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ABSTRACT

In order to demonstrate the use of predictive modeling in SAS Enterprise Miner, We will examine the problem of
resistant infection in the hospital using data from the National Inpatient Sample. The National Inpatient Sample
contains approximately 8 million records and represents 37 states. A sample of 800,000 inpatient events or about
10% of the records will be used to investigate the problem. Of 800,000 events, 6000 or 0.75% of the records had a
diagnosis of resistant infection. Using data visualization techniques and predictive modeling as well as SAS Text
Miner, we found the infection treated with an infusion of antibiotics in only 197 patients, with an infusion of linezolid in
95 patients, indicating the use of antibiotics is under-reported, or under-utilized.

Since there are thousands of codes used to define patient condition and treatment procedures, in order to use
predictive modeling, these codes must be reduced to a manageable number. SAS Text Miner can be used for this
purpose. Predictive modeling demonstrated that, diagnoses are not highly correlated with the occurrence of resistant
infection, but treatment procedures are and can be used to predict patient risk. Using these predictions, techniques
can be used to reduce the incidence of infection.

INTRODUCTION

Resistant infection is a serious nosocomial problem (meaning that the infection occurred because of the hospital).
There are few antibiotics that are effective in treating these infections, and the patient consequences can be
significant, including amputation and death. Moreover, these infections add significantly to the cost of patient care and
add to the patient length of stay. Medicare has just recently announced that they will no longer reimburse healthcare
providers for the added cost of nosocomial |nfect|on meaning that the provider will have to shoulder the complete
cost of treating the infection until patient dlscharge The most difficult of the resistant infections is MRSA (Methicillin
Resistant Staph), and we will use MRSA to represent the general category of resistant infections to see if we can
predict its occurrence.

In the past, focus has been on general infection control procedures , assuming a uniform patient risk, or on targeting
patrents using specific demographic and health parameters °In these studies, one patient location (for example,
ICU) or one 1patlent treatment was investigated. ® To date, the infections have not been controlled or prevented very
successfully Attempts to predict the infection have also not been terribly successful. If predictive modeling on a
more general basis can be used to identify those patients at high risk for acquiring reS|stant |nfect|on preventive
measures can be used on a targeted group of patients to reduce the likelihood of infection. '

METHOD

We use data from the National Inpatient Sample that contain information from all inpatient events for 37 participating
states, with 8 million records for the year 2004. More information about the dataset is available at http://www.hcup-
us.ahrg.gov/nisoverview.jsp#databases. The data contain some basic patient demographics, fifteen columns
concerning patient condition, and another fifteen columns identifying patient treatments. These columns use ICD9
codes detailing health information." There are thousands of possible codes that can be listed. We want to see if we
can use treatment choices to find those with higher risk of infection compared to other treatments.

Before any predictive modeling is possible, we must compress these diagnosis and procedure clusters in some way
that is meaningful. It is not enough to examine the codes; we must also use all combinations of codes, the number of
which increases factorially. To do this compression, we use SAS Text Miner. In this way, combinations are linked, and
can be compressed into a small number of clusters. We create a series of clusters for patient diagnoses and another
series of clusters for patient procedures. Both sets of clusters are then used in the predictive model. We then use the
clusters and patient demographics to predict the occurrence of resistant infection. We want to identify those patients
at highest risk so that aggressive, preventive treatment can be initiated.

In addition, we want to identify the added cost of MRSA to the hospital to get an estimate of the added costs that the
healthcare provider must absorb. The costs are considerable, but also vary across patient treatment and diagnosis
clusters.



RESULTS

We use a 10% sample of 800,000 patients. Approximately 6000 have a diagnosis of resistant infection. The average
length of stay for the patients without resistant infection is 4.59 days ($20,270 average total charges) compared to
9.85 days ($36,979 average total charges) for patients with resistant infection. Approximately 2% of patients without
resistant infection died compared to 4% of resistant patients who died.

