Improving Public Health Preparedness
with Systems Engineering

Jeffrey W. Herrmann 30

THIRTY YEARS OF
SYSTEMS RESEARCH

INSTITUTE FOR

SYSTEMS RESEARCH

A. JAMES CLARK SCHOOL OF ENGINEERING

This research used mathematical and Future work will develop model-based risk
simulation models to develop and implement assessments of syndromic surveillance systems
decision support tools that help public health to determine how effectively they warn public
officials plan and prepare for emergencies health officials when emergencies are imminent,
such as anthrax attacks, smallpox, and which will help officials redesign and enhance
pandemic flu outbreaks. these systems and improve preparedness.

Clinic Planning Model Generator Publications

Models, Tools, and OUtpUtS to estimate POD capacity and performance

A. Johnson and J. Miller; eds. Interfaces i“'m@

Vol. 38, No. 4, July-August 2008, pp. 263-270 po110.1287 /inte.1070.0335

Adaptive Large Neighborhood Search for the Inventory Slack 5 0092-2102 s 1526-551X | 0838040263 ©2008 INFORMS
Routing Problem

Table of Model Routin Disseminating Emergency Preparedness
Main Routing Staffing Report e “ tarie l Main [ P ot [ Tabl Y Staffing Report Abstract ID: 310 B & geIcy p .

Table I\ \_Contents | \_Parameter able | Planning Models as Automatically

Sample Clinkc 31272008 Generated Custom Spreadsheets
I Inputs ] I Outputs l Model created by Jeffrey W. Herrmann with Clinic Planning Model Generator 2.04 Adam Montjoy
11003 .Jetfrey W. Herrmann Jeffrey W. Herrmann
Size of populstion ~ Time in clinic . Institute for Systems Research I of Mechanical Enpineering and Instifute for Systems Research,
Demand General Performance 10 be treated 10000 (minX 43962 University of Maryland, nd, College Park, Maryland 20742, jwh2@umd.edu

models to help county health departments across the United States
Tieme alotted for Average number of e en d vaccines during emergencies, we developed capacity planning and
1 610579 Al the challenge of distributing these models to people with minimal

| u |
Size of population Bnin fanin) N
] Yy S 10000 Time n chnic (min) 3 treatment (Gays) patares i Chrec n le . ting odels wi y
to be treated < urces for acquiring and learning new software. To eliminate the most
) The inventory slack routing problem (ISRP) addresses Interfaces [[{iorms} preadsheets. We created a spreadsheet application that runs Visual
Time allotted for . Acrena _ e . Dadly howrs © Bus irterarrival ficials must develop plans for distributing medication t Vol. 36, No. 6, November-December 2006, pp. 569-579 T —, fpenerate customized analytical models without the assistance of an
Average number of patients in climc 6106 12 007 case of a bioterrorist attack. Unlike other vehicle rout 15sx 0092-2102 | Exss 1526-551X | 06 | 3606 | 0569 porto- @&GF&NP&MS te a wide variety of plans. Developing spreadsheets for this type of
1

treatment (da ys Operation time (min) tive in the ISRP is'to maximize the slack in the deliver user modeling and typical spreadsheet applications. The software is

of smallpox mass vaccination clinic

Number of clinic sites

emergency preparedness planners to download.

B

occur. This paper presents an adaptive large neighborhy
h Interarmval Mean(rmin) Number of Cinic capactty (patients PP scheduling approaches on a set of problem instances. % . . g: government; queues: approximations.
L LS 1 841,08 Montgomery County’s Public Health Service Uses

cirec stes ot hour' )
Rl P Keywords

Emergency Preparedness, Scheduling, Vehicle Routing, Opel‘athI’lS ReSGaI‘Ch tO Plal‘l Emergency
. " N . . o e to one the number of residents that it can serve per hour)
304 1. Background Mass Dispensing and Vaccination Clinics s (APCs)  and the number of minutes that residents will spend

