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a b s t r a c t 

Background: Levels of plasma citrulline (citrulline-P), a biomarker for enterocyte function, might be use- 

ful for the monitoring the course of necrotizing enterocolitis (NEC). Our aim was to evaluate whether 

citrulline-P levels during the first 48 h (h) after NEC onset were associated with need for surgery, sur- 

vival, and intestinal recovery. 

Methods: In preterm infants with NEC (Bell’s stage ≥2) we measured citrulline-P levels during the first 

48 h after NEC onset. Categorizing the measurements into 0–8 h, 8–16 h, 16–24 h, 24–36 h, and 36–48 h, 

we determined the course of citrulline-P using linear regression analyses. Next, we analyzed whether 

citrulline-P levels measured at 0–24 h and 24–48 h differed between conservative and surgical treatment, 

survivors and nonsurvivors, and equal/below and above total group’s median time to full enteral feeding 

(FEFt). 

Results: We included 48 infants, median gestational age 28.3 [IQR:26.0–31.4] weeks, birth weight 1200 

[IQR:905–1524] grams. Citrulline-P levels decreased the first 48 h (B per time interval: -1.40 μmol, 95% 

CI, −2.73 to −0.07, p = 0.04). Citrulline-P was not associated with treatment, nor with survival. Citrulline- 

P at 0–24 h, but not 24–48 h, was higher in infants with FEFt ≤20 days than in infants with FEFt > 20 

days (20.7 [IQR:19.9–25.3] μmol/L ( n = 13) vs. 11.1 [IQR:8.4–24.0] μmol/L ( n = 11), p = 0.049), with a 

citrulline-P cut-off value of 12.3 μmol/L. 

Conclusion: Citrulline-P levels decreased the first 48 h after NEC onset, suggesting on-going intestinal 

injury. In survivors, measuring citrulline-P in the first 24 h after NEC onset may provide an indication for 

intestinal recovery rate. 

© 2020 The Authors. Published by Elsevier Inc. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

One of the cornerstones of the treatment for necrotizing ente-

rocolitis is a nil per mouth (NPO) regimen [1 , 2] . However, with-

drawing enteral feeding results in villous atrophy and thus re-

duced gut function [3] . In addition, prolonged parenterally admin-

istered nutrition is associated with complications such as sepsis
Abbreviations: citrulline-P, plasma citrulline; EDTA, ethylene diamine tetra-acetic 

acid; FEF, full enteral feeding; FEF, time to full enteral feeding; h, hours; IQR, inter 

quartile range; ml, millilitre; μmol/L, micromoles per litre; NEC, necrotizing ente- 

rocolitis; NPO, nil per mouth; NTR, Netherlands Trial Register; p, p-value; ROC, re- 

ceiver operator characteristics; TPN, total parenteral nutrition. 
∗ Corresponding author. 
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and cholestasis [4 , 5] , and late re-feeding is associated with a pro-

longed hospital stay [6] . 

Conversely, premature reintroduction of enteral feeding in in-

fants with NEC might induce disease progression [4] . Establishing

a suitable biomarker to indicate which NEC infants are ready for

the reintroduction of enteral feeding is therefore very relevant. 

One of these potential biomarkers is plasma citrulline

(citrulline-P), which is a marker for enterocyte function [7-13] .

Citrulline is a non-protein amino acid and a metabolic interme-

diate of the urea cycle. It is synthesized from glutamine and glu-

tamate in both liver and small intestine [14 , 15] . As citrulline pro-

duced by the liver is catabolized in situ, all citrulline circulating in

the bloodstream can be considered as exclusively derived from the

small intestine. Despite this, we should consider that other factors

could possibly affect plasma citrulline levels in unstable infants,

such as renal failure [12] . 
nder the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Previous studies have reported lower citrulline-P levels in