To investigate the problem of resistant infection across the entire distribution of patients, we use PROC KDE to
estimate the population distribution using the code:

proc sort data=mrsa.nis out=mrsa.sortednis;

by mrsa;

proc kde data=mrsa.sortednis;

univar los/gridl=0 gridu=50 out=mrsa.kdelos method=os;

univar totchg/gridl=0 gridu=50000 out=mrsa.kdetotchg method=os bwm=.2;
by mrsa ;

run;

Figure 1 shows the difference in hospital length of stay and Figure 2 shows the difference in total charges. The two
graphs show that patients with MRSA have a higher probability of longer stay and higher charges compared to
patients without MRSA. However, this representation is incomplete since it could also be that patients with more
severe problems are the ones who are more likely to acquire MRSA. We need to consider patient risk.

Figure 1. Process Flow for Length of Stay Between Patients With and Without MRSA.
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To consider the patient diagnoses and treatment procedures, we first use the CATX procedure in a data step to
combine the 15 columns into one text string,

CATX (' ‘,dx1,dx2,dx3,dx4,dx5,dx6,dx7,dx8,dx9,dx10,dx11,dx12,dx13,dx14,dx15);
CATX (' ‘,prl,pr2,pr3,pr4,pr5,pr6,pr7,pr8,pr9,prl0,prll,prl2,prl3,prld,prld);

Next, we use SAS Text Miner to cluster the text strings so that we can use patient condition in the predictive model
(Display 1). Display 2 shows the changes to the defaults to stratify the sample, needed because MRSA remains a
rare occurrence. Display 3 shows the changes to the defaults for Text Miner so that the icd9 number codes can be
used in the analysis.
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Figure 2. Probability Density of Total Charges Between Patients With and Without MRSA
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Display 1. Process Flow for SAS Text Miner

SAS Code (2
MRSAALL Sample (N Teut Miner (27 e

Display 2. Stratified Sampling for Rare Occurrence
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Display 3. Changes to the Defaults for SAS Text Miner
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Display 4 shows the 31 clusters defined for the procedure codes; similarly, a total of 30 clusters were defined for the
diagnoses codes. The codes in the clusters in Display 4 can be identified through the website,
http://icd9cm.chrisendres.com/index.php. We consider some of the clusters below:

For cluster 1:

39.95 Hemodialysis

40.0 Incision of lymphatic structures

39.43 Removal of arteriovenous shunt for renal dialysis
38.95 Venous catheterization for renal dialysis

39.42 Revision of arteriovenous shunt for renal dialysis

For cluster 22:

39.93 Insertion of vessel-to-vessel cannula

80.82 Other local excision or destruction of lesion of joint (elbow)

54.3 Excision or destruction of lesion or tissue of abdominal wall or umbilicus
85.0 Mastotomy

82.01 Exploration of tendon sheath of hand

Both of these clusters (as shown in Table 1) have a high incidence rate of MRSA. Contrast these with cluster 2 with a
low incidence rate of MRSA:

81.02 Other cervical fusion, anterior technique

84.51 Insertion of interbody spinal fusion device

81.62 Fusion or refusion of 2-3 vertebrae

81.08 Lumbar and lumbosacral fusion, posterior technique
81.51 Total hip replacement
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Display 4. Text Clusters of ICD9 Procedure Codes
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10|13, 3614, 3615, 3723 182 72,3481, 3421, 270
5876, 5122, 5431, 8638, 5123, 5185, 47 ¢ | 35048313, 8622, 3893, 7863, 666, 54 -
1| o1, avs3, 8601, 5961 261 01, 7867, 8633, 8201
12 | 3 sg04, 7789, 3659 715 36, 4341, 4202, 4824
13| 39 @10, 8108, 8051 101 42, 3318, 3949, 8347
9920, 5353, 3722, 8357, 3607, 3601, 88 25 | 9946, 2531, 9353, B4l 3547, 9541 251
14| 55 3805, 3606, 3723 182 g | 99059925, 8605, 6891, 8607, 1331, 57 e
966, 9702, 9999, 9703, 4311, 9672, 451 U3, G841, 4131, 5343
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We next examine the relationship of procedure cluster to the occurrence of MRSA using the stratified sample with
50% MRSA. We first examine the relationship of procedure cluster to the occurrence of resistant infection (Table 1).
While the stratified sampling introduces a bias into the table, the table does indicate which clusters are more likely to
have the MRSA.

