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BACKGROUND: Our group has previously published a retrospective review defining variables predictive of transmural bowel ischemia in the setting
of pneumatosis intestinalis (PI). We hypothesize this prospective study will confirm the findings of the retrospective review, en-
hancing legitimacy to the predictive factors for pathologic PI previously highlighted.

Data were collected using the Research Electronic Data Capture. Forward logistic regression was utilized to identify independent
predictors for pathologic PIL. Statistical significance was defined as p < 0.05.

During the 3-year study period, 127 patients with PI were identified. Of these, 79 had benign disease, and 49 pathologic PI defined
by the presence of transmural ischemia during surgical exploration or autopsy. Laboratory values such as elevated international
normalized ratio (INR), decreased hemoglobin, and a lactate value of greater than 2.0 mmol/L were predictive of pathologic PI,
as well as clinical factors including adynamic ileus, peritoneal signs on physical examination, sepsis, and hypotension. The location
was also a significant factor, as patients with small bowel PI had a higher incidence of transmural ischemia than colonic PI. On
multiple logistic regression, lactate value of greater than 2.0 mmol/L (odds ratio, 5.1, 1.3-19.5; p = 0.018), elevated INR (odds
ratio, 3.2, 1.1-9.6; p = 0.031), peritonitis (15.0, 2.9-78; p = 0.001), and decreased hemoglobin (0.70, 0.50-0.97, 0.031) remained
significant predictors of transmural ischemia (area under the curve, 0.90; 0.83—0.97). A lactate value of 2.0 mmol/L or greater and
peritonitis are common factors between the retrospective review and this prospective study.

We recommend surgical exploration to be strongly considered for those PI patients presenting also with a lactate greater than
2 mmol/L and/or peritonitis. We suggest strong suspicion for necrosis in those patient with PI and small bowel involvement, ascites
on computed tomography scan, adynamic ileus, anemia, and a high INR. (J Trauma Acute Care Surg. 2017;82: 451-460. Copy-
right © 2017 Wolters Kluwer Health, Inc. All rights reserved.)

LEVEL OF EVIDENCE: Prognostic study, level II; therapeutic study, level II.

KEY WORDS: Pathologic pneumatosis intestinalis; pneumatosis intestinalis and mortality; pneumatosis intestinalis and necrosis; pneumatosis

METHODS:

RESULTS:

CONCLUSIONS:

intestinalis and surgery.

he pathogenesis of pneumatosis intestinalis (PI) or air in
the intestinal wall is poorly understood as it is the signifi-

cance of this finding when guiding surgical therapy.' In the last
decade, PI is believed to be more common than previously re-
ported, since the advancements in imaging with thin-cut com-
puted tomography (CT).>™* Furthermore, to date, there are no
protocols to guide surgical intervention.” ™

The true incidence of PI is unknown.’ '? Moreover, the
clinical significance of PI can vary from necrotic bowel to a be-
nign finding.'*'® Distinguishing pathologic from benign PI has
largely been reliant on clinical acumen with little scientific data
to guide management.'*'>

The present group has devoted the last few years to under-
stand the significance of this finding in changing surgical manage-
ment, in conjunction with other clinical predictors of pathology.'

We previously published a retrospective review of 500
patients with PI. In this review, we identified a lactate greater
than 2.0 mmol/L as the strongest independent predictors of
pathologic PL.! Other factors such as peritonitis, hypotension
or vasopressor need, acute renal failure, active mechanical
ventilation, and absent bowel sounds also demonstrated sig-
nificance. To validate these findings, a prospective, multicen-
ter study was undertaken. We hypothesize this prospective
study will confirm the findings of the retrospective review,
enhancing legitimacy to the predictive factors for pathologic
PI previously highlighted.

PATIENTS AND METHODS

This was a prospective multicenter study conducted under
the sponsorship of the Association for the Surgery of Trauma.
The study protocol was approved by the Association for the Sur-
gery of Trauma Multi-institution Trials Committee. Seven centers
enrolled patients, and each participating center obtained approval
from its institutional review board. We used the Research Elec-
tronic Data Capture to store and analyze the data of these patients.

The primary aim of the study was to prospectively evalu-
ate patients with PI identified on CT scan to determine patient,
clinical presentation, and radiographic imaging factors associ-
ated with pathologic PI. Pathologic PI was defined a priori as ei-
ther transmural ischemia confirmed at the time of operative
intervention or if it was identified as the cause of death in those
not undergoing operation during autopsy. Secondary study aims
included comparison of mortality, length of stay (LOS), and ven-
tilator days in those with and without pathologic PI.

Inclusion criteria were any adult patient (218 years old)
identified by a staff radiologist to have PI or gas in the bowel
wall on imaging The patients who did not have available CT data
were not included in the analysis involving location of PI or ad-
ditional CT radiographic abnormalities.

