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EVALUATION OF THE

IBM PATIENT PHYSIOLOGICAL MONITORING SYSTEM

I ABSTRACT

The IBM Patient Physiological Monitoring System (PPMS) is a respiratory

oriented system which provides data on cardiac and respiratory functions as

well as vital signs. VPMS was tested in the Intensive Care Unit (ICU) of

Wilford Hall USAF Medical Center , Lackland AFB , Texas, during 1 July through

31 December 1976, and was linkud by telephone to a computer at Mt. Sinai Medical

Center, New York City .’~rhe test was conducted to determine the degree to which

the system fulfills its objective of improving the delivery and outcome of

patient care, the acceptance of the system by operating personnel, and the

economic feasibility of the system in the military setting.

Findings were based on data concerning the treatment and outcome of care

for 81 pa tien ts mon itored using standard m~nitoring techniques , 82 patients

monitored using PPMS, op inion survey results, and the system internal record

of inquiries. Data concerning the treatment and outcome of care indicates that

PPMS fulfills its objective of improving the delivery and outcome of patient

care to some extent. In particular , there was improvemen t in the average

length of stay in the ICU , the average time of ventilatory support required ,

and in the occurrence of pneumonia ,arrhythinias, myocardial failure, oliguria ,

and anuria. It further indicates that the drug requirements of the two groups

were different but reflected appropriate treatment of the existing medical

problems . 
\\
The net result of these changes is that there is some indication

that PPMS is cost effective . Opinion questionnaire results and the systems
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internal record of utilization indicate that PPMS was accepted by

~nesthesi0l0gi$t5 and blood gas technicians but not by thoracic surgeons.

Nurses’ acceptance of PPMS is uncertain. In addition, opinion questionnaires

indicated that PPMS did not per~iit freedom from administrative detail , but

did increase awareness of the constantly changing physiological states of

patients for some user categories.

In conclusion, it has been demonstrated that PPMS is, to some extent,

beneficial to seriously ill patients, and is potentially cost effective.

It is therefore recommended that patient physiological monitoring efforts

continue in the Air Force and Department of Defense. It is not recommended

tha t PPMS be proliferated as it now exists because of certain features which

surgeons and nurses do not like. It is recommended that the Tn —Service

Medical Information System (TRIMIS) Program Office procure a prototype system

competitively . Such a system should be a complete package having capabilities

to satisfy all user groups, i.e., thoracic surgeons, anesthesiologists, nurses,

and blood gas technicians.

1Uz~~ A. D~w~4~FRANCIS ~~~~~~~~~~~~~ CaL, USAF , MC j~~~~~ICHARD A./DEVALL, CAPT, USAF, MSC
Chairman , Dep rtment of Anesthesiology Medical Systems Division
Wilford -Hall USAF Medical Center Office of the Surgeon General, USAF
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EVALUATION OF THE

IBM PATIENT PHYSIOLOGICAL MONITORING SYSTEM

SECTION A - INTRODUCTION

1. Background.

a. System Description. The IBM Patient Physiological Monitoring System

(PPMS) is a respiratory oriented system s~hich provides data on cardiac and

respiratory functions as well as vital signs. PPMS measures eight basic

patient parameters using standard medical devices and inputs them directly

into a computer. Blood gas and chemistry are entered manually. These

measurements are used to derive the values of 20 additional parameters .

Parameters which are measured and derived are listed in Appendix A.

PPMS is programmed to update all patient parameters every 10 minutes

following the collection of 30 seconds of respiratory data and 10 seconds of

cardiovascular data. If more recent information is required , demand or

continuous mode monitoring may be requested. If information is requested

on demand , the values of the parameters are available in 38 seconds. Thirty

seconds is required to gather data from a sample, and eight seconds is required

to process the data. If continuous mode monitoring is selected , the values

of the patient parameters are calculated and displayed every minute.

Visual disp lays include alphanumeric TV display, 4, 12, and 24 hour graphic

trend plots; and the system provides hard copy capability. The video display ronitor

1
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may be used to obtain vital signs reports , shift , daily, and periodic timed

reports , historical displays , trend assessment displays , multi p le ~ ar~~I -.1c-uer

display, and graphic disp lay of parameter correlations . The instruments used

to obtain measurements are given in Appendix B.

b. History. PPMS originated from an IBM research program with Pacific

Medical Center in 1965. The contribution to medicine is attributed mostly

to Dr John .1. Osborn , Director of the Cardio-pulmonary Intensive Care and

Clinical Research Unit. The cart used during the evaluation was modified

at the Mt. Sinai Medical Center in New York City.

c. Evaluation. PPMS was tested in the Intensive Care Unit of Wilford

Hall LISAF Medical Center, Lackland AFB, TX, during the period 1 July through

31 December 1976. The test and evaluation resulted from an unsolicited

proposal by IBM. This proposal, which was recieved by the Air Force on

14 June 1975, called for the loint demonstration and evaluation of a natient

physiological monitoring system.

The test and evaluation of PPMS was an approved TRIMIS project. The

Army and Navy were invited to participate but did not respond.

2. Responsibilities.

a. IBM was responsible under contract with the US Air Force for the

— following:

(1) The removal of one Cardio-Pulmonary Patient Monitoring unit from

Mt. Sinai Hospital in New York City.

(a) The testing and checkout of the patient monitoring unit under

simulated operating conditions at their facility in Gaithersburg , Maryland.

2
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(b) The installation of the patient monitorin~ u n i t  in the

Intens ive Care Unit of Wilford Hall USAF Medical Center.

(2) The return packing and shipment of the patient monitoring unit

to Mt. Sinai Hospital to include disconnection.

(3) Technical support for the patient monitoring unit while at

Lackland AFB, Texas.

(4) A minimum of two man weeks (10 days) of manpower support in the

development and determination of an evaluation protocol.

(5) Dealing directly with Mt. Sinai Medical Center in coordinating

the testing and removal of the patient monitoring unit.

b. Mt. Sinai Medical Center was responsible for providing the following

under contract with the US Air Force:

(1) One patient monitoring unit which was located at Mt. Sinai

Medical Center .

(2) Twenty-four hour computer processing capability from Mt.  Sinai

to the patient monitoring unit located at Wilford Hall.

(3) Two Teledynamic Modems. One Model 7278 was to be located at

Mt. Sinai Medical Center , and one Model 7201B was to be located at Wilford

Hall USAF Medical Center.

(4) A user ’s manual for the patient monitoring unit for use by

Wilford Hall USAF Medical Center .

(5) On site training for each of at least two Wilford Hall USAF

Medical Center personnel.
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(6) Fac i l i t i e s, space , tools , special tes t  equi pment , and computer

t ime for IBM to test  and check out the pa t ien t  moni tor ing un i t  be fore  i t

was shipped .

(7) Clinical and technical consultations as needed .

(8) One Marquette Six-Channel Transmitter and Receiver.

c . USA.F R esponsibilities under contract with IBM.

(1) When installation and checkout of thc patient monitoring unit

and other government equipment were comp leted , Wilford Hall USAF Medical

Center was to accept responsibility for the care and safeguarding of the

e:~uipment .

(2) Wilford Hall USAF Medical Center was to accep t all profess ional ,

administrative , and legal responsibilities for normal and special patient

care and all hospital functions associated with this effort.

d . The US Air Force was responsible for the following under contract

with Mt. Sinai Medical Center.

(1) All normal maintenance and labor costs not provided for under

contract with IBM.

(2) Travel , lodging, and meals for personnel receiving training

at Mt. Sinai Medical Center.

(3) When installation and checkout of the patient monitoring unit

were complete , Wilford Hall USAF Medical Center was to accept responsibility

for the care and safeguarding of equipment .

(4) Wilford h all USAF Medical Center was to accept all professional ,

administrative , and legal responsibilities for normal and special care and

all hospital functions associated with the test and evaluation effort.4
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(5) Wilford h all USAF Medical Center was to protect , iJe~:ir , i fv ,

and save harmless ~-1t . Sinai , its employees , and medical staff from and

against all liabilities , claims , and judgements of Wilford Hall USAF Med ical

Center patients , their families , or assigns arising out of the operation

of the equipmen t , including , but not limited to, the operation of the

computer in connection with the equipment .

3. Objectives.

a. System Objectives . The objectives of PPMS are to improve the delivery

and outcome of patient care through the following:

(1) Improved awareness of the constantly changing physiologic

state of the patient.

(2) Earlier recognition of unfavorable physiologic trends , and ,

theiefore , earlier institution of the rapy .

(3) Improved control of ventilatory therapy.

(4) Enhanced ab i l i ty  to recognize medical ins t rumenta t ion m a l f u n c t i o n s.

(5) Freeing physicians and nurses from c ler ical  work .

b. Evaluation Objectives . Three prime evaluation objectives were derived

from the system object ives . They are to determine the following :

(1) The degree to which the system fulfills its objective of

improving the delivery and outcome of patient care.

(2) The acceptance of the system by operating personnel.

(3) The economic feasibility of the system in the military setting.

5
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4. Hypotheses. One primary and 11 subsidiary hypotheses art~ .~ssoc iated

with the first evaluation objective . They are listed below in the form of

null hypotheses. No hypotheses were associated with the second and third

objec tives , but they were measured using techniques outlined in the next

section.

a. Primary hypo thesi .~. In the care of patients with cr itical problems

of the heart and lungs , utilization of a PPMS will , when compared to presen t

methods , have no effeec on the delivery and outcome of patient care .

b. Subs idiary hypotheses .

(1) In the care of patients with critical problems of the hear t

and lungs , utilization of a PPMS will , when compared to present methods , have

no effect on the rate and causes of mortality.

