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Abstract

Objective

This study aims to evaluate the performance of Rapid Emergency Medicine Score (REMS),

Rapid Acute Physiology Score (RAPS), and Modified Early Warning Score (MEWS) in

ascertaining the severity of illness and predicting the mortality of adult hepatic portal venous

gas (HPVG) patients presenting to the emergency department (ED). This will assist emer-

gency physicians (EPs) in risk stratification.

Methods

Data for 66 adult HPVG patients who visited the EDs of 2 research hospitals between Octo-

ber 1999 and April 2016 were analyzed. REMS, RAPS, and MEWS were calculated based

on data in the ED, and probability of death was calculated for each patient based on these

scores. The ability of REMS, RAPS, and MEWS to predict group mortality was assessed by

using receiver operating characteristic (ROC) curve analysis and calibration analysis.

Results

The sensitivity, specificity, and accuracy for each scoring system were 92.1%, 89.3%, and

90.9% for REMS, 86.8%, 82.1%, and 84.8% for RAPS, and 78.9%, 89.3%, and 83.3% for

MEWS respectively. In the ROC curve analysis, the areas under the curve for REMS,

RAPS, and MEWS were 0.929, 0.877, and 0.856 respectively.
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Conclusion

Our study is the largest series performed in a population of adult HPVG patients in the ED.

The results from this study demonstrate that REMS is superior in predicting the mortality of

these patients compared to RAPS and MEWS. We therefore recommend that REMS be

used for outcome prediction and risk stratification of adult HPVG in the ED.

Introduction

Hepatic portal venous gas (HPVG) was first noted by Wolfe and Evans in a 1955 report on

neonates with necrotizing enterocolitis [1]. Though very rare, this critically important radio-

logical sign has traditionally been associated with life-threatening surgical conditions [2–4]

and high mortality rates of 29% to 90% [2, 3, 5–7]. With the widespread use of modern diag-

nostic imaging technology, the number of patients found to have HPVG has been increasing

[2–4, 8]. Studies on these patients revealed that surgical intervention was not always necessary

for those whose HPVG had a benign etiology [3–5, 8]. Hence, risk stratification in the emer-

gency department (ED) is crucial in assisting emergency physicians (EPs), surgeons, and

intensivists identify critically ill HPVG patients and counsel family members about their prog-

noses. There is however still a lack of an established method to rapidly, easily, and accurately

predict the outcomes of these patients.

In our previous study [8], we found that the Simplified Acute Physiology Score II (SAPS II),

Acute Physiology and Chronic Health Evaluation II (APACHE II) score, and Sequential

Organ Failure Assessment (SOFA) score can provide potentially valuable prognostic informa-

tion in assessing illness severity and predicting mortality of adult HPVG patients presenting to

the ED. However, these scoring systems, which are meant for the intensive care setting, require

laboratory investigations [8, 9] and hence may not be feasible for rapid scoring in all EDs.

Some of the more feasible and favorable scoring systems used in the ED to quickly identify

critically ill patients and predict hospitalization include the Rapid Emergency Medicine Score

(REMS) [9–12], Rapid Acute Physiology Score (RAPS) [9, 13], and Modified Early Warning

Score (MEWS) [12, 14]. To the best of our knowledge, there is no literature describing the

application of these ED scoring systems in HPVG patients. This study thus evaluates their per-

formance in ascertaining illness severity and predicting mortality of adult HPVG patients pre-

senting to the ED.

Material and methods

Study design

This is a retrospective data longitudinal analysis conducted from October 1999 to April 2016.

Study setting

The study was conducted in the EDs of two training and research hospitals, Linkou Chang

Gung Memorial Hospital (3338 beds with approximately 15000 ED patients monthly in 2016)

and Keelung Chang Gung Memorial Hospital (1098 beds with approximately 5800 ED patients

monthly in 2016).
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Ethics with study approval

The study was performed following approval by Chang Gung Medical Foundation Institution

Review Board (105-1133C).