Table 1. Procedure Cluster by Percentage of MRSA

Procedure Cluster MRSA Total Procedure Cluster MRSA Total
0 1 0 1
17 100 63 163
61.35 38.65
1.67 1.05
18 433 4 437
95.56 4.44 99.08 0.92
0.72 0.03 7.25 0.07
3 2471 1819 4290 19 200 400 600
57.60 42.40 33.33 66.67
41.36 30.45 3.35 6.70




SAS Global Forum 2008

Pharma, Life Sciences and Healthcare

Procedure Cluster MRSA Total Procedure Cluster MRSA Total
0 1 0 1
20 87 4 91
95.60 4.40
1.46 0.07
5 42 93 135 21 231 126 357
31.11 68.89 64.71 35.29
0.70 1.56 3.87 2.11
6 166 5 171
97.08 2.92
2.78 0.08
8 164 6 170 24 178 145 323
96.47 3.53 55.11 44.89
2.75 0.10 2.98 2.43
9 91 53 144
63.19 36.81
1.52 0.89
10 140 52 192 26 113 55 168
72.92 27.08 67.26 32.74
2.34 0.87 1.89 0.92
11 177 84 261 27 75 53 128
67.82 32.18 58.59 41.41
2.96 1.41 1.26 0.89
28 248 3 251
98.80 1.20
4.15 0.05
13 55 46 101 29 183 142 325
54.46 45.54 56.31 43.69
0.92 0.77 3.06 2.38
14 185 7 192 30 55 47 102
96.35 3.65 53.92 46.08
3.10 0.12 0.92 0.79
16 83 34 117 Total 5974 5974 11948
70.94 29.06
1.39 0.57

Another cluster with a high proportion of MRSA is 31:

86.04 Other incision with drainage of skin and subcutaneous tissue

21.1 Incision of nose

71.09 Other incision of vulva and perineum

Similarly, cluster 25 starts in the same way, with procedures related to wounds:

86.04 Other incision with drainage of skin and subcutaneous tissue
83.19 Other division of soft tissue

86.22 Excisional debridement of wound, infection, or burn
38.93 Venous catheterization, not elsewhere classified
78.6 Removal of implanted devices from bone

86.66 Homograft to skin

These two clusters clearly show that incisions increase the risk of MRSA. Figure 3 shows the total charges for the
procedure clusters; Figure 4 shows the length of stay.



SAS Global Forum 2008 Pharma, Life Sciences and Healthcare

Figure 3. Total Charges by Procedure Cluster
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Although cluster 2 has a low rate of MRSA, the cost differential is considerable, adding more than 15 days to the
length of stay and almost $100,000 additional cost per patient. In contrast, procedure cluster 6 adds almost no
additional cost or stay for MRSA. Procedures in cluster 6 are all related to childbirth. Similarly, cluster 22 with a very

high rate of MRSA adds very little additional length of stay but no additional cost. Therefore, added cost of prevention
provides few financial benefits.

