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Ven$la$on	
  Management	
  in	
  Healthcare	
  

•  Temperature	
  and	
  Rela$ve	
  Humidity	
  Control	
  
– ASHRAE	
  

•  Smoke	
  Control	
  	
  
– NFPA	
  
– Building	
  Codes	
  
– ASHRAE	
  

•  Infec$ous	
  Disease	
  Control	
  
– Airborne	
  spread-­‐TB,	
  Measels,	
  Chicken	
  Pox,	
  Aspergillosis	
  
– AIA,	
  CDC,	
  OSHA,	
  ASHRAE	
  

Infec$on	
  Control	
  Air	
  Flow	
  Management	
  

• Airflow	
  ven$la$on	
  control	
  with	
  offset:	
  
– supply	
  versus	
  exhaust/return	
  
– clean	
  to	
  dirty	
  airflow	
  
– greater	
  exhaust	
  =	
  nega$ve	
  	
  
– greater	
  supply	
  =	
  posi$ve	
  

• Pressure	
  differen$al	
  
– airflow	
  in	
  or	
  out	
  of	
  area	
  (AIA	
  1996)	
  
– 0.01	
  inch	
  water	
  gauge	
  (AIA	
  2001)	
  
– air	
  flow	
  velocity	
  about	
  400	
  fpm	
  

– consistent	
  airflow	
  necessary	
  for	
  control	
  

Why	
  Validate?	
  
•  Exis$ng	
  Condi$ons	
  of	
  Ven$la$on	
  Systems	
  

– Area	
  control	
  
•  Comfort	
  and	
  moisture	
  management	
  
•  Fire	
  management	
  
•  Infec$on	
  control	
  needs	
  for:	
  

– Airborne	
  spread	
  infec$ous	
  diseases	
  	
  
–  Surge	
  of	
  unknown	
  infec$ous	
  pa$ents	
  

»  Infec$ous	
  disease	
  event	
  
–  Construc$on	
  aerosol	
  control	
  

»  Poten$ally	
  infec$ous	
  
»  Environmental	
  microbes	
  

•  Func$onal	
  performance	
  tes$ng	
  
–  Safety	
  management	
  

»  Pa$ent	
  
»  Employee	
  
»  visitor	
  

CDC	
  Environmental	
  Infec$on	
  Control	
  Guidelines	
  2003	
  

EMERGENT DISEASES 
SARS 
MONKEY POX 
ANTIBIOTIC RESISTANT MICROBES 

•Tuberculosis 
•Chicken pox 
•Disseminating H. zoster 

•Measles 
•Smallpox 

Droplet nuclei <5µm particles 

5 

monitor!

corridor!

Negative Pressure Room for Airborne Infection Isolation!

Bathroom	
  

6 

Monitor
r	
  

Corridor	
  

Bathroom	
  

Positive Pressure Room for Protective Environment!
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AIA	
  &	
  ASHRAE	
  DESIGN	
  GUIDELINES	
  FOR	
  VENTILATION	
  

CDC	
  EIC	
  MMWR	
  JUNE	
  6,	
  2003	
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Environmental	
  Risk	
  Factors	
  for	
  
TB	
  Transmission	
  

 Exposure	
  to	
  TB	
  in	
  small	
  enclosed	
  places	
  
 Inadequate	
  local/general	
  ven$la$on	
  
 Recircula$on	
  of	
  air	
  containing	
  infec$ous	
  droplet	
  
nuclei	
  

 Inadequate	
  cleaning	
  and	
  disinfec$on	
  of	
  medical	
  
equipment	
  

 Improper	
  specimen	
  handling	
  procedures	
  

 Unrecognized	
  pa$ent	
  
	
   (CDC	
  MMWR,	
  12/30/05)	
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Airborne	
  Infec$ous	
  Diseases	
  

Pa$ent/Visitor	
  
 TB	
  
 VZV	
  
 Measles	
  
 RSV	
  

Environmental	
  
 Aspergillous	
  
 Fusarium	
  
 Mucorales	
  
 Legionella	
  
 Bacillus	
  sp.	
  
 Gram	
  nega$ve	
  bacteria	
  

10 

Airborne	
  Droplet	
  Nuclei	
  

11 

Objec$ve	
  for	
  sampling	
  

•  Interpreta$on	
  guidelines	
  
– What	
  are	
  we	
  trying	
  to	
  accomplish?	
  