Data collection

Patients older than 18 years who were admitted to the ED with abdominal pain and had under-

gone a contrast-enhanced abdominal computed tomography (CT) scan with the findings of

HPVG within this period were recruited. Initial keywords searched included ‘portal venous

gas’, ‘portal gas (air)’, and ‘hepatic gas (air)’. Subsequently, a total of 66 HPVG patients were

selected via a search engine by examining all radiological data stored in the hospitals’ emer-

gency radiological database, with confirmation by a board-certified radiologist with over 20

years of experience in abdominal imaging. Medical records were carefully reviewed for the fol-

lowing parameters: age, sex, clinical presentation, temperature, heart rate, respiratory rate,

blood pressure, Glasgow Coma Scale (GCS), and peripheral oxygen saturation. These parame-

ters were assessed carefully alongside radiographic imaging and any other relevant data. All of

the physiological scores were computed using these data. All of the patients in the study had a

contrast-enhanced CT scan.

Etiology

If surgery was performed, the intraoperative findings and histopathology reports were inte-

grated and analyzed to confirm the underlying etiology. Clinical presentations, CT scan

images, inpatient progress, and discharge diagnoses were considered as reference standards

when surgery was not done. The study end-point was taken as mortality or survival upon dis-

charge from our hospitals.

Statistical analysis

Numerical and categorical variables are shown as mean±SD, and frequencies are displayed as

percentages (%). Univariate analyses were applied to study the association between predictors

and mortality, while categorical and numerical variables were analyzed with a chi-square test

and two-sample t-test respectively. A logistic regression analysis was performed to develop

predictive models between scoring systems and mortality. The probability of death was calcu-

lated based on the predictive models using the logit formula:

p ¼
1

1þ exp½� ðb0 þ b1X1Þ�

(β0: Intercept; β1: Parameter estimate of score; X1: Score)

A two-sample t-test was applied to compare differences in death probability between non-

survivors and survivors. AUROC analysis was used to compare mortality predictability among

scoring systems. Hosmer-Lemeshow Statistic was used to determine model fitness of risk pre-

diction. Additionally, sensitivity, specificity, and rate of accuracy were generated based on the

optimal cutoff point derived from the AUROC analysis.

Results

A total of 66 patients who met the inclusion criteria were identified over 16.5 years. Among

the 66 patients, 45 patients had ischemic bowel disease. In the group of 21 patients without

ischemic bowel disease, 7 had intra-abdominal abscesses, 5 had biliary tract infections, 7 had

colitis, 1 had gastric ulcer, and 1 had appendicitis.
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All scoring systems were found to be significantly different between nonsurvivors and sur-

vivors. Statistically significant differences in patient variables are as follows: patient age of

73.47 years in nonsurvivors versus 63.46 years in survivors (p<0.05), mean arterial pressure of

63.62 mmHg in nonsurvivors versus 78.94 mmHg in survivors (p<0.05), respiratory rate of

25.53 breaths per minute in nonsurvivors versus 20.96 breaths per minute in survivors

(p<0.05), Glasgow Coma Scale (GCS) of 9.08 in nonsurvivors versus 14.39 in survivors

(p<0.0001), REMS of 14.21 in nonsurvivors versus 6.86 in survivors (p<0.0001), RAPS of 8.08

in nonsurvivors versus 3.11 in survivors (p<0.0001), and MEWS of 8.79 in nonsurvivors ver-

sus 4.43 in survivors (p<0.0001). All other patient characteristics were not significant different

for both groups (Table 1).

Based on the predictive model with the scoring systems using logistic regression analysis,

the probability of death was calculated and compared between nonsurvivors and survivors.

Using REMS, the probability of death was 0.823 for nonsurvivors versus 0.240 for survivors

(p<0.0001). With RAPS, probability of death was 0.755 in nonsurvivors versus 0.333 for survi-

vors (p<0.0001). For MEWS, probability of death was 0.749 in nonsurvivors versus 0.341 in

survivors (p<0.0001) (Table 2).

Table 1. Comparison of findings between survivors and nonsurvivors.