Figure 5 gives the average added cost for MRSA*frequency of occurrence for each cluster. It shows that cluster 3
with a moderate rate of occurrence adds substantially to the cost. Therefore, patients in this cluster should probably
be treated as if they are high risk. It is primarily related to prosthesis.
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Figure 4. Length of Stay by Procedure Clusters
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Figure 5. Total Cost of MRSA by Procedure
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Similarly, we examine patient diagnoses. Display 5 shows the 32 diagnosis clusters.
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Display 5. Diagnosis Clusters.
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Diagnosis 6 is related to patients with diabetes who have problems with diabetic foot ulcers:

440.23
707.15
250.70
250.80
682.7

730.07

atherosclerosis of the extremities with ulceration
ulcer of toes

diabetes with peripheral circulatory disorder
diabetes with other specified manifestations
cellulitis of foot

acute osteomyelitis of ankle and foot

Cluster 19 is related to bursitis and wounds:

916.5
891.1
916.1
680.6
726.65
989.5

insect bite, nonvenomous, infected
complicated open wounded of knee
abrasion or friction burn, infected
carbuncle and furuncle

prepatellar bursitis

venom

Cluster 22 is related to severe infection:




SAS Global Forum 2008 Pharma, Life Sciences and Healthcare

785.52 septic shock

996.62 complications of reattached hand
403.91 hypertensive kidney disease

996.73 complications of renal dialysis device
584.9 acute renal failure

036.9 meningococcal infection

Cluster 23 is related to substance abuse:
913.5 insect bite, infected

726.33 olecranon bursitis

682.4  cellulitis of hand

682.3  cellulitis, upper arm

305.1 tobacco use disorder

305.60 cocaine abuse

305.70 amphetamine abuse

305.90 unspecified drug abuse

Table 2 has the percentage of MRSA in the stratified sample. Figures 6 and 7 examine the total cost of MRSA. They
show that clusters 8 and 27 add significantly to cost.

Table 2. Percentage of MRSA for Diagnosis Clusters

Diagnosis | MRSA Total Diagnosis | MRSA Total
Clusters Clusters
0 1 0 1
1 210 125 335 17 141 217 358
62.69 37.31 39.39 60.61
3.52 2.09 2.36 3.63
2 314 56 370 18 160 58 218
84.86 15.14 73.39 26.61
5.26 0.94 2.68 0.97

10
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Diagnosis Clusters MRSA Total Diagnosis Clusters MRSA Total
Frequency 0 1 0 1
Row Pct
Col Pct
27 246 347 593
41.48 58.52
412 5.81
12 145 170 315 28 195 204 399
46.03 53.97 48.87 51.13
2.43 2.85 3.26 3.41
13 219 220 439 29 724 228 952
49.89 50.11 76.05 23.95
3.67 3.68 12.12 3.82
14 315 8 323 30 86 95 181
97.52 2.48 47.51 52.49
5.27 0.13 1.44 1.59
15 95 179 274 31 90 202 292
34.67 65.33 30.82 69.18
1.59 3.00 1.51 3.38
16 196 309 505 32 386 129 515
38.81 61.19 74.95 25.05
3.28 5.17 6.46 2.16
Total 5974 5974 11948

Cluster 14, while having a low rate of MRSA, has the highest cost differential. The diagnoses in this cluster are
related to a newborn:

V3001 single liveborn before current hospital admission
V3101 twin and mate liveborn before current hospital admission
770.89 other respiratory problems after birth

770.81 primary apnea of newborn

765.18 other preterm infant, 2000-2499 grams

779.3  feeding problem in newborn

Since a stratified sample was already used to increase the sampling of MRSA, there is no need to re-sample. The

prior probabilities were defined to reflect the true probability of occurrence (Display 6). MRSA is identified as a
binomial target.

11
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Figure 6. Charges by Diagnosis
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Figure 7. Length of Stay by Diagnosis
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Figure 8. Total Cost of MRSA by Diagnosis
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With the stratified sample, we retain the probability of actual occurrence (Display 6). Display 7 gives the predictive
model.

Display 6. Prior Probabilities for Occurrence of MRSA.
Decision Processing - MRSACLUSTERED2 rz|

| Targets | Priar Probahilties | Deisions | Decision Weights |

Do you wart to erter neww prior probahbilties?