– What	
  should	
  the	
  data	
  show?	
  

•  Baseline	
  data	
  
– Func$onal	
  performance	
  of	
  infec$on	
  control	
  system	
  

•  Epidemiology	
  study	
  	
  
– Determine	
  if	
  the	
  environment	
  source	
  of	
  disease	
  
– Source	
  detec$on	
  

•  Valida$on	
  of	
  controls	
  
– Assure	
  control	
  systems	
  are	
  maintaining	
  baseline	
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Breaking	
  the	
  Chain	
  of	
  Infec$on	
  

•  Nega$ve	
  Pressure	
  Isola$on	
  
–  Isolate	
  infec$ous	
  microbe	
  to	
  eliminate	
  the	
  mode	
  of	
  transmission	
  	
  

•  Source	
  Mangement	
  
–  Direct	
  removal	
  of	
  infec$ous	
  pathogen	
  from	
  reservoir	
  	
  	
  

–  Change	
  of	
  pathogenic	
  reservoir	
  environment	
  in	
  order	
  to	
  inhibit	
  
and	
  prevent	
  it’s	
  growth	
  	
  

Hospital	
  survey	
  summary	
  of	
  Airborne	
  Infec$on	
  Isola$on	
  
Capability	
  

 678	
  rooms	
  surveyed	
  using	
  survey	
  and	
  site	
  visit	
  objec$ve	
  
analysis	
  

 Most	
  rooms	
  do	
  not	
  meet	
  AIA/CDC	
  criteria	
  

 Inadequate	
  pressures	
  in	
  a	
  large	
  %	
  of	
  rooms	
  checked	
  

 Filtra$on	
  analysis	
  less	
  than	
  specifica$on	
  in	
  a	
  high	
  %	
  of	
  air	
  
handlers	
  checked	
  

 Lack	
  of	
  wrinen	
  plans	
  for	
  nega$ve	
  pressure	
  machines	
  and	
  
surge	
  management	
  

A	
  Performance	
  Assessment	
  of	
  Airborne	
  Infec$on	
  Isola$on	
  Rooms,	
  	
  

AJIC,	
  Vol	
  35:5,	
  p324-­‐331,	
  2007	
  

14 

Airborne	
  Infec$on	
  Room	
  Criteria	
  

15 

Performance	
  Evalua$on	
  of	
  Filtra$on	
  in	
  Air	
  
Handling	
  Systems	
  	
  

 	
  Filtra$on	
  at	
  90%	
  ra$ng:	
  consider	
  
evalua$on	
  of	
  filter	
  bank	
  when	
  
when	
  the	
  measured	
  efficiency	
  
is	
  below	
  80%.	
  

16 
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Table	
  II	
  	
  	
  Colony-­‐forming	
  units	
  per	
  cubic	
  meter	
  sampled	
  from	
  
fan-­‐specific	
  loca$ons	
  (10	
  years)	
  

Highlights-­‐	
  
-­‐range	
  of	
  cfu	
  from	
  0	
  to	
  1008	
  for	
  37C	
  fungi.	
  
-­‐control	
  of	
  sources	
  more	
  effec$ve	
  than	
  searching	
  for	
  burst.	
  

What	
  is	
  a	
  burst	
  of	
  fungal	
  spores?	
  

	
  A	
  burst	
  is	
  >3	
  standard	
  devia$ons	
  above	
  the	
  average?	
  

1243	
  SAMPLES	
  INDOORS	
  WITH	
  48	
  “BURSTS”	
  EVENTS	
  

Airborne	
  Fungi	
  and	
  Ven$la$on	
  Parameters	
  
Filtra$on	
  local	
  cfu/m^3	
  	
  Temp	
   	
   %	
  filtra$on	
  

– U	
  of	
  MN	
  1962	
   	
   706	
  	
   35C	
  	
   none	
  
– U	
  of	
  MN	
  1982	
   	
   82	
  	
   	
   35C	
  	
   40	
  

– U	
  of	
  MN	
  2002	
   	
   3.6	
  	
  	
   35C	
  	
   90	
  

Infec$on	
  Control	
  Ven$la$on	
  Parameters	
  

•Air	
  exchanges	
  
•Pressure	
  differen$al	
  
•Airflow	
  direc$on	
  
•Par$cle	
  management	
  

	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Air	
  Quality	
  Surveillance	
  
University	
  of	
  Minnesota	
  Medical	
  Center-­‐Fairview	
  

Commissioning issues 

Functional 
Performance Testing 
of Special Ventilation 
Rooms 

• Performance testing should be conducted where ventilation critical for infectious disease 
management.  The parameters include: location, monitoring, offset, air exchanges,  
pressure, room size and filtration.  This data serves owner with baseline information. 

