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ABSTRACT. Objective. To review and describe pneumatosis intestinalis (PI) in children who have undergone
thoracic organ transplantation and evaluate potential risk
factors.
Methods. We retrospectively reviewed abdominal radiographs obtained from June 1992 through September
2000 in all pediatric (age <21 years) thoracic organ recipients who survived at least 1 week after transplantation.
In this group, a case was defined as an episode of radiographically confirmed PI; those without PI were assigned
as controls. Variables analyzed included demographic
data, gastroenteritis history (stool cultures or symptoms
of gastroenteritis), and transplant-related factors (ie, graft
type, rejection history, immunosuppression regimen).
Significance was defined as P < .05.
Results. Over this 8-year period, PI occurred in 8 (7%)
of 116 patients (0.86% annual risk). No child had >1
diagnosed episode of PI. Of these 8 cases, 7 presented
with 1 or more abdominal symptoms. Three of these
children had rotavirus antigen isolated in their stool, 2
others were noted to have stool positive for Clostridium
difficile toxin, and in the other 3, no pathogen was identified. All cases were treated with a regimen of intravenous antibiotics and total parenteral nutrition. There
were no deaths; however, 1 patient developed an Aspergillus pulmonary infection during his course of antibiotic therapy, and another underwent an exploratory
laparotomy without bowel resection. Significant risk factors included black race (unadjusted odds ratio: 16),
younger age at presentation (age <5 years; unadjusted
odds ratio: 9), higher steroid dose (steroid dose >0.5
mg/kg/d; unadjusted odds ratio: 7), and a higher tacrolimus level at presentation (tacrolimus level >1; unadjusted odds ratio: 6). PI did not occur with a steroid dose
<0.4 mg/kg/d. Variables not associated with increased
risk for developing PI included gender, graft type, total
white blood cell count, recent antibiotic use, concurrent
use of an antimetabolite, cytomegaloviral infection, past
use of extracorporeal membrane oxygenation, and graft
rejection history.
Conclusions. Significant risk factors for the development of PI in our pediatric thoracic organ transplantation
population included black race, younger age, higher
daily steroid dosing, and a high tacrolimus level at presentation. In the children diagnosed with PI, there were
no related deaths, significant gastrointestinal sequelae,
or complications. These findings suggest that in this
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population, PI will often have a benign course when
treated aggressively, and that steroid dosing should be
reduced to <0.5 mg/kg/d whenever possible. Pediatrics
2002;109(5). URL: http://www.pediatrics.org/cgi/content/
full/109/5/e78; pediatric heart transplantation, pediatric
lung transplantation, pediatric heart-lung transplantation, pneumatosis intestinalis, steroids.
ABBREVIATIONS. PI, pneumatosis intestinalis; CMV, cytomegalovirus; HIV, human immunodeficiency virus; NPO, no enteral
feeds; TPN, total parenteral nutrition.