Clinéc capacity (patients per
hour) Required theoughput . Service stoff per shift

s all cinics

o
o
@

(patierts per hour) e o

p'.m red throughput Some public health emergencies would require the qu customize  in the clinic (i.e, time in system, flow time, and
— o Pt Aty Total staff per shift across all chnics . o large pumber: of People {6 prevent a Gatastiophs. For cal public  throughput time). Clinic capacity affects the number
o | VACCINATION (patients per hour) Administratit staff per 8 area could result in casualties equivalent to that of a s Kay Aaby rism plan-  of clinics needed and the total time needed to vacci-
shift across ol clinics i [4]. The proposed rescarch is motivated by work with 3 i Y o ; o -
e oM - e - . i R g . Montgomery County Advanced Practice Center, Public Health Emergency Preparedness and Response Program, s for Dis- nate an affected population. The time in system affects
the logistics for distributing medication to the points of) Department of Health and Human Services, 2000 Dennis Avenue, Silver Spring, Maryland 20902, the APC  th Bar of redidants who will be s Aazhaseling
“ & Staffing (per clinic site) Station-level Results ) for mass dispensing is made, county public health dep: Kay.aaby@montgomerycountymd.gov ev‘ a SMUIDEL CL rest gf‘ WO WL .zlmsl e ;‘e c;nfc
CONSULTATION Total statf per shift 312 neously at a designated time. The state will request mg] Jeffrey W. Herrmann ‘-mlt‘! an w al{z]g for trcatmjnt, foodmaf‘i' sl ents in the clinic
- P “10%* e vis Skl il - e M Irs the pro could cause crowding and confusion.
H H Staff per Minimum Wait timne Queye across all chnics limited, supply of medication to a state receipt, storage, Department of Mechanical Engineering and Institute for Systems Research, University of Maryland, ‘ EF(* dliatire A gl -y -
. . . . 2 2 ap " tors will deliver more medication to the depot, but the st College Park, Maryland 20742, jwh2@umd.edu se of APC valuating clinic plans requires the use of R
Arrival _> Trlage > Regl stration shift staff per shift (min} length Utilization . . before everything arrives from the contractors. The deli agencies  models, such as capacity planning and queueing.
R Process Wait Time Cycle Time Suggested soafion i Tty 1 , Carol S. Jordan i Tl : : .
N iy A N medication distribution plans will delay the time that s Montgomery County Department of Health and Fuman Services, Dennis Avenue Health Center, ealth Offi We developed discrete-event simulation models and
A w w . . . " Station Staff Utilization  Time (min) (rin) (min) Oueve Length Oueue Space (ft) these PODs, and some residents may not get their med 000 Denmys Avene, Siver Spring, Maryland 20902, caroljordan@montgomerycountymd.gov create and  capacity planning and queueing network models to
-~ el Greeters 4 4 Greeters 034 J Gresters 4 q a% 026 054 7 45 or illness [4]. Clearly, there are many uncertainties in nf Mark Treadwell guidelines  improve clinic planning in an ongoing collaboration
" - p y lan that calls for delivering medication to PODs much 5§ 2 i iversi 7 P
1 Trisge 25 175 1818 3 253 1515 bl L G bLor e annE HEEACRIILIO S0 o8 Fet Department of Mechanical Engineering, University of Maryland, College Park, Maryland 20742, ssess, and  with the University of Maryland (College Park) and
Holdlng Room ﬁ Tri ap g Tii 18.18 ‘ Registrati 0 200 000 200 0 0 PODe:willoper on: e and will ot fuiout of medical ‘mtread@umd.edu response  the Montgomery County (Maryland) Public Health
_> nage s Pas nage D ] At BNV gy &R - . Services (PHS). Aaby et al. (2006b) provide additional
SCREENING ] Medical s 25 175 1812 19.87 262 1510 Much research has been done to develop models to i Kathy Wood weryices (E0), ihabyet al (2006h) provice addition
-~ - - N feled the hospital suree after a laree-scale anthrax 4 Public Health Emergency Preparedness and Response Program, Montgomery County Department of Health and ully plan- information about these models.
lly pl b h del
v Madical e 53 377 &30 ¥ !m;u ed the k"’ﬁl"{f* surge a ';rl-i -"‘a’h-mﬁ anthrax Human Services, 2000 Dennis Avenue, Silver Spring, Maryland 20902, Kathy.wood@montgomery countymd.gov s which In this paper, I discuss the challenge of distribut-
3 /= B 0 11% a a o ibuti tics of delivery equally importal 4 ’
Registration 0 na Registration 0 0.0% Dispansic 19 134 158 ibution, ms g 081 e ). Wh ing th dels to people with minimal experienc