Exclusion criteria included pregnant women, prisoners,
and children. Demographic data and medical history including
an extensive list of preexisting conditions, clinical presentation
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including detailed radiographic findings, interventions, and out-
comes were collected. Attending radiology interpretation find-
ings were utilized for radiographic description of PI location
and CT findings. An a priori standard set of definitions was
utilized across centers for definitions of comorbidities, clinical
presentation, and outcomes. From these, additional categorical
variables were created grouping relevant primary data (Table 1;
and Supplemental Digital Content 1, http://links.lww.com/TA/
A892). Those with and without pathologic PI were compared
using Mann-Whitney U-test for testing distribution of continuous

TABLE 1. Grouping of Patient Comorbidity, Clinical
Presentation, and Radiographic Findings

Category Included Variables
Comorbidity
Pulmonary Asthma or bronchitis or emphysema or
pulmonary fibrosis or cystic fibrosis
Renal Chronic renal failure
GI Inflammatory bowel disease or ulcerative

Immunosuppression

Current immunosuppressive

medication
Malignancy

Any active systemic
disease pre-existing

Any comorbidity

Physical examination

Peritoneal physical
examination

Abnormal physical
examination

Clinical presentation
Hemodynamic instability
Hypotension
Any active infection

End organ dysfunction

Radiographic findings

Small bowel PI

Colon PI
(excluding rectum)

Right colon PI
Left colon PI

CT abnormality
excluding PI

colitis or peptic ulcer or Crohn disease
Scleroderma or systemic lupus erythematosus
or AIDS or leukemia or any transplant
(bone marrow, kidney, liver, cardiac, lung)
or current immunosuppression medication

Current steroid use or current chemotherapy

Any malignancy history

Scleroderma or systemic lupus erythematosus
or AIDS or leukemia or chronic renal failure

Pulmonary or renal or GI or immunosuppression
or any active systemic disease preexisting
or malignancy

Abdominal rigidity or peritonitis

Abdominal rigidity or peritonitis
or distention or heme-positive stools

Hypotension or current pressor use

Systolic blood pressure <90 mm Hg

Pneumonia or Clostridium difficile colitis
or other colitis or catheter or blood stream
or urinary tract infections

Multiple organ failure, or acute renal failure,
or acute hepatic failure or acute respiratory
distress syndrome

Location including duodenum or jejunum
or ileum

Location including cecum or appendix or
ascending or transverse or descending
or sigmoid

Location including cecum or ascending
or appendix

Location including descending or sigmoid

Bowel wall thickening or dilated bowel or
ascites or arterial or venous mesenteric
occlusion or hepatic portal gas
or retroperitoneal air or portomesenteric
venous gas or free peritoneal air

CT bowel abnormality only ~ Bowel wall thickening or dilated bowel

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

variables, median test (independent-sample test of medians), and
Fisher exact test for categorical variables. Multilevel logistic re-
gression models nested for center effect were utilized to identify in-
dependent predictors for pathologic PI. Variables with significance
at the p < 0.1 level on univariate analysis and clinically relevant
variables from prior studies were considered for selection in the
multiple logistic regression. Area under the receiver operating
curves were used to compare predictive models. Goodness of fit
was measured with Hosmer and Lemeshow test, and only appro-
priately fit models are included. Statistical significance was de-
fined as p < 0.05.

RESULTS

During the 3-year study period, 127 patients with PI were
identified. Computed tomography scan was the mode of imag-
ing in 117 (92%) of 127 patients. Benign PI was found in
79 patients (62.2%), and 48 patients (37.8%) had pathologic
PI defined by the presence of transmural ischemia during surgi-
cal exploration or autopsy. There was no statistical difference be-
tween age and comorbidities between groups with the exception
of a higher incidence of chronic renal failure in those with path-
ologic PI (Table 2).

For the 10 patients who did not get CT scans, 8 patients
had plain radiographs demonstrating concern for PI, and in
2 patients, the imaging modality was not reported.

Operative Intervention and Mortality Outcomes

Overall mortality was 34% in the pathologic PI group
compared with 13.9% in the benign PI group (»p = 0.013).
Among the 79 patients classified as having benign PI, operative in-
tervention was not offered in 49 patients (62%), and in the remain-
ing 30 patients, 27 patients underwent operative intervention. None
of the 11 patients in the benign PI group who died were found
to have transmural ischemia as a contributing cause of death. In
contrast, all those who died in the pathologic PI group did. Five
patients in the pathologic PI group were not offered operative in-
tervention as a result of futility and died with transmural bowel
ischemia. Of the 43 patients with pathologic PI undergoing op-
erative intervention, 91% (39 patients) had a bowel resection
performed, and 4 patients did not as their disease was judged
to be nonsurvivable intraoperatively. As expected patients with
pathologic PI had an increased hospital LOS and intensive care
unit LOS than those patients with benign disease.

