinal hemorrhage, suggesting a positive correlation 

between the degree of inflammation and vascular dysfunction leading to intestinal bleed. 

These studies underline that ischemia and intestinal microcirculation play an important role 

in NEC pathogenesis; however, it is still unclear whether vascular dysfunction is a primary 

initiator or a secondary response to intestinal injury, which need further study.

In our cohort, infants with intestinal hemorrhage had moderate to high neovascularization 

and fibroblasts in the intestinal submucosa, suggesting reparative changes in the intestine 

following the coagulative intestinal necrosis secondary to intestinal ischemia, vascular 

dysfunction, and inflammation. The inflammatory response following tissue injury plays 

a vital role in tissue repair [23]. Studies have shown that two-thirds of the leukocyte infiltrate 

in NEC consists of macrophages and play a crucial role in the pathogenesis of necrosis, 

inflammation, hemorrhage, and repair in necrotizing enterocolitis [10, 24]. The data has 

shown that macrophages in neonates with NEC have suppressed TGF-β signaling and 

augmented nuclear factor-kappa B (NF-κB) activation and cytokine production in areas of 

tissue damage and high bacterial load [25]. In addition, the macrophages promote healing 

by removing inflammatory cells, such as neutrophils, by actively ingesting them [24]. In 

our cohort, infants with severe hemorrhage (Grade 3-4) had significantly lower WBC count, 

absolute neutrophil counts (ANC), higher lymphocyte percentages up to 48 hours, and 

elevated CRP up to 2 weeks following the onset of NEC.

In this cohort, infants were thrombocytopenic following NEC onset. Platelets play an 

important role in controlling hemorrhage within the body. Several previous studies [26-29] 

have reported thrombocytopenia in surgical NEC. In our previous report, we recorded 

significant thrombocytopenia in fulminant and non-fulminant NEC (73.0 [41.8; 166] and 

68.0 [33.8; 101] surgical non-fulminant) lasting 48 and 96 hours, respectively, and noticed 

recovery generally after four days [13]. The exact mechanism causing thrombocytopenia 

in these cases of NEC is still uncertain, but consumptive disorders are likely and include 

the formation of microthrombi in the diseased intestine [30] and platelet activation 

from bacterial products leading to aggregation in the microvasculature [31]. Coagulative 

parameters such as prothrombin time (PT), PT international normalized ratio, activated 

partial thromboplastin time (APTT), fibrinogen, and platelet count at the time of NEC 

diagnosis were independently associated with surgical NEC [32]. Our study lacks data on 

the coagulation parameters.

There are many strengths to the study. First, our data describe the clinical correlates of 

severe intestinal hemorrhage and the association of histopathological and hematological 

factors from a consecutive single-center cohort in a comprehensive manner.
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Our study also has some limitations. First, a single-center, retrospective experience may 

reduce the study’s generalizability. The retrospective study design affects the completeness 

of each patient’s available data. Secondly, the small sample size coupled with multiple 

factors and outcomes yields a high probability of Type I errors from multiple comparisons. 

The study is observational and descriptive; causality cannot be established with or without 

formal adjustment for multiple comparisons. Thirdly, our study lacks data on coagulation 

parameters (PT/INR). We acknowledge the proper determination of each histology category 

by biomarkers would be ideal, but we did not perform those determinations, which is an 

entire different study and needs funding. In this study, we focused on H &E evaluation of 

the intestinal pathology and its correlation with clinical outcomes in infants with surgical 

NEC. Finally, the infant cohort was predominantly African American, possibly due to racial 

distribution in Mississippi.

In conclusion, 54.7% of infants had a severe intestinal hemorrhage in preterm infants 

with surgical NEC. Those with severe intestinal hemorrhage likely had lower exposure to 

antenatal steroids, a higher grade of inflammation, and higher lymphocyte counts following 

NEC onset on multi regression modeling. There is a need for further clinical, animal, and 

translational studies to evaluate the effect of gestational age, intestinal inflammation, and 

hematological factors on an intestinal hemorrhage. There is also a need for investigating 

and discovering biomarkers of vascular injury in preterm infants with surgical NEC. In the 

future, larger, prospective multi-center studies that include additional clinical detail (e.g., 

mesenteric perfusion using NIRS) and laboratory predictors such as hematological and 

stool biomarkers may inform earlier recognition of intestinal bleed in preterm infants with 

surgical NEC.
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Table 1.

