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Summary

Background: Necrotizing enterocolitis (NEC) is a common surgical emer-

gency in premature infants and has high morbidity and mortality. Intraopera-

tive treatment with fluid and transfusions may be difficult.

Objectives: We evaluated risk factors for patients who needed transfusion

with packed red blood cells during surgery for necrotizing enterocolitis with

bowel resection.

Methods: Retrospective medical and anesthetic record review of 206 patients

who had necrotizing enterocolitis during 10 years at a pediatric referral cen-

ter.

Results: In the 206 patients who had necrotizing enterocolitis, 88 patients

(43%) had exploratory laparotomy, 67 with bowel resection. Of these, 50

needed transfusion of packed red blood cells in comparison with 17 who did

not. Upon univariate analyses, patients who received packed red blood cells

during surgery had significantly longer mean duration of surgery, lower pre-

operative hemoglobin and hematocrit, higher postoperative hemoglobin and

hematocrit, more platelet transfusions, and greater estimated blood loss than

patients who did not receive packed red blood cells during surgery. A binary

logistic regression procedure revealed that the need for preoperative hemoglo-

bin was found to be a significant risk factor for transfusion of packed red

blood cells (odds ratio = 0.55; 95%CI = 0.36–0.84; P = 0.001).

Conclusion: Patients having necrotizing enterocolitis with bowel resection

are more likely to need preoperative transfusion with packed red blood cells,

which may be more necessary when surgery is longer, preoperative hematocrit

is lower, and estimated blood loss is higher.

Introduction

Necrotizing enterocolitis is a common surgical

emergency in neonates (1). This condition causes major

morbidity and mortality in neonates, especially prema-

ture neonates. NEC is characterized by partial or full

thickness intestinal ischemia usually in the terminal

ileum but may involve the entire bowel (Necrotozing

Entercolitis Totalis). Known risk factors include prema-

turity, neonatal stress, formula feeding, and surgery in

newborn period. (i) Clinical diagnosis is made with signs

and symptoms combined with radiologic findings as

discussed in Bell classification. According to the

published reports, the incidence of NEC in newborn

infants is between 4% and 7%. The initial treatment of

NEC is nonsurgical with fluids, ventilatory support,

ionotropes, and antibiotics among other measures. A

subset of these patients undergoes surgical exploration

of the abdomen (2,3). Surgical treatment options include

primary peritoneal drains or laparotomy with bowel

resection and creation of an ileostomy (4,5). The

frequency of mortality resulting from necrotizing

enterocolitis is from 20% to 30%, highest in the smallest

infants and those requiring surgery (1,6,7).
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Anesthetic considerations in the operative treatment

of necrotizing enterocolitis include fluid treatment and

blood product transfusion. This treatment has been

based on general principles of the treatment of newborn

and premature infants. We hypothesized that bowel

resection may increase the risk of needing intraoperative

transfusion of packed red blood cells in patients having

exploratory laparotomy for necrotizing enterocolitis.

The purpose of this study was to evaluate risk factors

for needing transfusion of packed red blood cells in

patients having surgery for necrotizing enterocolitis.

Methods

Patients

The Neobase registry at the Children’s Hospital of

Michigan collected data prospectively about every

patient who was admitted to the neonatal intensive care

unit. From this registry, we identified 206 patients who

had necrotizing enterocolitis during 10 years (October

2001 to June 2010). The registry data, medical records,

and anesthesia records of these 206 patients were

reviewed retrospectively. All patients who had explor-

atory laparotomy for necrotizing enterocolitis were

included. The Wayne State University Institutional

Review Board approved this study.

Evaluation

Patients were divided into two groups: patients who

received or did not receive intraoperative transfusion of

packed red blood cells. We extracted the following infor-

mation: gestational age and body weight at birth; age

and body weight at surgery; preoperative and postoper-

ative hematologic and chemistry data; type of surgical

procedure (exploration alone or bowel resection); and

total amount of any blood products transfused. The pri-

mary outcome was whether or not a transfusion of

packed red blood cells was given during surgery, and the

secondary outcome was the volume and type of fluids

administered during surgery.