Clinical, Laboratory, and Radiographic Factors
Predictive of Pathologic PI

Clinical factors including hemodynamic instability (pressors
or hypotension), hypotension alone, sepsis, peritoneal abdominal
examination (abdominal rigidity or peritonitis), peritonitis alone,
abdominal rigidity alone, and the presence of an adynamic ileus
were different between those with and without pathologic PI
(Table 3). Laboratory values including higher white blood cell
(WBC) count, lower hemoglobin, increased potassium, decreased
bicarbonate, elevated creatinine, elevated blood urea nitrogen, lac-
tate 2 mmol/L or greater, and a higher international normalized
ratio (INR) were also predictive of pathologic PI (Table 4).
The radiographic location was also a significant factor, as
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TABLE 2. Demographic, Comorbidity, and Outcomes for Those With and Without Pathologic PI

n Benign PI (n=79) Pathologic PI (n = 48) P
Age, median (range), y 127 55.0 (18-86) 60.5 (22-87) 0.113*
Pulmonary disease 127 19 (24.1%) 7 (14.6%) 0.259
Asthma 127 5(6.3%) 4 (8.3%) 0.462
Bronchitis 127 1(1.2%) 0 1.000
Emphysema 127 6 (7.5%) 3 (6.3%) 1.000
Pulmonary fibrosis 127 8 (10.1%) 1 (2.1%) 0.152
Cystic fibrosis 127 0 0
Renal
Chronic renal failure 127 5(6.3%) 10 (20.8%) 0.022
GI 127 3 (3.8%) 4 (8.3%) 0.425
Inflammatory bowel disease 127 1 (1.3%) 0 1.000
Ulcerative colitis 127 1(1.3%) 2 (4.2%) 0.556
Peptic ulcer 127 1 (1.3%) 1(2.1%) 1.000
Crohn disease 127 1 (1.3%) 1 (2.1%) 1.000
Diverticulitis 127 0 1 (2.1%) 0.378
Any transplant 127 12 (15.2%) 4 (8.3%) 0.409
Transplant—bone marrow 127 0 0
Transplant—kidney 127 0 0
Transplant—Iliver 127 3 (3.8%) 3 (6.35) 0.672
Transplant—cardiac 127 0 0
Transplant—Ilung 127 9 (11.4%) 1 (2.1%) 0.088
Graft-versus-host disease 127 1 (1.3%) 0 1.000
Immunosuppression medications 127 18 (22.8%) 12 (25.0%) 0.831
Current steroid use 127 18 (22.8%) 10 (20.8%) 0.829
Current chemotherapy 127 6 (7.6%) 4 (8.3%) 1.000
History of steroids 127 20 (25.3%) 10 (20.8%) 0.668
History of chemotherapy 127 9 (11.4%) 4 (8.3%) 0.765
Malignancy T9H* 19 (42.2%) 15 (44.1%) 1.000
Any systemic disease preexisting (including chronic renal failure) 127 11 (13.9%) 13 (27.0%) 0.100
Scleroderma 127 3 (3.8%) 0 0.289
Systemic lupus erythematosus 127 0 1 (2.1%) 0.378
AIDS 127 4 (5.1%) 0 0.296
Leukemia 127 0 2 (4.2%) 0.141
Any comorbidity T9H* 31 (68.9%) 24 (70.6%) 1.000
LOS
Hospital LOS 124 8 (0-113) 11 (0-95) 0.0001
ICU LOS 124 0(0-113) 11 (0-95) 0.0001
Ventilator days 124 0(0-113) 4 (0-66) <0.0001
Mortality 126 11 (13.9%) 16 (34.0%) 0.013

*Mann-Whitney test for continuous variable; all others Fisher exact test for categorical variables.

**n = 45 with benign PI; n = 34 with pathologic PL
ICU, intensive care unit.

patients with small bowel PI had a higher incidence of
transmural ischemia than PI at all colonic locations (Table 4).
Hepatic portal venous gas was the only other CT scan find-
ing different between those with pathologic PI and those
without (Table 4).

On multilevel logistic regression, a lactate value of
2.0 mmol/L. or greater (odds ratio [OR], 5.0, 1.1-22.4; p =
0.037), elevated INR (OR, 4.1; 1.2-13.9; p = 0.023), peritonitis
(OR, 35.8; 3.0-407; p = 0.005), and decreased hemoglobin
(OR, 0.7; 0.5-0.9, 0.023) remained significant predictors of
transmural ischemia in the final predictive model (area under
the curve [AUC], 0.92; 0.87-0.98) (Table 5). When excluded

454

peritonitis as a predictor variable in the models, a lactate value
of 2.0 mmol/L or greater (OR, 5.0; 1.5-17; p = 0.009), elevated
INR (OR, 2.9; 1.1-7.3; p = 0.030), and hemoglobin (OR, 0.7;
0.5-0.9, 0.018) continue to represent significant predictors of
transmural ischemia (AUC 0.85; 0.76-0.94) (Table 5). The vast
majority of the patients in the study did not present with peritoni-
tis on initial physical examination (80% no peritonitis, 102/127
patients). When considering only these patients without peritoni-
tis, a lactate value of 2.0 mmol/L or greater, elevated INR, and de-
creased hemoglobin all trended toward being the most significant
predictors (AUC, 0.87; 0.79—0.95). Table 6 shows the comparison
of the independent predictors of pathologic PI between models