Clinical and demographic information in infants with intestinal hemorrhage

Intestinal
Hemorrhage(
0-2), n = 67

Intestinal
Hemorrhage (3-
4), n = 81 p-value

Prenatal information

Pregnancy-induced hypertension, n (%) 15 ( 22.4) 25 ( 31.2) 0.309

Chronic hypertension, n (%) 7 ( 14.9) 6 ( 15.0) 1

Chorioamnionitis, n (%) 9 ( 13.8) 4 ( 5.5) 0.165

Antenatal steroids, n (%) 50 ( 76.9) 42 ( 52.5) 0.004

Infant demographics

Gestational age (weeks) (mean ± SD) 26.58 (2.90) 28.57 (7.14) 0.034

Birth weight (g) (mean ± SD) 953.36 (475.71) 1088.08 (768.07) 0.214

Small for gestational age, n (%) 24 ( 35.8) 24 ( 30.4) 0.603

Male, n (%) 46 ( 68.7) 47 ( 58.0) 0.245

Ethnicity, n (%) 0.325

Caucasian 12 ( 17.9) 12 ( 14.8)

African American 51 ( 76.1) 68 ( 84.0)

Hispanic 2 ( 3.0) 0 ( 0.0)

others 2 ( 3.0) 1 ( 1.2)

Mode of delivery, n (%)

Cesarean section 45 ( 67.2) 48 ( 59.3) 0.412

vaginal 22 ( 32.8) 33 ( 40.7)

Apgar score <6 at 5 min, n (%) 20 ( 30.8) 18 ( 22.5) 0.349

Outborn, n (%) 38 ( 56.7) 50 ( 62.5) 0.587

Infant medical information prior to NEC

Patent ductus arteriosus, n (%) 41 ( 61.2) 45 ( 55.6) 0.6

Patent ductus arteriosus, indomethacin, n (%) 13 ( 19.7) 14 ( 17.5) 0.9

Patent ductus arteriosus surgical ligation, n (%) 7 ( 11.1) 0 ( 0.0) 0.023

NEC disease features

Clinical presentation, n (%)

Abdominal distension 60 ( 89.6) 72 ( 88.9) 0.971

Bloody stools 5 ( 7.5) 6 ( 7.4)

Feeding Intolerance 2 ( 3.0) 3 ( 3.7)

Radiological findings, n (%)

Pneumatosis 27 ( 40.9) 44 ( 58.7) 0.053

Pneumoperitoneum 37 ( 56.1) 30 ( 40.0) 0.082

Portal venous gas 5 ( 7.6) 15 ( 20.0) 0.062

Age of NEC onset (days) (mean ±SD) 20.2(20) 20.5(19) 0.919

Penrose drain present, n (%) 20 ( 37.0) 15 ( 34.1) 0.928

Time to surgery from NEC (mean ± SD) 287.17 (592) 170.56 (341) 0.148
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Intestinal
Hemorrhage(
0-2), n = 67

Intestinal
Hemorrhage (3-
4), n = 81 p-value

Length of bowel resected (cm; mean ± SD) 20.27 (22.13) 28.80 (28.04) 0.045

Region of bowel resected, n (%)

Small Intestine 42 ( 65.6) 53 ( 65.4) 0.131

Large Intestine 3 ( 4.7) 0 ( 0.0)

Small and large intestine 19 ( 29.7) 28 ( 34.6)

Ileocecal valve present, n (%) 47 ( 72.3) 46 ( 61.3) 0.233

Intestinal failure (TPN >90d), n (%) 32 ( 52.5) 23 ( 30.3) 0.014

Feeds following NEC 

Breast-feed, n (%) 11 ( 16.4) 13 ( 16.0) 1

Donor milk, n (%) 14 ( 20.9) 9 ( 11.1) 0.159

Formula feeds, n (%) 29 ( 43.3) 48 ( 59.3) 0.077

Mixed feeds 4, n (%) 14 ( 20.9) 6 ( 7.4) 0.032

Feeds before NEC onset 

Breast-feed, n (%) 38 ( 56.7) 26 ( 32.1) 0.004

Donor milk, n (%) 14 ( 20.9) 18 ( 22.2) 1

Formula feeds, n (%) 3 ( 4.5) 12 ( 14.8) 0.072

Sepsis variables

Antibiotic duration (mean ±SD) 9.02 (5.21) 9.23 (4.34) 0.823

Positive blood cultures sepsis, n (%) 23 ( 35.4) 16 ( 22.5) 0.143

CRP on day of NEC onset (mean ± SD) 8.27 (10.18) 7.53 (7.27) 0.717

CRP 24 hours after NEC onset (mean ± SD) 12.72 (12.83) 13.26 (9.59) 0.841

CRP 48 hours after NEC onset (mean ± SD) 14.61 (11.61) 15.69 (11.71) 0.711

CRP 96 hours after NEC onset (mean ± SD) 10.27 (10.27) 13.40 (12.72) 0.266

CRP at 1 week after NEC onset (mean ± SD) 8.16 (10.41) 10.00 (8.63) 0.449

CRP at 2 weeks after NEC onset (mean ± SD) 4.20 (3.72) 7.06 (6.87) 0.035

NEC = necrotizing enterocolitis; CRP = C reactive protein
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Table 2.