(2) In the care of pa tien ts with cri tical problems of the hear t and

lungs , utilization of a PPMS will , when compared to present methods have

no effect on the length of patient stay in the ICU .

(3) In the care of patients with critical problems of the heart and

lungs , utilization of a PPMS will, when compared to present methods , have

no effect on the total time of ventilatory support .

(4) In the care of patients with critical problems of the hear t

and lungs , utilization of a PPMS will , when compared to present methods , have

no effec t on the time to vascular stability.

(5) In the care of patien ts with critical problems of the hear t and

lungs , utilization of a PPMS will, when compared to present methods , have

no effec t on cardiac crises .

6
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(6) In the care of patients with critical problems of the h e a r t

and lungs , utilization of a PPMS will , when compared to present UICLLULS ,

have no effect on respiratory crises .

(7) In the care of patients with critical problems of the hear t and

lungs , utilization of a PPNS will , when compared to present methods , have

no effect on vascular instability.

(8) In the care of patients with critical problems of the heart

and lungs , ut ilization of a PPMS will , when compared to present methods , have

no effect on the occurance of renal dysfunction, e.g., ol iguria , anuria.

(9) In the care of patiants with critical problems of the heart and

lungs , utilization of a PPMS will , when compared to present methods, have

no effec t on the occurance of neurologic disasters , e.g., coma , stroke.

(10) In the care o~ patients with critical problems of the heart and

lungs , utilization of a PPNS will , when compared to presen t methods , have no

effect on the types , amounts , and duration of medication utilized .

(II) In the care of patients with critical problems of the heart and

lungs , utilization of a PPNS will , when compared to present methods , have

no effec t on the type and number of laboratory tests ordered .

SECTION B - METHODOLOGY

5. h ypothesis Testing . Hypotheses were tested by compar ing Test and Control

Group patients. Test Group patients are ICU patients monitored during the

tes t period using PPNS . Control Group patients are patients who were selected

7
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from ICU patients pri or to the installation of PPNS . Patient selection

was based on diagnosis , age, sex , and medical condition at the time of

admission. The select ion process is illustrated in Appendix C .

a. Age Group Determination. For the purpose of evaluation , all Test

and Control Group patients were divided into age groups using the Department

of Heal th, Education and Welfare groupings for morbidity. They are as follows :

(1) Under 1 year

(2) 1 - 4 years

(3) 5 - 14 years

(4) 15 - 24 years

(5) 25 - 34 years

(6) 35 - 44 years

(7) 45 - 54 years

(8) 55 - 64 years

(9) 65 - 74 years

(10) 75 - 84 years

(11) 85 years and over

b . Medical Condition. The medical condition of patients at admission

was given as an integer between zero and ten ar- 1 is the sum of points awarded

for each of the five following areas :

(1) Duration of cardiopulmonary pump i ~~ t (heart-lung machine):

(a) 2 points 0 - 30 minutes

(b) 1 poin t 31 - 90 minutes

(c) 0 points 91 minutes or longer

8
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(2) Renal/Cerebral function

(a) 2 points Normal function

(b) 1 point Minor dysfunction of either or both systems

(c) 0 points Major dysfunction of either or both systems

= (3) Myocardial performance

(a) 2 points No suppor t required

(b) I point Responding to inotropic stimulation

(c) 0 points Inotrop ic stimulation with poor response

(4) Respira tory status

(a) 2 po in ts Spontaneous ventilation

(b) 1 point Assisted ventilation

(c) 0 points Controlled ventilation

(5) Units of blood trans fused

(a) 2 points 2 or fewer units

(b) 1 point 2 - 6 units

(c) 0 points More than 6 units

c. Test and Control Group Comparability. In order to have meaningful

results , it is important that the test and control groups be comparable.

That is , they should be composed of patients having simLlar age, sex , diagnos is ,

and similar medical condition at the time of admission . Adherence to the

prev iously outlined matching process should insure that the groups are

comparable. Nevertheless , standard statistical methods were used to test

comparability .

9
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(1) A test for the difference between means was used to comparL the Sex

composi tion of the group.

(2) Chi-S quare analysis was used in comparing the diagnosis composition

of the group.

(3) It was originally planned to use a one way analysis of variance to

compare age and medical condition, but these variables were not normally

distribu ted . Therefore a form of test for the difference between means using

the t disbribution was used.

d. Data Collection . Data was collected by four nurses and one blood

gas technician during the period of September 1976 through May 1977. They

used a data collec tion form designed prior to the beginning of the data

collection effort. The form required that following data concerning the

patients be collected :

(1) Age

(2) Sex

(3) Diagnosis

(4) Medical Conditions .

(5) Mortality

(6) Total time in ICU

(7) Total time venti latory support required

(8) Time to vascular  s t a b i l i t y

(9) Medication required for each quarter of admission

10
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(10) Laboratory tests required for each quarter day of ~idmission

(11) Cardiac crises , respiratory crises , vascular instability, renal

dysfunc tion , and neurologic disasters will be quantified each quarter of

admission using the following scale:

Table 1 - Quantification of Crises

Code De f in i t i on

0 No problem

1 Problem exists , but no treatment is required

2 Problem exists, but patient is responding to
treatment

3 Problem exists and patient is not responding
to treatment

e. Hypothesis Testing . Hypotheses were tested using the data listed above .

(1) Hypothesis 4b(l) was tested using a test for the difference in

proportions .

(2) Hypotheses 4b(2) through 4b(4), 4b(lO) and 4b(ll) were tested

using a test for the difference between means.

(3) Hypotheses 4b(5) through 4b(9) were tested using an index based

on the occurrence and severity of crises . Cardiac crises , respiratory crises ,

vascular instability, renal dysfunction and neurologic disaster were

11
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quantified each quarter day of admission using the scale given in Table 1. An

average, called the “cr isis index” , was calculated for e~ chi qua r t e r  day. Test

and control groups were compared graphically and using a test for the difference

between means.

6. Economic Feasibility of PPMS. The economic feasibility of PPMS was tested

by converting change in length of stay , change in medication utilization , and

change in numbers of laboratory tests into dollar figures. If the total monetary

value of the changes represents a dollar savings when projected over the life

expectancy of the system, then PPMS is considered economically feasible.

7. System Acceptance. System acceptance was measured through qualitative and

quantitative methods.

a. Qualitative Methods . The qualitative measurement was accomplished by

means of interview questionnaires administered after three months of PPMS use

and again at the end of the test period. The questionnaire consisted of 27

statements. Users were asked to indicate the extent to which they agreed with

the statement by circling the appropriate number from one to ten. Selection

of the number “10” indicated strong agreement with the statement , while selection

of the number “1” indicated strong disagreement. Some statements were concerned

with user opinion of the system while other statements required the user to

indicate how he felt members of his functional user category would feel about

PPMS.

b. Quantitative Methods. Quantitative measurement of system acceptance

was accomplished through the system’s record of utilization by each user type.

This measure was obtained by coded keyboard entry without the knowledge

12
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of the user. Issues which were recorded include user type , length of

interaction , type of interrogation and frequency of interaction. It was

assumed that the patterns and frequency of use over the entire test period

would reflect system utility and acceptance.

8. Limitations.

a. Sampled Population. The sampled population for this study was the

patients , staff, and facilities of Wilford Hall USAF Medical Center during

the period 1 July 1976 through 31 December 1976. No attempt should be

made to generalize beyond this scope. Further restrictions on the sampled

population follow:

(1) Facili ties used were restricted to the Intensive Care Unit located

within the surgical suite. —

(2) Patients monitored were restricted to patients having severe

problems of the heart or lungs located within this IC!).

(3) Staff members involved were restricted to thoracic surgeons ,

anesthesiologists , nurses and blood gas technicians who provided medical

care to monitored patients .

b. Time Lag between Control Group and Test Group . The time lag between

Test Group patients and Control Group patients was as much as a year . This

introduced the possibility of new variables such as new innovations in

medicine , turn over in personnel and increased competence of personnel. Some

personnel associated with this evaluation felt that the effect of the time

13
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lag was negligible , especially when compared to the effect of a learning

curve factor which could result from selecting test and control group

patients from the same period . By learning curve factor we mean that staff

members may have learned the physical characteristics associated with

certain medical conditions. The staff members would then be able to apply

what they learned to control group patients and effect the outcome of their

treatment.

c. Data were collected by a succession of four nurses and one blood gas

technician. Although data collectors worked individually , each knew what

data had been previously collected . Nevertheless, medical records are

subject to interpretation. Since interpretation can vary from person to

person, data may have not been collected consistently. However, we do not

feel that reliability was seriously effected , because data collectors collected

data for both test and control group patients. Assuming that each data collector

was consistent in his interpretation , this helps to negate the difference in

interpretation among data collectors.

d. No depreciation is normally used in determining costs in Air Force

hospitals. Therefore, it was not considered in determining the cost effective—

ness of PPMS.

e. Due to a malfunction within the system’s record of utilization, the

interaction of users with PPMS was not recorded for all days PPMS was in use.

14
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SECTION C - FINDINGS

- . Background DaLa Background data includes s~ x , aU :, p : ~a:-~’ -J  
- 

- . -~~~~ ~; ,

and the condition of patients at the time of admission into the ICU.

Background. data i S  tested to dLtermine the comparabili ty of tes t  and co:~trol

group pa t ient s .  Any s ign i f ican t  differences mus t be considered in draw ng

conclusions relative ~o th e hypotheses.

a. Sex . The sex of :-est and control group patient s is giv-s n in Table 2.

Test and control groups were compared using a test for the difference b ctw - r~

proportions . The difference was found to be not significant at the .05 level

of si~ r~~ficance . This indicates that the two groups have similar structure

according to sex.