preterm infants with NEC than in infants without NEC [8 , 11] . Lim-

ited data, however, are available on the course of citrulline in in-

fants with NEC in the first days after onset of disease [16] . Se-

rial measurements could be a useful tool to monitor disease pro-

gression and intestinal recovery from NEC. Therefore, the aim of

this study was to evaluate the course of citrulline-P during the

first 48 h after NEC onset. Furthermore, we determined whether

citrulline-P levels in preterm infants with NEC during the first

48 h after NEC onset were associated with the type of treatment

and survival, as indicator for disease progression. We also assessed

whether citrulline-P levels were associated with the time to full

enteral feeding (FEFt), as indirect measure for intestinal recov-

ery. We hypothesized that infants with higher citrulline-P levels,

or who displayed an increasing trend of citrulline-P levels, would

reach full enteral feeding faster than infants with lower citrulline-

P levels. Additionally, we hypothesized that infants who would

require surgical treatment or even die because of NEC, would

demonstrate lower citrulline-P levels than survivors or infants ne-

cessitating only conservative treatment. 

2. Material and methods 

2.1. Study design 

In this explorative observational study we included preterm in-

fants with proven NEC (Bell’s stage ≥ 2). Patients were recruited

from two prospective clinical observational trials previously con-

ducted in our hospital. These studies aimed to predict the on-

set and course of NEC in high risk infants. First, the NoNEC trial

(NTR3239) was performed between 2010 and 2012 [17] . Second,

the NaNEC trial (NTR4816) was performed between 2015 and 2017

[18] . In both trials, the onset of NEC was defined as the time of

the first abdominal X-ray made upon clinical suspicion of NEC in-

cluding X-rays performed in referring hospitals. Proven NEC was

defined as NEC Bell’s stage 2 or 3, supported by plain abdominal

X-ray showing pneumatosis intestinalis and/or portal venous gas

or determined during surgery [2] . After NEC onset, all infants were

treated according to the hospital protocol: a NPO regimen, gas-

tric decompression, pain management, respiratory and/or cardio-

vascular support if necessary and broad-spectrum antibiotic ther-

apy. While on a NPO regimen, patients received total parenteral

nutrition (TPN) including glucose, electrolytes and Primène R © 10%

amino acid supplements (2,1 gram/100 ml TPN), which contained

l -arginine (0,84 gram/100 ml Primène R © 10% solution). Citrulline

was not supplemented. Reintroduction of enteral feeding after the

NPO regimen was based on the hospital protocol, starting with

20 mL/kg on day 6 after NEC, on condition that abdominal dis-

tension and tenderness had disappeared, bloody stools were ab-

sent, and pneumatosis intestinalis had disappeared for at least 24 h

on abdominal radiographs. Exclusion criteria were large chromoso-

mal abnormalities, major intraventricular haemorrhage ( ≥ grade 3),

congenital bowel defects, and congenital heart deformities other

than patent ductus arteriosus. Written informed consent was ob-

tained from all parents. The Medical Ethics Committee of the Uni-

versity Medical center Groningen approved both studies (NTR3239

and NTR4816). 

2.2. Blood sampling and citrulline measurement 

When we suspected an infant of NEC, collection of blood sam-

ples occurred at regular intervals according to routine clinical prac-

tice. The time of blood collection after NEC onset was recorded.

During every routine blood analysis an additional 100 microlitres

(μl) of blood was obtained in an ethylene diamine tetra-acetic acid

(EDTA) tube (Greiner bio-one) of 2.5 mL. The blood samples were
centrifuged for 10 min at 1200 rpm at room temperature and

plasma was isolated and frozen at −20 °C until the day of anal-

ysis. The measurements were performed by a laboratory techni-

cian blinded for the patient characteristics. Citrulline-P levels were

analyzed by ultra-high performance liquid chromatography triple

quadrupole mass spectrometry analysis (UHPLC-MS/MS), according

to our local laboratory protocol. Sample preparation with AccQ 

•Tag

reagents was conducted according to the manufacturer’s protocol

(Waters Corporation, Milford, MA, USA). Data were analyzed using

Analyst 1.6.2 (Sciex). 