(%) Yes ¥ Mo

Level Cou:nt Prior Adjusted Prior
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13
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Display 7. Predictive Modeling of MRSA

)

1
o8]
FAutoMeural (30

32

OtiMeural (33

MRSACLUSTERE
0z

Data Partition i
mparison (4)

Dmine
Regression (3)

i 3
el
Decision Tree (4

The model comparison node identifies the decision tree as the optimal model (Output 1).

Output 1. Model Comparison Output

Test: Train: Walid: Test: Train:
Average Average Average Average Akaike's Train: Valid: Test:
Gelected Profit for Sruared Sruared Srquared Information Misclaszification Misclaszification Misclaszification
Hodel Hodel Node mraa Error Error Error Criterion Rate Rate Rate
AutoNeurald 0.389905 0.24597 0.24895 0.24989 7539.77 0.49226 0.49498 0.49359
DMNeural3 0.67724 0.15692 0.15616 0.15762 -5494.98 0.36773 0.36914 0.38120
ImineReqg3 0.59838 0.13848 0.13870 0.14154 5 0.32482 0.32785 0.33714
ImineRegd 0.59838 0.13848 0.13870 0.14154 g 0.32462 0.32785 0.33714
MER3 . 0.20374 0.23458 0.z3252 -4z251.48 0.33654 0.40343 0.40212
Neurald 0.90117 0.22676 0.23109 0.23225 6533.70 0.433891 0.49163 0. 43965
Regd 0.50145 0.2z696 0.23003 0.z23z52 6230.67 0.46170 0.46010 0.45829
Rulel 0.57462 5 5 g 0.31833 0.32338 0.33212
ke Treed 0.80931 0.16359 0.16211 0.16638 0.37338 0.37388 0.37335

The ROC curves in Output 2 show that the Tree results are similar to those for DMNeural and DmineReg.

14
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Output 2. ROC Curves for Predictive Model
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While the misclassification rates seem high, the lift curves show that the patients with the greatest risk can be
predicted (Output 3).

Output 3. Lift Curve for Predictive Model
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As the Decision Tree was the optimal model, we examine it in more detail (Output 4). Note that the tree decisions are
based upon the procedure clusters rather than the diagnosis clusters. This implies that it is the treatments in the

hospital that increase the risk of MRSA more so than the severity of the patient’s condition, especially for those
patients at highest risk.

15
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Output 4. Decision Tree for MRSA

Cluster 1D

29,2 B 17.

Cluster ID Cluster 1D

ClusterID Cluster ID

We expand upon Output 4 by providing the English Rules for the Decision Tree. They clearly show that the primary
input variable is the procedure cluster.
IF Cluster ID IS ONE OF: 16 13321 182927691026 111428242017 8

230
AND Cluster ID IS ONE OF: 292 18 26 32 1 3 14 24 21
THEN

NODE : 5

N : 2348

1 o 1.4%

0 : 98.6%

IF Cluster ID IS ONE OF: 16 513321292791026 11 14241782 30
AND Cluster ID IS ONE OF: 61728 723201122481312105 151927 25

3016319
THEN

NODE : 6

N : 1729

1 : 11.5%

0 : 88.5%

IF Cluster ID IS ONE OF: 22 25 31
AND Cluster ID IS ONE OF: 292 18 26 32 1 3 14 24 21

THEN
NODE : 8
N : 18
1 : 60.4%
0 . 39.6%

IF Cluster ID ISONE OF: 571219234
AND Cluster ID IS ONE OF: 292 18 26 32 1 3 14 24 21

THEN
NODE : 9
N : 188
1 : 10.1%
0 : 89.9%
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IF Cluster ID IS ONE OF: 17 28 22 8 13 12 10 5 27 25 31
AND Cluster ID IS ONE OF: 2272515121 1923 314

THEN
NODE : 14
N : 340
1 1 29.7%
0 : 70.3%

IF Cluster IDISONEOF:672320114151930169
AND Cluster ID IS ONE OF: 2272515121 1923 314

THEN
NODE : 15
N : 155
1 D 74.4%
0 : 25.6%

The decision rule clearly shows that patient treatment rather than patient condition is the leading predictor of MRSA.
In particular, the top 2 deciles can be predicted much better than chance. Knowing that these patients have a high
likelihood of contracting MRSA, steps can be taken to treat them prophylactically to prevent infection.