Table 2 - Sex

Sex Test Group Patients Control Group f-atiexts

Male - 58 51.~

Female 2)-i- 27
81

70.7% Male 66 .7-j~ Male

15
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b. Age. Table 3 provides an outline of the age of ~est and control

group patiens . A test for the difference between means indicates tha~. The

difference between age for the two groups is riot significant at the .C-~ level

of significance. This indicates that test and control group patients have

comparable ages. Similar tests also indicate that the average ace for male

patients is about the same for test and control ~roup patients, and the

average a~e of test ~r-tup female patients is about the same as control group

female patients.

Table 3 - A;e

Number of ::-Jmb- ~r of
A~~ Gro up Test Group ~a i e nt s :~ trcl  troct ~~~~~~~~

Under l 2 0

2 3

5-l~4 5 9

l5-21-i- 3 5

25-3).i. 5 2

35- 14i- 1) -i- lL~

)45-51t 22 18

26 22

u 5-7~4 2 
- 

8

75- 8~-~ 1 0

85-up 0 0
Total 81

Average 11.3.817

16
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c. Pr~mary Diagnosis. 
the pr imar y diageos- .s ~f g.e L~ si. mee

group patients are g ven in Appendix B. No statistical method was used

to test the signtfiear~ce. jievertheless , it does appear ~hat the dia~eoc::

are aboc - he sam e for both groups .

d.  Med teal Condition . As previously indicated , medical co nd~ t ic n tiac

represented by a number from one to ten based on five categories : pump run ,

re nal/cerebral funct ion , myocardial function , respiratory status , and en its

of blood transfused . The average medical condition for test and control

group pat ients  is compared in Appendix E according to sex and age group .

A t est  for the d i f f erence bet ween means was us ed t o compare d i f f erenc es

between ~:cst and control group averages . It showed that di f fc i -ence  was

sig n i f i ca r 1t a~ the .05 level of’ significance. ~ifferences were also

s ign i f ican t  for pump run , renal/cerebral fun ct io~ , and respira tory  status .

Slightly different results are obtained when the differences in medical

condition are tes~cd for male and female patients. The difference u t  total

medical condi tion s sign i f i c a n t  at the .05 level of si gn i f i c ance only for

male pa t i en t s .  Similarly , the dif fe rence in pump run is s ignif icant  only

for male pat ients .  In addition , the difference in Renal/Cerebral Function

is not significan for male patients or female patients . All other res~J t s

are the same as the results for all patients combined.

e. Comparability of Test and Control Group . Test and control group

structures are roughly comparable . Despite fact that ;omc d i f f e r e n c e s  are

17
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F significant , most lie within ranges which were considered acceptable prior

to the test. These ranges are a difference of one point in total modical

condition and 10 years in age . The difference in average age for female

patients exceeded the 10 year range , but the difference was not significant .

All signif ican t d i f f e r ences will be cons idered when appr opr iate in the

discussion of mortality and morbidity.

10. Mortality . Mortality rates for test and control group patients are

outlined in Table 4. Tests for the differences between means indicate that

no differences
L

TABLE 4 — MORTALITY

Control Group Test C’.roup
Patients Patients

Male

Survived 51 53

Expired 3 5

Mortality Rate 5.6% 8.6%

Female

Survived 23 22

Expired 4 2

Mortality Rate 14.8% 8.3%

Total

Survived 74 75

Expired 7 7

Mortality Rate 8.6% 8.3%

18
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When male and female pat ients  were considered jointly , the 1e.el of

cance was .0559, just mi s s in g  the cut off point . The r;duet or. in av-:rag-:

h of stay woul d nave been s ign i f ican t  if it has b~ en r c -J sseu  as aedit ir ~sat

~l mi nut es , wi thout ch ang in~ the st andard error of ~ne dI f f e r en c e .  It was

es~ ablished a paragraph it that the medical condi t ion of t es t  group pa t ies t s

at the time of admI ssion was s ignif icantly worse than for control grouo p a t t e s i

Co nsider~i n g  these f act o r s , eec might  conclud e- That the i-:sgth of s tay Is reduce~

for pa t i en t s  haviag equal medical con d i t i on  at th e cinte of admission .

b.  Ti me The ilatory Support Required . The average t ime ot’ vest i~~aoory

support required is summarized in Table 6. It was esoa slished Ic. paragrarh

10 that test group patient s had a respiratory status that was s gsifieas lt-

worse oh-an control  ~r oup pat~ cr i I s .  hever theless , t e s S  group pat ients  re;uir-ti

less time vent ilatory support than control group pacteats. All reduc t~~oss

shown in Table 6 are significant at the .05 level of significam ct . In addition .

all Type II errors are greater  than .10 .

Table 6 - Time V-tneilatory Support Sequired

Control Group Te s t Group
l a t l e nt s

Male 52 .i7 1-l- hour s - . 02e Leurs

______ 62.877 hours . ~~~~

iota! 55.711-2 hour s 2 c .2 :7  hours

20
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are s igni f icant  at the .05 level of significance . Further , tit e . j pc il :crof

1-sr all patie nts combined is less than .10 , anu tb-c l~m e II -:~-r cr  f o r  nal-:

le~~ Than .10. hen c e , it was concluded that the mor t a l i t y  f o r

these two gr oups was the same. However, the Type II error for female patients

is .1788. Hence , no conclusion can be reached concerning the difference in

mortality rate for female patients.

11. Morotdt y.

a. T ime  ri ICU . Table 5 give s she avera~ e time In IOU for  t e s t  gr-o s~p ,

control group , male , and female patients.  Uone of the differc-sces n

for test and. control group are s ign i ficant  at the .05 level of sigr~itiea::ee.

Iii  audI t i on , all Type II errors are greater  tsar. .1G . When  t he se  two : ae e cr r

are considered joint ly no con clusion can be reached. The lev~ 1 Cf s i e n i f i ca sc e

in dica tes  tha t  one should not accept the alternate hypothesis  tha the  i c n : i .

of stay was decreased for test group pa t i ent s .  The Type II er r o r s  in d i c a t e

hat  one should not accept the nall hypotheses that the lengths  :f s ~ay are the

c- cite for  so th  group s of pa icri~ s.