P

neumatosis intestinalis (PI) is a radiologic and
pathologic finding defined as the presence of
gas within the bowel wall. Although the cause
of PI is not fully understood, the most widely accepted theories are based on the bacterial or mechanical causes.1 Outside the neonatal period, PI is fairly
uncommon. It has, however, been associated with a
variety of disorders and procedures including solid
organ and bone marrow transplantation,2– 8 steroid
and other immunosuppressive medications,1,3,8,9
ischemia, inflammatory bowel disease, intestinal obstruction, and obstructive airway disease. In addition, several concomitant infectious agents have been
associated with the development of PI including cytomegalovirus (CMV), Clostridium difficile, rotavirus,
human immunodeficiency virus (HIV), and other viral infectious agents.3,4,6,7,9 PI may present in a variety of ways, ranging from an incidental finding that
is clinically benign to an acute and life-threatening
illness. Recently diagnosed cases of PI in our pediatric thoracic organ transplantation population
prompted us to retrospectively review this group of
patients and evaluate them for significant clinical
outcomes as well as potential risk factors in the development of PI.
METHODS
The cohort was obtained by locating all patients who underwent thoracic organ transplantation and had abdominal radiographs taken from June 1992 through September 2000. A total of
116 patients underwent transplantation during that period. Of
those, 58 had a total of 100 abdominal radiographs taken for
various reasons (37 had a single radiograph, 16 had 2 radiographs,
2 had 3 radiographs, 3 had 4 radiographs, 1 had 6 radiographs,
and 1 had 7 radiographs). Radiographs that were taken within the
same time frame (30 days) were counted as 1 episode.
The diagnosis of PI was made on abdominal film in 8 children;
these were defined as cases (for radiograph examples, see Figs 1
and 2). Of our cases, PI was present on a minimum of 4 and
maximum of 9 radiographs (mean: 6.3) taken during their hospital
admission. Radiographs were not read in a blinded fashion, but
repeat films obtained and read by different attending radiologists
confirmed the diagnosis of PI in all cases.
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Fig 1. Abdominal radiograph of 4-year-old girl with PI diagnosed 36 months after bilateral lung transplantation. Arrows illustrate linear appearance of PI in the bowel wall.
A control population, defined as those patients who had an
absence of PI on abdominal film, was then obtained using a
random number generator.10 Data were obtained to assume four
controls per case (32 controls). The radiographs and charts of these
40 patients were then reviewed for demographic data, cardiac
history before transplant, recent infectious history, and transplantrelated factors including graft type, rejection history, and immunosuppression regimen.
Exploratory data analysis was performed to determine normality; selected skewed distributions were changed to categorical
variables for additional analysis. 2 analysis was then performed
for all dichotomous and categorical variables. Fisher exact test was
used when the expected number in any cell was ⬍5. Odds ratios
were used as the measure of association. For continuous variables,
a t-test of the means was used; skewed distributions were evaluated using the rank-sum test with medians reported. Statistical
significance was assessed using a P ⬍ .05 (2-tailed). Unconditional
logistic regression was then used to assess for confounding or
interaction of significant variables from the univariate analysis.
Odds ratios were again used as the measure of association. Statistical significance of individual terms was assessed by the Wald
test.

RESULTS
Patient Characteristics (Table 1)

PI developed in 8 (7%) of 116 patients (0.86% annual risk) between 3 weeks and 36 months (median:
11 months) after thoracic organ transplantation. No
child had ⬎1 episode of PI. The PI group included 5
boys and 3 girls, with 5 of the children having undergone heart transplantation, 2 having lung transplantation, and 1 having a heart-lung transplantation. The PI group was significantly younger than the
controls (median age 2.8 years vs 6.2 years; P ⫽ .04)
2 of 6

Fig 2. Abdominal radiograph of a 3-year-old girl with PI diagnosed 2 months after orthotopic heart transplantation. Arrows
illustrate linear appearance of PI in the bowel wall.

with an age ⬍5 years placing children at significantly
increased risk to develop PI (unadjusted odds ratio:
9; P ⬍ .05). Ethnic background of the cases was black
in 6 and white in 2. This was also significantly different from the control group; therefore, black race
was associated with a greater risk to develop PI
(unadjusted odds ratio: 16; P ⬍ .01).
Presenting Symptoms

Abdominal symptoms were present in 7 of the 8
children at the time of diagnosis. These included
bloody diarrhea (6 patients), abdominal pain (4 patients), emesis (3 patients), and abdominal distention
(1 patient). In the patient without abdominal symptoms, PI was diagnosed incidentally. The child who
had undergone previous lung transplantation presented to an outside hospital with symptoms of
cough and fever. An initial chest radiograph revealed pneumonia of the right upper lobe, and antibiotics were administered. A follow-up chest radiograph done the next morning confirmed the
pneumonia of the right upper lobe, but also showed
PI in the transverse colon. This finding was confirmed by additional abdominal imaging. The patient remained symptom-free from an abdominal
standpoint throughout her remaining hospitalization.
Transplant-Related Issues

