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Predictive Bayesian Network Model Using Electronic Patient Records for Prevention of
Hospital-Acquired Pressure Ulcers
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Purpose: The study was designed to determine the discriminating ability of a Bayesian network (BN) for predicting risk for
pressure ulcers. Methods: Analysis was done using a retrospective cohort, nursing records representing 21,114 hospital
days, 3,348 patients at risk for ulcers, admitted to the intensive care unit of a tertiary teaching hospital between January 2004
and January 2007. A BN model and two logistic regression (LR) versions, model-I and -lI, were compared, varying the nature,
number and quality of input variables. Classification competence and case coverage of the models were tested and com-
pared using a threefold cross validation method. Results: Average incidence of ulcers was 6.12%. Of the two LR models,
model-I demonstrated better indexes of statistical model fits. The BN model had a sensitivity of 81.95%, specificity of
75.63%, positive and negative predictive values of 35.62% and 96.22% respectively. The area under the receiver operating
characteristic (AUROC) was 85.01% implying moderate to good overall performance, which was similar to LR model-l. How-
ever, regarding case coverage, the BN model was 100% compared to 15.88% of LR. Conclusion: Discriminating ability of
the BN model was found to be acceptable and case coverage proved to be excellent for clinical use.

Key words: Pressure ulcer, Bayesian prediction, Logistic models, Risk assessment, Data mining
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Selection criteria
- Adults 18 years and older
- No pressure ulcer on admission

- More than 3 days in hospital
- Stayed in the ICU more than
2 days

Extract the patient list
transferred to SICU
(Npt=19,756,

Jan.1. 2004-Dec. 31. 2006)

Filter the patient

5 list
(Npt=3,348)

Ulcer group At-risk group
developed ulcers at no developed ulcers
least one day or more
(Npt=203) (Npt=3,145)
No-ulcer days Ulcer days No-ulcer days
(Nhospitar-day = 1,467) (Nhospital-day =2,676) (Nhospitat-say = 16,940)

Data analysis
(Nhospital-ay=21,114)

Figure 1. Procedure for extracting data from the clinical data repository (CDR) of the research hospital. Nyt and Nhospita-cay are the numbers of pa-
tients and hospital-day, respectively.

Predictors selection —
Missing rate=< 50% | .... N Select s!gnlflcant :
Chi-square & t-test (p<.05) predictors Train Data 1
4| variables with 50% missing
36 predictors 4 Train Data rate and lower
K (Nhospta-cey=14,016) N Train Data 2
4| variables with 10% missing
Divide the data into ‘ rate and lower
Train & Test data sets Test Data 1
¢ . 4| variables with 50% missing
Creation of oredict \‘ Train Data rate and lower
reation odplre ictive (Nbospia-cey=7,098) Test Data 2
models 4 variables with 10% missing
17 best predictors Regression Model | rate and lower
"""""""""" > variables with 50% missing
rate and lower
15 best predictors Regression Model Il
------------------- > variables with 10% missing
rate and lower
13 best predictors
------------------- >| BN Model |
vl Regression Model | |
Simulation for Model _
validity N —>| Regression Model Il |

Figure 2. A summary of analytic procedures, Nhospital-cay IS the number of hospital-day, BN stands for Bayesian Network.
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Table 1. Group Comparison of Demographic Characteristics between
Ulcer Group and Risk Group

Pressure-  At-risk
Characteristics N ulcergroup group torx* p
(n=205) (n=3,143)
Gender M 2,016 140 1,876 595 015
(68.29%)  (59.69%)
F 1,332 65 1,267
(31.71%)  (40.31%)
Mean age in years 63.1 59.0 3.59 <.001
(16.3) (15.7)
Length of hospital stay 84.04 34.89 8.70 <.001
(79.83) (50.30)
Length of stay in ICU 20.36 5.39 8.23 <.001
(256.93) (9.60)
Medical ~ Neurological 1,084 86 998 2496 24.96
diagnosis (41.95%) (31.75%)
Cardiovascular 750 44 706
(21.46%) (22.46%)
Surgical 601 46 555
(22.44%)  (17.66%)
Respiratory 581 13 568
(6.34%)  (18.07%)
Others 332 16 316
(7.80%)  (10.05%)

o140] 138 AHE1aL QL &
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9% 3l
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ofabA) B} o 5% = B stk T1of vlaf 9E2S £
i o] %_:o} 2710 2let B B