Microbial sampler 
high volume 
portable 

Optical  
particle  
counters 

•Air sampling devices need interpretation guidelines 
before sampling begins. 
•Providing existing conditions information for ventilation 
is essential. 

IC CONSIDERATION EXAMPLES 

•Impaction occurs due to inertia collision of particle with fibers	


•Interception occurs due to size and the collision of particles with fibers	


•Diffusion occurs from random motion causes particle contact with fiber	


•Electrostatic attraction due to electrostatic force	



FILTRATION	
  EFFICACY	
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Are	
  aerosols	
  preferen7ally	
  removed?	
  

Collec7on	
  of	
  biological	
  and	
  non-­‐biological	
  par7cles	
  by	
  new	
  
and	
  used	
  filters	
  made	
  from	
  glass	
  and	
  electrosta7cally	
  charged	
  
synthe7c	
  fibers,	
  Raynor,	
  P.,	
  et	
  al,	
  Indoor	
  Air	
  2008;	
  18:	
  51–62	
  

Do	
  biological	
  par7cles	
  have	
  an	
  electrical	
  charge	
  	
  that	
  is	
  different	
  	
  
than	
  ionic	
  crystals	
  used	
  to	
  test	
  filters?	
   While	
  the	
  filter	
  bank	
  of	
  	
  

bag	
  filters	
  looks	
  good?	
  

You	
  might	
  not	
  be	
  able	
  
to	
  see	
  it	
  all…..	
  
When	
  filters	
  oscillate	
  	
  
they	
  wear	
  &	
  tear.	
  

Reality	
  Check!	
  

Removal	
  Efficiency	
  In-­‐Situ	
  by	
  Par$cle	
  Size	
  and	
  
Resistance	
  to	
  Flow	
  

Depic$on	
  of	
  par$cle	
  counts	
  before	
  and	
  awer	
  	
   	
  	
  	
  	
  	
  	
  
filtra$on	
  in	
  air	
  handling	
  system	
  

Direc7on	
  of	
  
Airflow	
  

Par7cle	
  Counter	
  

Before	
   Awer	
  

Before	
  filter	
  
12176	
  p/w^3	
  

Awer	
  filter	
  
40	
  p/w^3	
   >99%	
  reduc$on	
  	
  

How	
  the	
  door	
  swing	
  affects	
  pressure?	
  

Door	
  swing	
  shows	
  pressure	
  	
  
flux	
  depending	
  on	
  the	
  seal	
  on	
  	
  
the	
  room.	
  How	
  much	
  air	
  is	
  moved	
  
with	
  each	
  swing?	
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Room	
  Leakage	
  Areas	
  
•  Airflow	
  leakage	
  occurs	
  around:	
  

– plumbing	
  connec$ons	
  
– medical	
  gases	
  	
  
– electrical/video	
  connec$on	
  
– ligh$ng	
  
– ceilings	
  
– windows/doors	
  	
  
– door	
  cracks	
  
– in	
  wall	
  mounted	
  fixtures	
  

In	
  new	
  construc$on	
  will	
  
the	
  contractor	
  plug	
  these	
  
holes	
  to	
  control	
  airflow?	
  

MAYBE	
  NOT	
  EVERYWHERE	
  
BUT	
  WHERE	
  SPECIFIED	
  
FOR	
  FIRE	
  AND	
  INFECTION	
  
CONTROL	
  

HOW	
  DO	
  WE	
  FIND	
  THESE	
  
HOLES	
  FOR	
  AIRFLOW	
  
MOVEMENT	
  IN	
  A	
  BUILDING?	
  

Duct Blaster evaluation of AII room	



Depressurize room and record air flow volume to determine room leakage. Four AII 	


rooms evaluated with average of 22 inch2/100ft2; two sealed rooms 3.1 in2/100ft2.	