2.3. Patient and NEC-specific characteristics 

We collected data on gestational age, birth weight and gender

from the infants’ medical charts. Furthermore, we identified the

postnatal day of NEC onset, Bell’s stage, treatment strategy, the oc-

currence of NEC induced stenosis, recurrence of disease, days be-

tween NEC onset and surgical treatment, and in case of the infants’

demise, the postnatal age of death, and days between NEC onset

and death. 

2.4. Full enteral feeding 

Full enteral feeding (FEF) was defined as an intake of

150 mL/kg/day of enteral formula or fortified breast milk tolerated

for at least 24 h. Infants were categorized into two groups, i.e. one

group equal/below and the other above median FEFt of all included

infants. 

2.5. Data and statistical analysis 

Statistical analysis was performed using the Statistical Pack-

age for the Social Sciences (IBM SPSS Statistics 23, IBM Corp., Ar-

monk, New York, USA). Patient characteristics and citrulline-P lev-

els were reported as median [interquartile range (IQR)]. To deter-

mine the course of citrulline-P during the first 48 h after NEC

onset, the citrulline-P measurements were categorized into five

time-intervals: 0–8 h, 8–16 h, 16–24 h, 24–36 h and 36–48 h af-

ter NEC onset. Next, we used linear regression analyses between

citrulline-P levels and the different time-intervals. To determine

whether citrulline-P levels were associated with the type of treat-

ment (i.e. conservative vs. surgical), survival (survivors vs. nonsur-

vivors), and FEFt ( ≤ or > than total groups median), we catego-

rized the citrulline-P measurements into two periods: 0–24 h and

24–48 h after NEC onset. Due to the relatively small sample size

we were unable to perform the analyses for the different categories

for all five time-intervals. In case of multiple samples of individ-

ual infants available within one of these two periods, we calcu-

lated means. Next, we used the Mann Whitney U test to determine

whether citrulline-P levels differed between groups. In case of a p-

value < 0.1, we determined cut-off points by generating receiver

operator characteristics (ROC) curves. We chose not to correct for

multiple testing because of the explorative nature of the study. A

p -value < 0.05 was considered statistically significant. 

3. Results 

3.1. Patients 

We identified 120 preterm infants with suspected NEC who

were eligible for inclusion, of whom 48 infants were diagnosed

with proven NEC (Bell’s stage ≥ 2) ( Fig. 1 ). Our final study pop-

ulation consisted of these 48 preterm infants with gestational age

of median 28.3 [IQR 26.0–31.4] weeks and birth weight 1200 [IQR

905–1524] grams. NEC developed at median postnatal day 9 [IQR

8–21]. Infants who survived had a higher gestational age ( p < 0.01)
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Fig. 1. Flow diagram of the study population. 

Abbreviations: NEC - Necrotizing enterocolitis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

and higher birth weight ( p = 0.02) than nonsurvivors. Fifteen in-

fants (31%) needed surgical intervention on median day 2 [IQR 1–

5]. Eleven infants (23%) did not survive. In seventeen infants we

were able to collect more than one blood sample during the first

48 h after NEC onset (38%). From the remaining 28 infants (62%)

we collected only one blood sample in the first 48 h after NEC on-

set. We provide a complete overview of the patient characteristics

in Table 1 . 

3.2. The course of citrulline-P during the first 48 h after NEC onset 

The individual citrulline-P values measured during the five

time-intervals the first 48 h after NEC onset are presented in Fig. 2 .