. o o spe 3 3 = methods and planning tools for PODs in makeshift loc: ). When a  ing these models to people with minimal experience
Sk Bay 178 27 396 g vith OR techniques cquiri
: 1 Sk Bay 178 1270 32264 44 To curb outbreaks of contagious diseases, county health departments must set up and operate clinics to dis entumuey Wity OK fechligies) afid g fesolteeey: forr Acquiring
L—P Symptoms Room Education P . . - - o i - The Tnventory Slack Routing Problem (ISRP) that we pr pense medications and vaccines. Carefully planning these clinics in advance of such an event is difficult and ious roles.  and learning new software. Providing the models in
Medical screening B &~ Medical sueenlng 18.12 &34 Total 304 Inventory Routing Problem (IRP) [3]. Most solutions important. We developed and implemented operations research models to improve clinic planning for the clinic (i.e,  a format they could use was critical. The options we
“ HH H | i ammi iques. s Montgomery County (Maryland) Public Health Services. They include discrete-event simulation models and e
capacity-planning and quetieing-system models. We validated these models using data that we collected during 6
H HHH SYHPTOMS L Medical consultation 53 83 Medical consultation 4533 630 ;ﬂ;xixr&f::;z:f ,::Ialf: ;:‘éb;f:kzvzge;ifsl?;‘vcibped guidelines for the physical design of clinics based
H HHH = 0.0 Queue Time per Station - Utization of Stations Key words: health care: treatment; simulation: applications.
s 0% 5 i ;
Vaccination |« Screening < e s s | Dispensing (Multi) 19 19 Dispensing (Multi) 11.25 156 2000 ] ] History: This paper was refereed
80 —_— el el
500
— RS — Sick Bay 178 178 Sick Bay 322,64 1481 9.1 2000 €0% — — — he threat of an outbreak of contagious disease  have to be vaccinated within a few days. For exam-
%00 in the United States, caused by a terrorist act  ple, Montgomery County, Maryland, would need to
. 0% ped. = —{ I or a natural occurrence, has prompted public health  vaccinate nearly one million people. To vaccinate so
Consultation |q¢—— chen-Rex:RensRexs) Total Service Staft . - 000 departments to update and enhance their plans for  many people in a short period, it would have to set up
otal Service Stal 304 3 20 1 1 1 M responding tr h events. E ially i i that vaccinati linics at desi d sites thi h-
e " RECEPTION e ponding to such events. Especially in regions that ~ mass-vaccination clinics at designated sites through-
> % o, 500 ;
wwww wwww www“ www ) are densely populated or strategically important, such ~ out the county. Kaplan et al. (2002) compare vacci
wwww wwww www wwww 00 + 0 as the nation’s capital, public health officials must  nation policies for responding to a smallpox attack
S 312 Set all to N . » Y P " plan for potential disasters. In the worst-case sce-  and show that mass vaccination results in many fewer
= % 7 C) % " o .
Nwww Nwww wﬂw wﬂww Total Staff S ranimum ,,t"' ot ..;,i" . q/ \_-I‘ .'.\' nario, terrorists could release a lethal vi such as  deaths than other tactics in the most likely attack sce-
w WNW w www w wﬂ)w w ww - 4 R & .r"" smallpox, into the general population. If this were  narios. The spread of a pandemic flu could also trig-
¥ w o b . o to happen, every person in the affected area would  ger mass vaccinations.
Values in red signify below-minimum staffing levels Values in red denote the “worst™ station for that charactenstic o
ECUCATION

33
2

Vaccination Clinic Animation

% Healthy Paikbl €3 1dc Clibk Perobbel |aHe g

OTS5H §5fe R - Anthrax Progression and Treatment Model
to evaluate impact of pre-positionin

26 27

Queueing network approximations = |
for Points of Dispensing (PODs, clinics)

Individual
Processing with 4
m servers

0

Undergraduate and Graduate
Student Research Experiences

\ 4

N
ol
\ 4

18 19 23

=
h 4

N
h 4

w

Batches with the average
arriving batch size K ,,

4
)
4
()]
N
o

Individual | |

D ® Departure
(@] ®|ﬁ| (ONONG) | lv LA 4 L A 4 Y Y
@0
== 11 12 21 24

WIBT

(min) :
! (ain) lw vy i v ‘v

Any kind of amrivals
O
o0
0

C X
e
0
P\]

|

~N
A 4
(00}
O

y
B
o
y

N
(00}
[EY
w
h 4
[HY
H
]
[HY
o
|
[EY
(0))]

Y

17 22

A

unding sources: Montgomery County, Maryland, Advanced Practice Center; the National Association
f County & City Health Officials (NACCHQ); Centers for Disease Control and Prevention (CDC).