Once we find the optimal predictive model, we can score the original dataset to find the individual patients most at risk
for MRSA (Display 11).

Display 11. Predictive Model With Score Node

Sk

Decision Tree

R 1
=3

AutoMeural

143444
131444

Rule Induction

e

Meural Metwork

g

DiMeural

Dmine
Regression

-*Ei-—»-

MRSAALL Sample Data Partition

i
L]

Model Score (&) SAS Code (4

The score node adds the following variables to the dataset (Output 5).

17
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Output 5. Variables Added by Score Node

Score Output Variables

NAME FUNCTION CREATOR LABEL

I MR34 DECISION Fule Decizion: MR3A

EL_ME3L AFEESS Fule Expected Losa: MRIL

EM CLASSIFICATION CLASSIFICATION Joored Prediction for mrsa

EM DECISION DECISION Joored Fecomnmended Decision for mrsa
ENM _EVENTPROBABILITY FEEDICT Joored Frobability for lewvel 1 of mrsa
EM_LOS3 AZIETS Joored Expect Loss for mrsa

EM PROBABILITY PREDICT Jcored Probability of Classification
EN_35EGHMENT TRANIFORM Joored Jeguent

I nrsa CLASSIFICATION Fule Into: mrsa

P _MR340 FEEDICT Fule Fredicted: mrsza=0

P_MR3AL PREDICT Fule Predicted: mrsza=l1

T_hin CLASSIFICATION Mmnormalized Into: _bin

T mrsa CLAGIIFICATION Fule Mmnormalized Into: mrsa
_LEAF_ TRANSFOFM Rule Leaf

_NODE_ TRANSFOFHM Rule Node

_WARN AZIETS Fule Warnings

_bin TRANSFOFM

b mrza TRANIFORM MdlConp

To find the decile for an individual patient, we can use the following code in the code node (where the names of the
datasets are extracted from Display 12 found by highlighting the link between the score node and the SAS code node.
Note that the name of the scored dataset in Display 12 is equal to EMWS.score2_SCORE; it should be substituted for
scored in the macro code.

/* extract number of observations from scored data */
$let dsid=%sysfunc (open (scored));

%let nobs=%sysfunc (attrn(&dsid, nobs));

%let rc=%sysfunc(close(&dsid)) ;

/* add variable to randomize within score */
data a;

set scored;

ranvar=rand ('uniform');
run;

/* sort by score and randomly within score */
proc sort data=a out=b;

by descending score ranvar;
run;

/* assign deciles based on row */
data c;
set Db;
decile=ceil (10* n /&nobs.);
run;

proc freqg data=c;
tables decile;
run;

proc print data=c;

var id score decile ranvar;
run;
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Display 12. Datasets Created by Score Node

o EMCODE4 |
TRAIN
Tahle

ariables
Fuole Train
WALIDATE
Tahle Enyvs.Seare? WALIDATE [

ariables
Fuole

Ens.Scored _TRAIM

alidate

Tahble
ariahles
Fole

EmMyWS. Score? TEST

Test

EmMyS.Score2 SCORE  [e

Tahle
ariables
Rale Scare

CONCLUSION

One of the confounding factors with the occurrence of resistant infection is the practice of infection control
in hospitals-and the variability in the adherence to infection control procedures. Even so, once different
groups of procedures can be used to predict the occurrence of resistant infection, steps can be taken to
reduce that occurrence through the use of prevention in the form of prophylactic antibiotics, or in
increased adherence to infection control. Treatment procedures related to dialysis, for example, have a
much higher risk of infection, and this knowledge can be used to reduce the problem.
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