At the time of diagnosis, all patients who developed PI were on steroids and a calcineurin inhibitor
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TABLE 1.
Case
Number

Patient Characteristics of Cases
Age at
Time
Time of Posttransplantation
Diagnosis to Presentation of
(Years)
PI (Months)

Graft
Type

Sex

Race

Presenting
Gastrointestinal
Symptoms

Concurrent Immunosuppression
Infection
Regimen on
Presentation

Black Bloody diarrhea,
abdominal pain
Black Abdominal pain,
distention

C difficile

1

3.6

2

Heart

F

2*

3.9

0.75

Heart

M

3

0.3

11

Heart

M

White Emesis, bloody
diarrhea

Rotavirus

4

1.2

9

Lung

M

Rotavirus

5†

9.6

30

Heart/ M
lung

Black Bloody diarrhea,
abdominal pain
Black Emesis, bloody
diarrhea

6

1.9

12

Heart

M

Black Bloody diarrhea,
abdominal pain

Rotavirus

7

1.9

4

Heart

F

White Emesis, bloody
diarrhea

None

8

4.7

36

Lung

F

Black None

None

C difficile

None

Prednisone
Tacrolimus
Prednisone
Cyclosporine
Azathioprine
Prednisone
Tacrolimus
Mycophenolate
Prednisone
Tacrolimus
Prednisone
Tacrolimus
Mycophenolate
Prednisone
Tacrolimus
Mycophenolate
Prednisone
Tacrolimus
Mycophenolate
Prednisone
Tacrolimus
Mycophenolate

Outcome/
Morbidity

No sequelae
No sequelae
No sequelae
No sequelae
Pulmonary
Aspergillus
No sequelae
No sequelae
No sequelae

* Exploratory laporatomy was performed.
† Developed pulmonary Aspergillus after antibiotic course.

(tacrolimus, 7; cyclosporine, 1), while 6 of 8 were on
an antimetabolite (azathioprine, 1; mycophenolate
mofetil, 5). Those children who developed PI were
on significantly higher steroid doses as compared
with controls (0.74 vs 0.27 mg/kg/d; P ⬍ .01) with a
steroid dose of ⬎0.5 mg/kg/d placing patients at
significantly increased risk of developing PI (unadjusted odds ratio: 7; P ⫽ .04). No child developed PI
on a steroid dose of ⬍0.4 mg/kg/d. Of note, 2 patients who developed PI had just finished a 3-day
steroid burst (10 mg/kg/d) for treatment of possible
cardiac rejection.
Those children who developed PI also were noted
to have a significantly higher tacrolimus level at
presentation (13.0 vs 9.7 ng/mL; P ⫽ .04), with a
level ⬎11 ng/mL placing one at significantly increased risk of developing PI (unadjusted odds ratio:
6; P ⫽ .04). Evaluation of maintenance tacrolimus
levels (tacrolimus level drawn at the most recent
outpatient visit before admission for PI) showed no
significant differences. Of note, 2 of the 7 patients
admitted on tacrolimus were switched to intravenous cyclosporine during their hospitalization secondary to difficulties in maintaining therapeutic
drug levels.
There were no significant differences found in regards to graft type, gender, antimetabolite use or
antimetabolite dose at presentation, past number of
episodes of organ rejection, concurrent organ rejection, or past use of a cardiac mechanical assist device
(ie, extracorporeal membrane oxygenation). A summary of clinical characteristics of cases versus controls is shown in Table 2.
Concomitant Infections

On analysis of stool in the 8 children diagnosed
with PI, 3 had positive enzyme immunoassay anti-

gen tests for rotavirus, 2 were positive for C difficile
toxin, and in the other 3 cases no infectious organisms could be identified. No patient had positive
blood cultures on initial presentation, and there were
no cases of recent or ongoing CMV infection.
Of the 32 control patients, only 8 had significant
enough gastrointestinal symptoms that prompted
the treating physicians to obtain stool samples. This
resulted in 2 children being diagnosed with C difficile,
1 with rotavirus and 1 with adenovirus.
Outcomes