Characteristic Total

n = 66

Nonsurvivors

n = 38

Survivors

n = 28

P

Age* 69.23 ± 16.64 73.47 ± 14.36 63.46 ± 18.00 0.0145

Sex 0.6991

Female 30 (45.45) 16 (53.33) 14 (46.67)

Male 36 (54.55) 22 (61.11) 14 (38.89)

Mean arterial pressure (mmHg)* 70.12 ± 31.02 63.62 ± 34.36 78.94 ± 23.62 0.0357

Body temperature (˚C) 36.85 ± 1.67 36.70 ± 1.80 37.06 ± 1.47 0.3974

Pulse rate (/min) 112.30 ± 36.01 112.11 ± 44.43 112.57 ± 20.40 0.9547

Respiratory rate (/min)* 23.59 ± 9.26 25.53 ± 10.95 20.96 ± 5.45 0.0303

Glasgow Coma Scale* 11.33 ± 4.62 9.08 ± 4.87 14.39 ± 1.40 <.0001

REMS score* 11.09 ± 5.23 14.21 ± 4.01 6.86 ± 3.39 <.0001

RAPS score* 5.97 ± 4.15 8.08 ± 3.60 3.11 ± 2.99 <.0001

MEWS score* 6.94 ± 3.46 8.79 ± 2.90 4.43 ± 2.44 <.0001

Type of management 0.7241

Conservative 24 (36.36) 15 (62.50) 9 (37.50)

Surgery 42 (63.64) 23 (54.76) 19 (45.24)

ED presentation to operation (hours) 6.94 ± 3.46 7.51 ± 11.13 8.00 ± 7.80 0.8435

Symptom onset to ED presentation (hours) 49.98 ± 29.03 50.38 ± 31.11 49.45 ± 26.49 0.8983

* Indicates a statistically significant difference between the survivors and nonsurvivors.

https://doi.org/10.1371/journal.pone.0184813.t001

Table 2. The probability of death predicted by the REMS, RAPS, and MEWS scoring systems.

Assessment tools Survivors Nonsurvivors P

REMS a 0.240 ± 0.270 0.823 ± 0.220 <.0001

RAPS b 0.333 ± 0.239 0.755 ± 0.229 <.0001

MEWS c 0.341 ± 0.233 0.749 ± 0.254 <.0001

a P ¼ 1

1þexp½� ð� 5:8633þ0:5895�REMSÞ�

b P ¼ 1

1þexp½� ð� 2:3268þ0:5025�RAPSÞ�

c P ¼ 1

1þexp½� ð� 3:0612þ0:5176�MEWSÞ�

https://doi.org/10.1371/journal.pone.0184813.t002
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The AUROC analysis demonstrated the predictability of REMS, RAPS, and MEWS as

0.9286, 0.8769, and 0.8562 respectively, while Hosmer Lemeshow statistic p-value were 0.232,

0.161, and 0.761 respectively (Fig 1).

The highest accuracy rate was found in the model with REMS (90.9%), compared with

RAPS (84.8%) and MEWS (83.3%). REMS also had the highest sensitivity (92.1%) and specific-

ity (89.3%) among the three scoring systems (Table 3).

Fig 1. Receiver operating curves for predicting death according to REMS, RAPS, and MEWS.

https://doi.org/10.1371/journal.pone.0184813.g001

Table 3. Sensitivity, specificity, and accuracy rates of the REMS, RAPS, MEWS scoring systems for

predicting mortality.

Diagnostic values REMS* RAPS* MEWS*

Sensitivity 35/38 (92.1%) 33/38 (86.8%) 30/38 (78.9%)

Specificity 25/28 (89.3%) 23/28 (82.1%) 25/28 (89.3%)

Accuracy rate 60/66 (90.9%) 56/66 (84.8%) 55/66 (83.3%)

*The optimal cutoff point of REMS, RAPS, and MEWS is 11, 4, and 6, respectively.

https://doi.org/10.1371/journal.pone.0184813.t003
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Discussion

This study is to the best of our knowledge one of the largest analyses of adult HPVG patients

in the ED. It is also the first report to date to assess clinical applicability of REMS, RAPS, and

MEWS to these patients, in terms of determining illness severity and predicting mortality. A

higher REMS, RAPS, and MEWS on ED admission were found to be a significant predictor of

in-hospital mortality in adult HPVG patients despite the wide range of possible abdominal

catastrophes.