Median citrulline-P levels were 24 [IQR: 11.1–28.5] μmol/L 0–8 h

( n = 14), 24.0 [IQR: 16.6–27.5] μmol/L 8–16 h ( n = 17), 17.4 [IQR:

11.0–20.3] μmol/L 16–24 h ( n = 19), 18.0 [10.0–24.3] μmol/L hours

( n = 14), and 14.0 [IQR: 12.0–21.5] μmol/L 36–48 h after NEC on-

set ( n = 18), respectively. Citrulline-P levels decreased during the

first 48 h after NEC onset (B per time-interval: −1.40 μmol, 95%

CI, −2.73 to −0.07, p = 0.04). 
3.3. The association between citrulline-P and the type of treatment 

We did not find statistically significant differences in median

citrulline-P levels within the first 24 h between conservatively and

surgically treated infants (19.3 [IQR: 10.9–24.5] μmol/L ( n = 22) vs.

20.5 [IQR: 15.3–23.8] μmol/L ( n = 12), p = 0.58), nor within 24–

48 h after NEC onset (18.2 [IQR: 12.3–27.0] μmol/L ( n = 14) vs 12.4

[IQR: 12.0–17.3] μmol/L ( n = 9), p = 0.16) ( Fig. 3 ). 

3.4. The association between citrulline-P and survival 

The median time between NEC onset and death was 68 [IQR:

33–155] hours, whereof one infant died within the first 24 h and

three infants between 24 and 48 h after NEC. Median citrulline-P

levels did not differ between survivors and nonsurvivors 0–24 h af-

ter NEC onset (19.3 [IQR: 11.2–24.2] μmol/L ( n = 24) vs. 20.0 [IQR:

12.1–21.8] μmol/L ( n = 10), p = 0.82), and also not 24–48 h after

NEC onset (17.5 [IQR: 12.2–23.8] μmol/L ( n = 20) vs. 12.0 (range:

6.5 – 15.5) μmol/L ( n = 3), p = 0.12 ) ( Fig. 4 ). 
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Table 1 

Clinical characteristics. 

Total group: N = 48 Survivors n = 37 Nonsurvivors n = 11 

Baseline characteristics 

Gestational age (weeks) 28 + 3 [26.0–31.4] 29.0 [27.1–32.0] ∗ 25.7 [25.3–27.0] ∗

Birth weight (grams) 1200 [905 - 1524] 1250 [1023 - 1670] ∗ 900 [800 - 1000] ∗

Male 36 (75%) 27(73%) 9 (82%) 

Characteristics regarding NEC 

NEC onset (postnatal day) 9 [8 - 21] 10 [8 - 25] 9 [8 - 16] 

Bell’s classification 

Stage 2A / 2B 

Stage 3A / 3B 

20/7 (42% / 15%) 

5/16 (10% / 33%) 

20/7 (54% / 19%) 

2/8 (5% / 22%) 

0/0 (0% / 0%) 

3/8 (27% / 73%) 

Surgical intervention 15 (31%) 9 (24%) # 6 (55%) # 

Days between NEC onset and surgery 2 [1–5] 2 [1–8] 3 [1–14] 

Complications 

Post NEC stricture 

Recurrent NEC 

8 (22%) 

1 (3%%) 

8 (22%) 

1(3%) 

- 

- 

Deceased 11 (23%) – 11 (100%) 

Deceased (postnatal day) 13 [11–22] – 13 [11–22] 

Time between NEC onset and death (hours) 68 [33–155] – 68 [33–155] 

Data are expressed as numbers (percentages) or median [interquartile range] unless otherwise specified. 

Comparisons were made between survivors and nonsurvivors. ∗ p < 0.05. 

# p < 0.10. 

Abbreviations: NEC - Necrotizing enterocolitis. 

Fig. 2. The course of citrulline-P during the first 48 h after NEC onset. Each measured citrulline-P level is marked by a dot and the individual trend lines are represented 

by the coloured lines, reflecting the type of treatment and survival. Abbreviations: citrulline-P - plasma citrulline, μmol/L - micromoles per litre. 

Fig. 3. Citrulline-P 0–48 h in conservatively and surgically treated infants. 