AIR TIGHT HOUSES STANDARD AT 2.5 inch2 /100ft2	



Leakage	
  defined	
  as	
  	
  x	
  cfm	
  @	
  x	
  pressure	
  Pascal’s	
  or	
  WC	
  

Room	
  Seal	
  Necessary	
  for	
  Special	
  Ven$la$on	
  Management	
  
•  Cracks	
  can	
  result	
  in	
  room	
  air	
  leakage.	
  

•  Supply	
  air	
  volume	
  differen$al	
  allows	
  for	
  airflow	
  direc$on	
  control.	
  
•  Low	
  pressure	
  differen$al	
  can	
  result	
  in	
  airflow	
  reversal.	
  
•  Substan$al	
  room	
  pressure	
  design	
  should	
  provide	
  a	
  sealed	
  “vessel”.	
  
•  Design	
  criteria	
  are	
  necessary	
  for	
  control.	
  

Finding	
  leakage	
  points	
  in	
  rooms	
  helps	
  assure	
  consistent	
  pressure	
  management	
  

Design	
  for	
  airborne	
  infec$on	
  
isola$on	
  rooms	
  the	
  size	
  at	
  	
  
UMMC	
  when	
  sealed	
  will	
  	
  
move	
  84	
  cfm	
  air	
  at	
  	
  
10	
  Pascal’s	
  pressure	
  to	
  
achieve	
  2.5	
  in2/100w2	
  	
  
surface	
  area.	
  Leakage	
  at	
  	
  
about	
  0.1	
  cfm/w^2.	
  

Causes	
  of	
  Ven$la$on	
  Deficiencies	
  
 Plugged	
  Filters	
  
 Plugged	
  Temperature	
  Control	
  Coils	
  
 Duct	
  Leakage	
  
 Dust	
  on	
  Fan	
  Blades	
  
 Fan	
  Belt	
  Slippage	
  
 Uncalibrated	
  Control	
  Equipment	
  

 Digital	
  Controls	
  
 Pneuma$c	
  Controls	
  

 Plugged	
  sensors	
  

36 
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Flexible duct not properly installed 	


caused condensation & mold	



Ven$la$on	
  deficiencies	
  can	
  affect	
  airflow	
  direc$on	
  

37 

Which side moves	


more air??	



38 

Age	
  of	
  Air	
  Concept	
  for	
  par$cle	
  movement	
  

39 

The airflow pattern in OR’s	


must overcome thermal 	


buoyance and maintain a down	


ward flow of air	



Vertical airflow 30 to 40 lfpm at surgery site!

Opera$ng	
  room	
  issues:	
  

Smoke	
  from:	
  
	
   -­‐electro-­‐cautery	
  
	
   -­‐laser	
  
Aerosol	
  from:	
  
	
   -­‐saws	
  
	
   -­‐blood	
  spaner	
  

42 
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43 44 

Advances	
  in	
  airflow	
  evalua$on	
  in	
  opera$ng	
  
rooms	
  

Airflow	
  can	
  be	
  demonstrated	
  when	
  $ming	
  the	
  release	
  of	
  gas	
  or	
  par$cle	
  to	
  the	
  extractor	
  grill.	
  
Then	
  covering	
  extractors	
  and	
  allowing	
  gas	
  to	
  build	
  to	
  higher	
  concentra$on	
  and	
  when	
  
extractors	
  uncovered	
  measure	
  rate	
  of	
  decrease.	
  

Surgical	
  Smoke	
  Generated	
  During	
  Hip	
  Resec$on	
  

46 

0	
  

10000	
  

20000	
  

30000	
  

40000	
  

50000	
  

60000	
  

1	
   6	
   11
	
  

16
	
  

21
	
  

26
	
  

31
	
  

36
	
  

41
	
  

46
	
  

51
	
  

56
	
  

61
	
  

66
	
  

71
	
  

76
	
  

81
	
  

86
	
  

91
	
  

96
	
  

10
1	
  

10
6	
  

11
1	
  

11
6	
  

12
1	
  

12
6	
  

13
1	
  

13
6	
  

14
1	
  

14
6	
  

15
1	
  

15
6	
  

16
1	
  

16
6	
  

17
1	
  

C	
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Interpreta$on	
  of	
  Data	
  