All patients who developed PI were treated with a
regimen of intravenous antibiotics, no enteral feeds
(NPO), and total parenteral nutrition (TPN) for 10 to
21 days (median: 16 days). The length of hospital
stay related to PI issues ranged from 15 to 22 days
(median: 18 days). Seven patients had placement of a
central line for administration of parenteral antibiotics and TPN, and 1 patient underwent an exploratory
laporotomy secondary to concerns for perforation.
One child developed sputum positive for Aspergillus
4 days after stopping parenteral antibiotics for the PI.
Additional evaluation included computed tomography of the chest showing pulmonary nodules and
transbronchial biopsy that was also positive for Aspergillus. There were no related deaths.
Of note, 1 patient had an acute bradycardic arrest
on day 10 of his admission for PI. Cardiac catheterization at that time revealed high filling pressures
and diffuse coronary artery vasculopathy. Both of
these findings were a change when compared with a
catheterization performed just 2 months prior. On
biopsy, there was no evidence of cellular rejection.
He was treated with steroids and intravenous inotropic medication, but eventually required a second
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TABLE 2.

Clinical Characteristics of Cases Versus Controls
Variable

Cases of PI
(n ⫽ 8)

Control Patients
(n ⫽ 32)

P
Value

Median age at time of diagnosis
(y)
Black race
Prednisone dose at time of
diagnosis (mg/kg/d)
Tacrolimus level at presentation
(ng/mL)
Graft type (heart/lung/heartlung)
Steady state tacrolimus level
(ng/mL)
Gender (M/F)
Time post-transplant to diagnosis
of PI (mo)
Type of antimetabolite
(mycophenolate/azathioprine)
Concurrent rejection at time of
diagnosis of PI
Past number of rejection episodes
Admission WBC
Past steady-state WBC
Concurrent CMV infection
History of ECMO use
Recent antibiotic use

2.8 (range: 3 mo–9.6 y)

6.2 (range: 3 mo–20 y)

.04

6
0.74 (range: 0.4–9.9)

5
0.27 (range: 0–1.0)

.04
⬍.01

13.0 (range: 7.7–17.1)

9.5 (range: 6.9–17)

.04

5/2/1

20/10/2

NS

9.5

9.1

NS

5/3
10

17/15
15

NS
NS

5/1

6/14

NS

1

0

NS

10
11.5
9.9
0
1
2

15
10.3
6.9
2
8
12

NS
NS
NS
NS
NS
NS

WBC indicates white blood cell; ECMO, extracorporeal membrane oxygenation; NS, not significant.

heart transplantation for chronic severe (inotropedependent) graft dysfunction.
DISCUSSION

PI has been described in association with transplantation (bone marrow, liver, and kidney), immunosuppression (steroids, HIV), intestinal obstruction,
and obstructive airway disease. The incidence of PI
in pediatric thoracic organ transplant patients is not
known. Although there have been rare case reports
of PI developing in these patients after thoracic organ transplantation,4,7 at least 1 large study of gastrointestinal complications seen in 132 heart and
heart-lung transplant patients reported no PI.11 In a
recently reported series of 89 pediatric heart transplant recipients, 4 (4.5%) had documented PI.12 Our
study documents 8 children who developed PI after
thoracic organ transplantation.
Significant risk factors for the development of PI in
our population included younger age at presentation, black race, and higher maintenance steroid
dose. Patients with PI also had significantly higher
serum tacrolimus levels at presentation than did controls; however, their maintenance tacrolimus levels
were not significantly different from controls, suggesting that the elevated levels at presentation may
be the result of rather than a cause of PI (different
absorptive pattern of the drug or different hydration
status with an alternation in the clearance of the
drug). Elevation of serum tacrolimus levels in the
setting of gastroenteritis is now well-recognized.13–16
Although PI in the newborn period is a well-recognized entity often associated with necrotizing enterocolitis, the propensity for younger children outside of the neonatal period to develop PI is not
well-described.17 The most likely causes for this include differences noted in bowel and associated lymphoid tissue, as well as the tendency for younger
4 of 6