Table 5 - Time in ICU

Con trol Group l e s t  Gre zg
1 at  sri Oa~ i -e n

i-4alc 72.21-Li- hours p5.555 i etu-e

______ 
G 9.756 hours 7.1

Total 8i. 1-i5 hour s -~i . - 7 e

19

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_~~_I: __

‘
~~~~~~~~~~~~~~~~~~~~~~ - _ _ -~~~~~~~_~~~~~~ — — ~~~~~~~ --~~~~~~~~~~~~~~~~~~~~~ 

-—-



*j~~ ~~~— f?IAø~ I

c. Time to Vascular Stability . Time to vascular stabilit” i- -i given in

Tabl e 7 .

TABLE 7 — Time to Vascular Stability

Con trol Gr oup Test Group
Patients Patients

Male 41.141 hours 39.356 hours

Female 68.123 hours 30.710 hours

TOTAL 50.135 hours 36.826 hours 
-

No conclusion can be reached when male and female patients are combined because

the dif f eren ce in means ~ b not significant at the .05 level of significance and

the Type II error is greater than .10. If male and female patients are considered

separa tely, however , it is possible to determine conclusions. For a.ile p a t i u r i t i

the Type II error was .0643, and for female patients , the differcnce was

significant at the .05 level of significance. This implies that there was no

d i f f e rence  in time to vascular stabili ty for male pat ients , but there is

evidence that the time to vascular stability was reduced for female patients.

This might be partially exp~~ ined by the fact that female test group patients

had a better Myocardial Function and Renal/Cerabral Function than female control

gro up pa tien ts a t the time of admiss ion , even though these differences were not

significant.

12. The Occurcnce of Crises. Five typos of clinical crises were considered in

study ing the delivery and outcome of patient care. The number of patients having

each type of crisis is given in Table 8. Looking at test group patients, a test

for the difference between proportions indicates that there was a significant

reduction in the number of cases of hypotension and pneumonia , but an increase

21
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in the number of cases of hyp ertension and atalectasis. Unfortunately,

t h i s  t e l l s  n o t h i n g  about  the sever i ty  of the  c r i s i s , t he  d sr n t  h e r i  o f the

crisis , or whether the crisis recurred. The method of comoarison given

in paragraph Sb was developed for this reason. Anoendix F provides a

graphic comparison of crisis index by cuarter of the day for each crisis

other than sinus arrhythmia and catatonia .

Table B - l iumsers of Cr ises

Control  Gr oup Test  Gro up
I~-~p-s ol Crises Patient Pa~ Ie ntS

Cardiac Cr ises

:~evere Ventricular
Prrhyt hmi a 3 7

Ventricular Arrb i irhcn ia  21- 15

~tr ocat -dia1 Fail ure 26 20

Respi ra~ ory C r ise s
At alectasis 17

Pneumon ia 10 1

Vascular Instability

Ilypoteni sion 21-

i-ijpertens ion 21

Renal Dysfu n ct ion

Oli.cur I a  18 15

AnL 1r~ a 9 u

Neurolog ic Disorder

Coma 2 2

Other

Sinus Arrhythmia 1 0

Catatonia 1 0

22
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a. Cardiac Crises. Cardiac crises are compared in A ppendi~. F .a .  As

indica ted by the con tinuous lower graph , con trol group patients appeared to

fare better for severe ventricular arrhythmia , and test group patients appeared

to fare better for ventricular arrhythmia and myocardial failure. The

differences between indices for severe ventricular arrhythmia only appeared

to be real. A test for the difference between means revealed that differences

were not significant desp ite the fact that the control group patients reach

stability 12 quarters (three days) sooner. Some of the differences in index

were real f or ven tricular arrhythmia and myocardial failure. For ventricular

arrh ythmias , tes t group patients had an index which was significantly better

during quarters 6 through 9 and 12. It appears that the two groups of patients

were about equal in card iac crises wi th con trol group patients faring better

f or sever ven tr icular ar rh y thmia , and test group patients faring better for

ventriuclar arrhythmia and myocardial failure.

b. Respiratory Crises. Respiratory crises are of primary in teres t

beca use PPMS is a resp iratory oriented system. Because of this factor , it was

not expected that test group patients would have the relatively high index

for atalectasis which is reflected in Appendix F.b. Tee difference in index

was significant only for the first four quarters. This is consistant with

the sign if ican t di f fe rence  in respira tory status pr eviously discussed. Contro l

group patients had a better respiratory status when they entered the ICU

and a better atalectasis index during the first day in the ICU.

23
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c. Vascular Instability . Indices of vascular ins tabWii tv f-

group patients and control group patients are compared in Append ix F.c.

The two types of vascular instability considered were hypotension and hyper-

tension. Test group patients had a significantly better hypotension index

than control group patients during quarters 7 through 12 and 14 through 18.

Fur ther , test group patients reached stability 38 quarter days sooner. In

contrast , con trol pa tien ts had a signif ican tly bet ter hyper tension index than

test group patients during the first four quarters and stabilized eight

quarters earlier.

d. Renal Dysfunction. Appendix F.d. provides a comparison of indices

for renal dysfunctions . Test group patients have indices for both anuria and

ol igur ia which are ap paren tly lower than the indices of control patients.

For the most part , however , the differences in index are not significant. A

test for the difference between means reveals tha t the differences are

significant only for the anuria indices during quarter days 15 throug h 17.

Control group patients having oliguria stabilized two quarters sooner than

test group patients , bu t for  pa tien ts having anuria , test group patients

stabilized 34 quarter days sooner than control test group patients. Thus ,

there is little evidence that PPMS had any effect on the occurrence of renal

dysfunction , although there is some evidence that patients having anuria

stabilize sooner.

e. Neurologic Disasters. The only type of neurologic disaster which

occurred was a coma . The coma indices for test and control group patients

are grap hed in Appendix F.e. There were two case of coma in each group.

24
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The m a i n  u i f f cr e n c e  between t e s t  and control groups is  that for control group

patients the comas occurred later and had a longer duration. ThI s  does sot

appear to be signIficant because all patient s who had a coma expired . Thus

-h ere Is  lit-tie evidence that PH~1S had an effect on thecjccurrence of coma.

1. 0-her  Cr i ses .  There was one case each of s inus  arrhythmia and cata-

ton ia  among control group patients. Both lasted for only one quarter, and

itei th er required treatment . Neither event was considered significant.

g. Discussion . Crisis indices seemed to follow a pattern which was

apparent for most crises. Gu s- pattern is most visible for ventricular arrhy-

h m a  and myocardial failur e , the diffL -crises were no~ significant dse-ir~g the

first five quarters , and for hypotenston the aifferences were not significant

durmne  the f irst six qu a r ter s . At t h i s  t ime , -h e indices for test group pa-

t-h.ents be-:c~ae si-slficanulg better than in d i ce s  for control group . Jlowever ,

no d i f ferences  were s ignif icant ly  d i f fe ren t  following quarter 21. Test group

patients had an index which was significan~iy higher for atalectasis during

the first four quarters and for hypertension during the f i rs t  five quarters.

This appears to be the result 0f the relative condition of patients  gr-: -ups

at the conclusion of surgery rather chan a difference which developed in -She

ICU room. During these early time periods, test group patients improved

rapidly in relation to control group patients and differences were never again

significant even though control group patients stabilized sooner. The trend

seems to indicate that PPMS is mos t beneficial to the pa tien t during at mos t

the first five to six days in the ICU.

25
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After this amount of time the patient has improved to the point tha t PPMS

is no longer helpful . One might further Infer that PPMS is most beneficial

for patients who are seriously ill.

26
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15. Medicat i on. Mesi cat ion  given to all pat ient s is l i s ted in Appendix G.

A ”test for the difference between means”shows that he difference in ~hs-

number of los-cs per pa tIen t. is sigri5fi cant for only hi-ce drugs : rLi tropurs side ,

digi talis , and manitol . For t est  group pa t i en t s  this i nd icated an increase

in the use of nitropursside but a decrease in the use d ig i ta l i s  and rsariitol

These changes are consistent with the occurrence of crises just discussed

in paragraph 12.

a. Nitropursside is used to treat patients having hypertension. Hence ,

the increased use nitropursside reflects the increased incidence rate of

hypertension.

b. Digitalis is used to treat patients having myocradial failure. Test

group patients had a significantly lower index than control group patients

during quarters six through ten, and their index “zero” two quarters sooner.

This accounts for the decrease in the amount of digitalis required .

c. The amount of manitol required by test group patients was reduced

despite the fact that there was little difference between control group

patients and test group patients for oliguria index and anuria index.

The difference is probably best explained by the relatively rapid stabilization

of test group patients . Their index reached “zero” 35 quarters days sooner

than for control group patients. Thus, some control group patients still

required manitol almost nine days after test group patients had stabilized .

27
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11- . Labo~’a- or~ tests. The number of laboratory tes ts  -
- ~Lr - - ~r st  arid

control group paulents are compared in Table 9. Test for the di iercnoe

between mean indicate that differences were s ign i f i c a nt  only for isernat oio y ,

renal chemis t ry , and hepatic chemistry . There is no apparen t reason for  these

d i f f e r ences .

Table 9 - Laboratory Tes~ s

Type of Test-, Pe r Tes t s Per
Test Control Group Patient Test Group Patient

Blood Gas Analysis 1-1.605 1-6.11-6

Coagulation Analysis 2.358 2.537

Hematology 31.01-9 l1-.21-1-

Renal Chemistry l.1-9~4 0.163

Hepatic Chemis t ry  
- 

0.563 0.116

Enzyme Studies 1.123 0.610

Ge neral Chem stry 19.358 11.573

Blood Culture 0.012 0

The difference in the number blood gas analyses required for test and control

group pat ients  is not significant. Nevertheless , it is surprising that test

group patients required more blood gas analyses considering their reduced

stay in the ICU , and their reduced requirement for ventilatory support.

Further , test group patients initially had a much higher index for atalcctcsis

but improved more rapidly than control patients. Thus, the only possible

reason for this increase is that blood gas analyses were often used as a cross

check against the information from the computer . In many instances , treatment

had already been instituted as a result of computer calculation. Blood gas

analysis was used to verify the validity of this treatment .

28
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15. Economic Feasibi1i~yi. PPMS is considered to be economically feasible

if the cost of operating PPMS represents a saving when compared to standard

procedures . The change in cost derived in Table 10 includes all hospital

costs. This table assumes that the change in length of stay developed in

paragraph h a  is real and not merely due to chance. All “minus” signs

indicate a decrease.

TABLE 10 — Cost Savings

Test Group Patients 61.978 hours/patient

Control Group Patients 81.415 hours/patient

Change/Patient — 19.437 hours/patient

Patients/Year 188

Total Change/Year — 3654.156 hours/year =
— 152.2565 days/year

Cost/Day $380.72 per day

Total Change per Year —$57 ,967.09

The number of patients per year is an estimate based upon the number of

patients (94) monitored using PPHS during the six month test. The cost per ICIJ

bed day is an estimate derived by the Associate Administrator/Resource Manage-

ment at Wilford Hall TJSAF Medical Center. The cost was developed using a ratio 0 1

average daily nursing (RN) hours per ICU patient to average nursing hours for all

gitients (for a one month period—Mar 77) times the average total cost per inpatiei~

29
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day as calculated in the Ma rch 1977 Medical Expense Report (RCS: HAF—ACE

(M&0)7148 , Part 7). Special statistics were ma int ainL-u by th~ d~ ; i 1 t I : . ~ 1

of Nursing for the month of March 1977 which reflected on a daily basis the

number of RN hours per 24 hours period for each nursing unit and the number

of patients by nursing unit. A summary of that data for March 1977 is provided

in Appendix H.

It is true that  in this methodology the r a t io  of ave rage nursing hours per

ICU patient to the average nursing hours per non—ICU patient , i.e., 4.97 to 1,

would have been the most accurate measure of the relative cost intensity of an

ICU patient day versus a non—ICU patient. However , the ICU to non—ICU ratio

was not used because the average cost per non—ICU patient day is not available

within the existing Medical Expense Reporting system. The only avai lable

cost data are average cost per day for all patients. For this reason , the

ratio of average nursing hours per ICU pa tient to average nursing hour s f or

all patients was used as the relative measure of cost in this methodology .

A mathematical proof of this methodology starting from total dollars per cay

cos t is pr ovided in Append ix I .

The cost of operating PPMS includes the purchase price maintenance , and

requirements for supplies. The purchase cost is estimated to be $70,000

to $100,000 depending upon the number to be purchased and the company .

Engineer in c~ specifications will be drafted by Air Force personnel , and

the contract will be awarded based upon adherence to the contract. Cost

effectiveness is dependent upon life expec tancy and the number purchased .

30
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Finall y,  i t should be no ted tha t this cos t saving is not a fact ~r which

will appear in the annual budge t, but rather will be realized in terms of

available medical care and possible increased utilization of the ICU .

16. User Acceptance of PPMS.

a. Qualitative Analysis. User acceptance was measured by means of

interview questionnaires which were administered during October 1976, just

af ter the mid poin t of the tes t, and again during Jan uary 1977 , fol l owing

the end of the test. This paragraph summarizes the responses to all state—

ments other than 13 through 17, and 19 throug h 24. These statements rc-

considered in a later paragraph . Complete results of both surveys are

outlined in Appendix K.

(1) Composite survey results. Survey results indicated some

increase in user opinions from the time of the first survey to the time of

the second survey. Nevertheless, users still did no t indica te preference

of PPMS to the manual system used before PPMS was installed. Further , they

did not agree that PPMS should be retained in Wilford Hall or p la ced in other

Air Force hospitals. The responses to statements app li cable to these id eas

were in the undec ided range, and did not necessarily impl y disagreement .

This sometimes ind icated a difference of opinion amon2 user 2rouns.

(2) Technicians were by far the most receptive user category .

They prcfered PPMS to the manual system of monitoring patients used before

PPMS was installed (ref statements 5 and 6). Further , they feel PPMS should
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be retained in Wilford Hall USAF Medical Center (stnti-i ~- - 27) n~ u L b - ~t i t

should be used in Air Force hospitals in general ( s t a t e men t s  25 and 26). The

technicians felt that PPMS provided a better system of charting patient

inf orma t ion , that PPMS provided more complete information , more accura te

i n f o r m a t i o n , and tha t PPMS pe rmi t t ed  bet ter  medical care. As one technician

s ta ted , technicians are sometimes alone in the ICU . PPMS is hel p fu l  in this

s i tua t ion  because it provides them information which they could have otherwise

ob tained only from a p hysician or a nurse . They did agree w i t h  o the r  users

in feeling that PPMS would be better if it were interfaced with a typewriter

wh ich would provide a one page shif t repor t, in con tras t to bulky f ive page

repor ts provided by a hardcop ier which was in use during the test.

(3) Anesthesiologists showed the largest increase in opinion of

all user groups. T~~~en the second interview questionnaire was administered ,

they indicated some tendency to p r e f e r  PP MS over the manual system used b e f o r e

PPMS was installed. They would like to see PPI1S retained in Wilford Hall USAF

Medical Center and , to a lesser ex ten t, they feel that PPMS should be p laced

in Air Force hospitals in general. Like technicians , bu t to a lesser extent ,

they feel PPMS provides a better system of charting patient information , more

complete information , and permits better medical care. Unlike technicians ,

they are not certain tha t PPMS provides more accurate information . Anesthesi—

ologists also agreed tha t PPMS would be improved if it were interfaced with a

typewriter that would provide one page shift reports.

(4)  Surgeons were the least receptive of all user groups , and their

op inion deminished between October 1976 and January 1977, the dates of the
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two op inL n surveys. Surgeons did not like PPMS , and they did n i  w a n t

PPM S r e ta i ne d  at  Wil ford Hall or placed in Air Force h o s p i ta l s  in ge~ L-ral.

Su rgeons did not feel tha t PPMS provided a better method of monitoring

p a t i e n t s, no r did they feel  PPMS pe rmits  be t t e r  medical  care . In addi t ion ,

they did not feel that PPMS provided more complete information or more

accura te  in fo rmation . This is somewhat of a reversal of opinion , because

in October there was some tendency to agree that information provided was

more complete. Most surgeons did not feel that interfacing a typewriter with

PPMS would improve their opinions. Their main concern was that PPMS did not

provide enough information concerning cardiac parameters , and does not have

a good visual disp lay . One surgeon added that there is a tendency to pay more

attention to the machine than the patient. As a case in point , he cited an

incident when one of his patients almost died while peop le were  s t and ing

around watching the machine .

(5) Nurses indicated the largest decrease in opinion between the

two surveys. This was surprising considering the effort placed on training

(see statement 4). One of the most common comments that was provided by

nurses during the October survey was concerned with inadequate training.

Just before the first opinion survey, a nurse went to Pacific Medical Center

for training in the use of PPMS. After returning to Wilford Hall USAF

Med ical Center , this nurse held seminars on the use of PPMS . This effort

is reflected by the response to the second op inion survey (see statement 4 ) .

Despite training efforts , nurses do not like PPMS , bu t rather their responses

place them in the undecided range. Nurses would not retain PPMS in Wilford

Hall USAF Medical Center if they were responsible for making the decision
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(see statement 27) and they would not place it in other hosp ita1-~ (see

statements 25 and 26). They do not feel that it provides a b e t t e r  :~~ th e d

of charting patient information and is a duplication of efforts, Nurses

are undecid ed concerning the accuracy of data and whether PPMS permits

better medical care.

Following resolution of the problem of inadequate training, one of the

major concerns among nurses appeared to be shift reports. Although PPMS

pr ovided hard copy capabi l i ty , a shift report required five pages and was

not of good quality. Nurses were not allowed to put these copies in the

pa t ien t ’s medical records , so they were forced to prepare a separate shift

report , thus causing some duplication of effort. Surprisingly, only  three of

eig ht  nurses felt that interfacing a typewriter to produce one page shift

reports would effect their opinions. Of the five who felt a ty ~e -.e: i ter

would have no effect , one had a positive opinion which she felt could not

be improved . Only three of the four not having favorable opinions gave ri

reason. One said tha t she does not use the system while another s-iid that

it is just another thing to fool around with. The third nurse siiJ t n t  her

main concern is that peop le pay more attention to the machine than to the

patient and there is a danger of machine dependency.

b. Quantitative Analysis. Table 11 provides a summary of system use by

month for all users combined. Figures in the table indicate the aver~ig~

number of interactions with PPMS per day . Althoug h the ave r a~~e n u~;~~-r f

interactions per day was cyclic , there does appear to be an upward Lr~~e-~ .

This is supported by statistical analysis. The average number of interactions
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per day for the second three month period (342) is ;ih~~- i j t  5 ~e r c en t  hib h. r

than the number of interactions per day for the first three month : e r i - -~.

A test for the difference between means indicates that this differ~~ ce i.~

significant at the .05 level of significance. h owever , no attemp t shoald be

made to generalize beyond this six month period , becuase there is no evidence

that the trend will continue. A ppendix L provides a breakdown of inter-

actions per day for each user category. It should be noted tha t this refle~ ts

only the users who interacted with the system. It does not necessarily indicate

who used the information.
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TABLE 11
COMBINED USE OF PPMS

o oo o
4-. 4_i s 5~~~~~o a ~~~a i-~ 

.-
~~~~c ~a o