The boxes represent the individual citrulline-P values of conservatively and surgi- 

cally treated infants between the 25th and 75th percentiles (interquartile range); 

the whiskers represent the range of the values with the exception of outliers ( ) 

if present. Abbreviations: NEC - Necrotizing enterocolitis, citrulline-P - plasma cit- 

rulline, μmol/L - micromoles per litre. 

Fig. 4. Citrulline-P 0–48 h in survivors and nonsurvivors. 

The boxes represent the individual citrulline-P values of survivors and nonsurvivors 

between the 25th and 75th percentiles (interquartile range); the whiskers represent 

the range of the values with the exception of outliers ( ) if present.Abbreviations: 

NEC - Necrotizing enterocolitis, citrulline-P - plasma citrulline, μmol/L - micromoles 

per litre . 
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Fig. 5. Citrulline-P 0–48 h after NEC onset and time to full enteral feeding. 

The boxes represent the individual citrulline-P values of the entire study population (5A), conservatively treated infants (5B), and surgically treated infants (5C) between 

the 25th and 75th percentiles (interquartile range) between infants who reached full enteral feeding ≤ 20 days and > 20 days; the whiskers represent the range of the 

values with the exception of outliers ( ) if present. Significant differences are marked with an asterisks: ∗ p < 0.05. Abbreviations: citrulline-P - plasma citrulline, μmol/L –

micromoles per litre. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5. The association between citrulline-P and time to full enteral 

feeding 

In survivors, median FEFt was 20 [IQR: 17–27] days. We found

higher median citrulline-P levels during the first 24 h after NEC

onset in infants with FEFt of 20 days or less than in those with

FEFt more than 20 days (20.7 [IQR: 17.9–25.3] μmol/L ( n = 13)

vs. 11.1 [IQR: 8.4–24.0) μmol/L ( n = 11), p = 0.049). Particularly

in the conservatively treated group, citrulline-P levels during the

first 24 h after NEC onset were higher in infants with FEFt of 20

days or less than in those with FEFt of more than 20 days (20.7

[IQR: 17.4–25.6] μmol/L ( n = 11) vs. 10.8 [IQR: 9.6–14.6] μmol/L

( n = 6), p < 0.01) ( Fig. 5 ). We did not find an association between

citrulline-P levels and FEFt in the subgroup of surgically treated

infants. Median citrulline-P levels measured between 24 and 48 h

after NEC onset did not differ between in infants with FEFt of 20

days or less than in those with FEFt more than 20 days. 

3.6. Citrulline-P cut-off points for reaching full enteral feeding in 20 

days or less 

After generating a ROC-curve with the outcome ≤ or > a FEFt

of 20 days, we found an area under the curve of 0.74 (95% CI 0.51–

0.96, p = 0.049) in the entire group of survivors ( n = 37), regard-

ing citrulline-P levels measured within the first 24 h after NEC on-

set (Supplemental Fig. 6). In the conservatively treated subgroup

we found an area under the curve of 0.89 (95% CI 0.69–1.00, p

< 0.01). Selecting a cut-off value for citrulline-P of 12.3 μmol/L,

we found a specificity of 100%, a sensitivity of 64%, with a pos-

itive predictive value of 100% and a negative predictive value of

76% to reach FEF ≤ 20 days in the entire group, and a specificity of

100%, a sensitivity of 83%, with a positive predictive value of 100%,

and a negative predictive value of 92% in the conservatively treated

group. 

4. Discussion 

In this study we demonstrated, in preterm infants with NEC,

that citrulline-P levels decrease during the first 48 h after NEC on-

set. We also demonstrated that citrulline-P levels were higher dur-

ing the first 24 h, but not 24–48 h, after NEC onset in infants with
a faster intestinal recovery than in infants with a longer intesti-

nal recovery time, particularly in the subgroup of conservatively

treated infants. Selecting a cut-off value for citrulline-P in this sub-

group of 12.3 μmol/L, we found a specificity of 100%, a sensitivity

of 83%, a positive predictive value of 100%, and a negative predic-

tive value of 92% to reach FEF ≤ 20 days. Our findings suggest that

citrulline-P measurements during the first 24 h after NEC onset

may provide an indication for intestinal recovery rate. Finally, we

found that citrulline-P levels were not different between conser-

vatively and surgically treated infants, nor between survivors and

nonsurvivors. 