Statistical analysis

The data were analyzed with statistical software (IBM

SPSS Statistics for Windows, Version 21.0, IBM Corp.,

Armonk, NY). Univariate comparisons were made with

t-test and Pearson’s v² test (chi-square test), where

appropriate for variable scale. Variables found to be sig-

nificantly associated univariately with need for transfu-

sion of packed red blood cells during surgery were

entered into a binary logistic regression procedure using

a backward conditional method. 67 patients were

included in the logistic regression model, 50 who

received packed red blood cells in comparison with 17

who did not. A series of regression procedures was run,

and the final model is table reported which includes vari-

ables significantly predictive at a P-value of ≤ 0.05.

Results

In the 206 patients who had the diagnosis of necrotizing

entercolitis, 88 patients (43%) had exploratory laparot-

omy with bowel resection (67 patients) or without bowel

resection (21 patients). Packed red blood cells were given

during surgery more frequently to patients who had

bowel resection than patients who did not have bowel

resection (Table 1). Patients who received packed red

blood cells during surgery had longer mean duration of

surgery, lower preoperative hemoglobin and hematocrit,

higher postoperative hemoglobin and hematocrit, more

platelet transfusions, and greater estimated blood loss

than patients who did not receive packed red blood cells

during surgery (Table 1). The use of crystalloid, colloid,

and fresh frozen plasma was similar between patients

Table 1 Clinical characteristics of patients who had laprotomy for

NEC with and with out PRBCs givena

Variable No Yes P ≤b

Gestational age at birth (weeks) 29 � 4 30 � 4 0.318

Body weight at birth (kg) 1.2 � 0.8 1.3 � 0.7 0.464

Age at surgery (d) 35 � 57 27 � 25 0.452

Body weight at surgery (kg) 2 � 1 1.8 � 0.9 0.697

Duration of surgery (min) 106 � 44 153 � 41 0.01

Bowel resection performed

Yes 17 (25) 50 (75) 0.01

No 20 (95) 1 (5)

Hemoglobin (g�dl�1)

Preoperative 13 � 2 12 � 2 0.01

Postoperative 12 � 3 14 � 3 0.01

Hematocrit (%)

Preoperative 38 � 7 34 � 5 0.01

Postoperative 34 � 7 41 � 8 0.01

Platelet count (9109�l�1)

Preoperative 164 � 104 184 � 136 0.45

Postoperative 166 � 110 122 � 87 0.071

Transfusions during surgery

Packed red blood cells (ml�kg�1) 0 � 0 32 � 30 –

Crystalloid (ml�kg�1) 28 � 24 37 � 39 0.216

Colloid (ml�kg�1) 15 � 14 21 � 16 0.069

Fresh frozen plasma (ml�kg�1) 1 � 6 5 � 17 0.132

Platelets (ml�kg�1) 0.6 � 2 8 � 15 0.01

Estimated blood loss (ml�kg�1) 3 � 3 15 � 19 0.01

aN = 88 patients (bowel resection, 67 patients; no bowel resection,

21 patients). Data reported as mean � SD or number (%).
bNS, not significant (P > 0.05).
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who received or did not receive packed red blood cells

during surgery (Table 1). There was no difference in ges-

tational age or body weight at birth, age or body weight

at surgery, or preoperative and postoperative platelet

count between patients who received or did not receive

packed red blood cells during surgery (Table 1).

We were able to find additional information on 15 of

the patients that were operated without receiving a

bowel resection. Ten of the patients had pan-intestinal

necrosis, and no further surgery was indicated. The

other five patients had operations, which did not include

a bowel resection: Three patients had proximal diversion

for ischemic, nonnecrotic bowel; one patient had evacu-

ation of inspissated meconium; and one patient a Ladd

procedure for malrotation.