Calculating REMS is a novel method to predict precisely yet easily the outcomes of adult

HPVG patients in the ED. This scoring system was originally developed by Olsson et al based

on a population of non-surgical ED patients [9–11]. As demonstrated in our study, REMS is

superior in predicting the mortality of adult HPVG patients in the ED when compared to

RAPS and MEWS. This adds to the evidence supporting the high adaptability of REMS—Ols-

son et al showed that it had the same predictive accuracy as the well-established but more com-

plicated APACHE II score [10]. He also found that REMS was superior to RAPS as a powerful

predictor of in-hospital mortality of ED patients with a wide range of common non-surgical

disorders [11]. Furthermore, Goodacre et al showed that REMS is a better predictor of mortal-

ity than RAPS in emergency medical admissions [15], while Bulut et al demonstrated that

REMS was more effective than MEWS in predicting hospitalization and in-hospital mortality

of medical and surgical patients admitted to the ED [12]. Even in trauma patients, REMS also

appears to be a simple, accurate predictor of in-hospital mortality [16].

REMS is calculated based on five physiologic parameters (mean arterial pressure, respira-

tory rate, heart rate, peripheral oxygen saturation, GCS score) and age [10, 11]. All of these

measurements are always routinely collected and readily available in most ED setups, which

makes REMS an easy-to-calculate and feasible tool in the ED setting. The AUROC for REMS

of 0.9286 also illustrates its good discriminatory ability for predicting mortality in adult HPVG

patients at time of ED presentation. In our patient population, REMS too performed the best

in terms of sensitivity (92.1%) and specificity (89.3%) when predicting mortality. These results

are important, as HPVG is only a radiologic finding that suggests a variety of underlying dis-

ease without providing a definite preliminary diagnosis [3, 4, 8, 17, 18], possibly confusing

EPs, surgeons, and intensivists during practice. In addition to the high sensitivity and specific-

ity of REMS, its accuracy of 90.9% can help EPs, surgeons, and intensivists to promptly identify

critically ill HPVG patients, confidently stratify them more easily, and then discuss with family

members regarding the prognosis and allocate the medical resources.

RAPS is an abbreviated version of the APACHE II score. It is highly predictive of mortality

when calculated in the prehospital setting and extended to the full APACHE II score upon

admission [9, 19]. As shown in our study, the specificity of RAPS of 82.1% was not as good as

that of REMS and MEWS. A possible explanation is that RAPS is too abbreviated and only

comprises heart rate, respiratory rate, mean arterial pressure and GCS. Since most of the vari-

ables included in RAPS are vital signs, the results of the score can easily be affected in anxious

patients with non-specific abdominal pain caused by colitis, rather than suffering from life-

threatening ischemic bowel disease.

MEWS is a simple, easily repeatable and non-disease-specific triage instrument used in the

ED to predict mortality and thereafter decide between ward or intensive care unit admission

[12, 20–23]. Although it has been found to be effective in predicting in-hospital mortality of

medical and surgical patients presenting to the ED, its accuracy in predicting mortality of our

patient population was not comparable to REMS or RAPS.

Reanalysis of statistical models after including surgery related variables did not produce sta-

tistically significant results with regards to predicting patient mortality. Such surgery related
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variables included type of management (conservative or surgery), duration between ED pre-

sentation and operation, and duration between symptom onset and ED presentation. This is

because of the varied etiology of HPVG in our population, with 31.8% of the population not

having ischemic bowel disease; the mortality of these patients without ischemic bowel disease

depended on their clinical condition upon presentation, instead of surgery related variables.

Another confounding factor affecting the association between surgery related variables and

mortality was the reluctance of family members to provide consent on behalf of severely ill

patients to undergo surgery. Nevertheless, these findings support our conclusion that REMS,

RAPS, and MEWS were the dominant predictors of patient mortality, and that mortality rates

can still be easily assessed based on the patient’s clinical state at time of presentation.

It should be acknowledged that the findings of our retrospective study require confirmation

through a prospective study. Our study was also limited by the small population size, though it

already is one of the largest analyses conducted in the population of adult HPVG patients pre-

senting to the ED; this is due to the low incidence of HPVG hindering large-scale prospective

studies.

Conclusion

This study is the largest series performed in a population of adult HPVG patients presenting to

the ED. Results demonstrated that REMS is superior in predicting the mortality of these

patients, compared to RAPS and MEWS. We therefore recommend that REMS be used for

outcome prediction and risk stratification in adult HPVG patients in the ED.
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