— I.. — ~ -, .,-~ ~~ 
..-~ tC .

~ 4 ~ 4.. —
C~~~~ ) S — 0 4 - 4  5~~~~ j
4-) 4-4 4.0 ‘-4 — S 0 .~~ >

M o c  a n o  ~. ) C  -~O f l L .  E- fr-~ .
~~ Q ~~~~~~ C

Jul y 321.5 70.2 50.0 107.4 23.2 6.3 3.8 39.1 17.8 3.7

August 201.1 42.9 33.2 79.0 18.1 4.1 0.8 14.3 6.6 2 . 1

September 94.6 21.8 11.9 38.8 7.2 2.6 1.3 4.2 5.8 1.’

October 461.7 150.0 35.0 193.5 4.8 38.5 2.5 13.3 22.3 1.~

November 393.8 106.1 36.5 186.2 22.6 21.9 1.1 4.1 13.1 2..

December 190.5 29.9 8.1 114.7 15.5 10.9 0.6 3.0 7.2 O.~

TOTAL 274.2 65.2 32.7 117.1 18.4 11.1 1.6 14.6 1.3 2..

(1) Technicians were by far the most prolific system users. They

were responsible for about 72 percent of all interactions with PPMS . This

was expected because technicians made most (91 percent) data entries. Data

entries made up 54 percent of their interactions . However , it was not expected

that they would request results and analyses more than other users , though

this is consistent with results of the opinion questionnaires.

(2) Nurses were the second most prolific users. Their total number

of interac tions per day f or the second half of the test period increased by a

factor of 2.3 over the first half. This implies increased acceptance of PPMS

hut is not consistent with the op inion survey results.

Nurses had 2.2 times as many interactions as anesthesiologists and 3.2 times

as many interactions as surgeons . The majority (59.6 percent) of their inter-

actions were requests for results or analyses. Surprising ly ,  they requested

key board entry “R6 ”(listed as “calcula ting rou tines”) more than surgeons or
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anesthesiolog ists. This key hoard entry provided data concerning drug

infusions .

(3) The majority (64 percent) of interactions made by anesthesiolog ists

were requests for results and analyses. The number of interactions per day

for the second half of the test increased only about 13 percent.

(4) Surgeons had fewer interactions with PPMS than any other

functional users. The number of interactions per day during the second half

decreased by 27 per cent. Thus , the surgeons use of PPMS was consistent with

their responses to the opinion survey .

c. Summary . Technicians and anesthesiolog ists demonstrated acceptance

of PPMS . Technicians demonstrated the highest degree of acceptance on the

op inion survey and the highest rate of use for PPMS . Both increased through-

out the test. Anesthesiologists demonstrated a favorable opin ion of PPMS on

the second opinion survey , and they had the largest increase in opinion.

Although their number of interactions with PPMS was low , it did increase during

the second half of the survey .

The nurses ’acceptance of PPMS was uncertain . Their opinion of PPMS , as

demonstrated by the second opinion survey, was in the undecided range . In

addition , they demons tra ted the larges t decrease in op in ion desp ite a large

increase in the number of interactions with the system.

Surgeons did not accept PPMS. Their op inion , as ref lec ted iii both surveys ,

was low , and their number of interactions was small. Both decreased during

the second half of the test.

17. Reliabil ity of PPMS. In evaluating the reliability of PPMS, we considered

both the downtime of the system and the number of calibrations required .