Variables significantly associated univariately with

the need for packed red blood cells were further

explored using the logistic regression procedure. These

included duration of surgery in minutes, hemoglobin

both preoperative and postoperative, hematocrit both

preoperative and postoperative, platelet count both

preoperative and postoperative, need for platelet trans-

fusion during surgery, and estimated blood loss. After a

series of runs which excluded nonsignificant variables,

the final model included two significantly predictive

variables: preoperative hemoglobin and postoperative

hemoglobin (Table 2). On the average, a one unit change

in preoperative hemoglobin resulted in an odds of 0.552

(95% CI: 0.364–0.836) for need of packed red blood

cells, while a one unit change in postoperative hemoglo-

bin revealed a 2.0-fold increase (95% CI: 1.335–2.993).
Model data fit was examined using the Hosmer–Leme-

show test, which assesses whether or not the observed

event rates match expected event rates in the subgroups

of the model population. The model showed no evidence

of lack of fit based upon an obtained H–L significance

value of 0.251.

Discussion

Optimal anesthetic management of neonates in emer-

gency surgery is important to anesthesiologists. Surgery

for NEC in small babies imposes critical important

decision-making scenarios.

Univariately, our study found that intraoperative

transfusion of packed red blood cells should be

considered when presented with a low preoperative

hemoglobin, a need for bowel resection, and low

preoperative hematocrit. The association of bowel resec-

tion and transfusion requirement may be a result of the

increased blood flow to the bowel affected by necrotizing

enterocolitis and the systemic inflammatory condition

associated with fluid retention. Preoperative anemia in

these patients may be attributed to sepsis and multiple

diagnostic blood draws. Increased transfusion with dura-

tion of surgery is likely due to a more complicated clinical

case.

While this information seems obvious, our data mir-

ror current clinical practice. Ongoing resuscitation in

the NICU prior to bringing the patient in the operating

room may play a role in this decision-making process.

Blood products should be available in the operating

room for these operations because urgent blood transfu-

sion may be required. Furthermore, these operations

frequently occur during the evening or night, when logis-

tical issues may delay the availability of blood products.

As most hospitals require that blood products be pre-

pared for NEC neonates about to undergo surgery, this

model serves to validate the legitimacy of the current

clinical procedure.

Previous studies have suggested that packed red blood

cells should be available for operations with estimated

blood loss > 10% of total blood volume and hematocrit

should be maintained >30% (12,13).

The secondary outcomes of our findings include

albumin use in patients with NEC and blood transfu-

sion. Albumin is frequently the primary colloid-based

plasma expander selected for use in neonates and

infants and was the first choice for fluid resuscitation

in the study population (8–11). Our data report the

use of albumin and other resuscitation fluids in our

patient population.

Intraoperative decisions for fluid resuscitation

frequently are based on close observation of the surgical

procedure and vital signs. The patients who did not

require a transfusion often had higher hemoglobin

concentrations at the beginning of surgery than those

that did require a transfusion, and the postoperative

hematocrit levels was still >30%.

Limitations

Limitations of the present study include a retrospective

study design, and the exact circumstances about the

decisions to transfuse were not always available from

the medical or anesthesia records. Decisions to transfuse

are likely to have been based on empiric clinical

judgment in response to major hemodynamic changes,

absence of point-of-care measurements of hematocrit,

and limited vascular access for blood sampling. In addi-

tion, only the cumulative amount of each blood product

was recorded, which limited the availability of specific

details for analysis. Some of the patients did receive

blood products other than PRBCs during bowel

resection. There was no description on the anesthesia

chart about the need for such products but likely these
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patients received these products as a continuation of

NICU management.

Conclusion

In conclusion, lower preoperative hemoglobin with need

for bowel resection indicates a possible requirement for

blood transfusion. The logistic regression model

(Table 2) may provide a useful preoperative prediction

of the need for packed red blood cells during surgery.

Given the exploratory, and unbalanced, sample sizes

used in this study, the results provided should be inter-

preted with caution. Therefore, additional appropriately

powered prospective trials are needed to validate this

result. The contribution of this study may further assist

clinicians in making a decision to perform a blood trans-

fusion in these patients.
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