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Clinical Presentation and Physical Examination Findings for Those With and Without Pathologic PI

n Benign PI (n =79) Pathologic PI (n = 48) P
Clinical presentation
Hemodynamic instability 127 12 (15.2%) 19 (39.6%) 0.003
Hypotension 127 10 (12.7%) 17 (35.4%) 0.003
Active medications—on pressors 127 10 (12.7%) 10 (20.8%) 0315
Mechanical ventilation 127 8 (10.1%) 11 (22.9%) 0.071
Active medications—on antibiotics 127 27 (34.2%) 18 (37.5%) 0.707
Any infection 127 17 (21.5%) 9 (18.8%) 0.822
Pneumonia 127 6 (7.6%) 2 (4.2%) 0.709
Bloodstream 127 8 (10.1%) 7 (14.6%) 0.572
Catheter/urinary tract infection 127 2 (2.5%) 2 (4.2%) 0.633
C. difficile colitis 127 0 0
Other colitis 127 5(6.3%) 1(2.1%) 0.408
Hepatic failure 127 6 (7.6%) 5(10.4%) 0.746
Acute lung injury or acute respiratory distress syndrome 127 3 (3.8%) 6 (12.5%) 0.081
Acute renal failure 127 14 (17.7%) 11 (22.9%) 0.497
Sepsis 127 13 (16.5%) 16 (33.3%) 0.032
Multiorgan failure 127 8 (10.1%) 9 (18.75%) 0.187
Any end-organ dysfunction 127 15 (19.0%) 16 (33.3%) 0.089
Physical examination findings
Abnormal physical examination 127 47 (59.5%) 37 (77.1%) 0.052
Peritoneal physical examination 127 8 (10.1%) 24 (50.0%) <0.001
Distention 127 44 (55.7%) 31 (64.6%) 0.357
Peritonitis 127 5(6.3%) 19 (39.6%) <0.001
Diarrhea 127 11 (13.9%) 8 (16.7%) 0.798
Absent bowel sounds 127 5(6.3%) 8 (16.7%) 0.075
Abdominal rigidity 127 5(6.3%) 14 (29.2%) 0.001
Constipation 127 18 (22.8%) 4 (8.3%) 0.052
High-pitched bowel 127 1 (1.3%) 1 (2.1%) 1
Heme-positive stool 127 5(6.3%) 3(6.3%) 1
Adynamic ileus 127 0 6 (12.5%) 0.002
Pseudo-obstruction 127 1 (1.3%) 4 (8.3%) 0.067

Boldface indicates statistically significant.

including and not including patients presenting with peritonitis
controlled for center effect.

DISCUSSION

Guiding the clinician to take a lifesaving decision regard-
ing timing of surgical intervention in pathologic PI is pivotal. Al-
though there is still lack of clarity of the cause of PI, this
prospective work in conjunction without previous publication
shed some light in issues that can support a course of therapy.'®
In patients who have benign PI without any clinical significant
findings, the clinical decision making is easier than when you
have patients with PI who might have ischemia but not yet
transmural necrosis.*'®!” Interestingly, patients who had small
bowel PI had an increased chance of having bowel necrosis than
those with colonic PI. This might be a consequence in the under-
lying factor that led to bowel ischemia. The bowel undergoes ne-
crosis by layers, starting from the mucosa and progressing
forward until full wall necrosis results. If there is some ischemia
of the colon secondary to overall hypoperfusion, but this factor
is corrected, this can reverse the lack of perfusion not resulting
in transmural necrosis.'® In the other hand, if the inciting factor

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

is a mechanical obstruction, then surgical intervention is essential
in avoiding inevitable progression of the ischemia to necrosis and
perforation that would result in further morbidity and mortality.'®

Adynamic ileus when suspecting ischemia is an ominous
sign, because lack of motility indicates progression to necrosis.
However, it was not significant in multiple logistic regression
in this study. This may reflect an element of documentation bias
as there is no definitive test for ileus. In contrast, peritonitis was
the strongest predictor of ischemia and would perhaps suggest
that in some cases conservative treatment has been tried for
too long.'® Although hypotension or hemodynamic instability
is associated with shock,? it was not an independent predictor
of ischemia in any of the models considered (Table 5). Based
on both our previous retrospective study and the present pro-
spective validation, laboratory abnormalities need to be strongly
considered when deciding for surgery.' Lactate as a measure-
ment of perfusion has been identified in both studies as a factor
predicting necrosis. Other studies have similar findings with el-
evated lactate and PI associated with mortality exceeding 80%.%'
One unanticipated finding in the present study was the predictive
role of decreased hemoglobin. It was a predictor of pathologic PI
throughout all the best predictive models. Physiologically, this
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TABLE 4. Laboratory and Radiographic Findings of Those With and Without Pathologic PI