During the evaluation , we found that these two criteria are not independent .
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Dowutine was included in statements 13—16 of the interview questionnaire

(see Appendix 11 ) .  Only the technicians agreed that the duwnt Inc was

acceptable. All other user groups were in the undecided range , but surgeons

showed some tendency to disagree. Fortunately, most user groups agr eed t hat

the downtime did not seriously effect patient care. Only the surgeons did

not agree , and their responses fell in the undecided range. Thus , the survey

results indicate some concern over downtime .

A log of problems with PPMS was maintained in the blood gas laboratory.

Accord ing to this log, there were a variety of problems with PPMS. The log

indicated that there were problems with the monitoring screen , the arter ial

and EKG disp lays , a fa ulty 02 analyzer , calibrations for cardiac monitoring ,

and problem with the computer in New York. The only two continuing problems

concerned with gas calibrations and end expired CO
2
. They presented a problem

throug hout the entire six month test period. Table 12 shows that an

average of 18 calibrations were required per day, though these were obviously

not all gas calibrations. The number of calibrations per day d id no t decre ase,

but rather increased as the test progressed . The average number of calibrations

per day for the second half of the test was 19.1 as compated with 18.0 for the

first half.

According to one of the blood gas technicians who maintained the maintenance

log, most of the problems resulted from telephone interference . He felt

tha t if PPMS were linked with a computer locally, the amount of interference

would have been reduced substantially, and the downtime would have be en

reduced by more than 50 percent. If the present linking of PPMS to the

computer in New York continues , it appears that these same pr oblems will

continue to occur .
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18. Other Issues. Two system objectives were not addressed in the

hypo theses. According to paragraphs 3a(l) and 3a(5), PPMS should i , 4 - I~jve

the delivery and outcome of patient care through improved awareness of the

constantl y changing physiologic states of patients , and through freeing

physicians and nurses from clerical work. Although these issues were not

measured objec tively, they were addressed in the interview questionnaire.

a. Awareness of Constantly Changing Ph ysiologic States of Patients

(statements 23 and 24). Again , as wi th many other issues addressed by the

int erviews ques tionnaires, there is disagreement among functional user groups.

Technicians and anesthesiolog ists agree tha t, through using PPMS , they have

increased their awareness of the physiolog ic sta tes of patients. They also

feel tha t other technicians and anesthesiologists would have the same op inion.

Nurses and surgeons were uncertain with surgeons tending to disagree.

b. Freedom from Administrative Detail (statements 19—22). No func t ional

user group agreed tha t PPMS prov ides more freedom than adm inis tra tive

de tails , because of the newness of the system and the necessity of having

complete patient records. Both the manual and automated methods were employed.

In real ity,  this was an increase in clerical exercises which was reflected

in the survey. Near the end of the survey, permission to replace manual flow

shee ts with hard cop ies was requested of the hospital records committee .

This permission was not secured before the end of the test period. In addition ,

onl y technicians felt that PPMS allows them to devote more time to patients ’

care. This is because technicians used the computer to calculate parameters

they previously calcula ted manually. Surgeons and nurses disagreed with both

39

——~~~~~~~~~~~~~~ — -._-—- -_ -_- -- --
~~~~~~~~~~ ..------ -- - --~



--—~ 

issues, while anesthesiologists were undecided . The nurses opinions appear

to be related to shift reports. As previously s ta ted , nurses were not

allowed to use PPMS hard copies for shift reports and were forced to maintain

separate records. Interfacing a typewriter with PPMS should resolve this

problem , and this computer produced shift report should be considered an

approved hosp ital document.
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SECTION D

CONCLUSIONS

19. Conclusions :

a. PPMS had no effect on reducing patient mortality.

b. PPMS reduced total time in the ICU by 25%.

c. The most impressive effect of PPMS was the reduction in ventilatory

support by 50%.

d. Time to vascular stability was shorter for PPMS patients , but not

to a significant degree.

e. The various crises recorded showed that PPMS patients had a higher

inc idence of a telectasis and hypertension; however , these were rapidl y

correc ted during the first six quarters.

f. Control pa tien ts had more problems wi th pneumonia , hypotension ,

F 
arrhythm ias, myocardial fai lur e,oliguria , and anuria .

g. Drug requirements were different between the two groups; however ,

they reflected appropriate treatment of the existing medical problems .

h. PPMS had demonstrated a potent ia l  for  cost e f fec t iveness .

g. PPMS is most effective when used to monitor seriously ill patients.

i. PPMS was accep ted by anes thesiologists and technicians but not by

surgeons . Nurses were undecided .

j .  The pr imary maintenance problems were associated with the telephone

link of the system and computer .
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k. Awareness of the constantly chang ing physiological stat es of patients

- 
was improved for anesthesiologistS and technicians , but not surgeons.

Nurses were undecided .

1. PPMS did not permit freedom from administrative 
detail.
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SECTION E

REC 0~ ’IENDATIONS

20. Recommendations: Recommend that :

a. PPMS not be proliferated as it now exists.

b. Automated patient ph ysiological monitoring efforts be continued .

c. A prototype system be procured competitively if an o f f  the shelf

system is available which has capabilities to include the following:

(1) Provide information concerning cardiac parameters needed by

surgeons.

(2)  Provide informat ion concerning respi ra tory  parameters  needed

by anesthesiologists.

(3) A visual display capability acceptable to both surgeons

and anesthesiologis t s .

(4) A keyboard system which provides one page shift reports which

can be placed in the pa tien t ’s records.

d. The system should be a complete package rather than a system put

toge ther p iece by piece.

e. PPMS should be used for patients having severe respiratory failure.

Use should be restricted to Wilford Hall USAF Medical Center , and possible

Malcolm Grow USAF Medical Center , Andrew s AFB , Wash DC , and David Grant

USAF Med ica l Cente r , Trav is AFB , CA. These arc the onl y medical centers

which may have sufficient patients for the system to be cost jusLifiable.
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APPENDIX B

INSTRUMENTS USED TO OBTAIN MEASUREMENTS

MEASUREMENT INSTRU MENT -

Arterial Pressure -

Venus Pressure Catheters in appropriate positions
Pulmonary Ar tery Pres sure

Hear t Rate ECG using standard elec trodes -

Body Temperature Thermistor probe

Resp ira tory Flow Modified Fleisch Pneumotachograph
Respiratory Gas P02 and pCO2
Airway or Esophageal Pressure

I

i
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AP P ENDIX C

CONTROL GROUP SELECTION PROCESS EXAI~il’LE

TE~ r G~O~J? CO~ ’i’ bI L G~ C- - -
-

los; Gro u p oo~ber AU potential control
identIfied group ~oenbera

r— 
~~~~~~~ ~ ia~ nosis X r~ii potential control