Par$cle	
  Counters	
  &	
  Construc$on	
  

•  Par$cle	
  counts	
  compared	
  to	
  outside	
  
– Per	
  cent	
  reduc$on	
  approxima$on	
  
– Par$cle	
  size	
  and	
  construc$on	
  
– Stop	
  work	
  guidance	
  	
  

•  Local	
  controls	
  when	
  sampling	
  
– Set	
  up	
  levels	
  of	
  project	
  expect	
  high	
  counts	
  

•  Know	
  the	
  aerosol	
  
– Cri$cal	
  to	
  opera$on	
  rooms,	
  bone	
  marrow	
  transplant,	
  
oncology,	
  neonates,	
  burn	
  unit	
  

•  Lowest	
  levels	
  before	
  and	
  awer	
  
– Ven$la$on	
  management	
  controlling	
  dirty	
  air	
  

•  Exhaust	
  ven$la$on	
  out	
  of	
  space	
  
•  Recircula$on	
  of	
  HEPA	
  filter	
  
•  Nega$ve	
  pressure	
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CEILING	
  REAL	
  ESTATE	
  	
  

SCHEMATIC	
  DESIGN	
  DOES	
  NOT	
  
ALLOW	
  FOR	
  CEILING	
  COMPONENT	
  
UNLESS	
  PREPLANNING	
  OCCURS	
  

CEILING	
  PROPERTY	
  
FILLS	
  UP	
  FAST	
  TO	
  	
  
PROVIDE	
  MULTI	
  	
  
FUNCTION	
  OF	
  THE	
  
CEILING	
  COMPONENTS	
  	
  

49 
Ceilings	
  are	
  more	
  difficult	
  to	
  seal	
  especially	
  with	
  liws	
  being	
  installed	
  in	
  pa$ent	
  rooms.	
  

50 

Ante	
  Rooms	
  are	
  not	
  required	
  as	
  a	
  minimum	
  except	
  in	
  certain	
  states.	
  

Func$onal	
  Performance	
  Tes$ng	
  
Baseline	
  Data	
  for	
  Future	
  Reference	
  

List:	
  
-­‐pa$ent	
  care	
  unit	
  
-­‐room	
  number	
  
-­‐type	
  of	
  room	
  
-­‐monitoring	
  system	
  
-­‐local	
  display	
  monitor	
  
-­‐AC/hr	
  
-­‐differen$al	
  pressure	
  	
  
-­‐offset	
  
-­‐airflow	
  direc$on	
  
-­‐room	
  size	
  square	
  feet	
  
-­‐supply	
  volume	
  
-­‐return/exhaust	
  volume	
  

VAV	
  Tracking	
  Pair	
  

52 

Plugged	
  airflow	
  sensing	
  devices	
  will	
  not	
  func$on	
  as	
  	
  
designed	
  which	
  can	
  affect	
  infec$on	
  preven$on	
  ven$la$on.	
  

Training	
  manual	
  for	
  temporary	
  nega$ve	
  pressure	
  isola$on	
  can	
  be	
  found	
  at:	
  
hnp://www.health.state.mn.us/oep/training/bhpp/airbornenega$ve.pdf	
  

Contaminated	
  air	
  must	
  be	
  controlled	
  
Proof	
  of	
  Containment	
  

•  Barriers	
  for	
  containment	
  
must	
  show	
  pressure	
  
differen$al	
  (sides	
  pull	
  in	
  
as	
  if	
  under	
  a	
  vacuum)	
  

•  Differen$al	
  pressure	
  
check	
  with	
  digital	
  pressure	
  
gauge	
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How	
  to	
  Validate:	
  Tools	
  

•  Pressure	
  Gauges	
  
– Airflow	
  management	
  

• Test	
  loca$ons	
  
• Intensity	
  of	
  airflow	
  
• Direc$on	
  consistency	
  
• Interpreta$on	
  
• Velocity	
  and	
  pressure	
  

Construction Management & Commissioning issues 

    Interpretation of Data Pressure 
•Develop baseline information 
 -before, during and after construction 
•Airflow direction and intensity 
 -clean to dirty airflow into construction site 
 -air velocity and pressure 
  •0.01 inch water column about 400 linear feet per minute 
  •ideal around 0.02 to 0.03 in. WC harder to achieve 
  •pressure gauge sensitive to 0.001inch water column 
•Airflow control in Surgery Projects 
 -keep operating rooms pressurized 
 -maintain consistent airflow 
 -know existing conditions 
•Return airflow and pressure to pre construction testing 
 -cooperation between contractor and user 

IC CONSIDERATION EXAMPLES 

Particle counters tell the rank order	


Pressure gauges give air velocity	


Balancing hoods verify air exchanges	



These parameters should be 	


kept stable and should be 	


checked when changes or	


adjustments in the 	


HVAC system occur.	