n Benign PI (n =79) Pathologic PI (n = 48) ¥4
Laboratory findings
WBC count, mcL 127 10.0 (3-29) 12.7 (0-3,600) 0.027
Hemoglobin, g/dL 127 11.9 (4-17) 10.3 (7-17) 0.018
Hematocrit, g/dL 127 36.0 (21-50) 31.1 (19-62) 0.02
Platelets 103/microliter 127 223 (10-1,072) 237 (10-822) 0.557
Sodium, mEq/L 127 137 (34-155) 137 (123-149) 0.655
Potassium, mEq/L 127 4.0 (2.6-5.6) 4.3 (2.9-7.0) 0.028
Chloride, mEq/L 126 101 (60-122) 99 91-112) 0.106
Bicarbonate, mEq/L 127 25 (5-138) 22 (9-44) 0.03
Blood urea nitrogen, mg/dL 125 20 (4-100) 38 (5-360) 0.0001
Creatinine, mg/dL 126 0.97 (0.31-6.2) 1.67 (.38-6.88) 0.0001
pH 56 7.38 (7-8) 7.35 (7-8) 0.510
Pao, 55 100 (38-316) 93.0 (31-500) 0.657
Paco2 55 36 (18-56) 36 (21-88) 0.918
Base deficit 52 0.85(-0.23 to 12) 1.9 (14 t0 22) 0.201
Lactate 109 1.5 (1-28) 2.5(1-14) 0.0001
Lactate 22 mmol/L 109 23 (35.4%) 30 (68.2%) 0.001
Partial thromboplastin time 57 29.0 (11-69) 31.45 (1-76) 0.361
INR 85 1.11 (.9-4.0) 1.4 (1-13.5) 0.006
Aspartate aminotransferase, units per liter 101 31.5 (7-265) 30.0 (12-1,140) 0.428
Alanine aminotransferase, units per liter 99 26.5 (4-251) 22.0 (6-680) 0.534
Bilirubin (direct), mg/dL 57 0.3 (0-3) 0.4 (0.1-8.5) 0.372
Bilirubin (indirect), mg/dL 55 0.4 (0-1.0) 0.5(0.1-8.2) 0.112
Time between laboratory 123 4 (0-96) 2 (0-30) 0.006
findings + findings (h)
Radiographic findings
Location—gastric 127 2 (2.5%) 2 (4.2%) 0.633
Location—any small bowel 127 32 (40.5%) 29 (60.4%) 0.043
Duodenum 127 3(3.8%) 4 (8.3%) 0.425
Jejunum 127 27 (34.2%) 19 (39.6%) 0.572
Ileum 127 21 (26.6%) 21 (43.8%) 0.054
Any colon (excludes rectum) 127 47 (59.5%) 28 (58.3%) 1
Right colon 127 39 (49.4%) 21 (43.8%) 0.585
Left colon 127 10 (12.7%) 7 (14.6%) 0.792
Cecum 127 26 (32.9%) 14 (29.2%) 0.698
Ascending colon 127 31 (39.2%) 20 (41.7%) 0.853
Transverse colon 127 13 (16.5%) 4 (8.3%) 0.283
Descending colon 127 8 (10.1%) 4 (8.3%) 1
Sigmoid colon 127 4 (5.1%) 7 (14.6%) 0.101
Rectum 127 3(3.83%) 0 0.289
Appendix 127 1(1.3%) 0 1
Diffuse PI 127 31(39.2%) 17 (35.4%) 0.572
Bowel wall thickening 127 22 (27.8%) 17 (35.4%) 0.429
Dilated bowel 127 36 (45.6%) 23 (47.9%) 0.855
Ascites 127 8 (10.1%) 9 (18.8%) 0.187
Arterial or venous mesenteric 127 2 (2.5%) 3 (6.3%) 0.365
occlusion
Hepatic portal gas 127 6 (7.6%) 16 (33.3%) <0.001
Retroperitoneal air 127 3 (3.8%) 1(2.1%) 1
Portomesenteric venous gas 127 16 (20.3%) 14 (29.2%) 0.285
Free peritoneal air 127 14 (17.7%) 10 (20.8%) 0.816
Any other abnormality except PI 127 58 (73.4%) 44 (91.7%) 0.012
CT other abnormality bowel 127 49 (62.0%) 32 (66.7%) 0.704
456 © 2017 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Candidate Models for Prediction of Pathologic PI Controlling for Center Effect

Model n AUROC (95% CI) Model Components

Retrospective study model 109 0.713 (0.615-0.810) Lactate 22 mmol/L,* AKI, hemodynamic instability,
mechanical ventilation, absent bowel sounds

Laboratory only 79 0.831 (0.739-0.923) Hemoglobin,* INR,* WBC, potassium, creatinine,
lactate (continuous)

Laboratory only including lactate 22 mmol/L 79 0.830 (0.739-0.921) Hemoglobin,* lactate 22 mmol/L,* INR,** WBC,
potassium, creatinine