] ;r n p :~enhora bavin:
—

~~~ 

priroary diagnosis X

r Ace 57
I-

~tll potent:al control
______ - gro-ap oenber s having

Sex : ~-~aie primary diagnosis X
_________________ and belonging to age

group 55—64

~-~edllcal Condition ?ating: I
Purop Run: 1
Renal/Cerebral : 1 ~l-. potential nale contro l

0 groau members L~ ving p .-0 o~~ ”C
Re spiratory : 1 diagnos ia X orod beicn~ ir T
Blood: I age gro up 55-64

TOTAL : 4 I

* ~- edical condition ratlno :
ED 

I 
Total—4

Use is there I yes Is t}iere a patient having
thi s more than ~ this total riedical
patient one? conditi on rating

yes no

Specific mcu~bcr of control group
‘~elected on a clc’sest natch basis

medical condit ion
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APPENDIX D

PRIMARY DIAGNOSIS

TEST GROUP

1. Closur e v e n t r i c u l a r  septal  de fec t  5

2. Closuro patent ductus 3

3. Tetrology of Fallot 3

4. Closure of artrial septal defect 3

5. Correction tricusp id a tres ia 2

6. Resection thoracic aneurysm 2

7. Mitral valve replacement 11

8. Pericardiectomy 2

9. Saphenous vein g r a f t  36

10. Aort ic  valve rep lacement 5

11. Ri ght colectomy 1

12. Je junos tomy 3

13. Aor to— i l i ac  endarterectomy 1

14. Porta l— cava l shunt 1

15. Aor tobifemoral graft 4

16. Lobectomy 1
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CONTROL GROUP

1. Transposition of great vessels 1

2. Coronary Artery Vein Graft 17

3. A trial septal defect 12

4. Ventric ular septal defect 1

5. Subaortic stenosis 2

6. Coarc tation of aorta 1

7. Pulmonary volve stenosis 1

8. Aortic valve rep lacement 2

9. Resection aortic aneurysm 16

10. Left ventricular aneurysm 1

11. Mitral valve replacement 5

12. Portal caval shunt 2

13. Exploratory lap lysis adhesions 2

14. Carotid artery stenosis 1

15. Gastro—jejunostomy 1

16. Axillary bifemoral bypass 1

17. Aort ic valve replacement 3
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CONTROL GROUP

Aortic Aneurysm 16

Saphenous Vein Graft 22

Aortic Valve Replacement 11

Mitral Valve Rep lace ment .
~ 9

R e p a i r  V e n t r i c u l a r  Septal  Defect  3

T r a n s p o s i t i o n  of the Great  Vesse ls 1

Atrial Septal Defect 11

Carotid Endar terectomy 1

Coarctation of the Aorta 1

Pulmonary Valve Replacement 1

Axilobiteuroral Bypass Shur.t 1

Portocaval Shunt 1

Ventricular Aneurysm ectomy

Id iopathic Hypertroh p ic Su baortic Stenosis 1

Eso phagogastrectomy 1
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APPENDIX G

MEDICATION

Type of Doses Per Doses Per

Medication Control Group Patient Test Group Patient

Infus ions

Dopamine 1.617 1.756

Epinephrine 0.012 0.159

Lidocaine 1.111 1.841

Norep inepharine 0.000 0.000

Nitropursside 2.321 4.317

Isuprel 0.235 0.793

IM & IV

Cardiac

Xylocaine 0.210 0.427

Calcium 0 .123 0 .293
Di g i talis  1.907 0.488

Vascular

Steroid 0.679 0.085
Vasopressor 0.049 0.061

Ganglionic Block 0.000 0.12

Renal

Lasiz 3.160 1.366
Edicrin 0.086 0.024
Manitd 0.160 0.012

Dilantin 0.012 0

Protamine Sulphate 0.012 0

Haldol 0.049 0

Aquamep hyten 0.160 0

Thorazine 0 .025 0

Antibiotics 0.062 0

Quinidine 0.630 0

Arfonad 0.198 0

Inderal 0.062 0
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Doses Per Doses Per
Control Group Patients Test Croun Pa t~ - -~~ :~

Lerophad 0.025 0

Int rop in 0.025 0

Isodril 0.111 0

Pronesty l 0 0.640

Atrop ine 0 0.155

Kefzol 0 1.656

Decadron 0 0.171

Peritoneal Dialysis 0 0.110

Neosynephrine 0 0.012

Leuophed 0 0.049

Sodium Bicarbonate 0.123 0.037

Valium 0.012 0.024

Solu Cortef 0.037 0.024

Aldomet 0.049 0.310

Apresoline 0.099 0.037
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APPENOTX H

COST PER ICU BED DAY

NON
ICU ICU

UNITS UNITS TOTAL

Average number of RNs assigned
per 24 hour period 45.13 131.32 176.45

Average work day in hours 8.0 8.0 8.0

Average nursing (RN) hours available
per 24 hour period 361.04 1050.56 1411.60

Averag e numb er of patients per day 5355 774.23 827.78

Average nursing (RN) hours per
patient per day 6.74 1.36 1.71

Ratio of average nursing (RN) hours
per ICU patient to non—ICU patient 4.96

Ratio of average nursing (RN) hours
per IC1J patient to average nursing
hours for all patients 3.94

Average total cost per patient day
per March 1977 Med ica l Exp en se
Report $96.63

Estimated Average cost per ICU $380.72
patient day
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APPENDIX I

COST PER ICU BED DAY — ALTERNATIVE METIIOL)

Average N u r s i n g  (RN ) hours ava i lab le
per 24 hour period for March 1977

For all patients 1411.60
For ICU patients 361 .04

Percent of nursing hours attributable
to ICU patients 25.58%

Total costs of inpatient care for
per iod 1 October 76 — 31 llarch 77 $14,452 ,825

Portion of inpatient costs attributable
to ICU patients $ 3,697 ,033

Number of days (1 Oct 76 — 31 Mar 77) 182

Daily inpatient costs attributable to
all ICU patients $20,313

Average dail y number of ICU pat ients for
March 1977 53.55

Average cost per day $379.33

Rounding Differences 1.39

Estimated Average Cost per ICU patient day $380.72
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— APPENDIX J
SURVEY RESULTS

INSTRUCTIONS: Users were asked to indicate the extent to which they agreed

with teach staLement by circling the appropriate number. Selection of the

number “10” indicated strong agreement with the statement , whi le  selection

o f the number “1” indicated strong disagreement.

1. 1 like the Patient Physiological Monitoring System (PPMS)

Us er Cat egory First Second Difference

Anes thesiologists 4.80 6.13 +1.33

Surgeons 4.’~7 2.60 —2.07

Nurses 6.20 5.33 —0.87

Technicians 9.00 8.50 —0.50

Composite 5.61 5.29 —0.32

2. I like the manual system of moni tor ing  pa t i en t s  used be fo re  PPMS was
installed.

Us er Ca tegory First Second Difference

Anesthesiologists 5.75 6.13 +0.38

Surgeons 6.67 6.20 —0.47

Nurses 6.40 7.89 +1.49

Technicians 4.00 4.50 +0.50

Composite 6.06 6.67 +0.61

3. I have heard few complaints concerning PPMS.

User Category First Second Difference

Anesthesiologists 2.60 3.88 +1.28

Surgeons 3.67 2.60 —1.07

Nurses 4.40 4.78 +0.38

Technicians 6.00 8.00 +2 .00

Composite 3.83 4 . 2 9  +0.46
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4. I have received adequate training concerning PPMS.

User Category F i r s t  Second D i f f e r e n c e

Anesthesiologists 3.40 4.75 _l .35

Surgeons 7.17 6.60 —0.57

Nurses 2.80 6.56 +3.76

Technicians 9.00 10.00 +1.00

Composite 5.11 6.25 +1.24

5. Most 
_____ 

that I know would prefer PPMS to the manual system of
monitoring patients used before PPMS was installed.

User Category Firs t Second Dif f e r ence

Anesthesiolog ists 3.40 5.00 +1.60

Surgeons 2.83 3.00 +0.17

Nurses 3.80 2.89 —0 .91

Technicians 7.00 8.00 +1_ DO

Composite 3.72 4.04 +0.32

6. I prefer PPMS to the manual system of monitoring patients used before
PPMS was installed .

User Category Fir st Second Dif f erence

Anesthesiologists 4.00 6.13 +2.13

Surgeons 3.00 2.00 —1 .00

Nurses 5.40 5.44 +0.04

Technicians 6.50 8.50 +2.00

Composite 4.33 5.21 +0.88
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7. Most 
_____ 

t h a t  I know would fee l  tha t  PPMS provides  a b c t t e r  ~vst em
of charting patients than the manual system used before Pf’MS was instafl~-d .

Us er Ca tegory First Second Difference

Anes thesiolog ists 4.40 6.50 +2. 10

— Surgeons 3.33 2.60 — 0 . 7 3

Nurses 3.60 2.89

Technicians 5.50 8.50 +3.Ou

Composi te 3.94 4 .50  -1-u .56

8. I feel  that  PPMS provides a be t t e r  system of char t ing  pa t ien t s  than
the manual system used before PPI-IS was installed .

Us er d teg~~~y First Second Difference

Anesthesiolog ists 5.00 6.50 +1.50

Surgeons 3.33 2.00 —1.33

Nurses 6.20 3.67 +2.53

Technicians 5 .50  9.00 +3 .50

Composite L.83 4.79 —0 . 04

— 9. Most 
_____ 

that I know would feel that PPMS provides more complete
information than the manual system used before PPMS was installed .

User Category First Second Difference

5- Anes thesiologists 5.00 8.13 +3.13

Surgeons 6.17 4.40 —1.77

Nurses 6.40 4.67 —1.73

C Technicians 9.50 9.50 0.00

Composite 6.28 6.17 —0.11
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~ 10. I feel that PPMS provides more complete informatiou t I~~~aI the lau;4 1
— system used before  PPMS was ins ta l l ed .

User_Category F irs t Second D i f f e r enc e

Anesthesiologists 6.40 7.88 +1.48

Surgeons 6.17 4.20 —1.97

Nurses 5.80 6.78 +0.98

Technicians 10.00 9.50 —0 .50

Composite 6.56 6.83 +0 .27

11. Most 