children to have more episodes of infectious gastroenteritis. Our finding that children of black background were at significantly higher risk to develop
PI has not been previously reported and is difficult to
explain. The use of steroids and its association with
development of PI, however, has been well-described.1,3,8,9 The most commonly accepted mechanism is that steroids cause atrophy of the lymphoid
tissue (Peyer’s patches) in the gastrointestinal tract,
which results in mucosal degradation, allowing dissection of intraluminal air into the intestinal wall.
Immunosuppression after cardiac transplantation
varies by center with some using steroid-free regimens after a variable time posttransplantation.18 –20
The reported benefits to these steroid-free regimens
include a decreased requirement for antihypertensive agents,21 and decreased incidence of cataract
formation and diabetes mellitus.22 Likewise, these
centers report improvement in bone density with
fewer compression fractures,18 as well as improvement in lipid profiles,23 all without significantly increasing the risk of rejection or mortality. The programs that propose the continued use of steroids as
part of their posttransplantation regimen point to
prospective data that suggests stopping steroids
place patients at increased risk of acute rejection
without significant benefits.24 Because acute episodes of rejection are treated with high-dose steroids,
others argue that maintaining a constant low dose of
steroids actually exposes patients to an overall lower
steroid dose. It should also be noted that centers that
use a steroid-free regimen report that 15%25 to 48%26
of their patients cannot remain steroid-free for the
long-term, and additionally report some cases of coronary vasculopathy and sudden death.18 No data
exist that would imply that a steroid-free regimen is
safe in thoracic organ transplantation that involve a

PNEUMATOSIS INTESTINALIS
THORACIC ORGANbyTRANSPLANT
Downloaded fromAND
www.aappublications.org/news
guest on April 22, 2021

or TPN complications. One child underwent exploratory laporatomy secondary to suspicion of perforation, and one child developed pulmonary Aspergillus
after finishing his antibiotic course. The diagnosis of
PI in the face of no gastrointestinal symptoms has
been reported in other transplantation patients. A
review of the literature is summarized in Table 3. A
total of 62 patients diagnosed with PI after various
types of transplantation have been reported. These
include 36 bone marrow, 12 kidney, 12 liver, and 2
lung transplantation. Asymptomatic presentation,
which occurred in 14 patients (23%), was associated
with no deaths or need for surgical intervention.
Symptomatic presentation was seen in 48 patients
(77%), and resulted in the need for 9 gastrointestinal
surgical interventions (19%) and 12 deaths (25%).
The majority of these were seen in patients who had
received bone marrow transplantation. Although it is
difficult to draw conclusions across a spectrum of
different graft types, treatments of PI, immunosuppression regimens, and potential causes, a few issues
seem to stand out. Asymptomatic patients presenting with PI after transplantation tend to be less ill
and usually respond to either no treatment or conservative medical treatment (NPO, TPN, antibiotics)
without surgical intervention. Although symptomatic patients often are more ill, more likely to undergo surgical intervention, and have a greater risk
for death, they also usually respond to a regimen of
bowel rest and intravenous antibiotics.