Examination and laboratory only 80 0.913 (0.850-0.975) Peritonitis,T hemoglobin,* lactate 22 mmol/L,* INR*

Final model 80 0.852 (0.764-0.939) Hemoglobin, * lactate 22 mmol/L,* INR,* small bowel
PI, AKI, ascites

Final model + peritonitis as predictor 80 0.924 (0.866-0.982) Peritonitis,* hemoglobin,* lactate 22 mmol/L,* INR,*

Small bowel PI, AKI, ascites

Shaded rows indicate peritonitis was included as a predictor variable in the model.
*Independent predictors in model at p < 0.05, controlled for center effect.
**Independent predictor in model at p < 0.2, controlled for center effect.
FIndependent predictors in model at p < 0.1, controlled for center effect.

AKI, acute kidney injury; CI, confidence interval.

likely reflects sloughing of the mucosa and resultant bleeding into
the gastrointestinal (GI) tract at the end points of ischemia. Other
laboratory measurements including an elevated INR have been
shown to be a product of decreased perfusion and shock.?® All
these predictors of pathologic PI are clinical factors that of impor-
tance in any patient with abdominal complaints. Conversely, radio-
logical patterns of PI differ in how to predict bowel necrosis'>*>
and did not appear to be as useful in distinguishing pathologic PI
from benign PI in the context of the other independent predictors.

The conditional probabilities of pathologic PI (see Table,
Supplemental Digital Content 1, http://links.lww.com/TA/A892)
highlight the importance of our key predictive indicators of hemo-
globin, lactate 2 mmol/L or greater, INR, and the presence of
small bowel PI. For example, in a patient presenting with a normal
hemoglobin of 14 g/dL, lactate less than 2 mmol/L, a normal INR
(1.0), and non—small bowel PI, the probability of pathologic PI
was only 3%. In contrast, the presence of small bowel PI in-
creases the probability to 9%. Furthermore, if lactate 2 mmol/L
or greater is present plus small bowel PI, the risk of pathologic
Pl rises to 35%. As the INR increases to 2.0, the risk of path-
ologic PI almost doubles to 65%. Likewise, with a normal
INR, normal lactate, and non—small bowel PI, the conditional
probability of pathologic PI rises to 4% for hemoglobin of 13
g/dL, 6% for 12 g/dL, 8% for 11 g/dL, and 11% for 10 g/dL.
With the addition of lactate 2 mmol/L or greater, normal INR,

and presence of small bowel PI, the conditional probabilities in-
crease to 44%, 53%, 62%, and 70% for the respective hemo-
globin drops from 13 g/dL to 10g/dL, respectively. Additional
combinations of key indicators for differing hemoglobin con-
centrations and INRs, presence of lactate of 2 mmol/L or greater,
and location of pneumatosis are provided in Supplemental Dig-
ital Content 1, http://links.lww.com/TA/A892 to estimate condi-
tional probabilities of pathologic PI.

Limitations

This was a prospective observational study. No interven-
tions were performed in these patents secondary to the study,
but rather patients underwent surgery if the clinical judgment
of the physicians involved indicated they needed such interven-
tions. Missing data were present in 47 of the 127 patients preclud-
ing their inclusion in the logistic regression modeling. Those with
missing data were compared with those not missing data, and
there was no statistically significant difference in demographics,
initial presentation, or mortality. Thus, the data are missing at
random. In the subset analysis that included only those patients
presenting initially without peritonitis on physical examination,
a lactate value of 2.0 mmol/L or greater, elevated INR, and de-
creased hemoglobin all trended toward statistical significance
for prediction of pathologic PI, but did not meet the p < 0.05
level when nesting for center effect. We believe this reflects

TABLE 6. Comparison of the Independent Predictors of Pathologic PI Between Models Including and Not Including Patients

Presenting With Peritonitis Controlled for Center Effect

All Patients Including Peritonitis All Patients Excluding Peritonitis Subset Presenting
as Predictor Variable* as Predictor Variable ‘Without Peritonitis

Predictor Variable OR (95% CI) P OR (95% CI) P OR (95% CI) P
Lactate 22 mmol/L 5.0(1.1-224) 0.037 5.0 (1.5-17.0) 0.009 10.1 (0.9-115) 0.055
Elevated INR 4.1(1.2-13.9) 0.023 2.9 (1.1-7.3) 0.030 7.6 (0.9-66.8) 0.066
Hemoglobin 0.7 (0.5-0.9) 0.023 0.7 (1.1-1.9) 0.012 0.7 (0.4-1.0) 0.063
Peritonitis 35.8 (3.0407) 0.005
AUROC (95% CI) 0.924 (0.866—0.982) 0.852 (0.764-0.939) 0.873 (0.792-0.953)

*Model also includes small bowel pneumatosis, acute kidney injury, and ascites on CT imaging.

AUROC, area under the receiver operating curve; CI, confidence interval.
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the study being underpowered for this subset analysis when
center effect is accounted for.