Our first aim was to determine the course of citrulline-P levels

during the first 48 h after NEC onset, measured during multiple

time-intervals. As citrulline-P is a marker for functional intestinal

enterocyte mass, a decrease of citrulline-P levels suggests that the

functional enterocyte mass further reduces during the first 48 h

after NEC onset and that the initiation of intestinal recovery seem

to occur after this period. Recently it has been reported that cit-

rulline levels were lower in infants who developed NEC than in

infants without NEC, but that these levels were similar to base-

line on days 4 and 7 after NEC onset [8 , 19] . Whether the initiation

of intestinal recovery occurs between days 2 to 4 after NEC onset,

however, should be further investigated. 

We also aimed to determine whether citrulline-P levels during

the first 48 h after NEC onset were different between infants who

were treated conservatively and surgically, and between survivors

and non-survivors. As citrulline-P is a marker for functional intesti-

nal enterocyte mass, our finding suggests that the degree of ente-

rocyte dysfunction is relatively similar in conservatively and sur-

gically treated infants, as well as in survivors and nonsurvivors,

although we hypothesized to find lower citrulline-P levels in sur-

gically treated infants and nonsurvivors. We do have to point out

that we were able to collect blood samples of only three out of the

eleven nonsurviving infants 24–48 h after onset of NEC, hampering

interpretation of our results. 

We observed that 76% of all infants with a citrulline-P of 12.3

μmol/L or higher during the first 24 h after NEC onset recov-

ered relatively fast, as they were able to be fully enterally fed

within 20 days. Additionally, we showed that 92% of the conserva-

tively treated infants with a citrulline-P of 12.3 μmol/L or higher

during the first 24 h after NEC onset recovered relatively fast. In

line with our hypothesis, this suggests that within the group of
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with number NTR4816. 
surviving infants, a larger maintained enterocyte function might

result in a shorter FEFt, hence possibly a faster intestinal recov-

ery. It might be that infants who recover relatively fast have less

intestinal inflammation and/or necrosis than infants who need a

longer time to recover, resulting in a faster recovery of the ente-

rocyte function. Our finding is supported by a recently reported

association between lower citrulline levels measured at NEC onset

and a more prolonged course of disease, also requiring parenteral

nutrition for a longer period of time [8] . Additionally, it has been

reported that citrulline levels can reliably distinguish infants with

short bowel syndrome who could be successfully weaned off par-

enteral nutrition [7] , suggesting that it could be used to identify

infants with a recovering intestinal function. Even though these

two studies do not directly mention the association between cit-

rulline levels and the intestinal recovery rate in infants with NEC,

the rationale behind their findings is comparable to our results. In

contrast to our findings, a previous study focusing on citrulline-

P levels in infants with NEC has reported that citrulline-P on the

first day after NEC onset did not correlate with FEFt [11] . Compared

with our study design, this study assessed time to FEF in days [11] ,

while we categorized the infants into ≤ vs. > total group’s median

FEFt, which may be a more robust assessment. 

We did not find an association between citrulline-P levels and

FEFt in surgically treated infants. This suggests that intestinal re-

covery, including recovery of enterocyte function, is different af-

ter surgical intervention than during conservative treatment, possi-

bly due to the removal of affected tissue. Similarly, in the NaNEC-

trial we previously found that intestinal oxygen saturation mea-

surements after the first enteral re-feed after NEC was associated

with FEFt, particularly in the conservatively treated group, while

not in the surgically treated group [18] . 