lung graft. Until good long-term prospective pediatric studies on steroid use after cardiac transplantation are performed, it is likely that differing opinions
on this topic will remain. Our institution currently
uses a triple immunosuppression regimen, which
attempts to maintain children on a low-maintenance
steroid dose. The data presented in this study show
an association of a prednisone dose of ⬎0.5 mg/
kg/d with a sevenfold increased risk to develop PI,
and no children developed PI on a dose of ⬍0.4
mg/kg/d.
Concomitant infections including rotavirus and C
difficile were seen in 5 of our 8 cases of PI. Both
rotavirus1,3 and C difficile1,3,7 have been associated
with PI. The proposed mechanism for the development of PI with these infectious agents is based on
inflammation causing a break in the integrity of the
intestinal mucosa, thus allowing intraluminal air to
dissect into the bowel wall. Although active CMV
infection has been widely described in association
with the development of PI, we did not encounter
this association in our patients.
Clinically, our cases of PI presented with a variety
of symptoms ranging from 1 patient who was
asymptomatic from a gastrointestinal standpoint, to
the other 7 having various symptoms including abdominal distention, pain, emesis, and bloody diarrhea. All of our patients were treated with NPO
status, intravenous antibiotics, and TPN. We had no
related deaths, associated bacteremias, central line,

TABLE 3.
Author

Summary of PI Cases Reported After Transplantation
Graft Type
(Number of
Patients)

Total
Cases

Bone marrow (36)

Presenting

Surgical
Intervention

Deaths

Sx

A-Sx

Sx

A-Sx

Sx

A-Sx

18
2

14
2

4
0

2
1

0
0

7
2

0
0

Yeager28

4

4

0

0

0

1

0

Hall29
Takanashi30
Avigan31
Lipton32
Bates33

1
1
2
1
7

1
1
2
1
4

0
0
0
0
3

0
1
1
1
0

0
0
0
0
0

0
0
0
0
1

0
0
0
0
0

3

1

2

0

0

0

0

Van Son6

4

3

1

1

0

1

0

Murphy34
Wall35
Polinsky 36

3
1
1

2
1
1

1
0
0

0
0
0

0
0
0

0
0
0

0
0
0

6
2

5
2

1
0

0
2

0
0

0
0

0
0

Jassen38

1

1

0

0

0

0

0

King39
Sachse40

2
1

0
1

2
0

0
0

0
0

0
0

0
0

1
1
62

1
1
48

0
0
14

0
0
9

0
0
0

0
0
12

0
0
0

3

Day
Navari27

Ammons8

Burress5
Koep37

Schenk7
Mannes4
Totals

Kidney (12)

Liver (12)

Lung (2)

Associated Clinical Conditions
(Number of Patients)

Steroid (12), colitis (10), GVHD (3), deaths (7)
Gastric ulcer and CMV pneumonia (1)
GVHD, steroids, and pancreatitis (1)
GVHD (4), steroid (4), death (1) rotavirus,
adenovirus, Candida (1)
GVHD, steroid
GVHD, steroid, exploratory laporatomy
Total colectomy/ileostomy
GVHD, hemicolectomy/ileostomy
GVHD (6), steroid (3), CMV (4), C difficile (1),
death (1)
Asymptomatic (2), no treatment symptomatic
(1), IV antibiotics
CMV (4), duodenal ulcer (1), exploratory
laporatomy (1), death (1)
HSV (1)
Concurrent rejection treatment with steroids
Concurrent rejection treatment with steroids
CMV, Staphylococcus aureus, Escherichia coli (1)
Concurrent rejection treatment with steroids
Laporatomy, colectomy, ileoproctostomy (2)
Recent steroid treatment for rejection,
subcutaneous scrotal air
Asymptomatic/no treatment
Recent steroid treatment for rejection
C difficile (1)
CMV (1)

Sx indicates symptomatic; A-Sx, asymptomatic; GVHD, graft-versus-host disease; HSV, hepes simplex virus.
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CONCLUSION

PI was found in 7% of our pediatric thoracic organ
transplantation population for an annual risk of
0.86%. Associations by statistical analysis included
younger age, black race, a higher prednisone dose,
and higher tacrolimus level at the time of diagnosis.
We recommend abdominal radiographs in all transplant recipients presenting with abdominal symptoms, and individualization of therapy as determined by presentation. We continue to maintain a
2-week period of bowel rest and intravenous antibiotics for those children in whom PI is accompanied
by bloody diarrhea and abdominal complaints. This
treatment regimen was associated with a relatively
benign disease course without major complications
or sequelae.
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