Future Investigation

Perhaps future efforts can be directed to clarifying within the
group of pathologic PI, of which they can undergo nonoperative
treatment while receiving aggressive resuscitation on an attempt
to reverse the ischemia process and avoid transmural necrosis.

CONCLUSIONS

‘We recommend surgical exploration to be strongly consid-
ered for those PI patients presenting also with a lactate 2 mmol/L
or greater and/or peritonitis. We suggest careful clinical correla-
tion in those patients with small bowel PI, adynamic ileus, ane-
mia, and high INR.

Pathologic PI is associated most strongly with a decreased
hemoglobin, elevated INR, and lactate of 2 mmol/L or greater
even in patients presenting without peritonitis. We recommend
a high index of suspicion of disease requiring operative interven-
tion in patients demonstrating these initial laboratory abnormal-
ities especially when radiographic findings including small
bowel PI and ascites are also present.
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DISCUSSION

Dr. Fred A. Luchette (Maywood, Illinois): Good morn-
ing, everyone. Dr. Davis, never look down. I’ll begin by con-
gratulating Dr. Callcut and her colleagues on completing this
prospective clinical study.

This is an interesting study in that the authors correlated
the finding of pneumatosis cystoides intestinalis on CT scan with
clinical and laboratory findings to predict patients that will have
transmural ischemia at laparotomy. They conclude that peritonitis
and an elevated lactic acid are predictive of dead bowel. I don’t
know about the rest of the audience, but I think we have known
this for a long time.

I do want to remind everyone that pneumatosis intestinalis
is not a disease but merely a radiographic sign that can be idiopathic
or associated with many intestinal or nonintestinal disorders such
as obstructive pulmonary disease and asthma. However, most
cases of pneumatosis intestinalis are secondary to bowel ische-
mia and/or infarction and only 15% are idiopathic. With that
in mind, I am not sure why the group labeled the patients that
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were managed non-operatively as “benign PI” since pneumatosis
is a radiographic sign of an underlying problem. So Rachael,
perhaps you could begin by commenting on why this label
was applied to the non-operative group. I do have a couple more
questions for the authors.

If we agree that mesenteric ischemia is the most common
etiology for pneumatosis, I think that your group missed an
opportunity to also correlate the vascular anatomy on the CT
images with the other study variables. Specifically, knowing if
the etiology of ischemia is due to an embolism, venous throm-
bosis or acute on chronic thrombosis will allow you to plan for
the proper operation in advance. So Rachael, I would appreciate
hearing your comments regarding not including this important
information that can be gleaned from the CT images.

Sixty-two percent of the patients in the Benign PI group
did not receive a laparotomy. How can you be so certain that
the ischemia didn’t involve more than the mucosa? Did you fol-
low these patients long term to see if they developed an ischemic
stricture or stensosis? Similarly, five patients in the pathologic
PI group did not undergo laparotomy. How did you determine
that they indeed had transmural necrosis? The range of days
for hospital admission in the Benign PI group begins at zero
days. This would suggest that the patient was discharged after
the CT scan. How can you be certain that the patient did not
have ischemic bowel? Why would an outpatient be included
in your study population?

Lastly, I need your help with how I am to change my prac-
tice as a result of your findings in this study. Recently the resi-
dents at Loyola have named me the Old Dog and I am not sure
why. For several decades, I have relied on the patient’s history
and clinical exam to decide if they need an operation. So when
I have a patient with peritonitis and an elevated lactate, the pres-
ence or absence of pneumatosis cystoides intestinalis on a CT
scan will not deter me from proceeding to the OR emergently.
However, as I noted above, it will cause me to pay particular
attention to the vasculature for an etiology. In contrast, when
the medicine service obtains a CT scan on Friday at 5:00pm
for whatever ridiculous reason and they consult us because
there is mesenteric venous gas, we do not immediately sched-
ule the patient for a laparotomy unless there is peritonitis. If
the abdominal exam is benign, I would begin the patient on
broad spectrum antibiotics, resuscitate them and follow them
with serial exams. So with the conclusions that you presented
today, how should I change my practice?

I, again, want to congratulate you and your team for
an excellent study and presentation. And I also want to thank
the Program Committee for allowing this Old Dog the priv-
ilege of opening the discussion of this interesting study.
Thank you.

Dr. Sheldon H. Teperman (New York, New York):
Rachael, I’'m particularly grateful to you for doing this study. I
used to have an old boss, that on morning report if you hadn’t
operated on every patient with pneumatosis he would tear your
head off.

My question is, since you so elegantly elucidated that
there are the benign causes in 79% of patients, was your dataset
able to actually capture it if it wasn’t bad bowel or dead bowel.
What were the causes of the benign cases of pneumatosis in
your study?

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

Dr. Ajai K. Malhotra (Burlington, Vermont): I enjoyed
the presentation. The problem has come about by increasing use
of CT scan and we get these patients which have pneumatosis
and the patient feels fine and then what do you do.