The strengths of our study are the prospective design and the

multiple measurements within an 48 hour timeframe, while, to the

best of our knowledge, previously published studies on citrulline

levels in infants with NEC were solely based on single or twice

weekly measurements [8 , 9 , 11 , 16 , 20] . Recently, Fragkos et al. stated

that serial citrulline measurements seem to reflect patterns of mu-

cosal barrier injury, for example in patients with small bowel syn-

drome. Serial citrulline measures may assist towards the decision

of the absorptive capacity of the bowel and hence the need for par-

enteral nutrition [19] . The insight on the possible predictive value

of citrulline levels to help monitor intestinal integrity and predict

FEFt in infants with NEC, will be an incentive to perform more re-

search on this topic. We acknowledge several limitations. A limi-

tation of our study is the relatively small sample size as well as

missing data, because it was not possible to collect blood samples

in all time-intervals for each patient. Blood samples were only col-

lected when the clinical condition of the patient required blood

sampling, and for some only after transfer to our NICU. As a result

of the small sample size, we were unable to determine whether

the course of citrulline-P during the first 48 h after NEC onset, cat-

egorized in five time-intervals, differed between type of treatment,

survival, and FEFt. The small sample size may have introduced

type-II error, leading to insufficient power to detect differences be-

tween groups. Furthermore, infants who were more severely ill po-

tentially had more blood samples, inducing bias. The multiple com-

parisons, given the explorative nature of our study, may have led

to change finding. In addition, we were unable to correct for differ-

ences in GA and BW due to the small sample size. Our two trials,

however, are among the larger cohorts specifically focusing on NEC

[17 , 18] . We used FEFt as a surrogate for intestinal recovery. Pos-

sibly, FEFt is influenced by subjective interpretation by caretakers

in charge of the feeding regimen. FEFt, however, is generally used

for this purpose in absence of a gold standard [11 , 18] . Also, we

have to keep in mind that other factors in unstable infants with

NEC might affect plasma citrulline levels. As plasma citrulline is
catabolized in situ by the liver, an impaired liver function could

hypothetically lead to changes in circulating citrulline. Fluid bal-

ance and blood transfusion might also affect plasma citrulline lev-

els, due to haemoconcentration or dilution. And finally, renal fail-

ure could possibly affect plasma citrulline levels [12] . However, the

literature is not conclusive on this topic. Adding a control group

to the studies would have given more insight on plasma citrulline

changes in neonates without NEC, but who for example did follow

a NPO regimen and/or received TPN. 

Future prospective studies performed in larger patient cohorts

and over a longer period of time after NEC onset will be neces-

sary to confirm the validity of our findings and correct for other

potentially influencing factors. As arginine, proline and glutamine

are amino acids related to citrulline, it would be interesting to also

gather data on these amino acids in future studies. Furthermore, it

would be interesting to evaluate whether the course of citrulline-P

during the first 48 h after NEC onset differs significantly between

conservatively treated infants and surgically treated infants or be-

tween survivors and nonsurvivors when analyzed in a larger co-

hort. Future studies will be necessary to provide more insight in

the clinical relevance of citrulline-P levels in infants with NEC to

predict disease progression, but also its use for individualizing en-

teral feeding regimens after NEC. Serial citrulline measures might

prove to be an additional tool, guiding the clinician in whether pa-

tients are recovering and possibly support treatment strategies on

for example timing of reintroduction of enteral feeding. 

5. Conclusions 

This study demonstrated that citrulline-P levels decrease dur-

ing the first 48 h after NEC onset, suggesting on-going intesti-

nal injury during these first 48 h. In addition, citrulline-P levels

were higher during the first 24 h after NEC onset in infants who

showed a faster intestinal recovery than in infants whose intes-

tine needed a longer time to recover, with a citrulline-P cut-off

value of 12.3 μmol/L to reach FEF in 20 days or less. Citrulline-

P was not associated with survival or need for surgery. Whether

monitoring citrulline-P during the first 48 h after NEC onset has

potential to determine when intestinal recovery is initiated to aid

clinicians in individualizing feeding regimens after NEC warrants

further prospective studies in larger cohorts. 
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