THESE	
  PARAMETERS	
  DEMONSTRATE	
  
EXISTING	
  VENTILATION	
  CONDITIONS	
  

Source	
  management	
  methods	
  	
  for	
  	
  
environmental	
  disrup5on	
  will	
  
help	
  contain	
  mold	
  spores	
  be8er	
  
than	
  looking	
  for	
  the	
  mold	
  spores	
  
than	
  wondering	
  what	
  to	
  do.	
  

Biological	
  tes7ng	
  in	
  USP	
  797	
  Pharmacy	
  Manufacturing	
  

Loca7on	
   	
   	
   	
  25C	
  fungi	
   	
  	
  	
  35C	
  bacteria	
  +	
  fungi	
  

Outdoors	
  	
   	
   	
   700	
   	
   	
   	
  80	
  
Ante	
  area	
  	
   	
   	
  	
   16	
  	
  	
   	
   	
  	
  	
   	
  	
  6	
  
BSC	
   	
   	
   	
   <2	
  	
  	
   	
   	
   <2	
  
Fill	
  area	
  	
   	
   	
   18	
   	
   	
   	
   	
  8	
  

	
  Data	
  Interpreta7on	
  Guidelines	
  
•rank	
  order	
  (clean	
  to	
  cleanest)	
  
•Comparison	
  data	
  
•qualita$ve	
  
•temperature	
  

Reali7es:	
  
•culture	
  results	
  are	
  too	
  late	
  
•emphasis	
  on	
  training	
  &	
  asepsis	
  
•unusual	
  event	
  protocols	
  

Interpreta$on	
  of	
  Owner’s	
  Acceptance	
  Criteria	
  

Air	
  quality	
  
	
   -­‐clinical	
  applica$on	
  
	
   	
   	
   bone	
  marrow,	
  opera$ng	
  rooms,	
  pharmacy	
  
Water	
  quality	
  
	
   -­‐clinical	
  applica$on	
  
	
   	
   laboratory,	
  dialysis,	
  stagnant	
  reservoirs	
  
	
   -­‐drinkable	
  
	
   	
   not	
  sterile	
  
	
   These	
  require	
  specific	
  objec$ve	
  informa$on	
  for	
  TJC	
  and	
  Baseline	
  data	
  
Cleaned	
  surfaces	
  
	
   -­‐non	
  porous	
  
Control	
  of	
  the	
  environment	
  for	
  pa$ent	
  safety	
  
	
   -­‐interdisciplinary	
  team	
  overview	
  includes	
  issues	
  from	
  slips	
  to	
  infec$ous	
  

diseases	
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Pressure	
  Management	
  in	
  Healthcare	
  

•  Airborne	
  infec$ous	
  disease	
  
– Pa$ent	
  &	
  procedure	
  rooms	
  	
  
– Surge	
  capacity	
  for	
  emerging	
  infec$ous	
  diseases	
  

•  Fire	
  &	
  smoke	
  	
  
– Will	
  IBC	
  affect	
  ID	
  management?	
  

•  Building	
  pressure	
  
–  Infiltra$on	
  of	
  moisture	
  and	
  other….	
  

•  Construc$on	
  zone	
  
– Dust	
  aerosol	
  control	
  

•  What	
  is	
  an	
  appropriate	
  pressure	
  gradient?	
  
– Air	
  velocity	
  to	
  control	
  par$cle	
  movement.	
  

Ques$ons?	
  

Amplatz	
  Children’s	
  Hospital	
  University	
  of	
  Minnesota-­‐Fairview	
  
	
   	
   	
   	
   March	
  26,	
  2011	
  	
  

www.webbertraining.com/schedulep1.php 