[e)
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2 et 3 HRIE-2 33485 5205750 2 F6.12%%TE
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Table 2. Multiple Logistic Regression Models Examining Risks of Pressure Ulcers
Model-I
Predictors
Beta OR (95% Cl) Beta OR (95% Cl)
Male 0.32 1.38*(1.06, 1.79) -0.42 0.66" (0.58, 0.73)
Body mass index -0.09 0.911(0.87, 0.96)
Transfer from ER -1.57 0.217(0.13, 0.35) -0.21 0.81*(0.74, 0.90)
Medical diagnosis
Respiratory Ref. 1.00 Ref. 1.00
Neurological 0.78 2.23*(1.27, 3.95) -0.27 0.76" (0.63, 0.92)
Cardiovascular 0.62 1.86* (1.08, 3.22) 0.20 1.221(1.02, 1.47)
Surgical 0.31 .43 (0.79, 2.56) -0.04 0.96" (0.79, 1.17)
Other 0.98 2.70* (1.47, 4.95) -0.16 0.85' (0.68, 1.07)
Systolic blood pressure 0.02 1.027 (1.01, 1.03)
Diastolic blood pressure -0.04 0.96(0.94, 0.98)
Number of urinations 0.08 1.08" (1.05, 1.11) 0.11 1.117(1.10, 1.12)
Number of defecations 0.08 1.08" (1.04, 1.13) 0.06 1.06" (1.05, 1.07)
Any stomy -0.85 0.421(0.29, 0.61) -0.43 0.65" (0.59, 0.72)
Number of drain tubes 0.02 1.02" (0.06, 0.65) -
Any catheterization -1.59 0.20" (0.06, 0.65) -1.30 0.27" (0.22, 0.35)
Number of position changes 0.18 1.207 (1.14, 1.26) 0.07 1.077 (1.05, 1.08)
Peripheral sensory: not intact -0.32 0.671(0.48, 0.92) -
Skin condition: not intact -1.02 2.76"(2.12, 3.59)
Albumin -1.10 0.33"(0.21, 0.52)
Number of sedatives administered -0.36 0.70" (0.53, 0.92)
Any straint -0.32 0.72* (0.55, 0.93)
Age in years - 0.01 1.027(1.01, 1.02)
Length of stay - - 0.01 1.027 (1.02, 1.03)
Any inotropic support - - -0.46 0.63*(0.48, 0.83)
Total parenteral nutrition - - 0.65 1.917(1.72, 2.11)
Any sedation - - 0.46 0.63"(0.53, 0.74)
Number of anticoagulants administered - - -0.90 0.69* (0.60, 0.79)
Number of analgesics administered - - -0.38 0.41"(0.25, 0.68)
Modelspecific
Wald x? statistic X?[20]=1510.47 X2 [18]=12,401.96
AIC 1,775.93 14,321.90
R 0.40 0.24
Hosmer and Lemeshow goodness-of-fit test X [8]=8.91 X° [8]=1149.70

*Confidence intervals (95% Cl) not containing the null value (1.00) are statistically significant at p<.05; Tp<.001 for ¥ tests; The Akaike information criterion (AIC),
a measure of statistical model fit, was used to compare the amount of information explained across the logistic regression models. A lower AIC value indicates

amodel is a better fit for the observed data.
ER=emergency room; OR=odds ratio; Cl=confidence interval.

AARAA PR ) E BH 219 7 40, Zd-[1+= 240]Q]ck 2
¥ M} mgo] 24| of| = 85 B|w5H= Hosmer and Leme-
show g AZ oM mell-19] A4S A2 =) ok (y
[8]=891, p>.05), BEl[1= wEo] ZgHa}A| ke 710 2 vpehgrh
(2 [8]=149.70, p< 001).

3. S o= H|o|X|2t HERT Y
7idhE] BNIElL- 147)) #i2= 1 =9} 137)] 8], 19577} A 8t
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Table 3. Results of the Sensitivity, Specificity, Positive Predictive Value,
and Negative Predictive Value

Cut-off Sensitivity Specificity PPV NPV Odds 95% ClI

0 100 0 14.13 100 - -

2 96.39 4466 2227 9869 2155 15.11-30.73

5 93.02 56.22 259 98 1711 15.70-18.66
10 88.57 6516 2949 972 1449 13.46-15.61
20 81.95 7563 3562 9622 14.09 13.16-15.09
30 74.73 81.04 3933 9512 12.64 11.82-13.52
40 67.63 84.9 4242 9441 11.75 10.97-12.59
50 60.29 88 4526 93.09 1113 10.36-11.97
60 54.87 90.46 48.61 9242 11.53 10.67-12.46
70 47.77 9252 5123 915 1131 10.40-12.31
80 35.62 9493 5362 8996 10.36  9.39-11.43
85 29.36 96.22  56.09 8923 10.58 9.46-11.83
90 21.18 9735 5677 8825 9.87 8.66-11.25
95 11.91 98.80  63.87 8722 12.05 9.90-14.66
98 4.33 99.62 6545 86.36 11.78 8.51-16.55
99.5 0.48 99.98 80 85.93 24.11  5.86-99.23
100 0 100 100 85.87 24.11

PPV =positive predictive value; NPV =negative predictive value.
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Table 4. Test Characteristics of the Predictive Models
Regression Regression Bayesian
Model-I Model-Il Network Model
Sensitivity 83.63% 76.13% 81.95%
Specificity 74.32% 74.51% 75.63%
Positive predictive value 30.73% 32.92% 35.62%
Negative predictive value 97.16% 95.04% 96.22%
Area under the ROC 84.53% 80.72% 85.01%
(95% Cl) (81.23-87.81) (79.21-82.27)
Table 5. Case Coverage by the Predictive Models
Number of record (%)
Data set Regression  Regression Bayesian Total (%)
Model-I Model-II Network Model
Training set 2,414 13,947 14,016 15,231(100.0)
Testing set 1,040 6,815 7,098 5,883 (100.0)
Total 3,352 (15.88) 20,762 (98.33) 21,114 (100.0) 21,114 (100.0)
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