Histopathological and clinical outcomes in infants with intestinal hemorrhage

Intestinal
Hemorrhage( 0-
2), n = 67

Intestinal
Hemorrhage (3-
4), n = 81 p-value

Histopathology

Necrosis (mean ± SD) 1.49 (1.35) 1.95 (1.28) 0.037

Inflammation (mean ± SD) 1.63 (0.92) 2.67 (0.94) <0.001

Hemorrhage (mean ± SD) 1.54 (0.68) 3.65 (0.48) <0.001

Healing y/n, n (%) 29 ( 43.3) 24 ( 29.6) 0.121

  Fibroblasts (mean ± SD) 0.92 (1.07) 1.47 (1.04) 0.023

  Neovascularization (mean ± SD) 0.95 (1.03) 1.57 (1.07) 0.01

   Epithelial regeneration, n (%) 1 ( 1.7) 5 ( 16.7) 0.029

Postoperative Outcomes

Postoperative ileus days (days) (mean ±SD) 18.68 (15.35) 15.03 (12.06) 0.14

Postoperative day at starting enteral feedings (days) (mean ±SD) 19.55 (15.48) 16.73 (14.75) 0.305

Achievement of full feeds, n (%) 44 ( 73.3) 48 ( 66.7) 0.522

Day attainment of full enteral feedings (120 ml/kg) (mean ±SD) 69.17 (43.12) 74.04 (45.27) 0.589

Duration of parenteral nutrition (days) (mean ±SD) 94.13 (52.92) 84.49 (59.20) 0.309

24h Ionotropic support, n (%) 51 ( 77.3) 51 ( 69.9) 0.427

Cholestasis following NEC onset, n (%) 39 ( 72.2) 23 ( 62.2) 0.434

Length of stay (days) (mean ±SD) 129.02 (72.34) 146.41 (101.26) 0.248

Death, n (%) 20 ( 29.9) 31 ( 38.3) 0.369

Surgical complications

Surgical complication, n (%) 31 ( 46.3) 29 ( 35.8) 0.262

Single complication, n (%) 17 ( 25.4) 16 ( 19.8) 0.536

More than 1 complication, n (%) 11 ( 16.4) 11 ( 13.6) 0.802

Adhesions, n (%) 17 ( 25.4) 10 ( 12.3) 0.067

Wound dehiscence, n (%) 9 ( 13.4) 8 ( 9.9) 0.677

Wound infection, n (%) 5 ( 7.5) 13 ( 16.0) 0.181

Stricture, n (%) 4 ( 6.0) 7 ( 8.6) 0.763

Fistula, n (%) 4 ( 6.0) 3 ( 3.7) 0.797

Compartment syndrome, n (%) 3 ( 4.5) 0 ( 0.0) 0.181
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Table 3.

Lab values in preterm infants with intestinal hemorrhage

Characteristic

Intestinal
Hemorrhage
(0-2), n = 67

Intestinal
Hemorrhage
(3-4), n = 81 p-value

Bilirubin

Direct bilirubin after 1 week (mean ± SD) 3.88 (2.55) 4.51 (3.11) 0.41

Total bilirubin after 2 weeks (mean ± SD) 5.07 (3.45) 3.69 (1.69) 0.09

Direct bilirubin after 2 weeks (mean ± SD) 3.93 (3.03) 2.55 (1.43) 0.05

Direct bilirubin after 3-4 weeks (mean ± SD) 3.64 (2.48) 3.05 (2.27) 0.37

Total bilirubin after 6 weeks (mean ± SD) 6.59 (4.51) 5.95 (3.87) 0.60

Direct bilirubin after 6 weeks (mean ± SD) 5.03 (3.93) 4.37 (3.30) 0.537

Direct bilirubin at 2 months of age (mean ± SD) 4.02 (3.29) 4.44 (3.74) 0.674

Cell lines

WBC before NEC (mean ± SD) 17.25 (16.22) 13.53 (7.63) 0.136

Neutrophil % before NEC (mean ± SD) 43.39 (17.12) 45.14 (16.89) 0.617

ANC before NEC (mean ± SD) 8.97 (10.25) 5.71 (3.94) 0.072

Lymphocytes % before NEC (mean ± SD) 31.18 (17.95) 33.31 (16.09) 0.542

ALC (mean ± SD) 4.03 (2.27) 3.51 (1.77) 0.281

Bands before NEC (mean ± SD) 6.04 (6.47) 7.67 (12.37) 0.549

Monocytes% before NEC (mean ± SD) 12.96 (6.99) 12.47 (7.13) 0.739

AMC before NEC (mean ± SD) 2.45 (2.54) 1.82 (2.01) 0.25

Platelets before NEC (mean ± SD) 201.92 (125.41) 204.65 (110.57) 0.904

WBC on the day of NEC onset (mean ± SD) 16.09 (11.17) 10.36 (9.33) 0.001

Neutrophils % on the day of NEC onset (mean ± SD) 39.05 (18.27) 31.44 (17.86) 0.018