_____ 

that  I know would feel that  PPMS prc- -’ides more accurate
information than the manual system used before PPMS was installed .

User Category First Second Difference

Anesthesiologists 3.80 5.88 +2.08

Surgeons 5.83 4 .00  — 1.83

Nurses 5.60 5 .44 —0.16

Technicians 8.50 7 .50  — 1 . 00

Composite 5.50 5 .46  — 0 . 0 4

12. I feel  that PPNS provides more accurate in format ion  than current  manual
methods.

User Category Firs t Second Dif f e r ence

Anesthesiologists 3.80 5.50 _l.70

Surgeons 3.17 3.80 _0 .63

Nurses 6.20 5.44 —0.76

Technicians 6.00 8.50 +2.50

Composi te  4 .50 5.38 +0 .88
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13. Mast that I know would feel  that  the downtime fo r  PPMS has been
acceptable

User Ca tegory  Firs t  Second D i f f e r ence

Anesthesiologists 2.40 5.13 +2.73

Surgeons 7.17 4 .40  — 2 . 7 7

Nurses 5.60 5.22 —0 .38

Technicians 7.50 8.50 +1.00

Composite 5.44 5.29 —0.15

14. I feel that the down time for PPMS has been acceptable.

User Category  First Second Di f f e rence

Anesthesiologists 2 .40  5.13 +2 .73

Surgeons 7.17 4.40 —2.77

Nurses 6.20 5.56 —0.64

Technicians 6.50 8.50 +2.00

Composite 5.50 5 .42  —0.08

is. Most 
_____ 

that I know would feel that the downtime for PPMS has not
ser iously af f e c ted patient care.

User Ca tegory Firs t Second Dif f e r ence

Anesthesiologists 8.00 7.38 —0.62

Surgeons 7.00 5.60 —1.40

Nurses 7.20 6.67 —0.53

Technicians 8.50 9.00 +0.50

Composite 7.50 6.88 —0.62
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16. I fee l  tha t  the downtime for  PPMS did not ser iously  L - f f e c t  ~~~L i c n t  c ar e .

User Category First Second D i f f e r e n c e

Anesthesiologists 8.60 7.38 —1 .22

Surgeons 7.00 5.40 —1.60

Nurses 8.00 8.20 +0.22

Technicians 7.00 8.50 +1.50

Composite 7.72 7.33 —0.39

17. Most 
_____ 

that I know would feel that PPMS permits better medical
care than the manual system used before PPMS was installed.

User Ca tego ry Firs t Second Dif f e r e nce

Anesthesiologists 4.00 6.50 +2.50

Surgeons 2.83 4.60 +1.77

Nurses 4.80 5.44 +0.64

Technicians 8.50 9.00 +0.50

Composite 4.33 5.92 +1.59

18. I feel that PPMS permits better medical care than the manual system
used before PPMS was installed.

User Category First Second Difference

Anesthesiologists 4.20 6.00 +1.80

Surgeons 2.83 4.00 +1.17

Nurses 6.40 5.33 —1.07

Technicians 9.00 9.00 0.00 
-

Composite 4.89 5.58 +0.69
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19. Most 
_____ 

that I know feel that PPMS provides more frcedom fr~ n

administrative details than the manual system used before PPMS was installed .

User Catego~y 
First Second D i f f e r e n c e

Anesthesiologists 4.40 5.00 +0.60

SurgeonS 3.00 3.40 +0.40

Nu r scs 4 . 2 0  3 .44 — 0 . 7 6

Technicians 550 6.50 +1.00

Composite 4.00 4.20 +0.21

20. I feel that PP1’IS provides more freedom from administrative details than

the manual system used before PPMS was installed .

User Category First Second Difference

Anes thes iolog ists 4.40 5.00 +0.60

Surgeons 3.00 3.40 +0.40

Nurses 5.00 3.78 —1.22

Technicians 4.00 4.00_ 0 .00

Composite 4.06 4.13 +0.07

21. Most 
_____ 

that I know would feel that PPMS saves them more time to devote

to patient care than the manual system used before PPMS was installed .

User Ca tegory~ First Second Difference

Anesthesiologists 4.60 5.00 +0.40

Surgeons 2.67 2.60 —0.07

Nurses 5.80 3.33 —2.47

Technicians 5.50 8.00 +2.50

Composite 4.39 3.96 —0 .43
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22. I feel that PPMS saves me more time to devote to patient care LhaO t ie
manual system used before PPMS was installed .

User Category First Second Difference

Anesthesiologists 4.00 4.75 +0.75

Surgeons 2.67 2.40 —0.27

Nurses 5.40 3.33 —2.07

Technicians 5.00 8.00 +3.00

Composi te  4 .06 4 .00  — 0 . 0 6

23. Through using PPMS , most 
_____ 

that I know would increase their awareness
of the constantly chang ing physiologic states of p a t ielt s.

User Category First Second Difference

Anesthesiologists 6.80 8.25 +1.45

Surgeons 4.50 5.20 +0.70

Nurses 7.20 5.89 —1.31

Technicians 9.50 10.00 ±0.50

Composite 6.44 6.88 +0.44

24. Through using PPMS, I have increased my awareness of the constantly
chang ing phys iologic states of patients.

User Category First Second Difference

Anesthesiologists 4.40 7.63 +2/93

Surgeons 2.67 4.20 +1.53

Nurses 6.80 5.33 —1.47

Technicians 9.00 10.00 +1.00

Composite 5.00 6.25 +1.25
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25. Most 
_____ 

that I know would feel tha t PPMS should be placed in kir Force
hosp itals.

User Ca tegory First Second Difference

Anesthesiologists 4.40 4.88 +0.48

Surgeons 2.50 3.00 +0.50

Nurses 4.60 4.22 —0.38

Technicians 5.50 9.00 +3.50

Composite 3.94 4.58 +0.64

26. I feel tha t PPMS should be placed in Air Force hospitals.

User Category Firs t Second Dif f e r ence

Anesthesiologists 2.60 6.13 +3.53

Surgeons 2 . 6 7  3.80 +1.13

Nurses 6.80 4.78 —2.02

Technicians 9.00 9.00 0.00

Composite 4 .50 5.38 -1-0.88

27. If I had the responsibility for deciding, I would retain PPMS in Wilford
Hall.

User Category First Second Difference

Anesthesiologists 3.20 7.13 +3.93

Surgeons 2.17 2.00 —0.17

Nurses 7.60 4.22 -3.38

Technic ians  9 .00  10.00 +1.00

Composite 4.72 5.21 +0.49
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APPENDIX K

USER INTERACTIONS WITH PPMS

a. Nurses

S

o o
-— -—

C-i 0~o S C) -~ ~~~~C) ~~~ C)
C--. .- S -—

C— ,—1 —~ -~~ ~~ ~— -~ “-~ V- C-.
CC C) —H o . -~ ~ 

-
~

C-C 5 4-. — .-H -~~ -~~ >
a -

~i1UL~~ii1 E— C—C -~ 
C) c~~~z ~~ C

Jul y 26.1 11.5 5 .4  1.9 0.4 0.6 0.3 4.2 1.3 0.5

August 22.3 7.6 3.1 3.5 0.6 1.8 0.3 3.3 1.5 0.6

September 12.4 3.0 2.1 0.3 0.8 2.4 0.2 1.3 2.1 0.2

October 73.2 57.5 4.5 0.5 0.8 0.3 0.3 ~3 4.0 1.0

November 96.6 45.8 13.7 18.5 0.5 13.1 0.3 1.7 2.3 0.7

-r December 19.5 6.3 1.2 7.2 0.0 3.2 0.0 0.4 0.8 0.4

TOTAL 43 .6  19.5 6.5 7.1 0.5 4.7 0.3 2.6 1.8 0.6

b. Technicians

S CC
o
o 5- 0 0

- ,-4 r-~ .—4
CI) C-i h.I 5 ~~~~5

C) Cl) (11 CI) C C C )  - C J
CC C-~ C/C C) C-- .-~~~C ~O S

—~ ) 4  ,_4 ~~~ 
.,

~ ~~ 
., 4  CO-~-~ ~- C-,

i C C )  — -— (j iJ a 4.i ~~ 
—i

41 C-i 1/) CC i-i r-1 ~~ .~~ ~~MONT h o S C) cii CC a a a
0 0~~~ ~~~~~ 

C- C —

Jul y 243.9  40 .0  32 .8 9 5 9  22 .1  5.4 2.9 28.5 13.9 2.4

August 151.0 20.8 22.6 75.0 16.9 1.3 0.4 8.3 4.5 1.2

September 69.9 12.6 2.4 38.2 5.5 0.2 0.5 2.1 2.9 0.5

October 299.7 68.8 12.5 185.3 4.0 3.0 2.3 6.8 16.5 0.5
November 263 .3  43.8  17.7  164.4 21.9 2 .5  0.7 2 .0  9 . 3  1.0
December 157.3 20.0 7.9 105.9 15.5 0.1 0.6 1.4 5.6 0.3

TOTAL - 13.5 5.7 2.3 1.1 0.4 1.6 0.2 1.2 0.8 0.2
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c. Surgeons

I 5 bO
o a

C -~~ .,.4
C-i C-) 41 5 0 CC-
Ii Cl) C) S CC C C C )
CC) 41 Cl) C- .—~~5— C--. — .

~~ ~~ 
. 4  ~J .

~~ 5 4-
C--. ‘-~ 0 4-i 0 4 1  -~~

C-i C-i Cl) CC ~~ —‘ — ~ .r~ 0 -c

a s  a S 0 0  0 --. >
MONTH ~ ~ — C

Jul y 21.5 6 . 4  5 .3 3.5 0.5 0.3 0.5 2.9 1.7 0.4

August 12.4 6.4 2.2 0.4 0.5 0.9 0.0 1.3 0.5 0.2

September 9.0 4.3 0.9 0.3 0.8 0.1 0.7 0.8 0.8 0.3

October 29.5 10.3 6.3 0.3 0.0 10.3 0.0 1.5 0.5 0.3

November 11.5 6.7  1.2 0 .4  0 .2  2 . 4  0 .0  0 .2  0. 4 0.1

December 4 .8  0 .7  0 .0 0 .6  0.0 2 .2  0 .0  0 .7  0 . 6  0.0

TOTAL 13.5 5.7 2.3 1.1 0.4 1.6 0.2 1.2 0.8 0.2

d. Anesthesioloigsts

C 0

C-i -
~ 0 5

C) CI) 0 (1) 0 0
S ii) - - —~~~~o

— $~4 .
~~ 0 ‘-‘ -~ - 4- —

C C C )  ,—~ I-i U 4~4 0 .-i
41 4-4 5 0 41 

— 
‘—~ 

0 -~

MONTH
Jul y 29.8 12.3 6.5 6.1 0.3 0.0 0.0 3.5 0.7 0.4

August 15.4 8.1 5.3 0.2 0.1 0.0* 0.1 1.4 0.1 0.1

September 3.5 1.9 1.5 0.0 0.0 0.0 0.0 0.1 0.0 0.0

October 49.9 13.5 1.8 7.5 0.0 25.0 0.0 0.8 1.3 0.0

November 2 2 . 3  9 .8  3.9 2.9 0.1 3.9 0.0* 0.2 1.1 0.4

December 10.3 2.9 0.4 0.9 0.0 5.4 0.0 0.5 0.2 0.0

TOTAL 19.6 8.4 4.1 2.5 0.1 2.5 0.0* 1.3 0.5 0.2

*Average per day is greater than 0 but less than 0.05
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APPENDIX L

~JLQ~ SARY

Test for the Difference !3etwc~~n Means A s t a t i s t i c a l  t es t  used to
d e t e r m i ne  if two averages are
significantl y different

Test for the Difference Between Proportion A statistical test used to
determine if two averages are
significantl y different

Level of  S i g ni f i c a n c e  The probability of incorrectl y
acce pting an alt ei-nat e hypothesis.
Al so called a Type I error

Type II Error The probability of incorrectl y
ClLcC - -~)ting a null hypothesis
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