Well, I suspect we can go back to what Past-President
Dr. Richardson had presented a paper in the early ’80s, do a
DPL. DPL in non-trauma acute abdomens is extremely sensi-
tive to presence or absence of trans-mural necrosis because in
the presence of trans-mural necrosis there will be leuko-
sequestration.

The second point, just as Fred said, just because the feel-
ing was that the pneumatosis did not contribute to the death in
the so-called benign ones does not mean it did not. There was
some problem that probably contributed to the death, even if it
was not transmural necrosis, in the labeled but not benign ones.

Dr. Charles E. Wiles, III (Buffalo, New York): At the
Medical Society for the State of New York House of Delegates’
meeting last spring, a family practice intern from an institution
both Dr. Luchette and I have been associated with at various
times presented a paper which won honorable mention stating
that you could identify in the emergency department 75% of
the benign PI patients and discharge them home.

The reason it didn’t win first prize is the surgeon on the
jury thought that that might be a rash approach. I’d ask the
authors to comment.

Dr. Kevin M. Schuster (New Haven, Connecticut): Very
nicely presented. I just have one simple question. I wonder about
how these patients presented because I think about these patients
differently. The patient that presents to the emergency depart-
ment with new onset A-FIB and acute abdominal pain is differ-
ent from the patient who has been in the medical intensive care
unit for three months and gets a CT scan just because the patient
had a fever and pneumatosis is discovered.

Dr. Victoria Sharp (Fresno, California): Really interest-
ing paper. I just had a question about the INR and hemoglobin
that you mentioned. Did you have specific values that you used
as your elevated INR or hemoglobin? Were those, especially the
hemoglobin, gender-specific that you used? Thank you.

Dr. Rachael A. Callcut (San Francisco, California): First,
I’d like to thank Dr. Luchette for his very important comments,
in which he appropriately highlighted the difficulty in doing
this type of study, and thank all the other folks who got up
to ask questions.

First I want to address the questions that were asked and
then I’ll address Dr. Luchette’s concerns.

With regard to the causes of benign pneumatosis, we were
able to determine based on final diagnoses that were presented
to us or autopsy findings in none of those patients did they die
of a septic cause of death. The vast majority of these patients
died of unrelated things such as cancers that were unrelated to
the abdomen.

With regard to Dr. Malhotra and the issue of the DPL and
the deaths, it is interesting that some of the patients who were in
the benign group actually did go to the operating room and got
as close as we do to DPLs now and had diagnostic laparoscopies
and they were closed immediately. So it is somewhat analogous
to the DPLs situation.

With regard to the paper that was presented at another
society with the benign pneumatosis with the rate of 75% of

459

Copyright © 2017 Wolters Kluwer Health, Inc. All rights reserved.



Ferrada et al.

J Trauma Acute Care Surg
Volume 82, Number 3

the patients that were—you see that is very close to what we
have here. And it’s likely that benign pneumatosis is actually
much more common than we have traditionally thought about.
I don’t, however, think that our data is strong enough to actu-
ally recommend that you can determine upfront that these
patients are clearly benign.

Of the patients who were in the benign group who ulti-
mately did have operations, there were findings in those groups
not related to the pneumatosis—not directly related to bowel
ischemia, I should say—but the pneumatosis was related to
other conditions such as bowel cancers that were diagnosed at
the time of laparotomy. So I’m not certain that we can establish
that those patients can just safely be discharged home based
on our data.

We did not collect how the patients presented and that
would be a very interesting finding. We can go back and look
at it. But we do know the length of time from when the pa-
tients had their CT scan done and the labs done before that
and they were generally two to four hours. I think we can
safely say that something acutely had changed about those pa-
tients in the immediate preceding time to the CT scans being
obtained because labs were obtained in a relatively short time
period—two to four hours before.

We did not use a specific cut-off and we treated hemoglo-
bin and INR as continuous variables. But just to remind folks,
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the hemoglobin in the group that had the pathologic pneumatosis
was around 10 versus around 12 in the benign group. And
INR was 1.1 in the benign group and 1.4 in those with patho-
logic pneumatosis.

Dr. Luchette has pointed out some really important
features. And we have made some amendments to our paper
to do the sensitivity analysis to look at this data as I presented,
not just in those who have peritonitis but those who do not
have peritonitis.

It would have been great for us to be able to look at the
modality of imaging and correlate it to the specific vascular
changes; however, as you can imagine because of the way that
we set up the study the patients already had their CT scan before
they were actually enrolled into the study so not everyone had a
CT angio which is, of course, the gold standard in assessing the
vasculature so it is very difficult with low numbers to be able to
actually say something meaningful about that.

We do not have long-term data on the patients so it’s a
fair criticism that we don’t know other than based on the clin-
ical diagnostic modalities that were used, including some
scopes in the patients, it was not possible for us to determine
whether or not these patients have had long-term complica-
tions of their benign pneumatosis.

Again, I’d like to thank the AAST and the Multi-Institutional
Trials Committee as well as my coauthors. Thank you.
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