ANC on the day of NEC onset (mean ± SD) 8.06 (6.63) 4.51 (6.28) 0.002

Lymphocytes % on the day of NEC onset (mean ± SD) 26.49 (16.11) 36.81 (15.92) <0.001

ALC on the day of NEC onset (mean ± SD) 3.50 (1.91) 3.22 (2.06) 0.435

Bands on the day of NEC onset (mean ± SD) 11.23 (8.95) 11.61 (8.47) 0.832

Eosinophil on the day of NEC onset, n (%) 0.067

Monocytes % on the day of NEC onset (mean ± SD) 15.16 (8.76) 16.05 (11.68) 0.626

Platelets on the day of NEC onset (mean ± SD) 147.39 (90.66) 142.03 (95.03) 0.738

WBC day 1 after NEC (mean ± SD) 16.14 (13.72) 10.31 (8.91) 0.006

Neutrophils % day 1 after NEC (mean ± SD) 43.43 (21.43) 28.25 (17.90) <0.001

Platelet volume (mean ± SD) 11.95 (1.20) 11.38 (0.85) 0.498

ANC day 1 after NEC (mean ± SD) 9.50 (9.90) 4.14 (5.58) 0.001

Lymphocytes % day 1 after NEC (mean ± SD) 24.63 (15.89) 35.63 (16.91) <0.001

ALC day 1 after NEC (mean ± SD) 2.89 (1.92) 3.35 (2.46) 0.267

Bands day 1 after NEC (mean ±SD) 9.24 (9.62) 15.04 (12.55) 0.015

Monocytes % day 1 after NEC (mean ±SD) 16.35 (9.19) 14.68 (9.93) 0.35

Absolute monocytes day 1 after NEC (mean ± SD) 2.56 (2.55) 1.92 (3.27) 0.252
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Characteristic

Intestinal
Hemorrhage
(0-2), n = 67

Intestinal
Hemorrhage
(3-4), n = 81 p-value

Eosinophils day 1 after NEC (mean ± SD) 2.26 (2.48) 3.75 (5.18) 0.14

Platelets day 1 after NEC (mean ±SD) 133.34 (93.48) 99.62 (78.21) 0.034

Eosinophils day 1 after NEC (mean ± SD) 0.486

WBC day 2 after NEC (mean ±SD) 17.79 (13.32) 11.86 (11.46) 0.012

Neutrophils % day 2 after NEC (mean ±SD) 41.10 (19.37) 31.64 (19.47) 0.014

ANC day 2 after NEC (mean ± SD) 10.26 (10.49) 5.54 (8.08) 0.012

Lymphocytes % day 2 after NEC (mean ± SD) 24.04 (13.43) 32.05 (16.66) 0.008

Absolute lymphocytes day 2 after NEC (mean ± SD) 3.74 (2.87) 3.15 (2.32) 0.257

Bands day 2 after NEC, n (%) 0.384

Monocytes % day 2 after NEC (mean ± SD) 17.88 (10.54) 17.93 (13.04) 0.985

Absolute monocytes day 2 after NEC (mean ± SD) 3.45 (3.36) 2.47 (3.46) 0.152

Eosinophils day 2 after NEC, n (%) 0.879

Platelets day 2 after NEC (mean ± SD) 112.15 (96.08) 76.55 (61.59) 0.017
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Table 4:

Predictors of Intestinal Hemorrhage by Multilogistic regression

odds ratio 95%CI p. Value

(Intercept) 0.00 [0.00-1.26] 0.07

Antenatal steroids 0.18 [0.05-0.58] 0.005

Gestational age 1.09 [0.89-1.35] 0.42

Necrosis 0.98 [0.61-1.55] 0.91

Inflammation 3.71 [2.09-7.32] 0.001

WBC 24 hours following NEC 1.14 [1.01-1.31] 0.04

absolute ANC 24 hours following NEC 0.85 [0.69-1.02] 0.08

lymphocytes 24 hours following NEC 1.06 [1.02-1.11] 0.005

Platelets 24 hours following NEC 1.00 [0.99-1.00] 0.23
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