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Measurement,	
  interpretation	
  and	
  use	
  of	
  hemodynamic	
  
parameters 

Lopes	
  ,	
  Cardiol	
  Young	
  2009;19:8-­‐12

“Calculation	
  of	
  blood	
  flow	
  and	
  vascular	
  resistance	
  
using	
  the	
  Fick	
  principle	
  requires	
  attention	
  to	
  
several	
  possible	
  sources	
  of	
  errors.”	
  

Inappropriate	
  hemodynamic	
  and	
  respiratory	
  conditions	
  
Inadequate	
  blood	
  sampling	
  and	
  processing	
  for	
  blood	
  gas	
  analysis	
  
Inappropriate	
  assumptions	
  –	
  mixed	
  venous	
  and	
  pulmonary	
  venous	
  O2	
  

saturation,	
  the	
  value	
  of	
  oxygen	
  consumption



Pitfalls

• Pressure measurement!
• Inadequate blood sampling for blood 

gas analysis!
• Dissolved O2 in total O2 content!
     dissolved + oxyHgb O2!
      0.003 ml/dl/torr + 1.36ml/g * Hgb g/dl * % O2!
• Inappropriate assumptions !

   mixed venous and pulmonary venous O2 
saturation, oxygen consumption
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Example

Hgb = 12g/dl, VO2 = 200, TPG = 6mmHg 
PA = 70% 
PV= 100%, 500mmHg 
         
        1. Dissolved O2 = 0.003*500 = 15 ml O2 /L 
                Qp = 200/(15+49) = 3.1  Rp = 6/3.1 = 1.9 wu    
                                               cf) Qp=4.1, Rp=1.5 wu 
        2. VO2 = 200 à170 ---- Rp=2.3wu 
        3. PA= 70 à65% ----- Rp=2.2wu 
        4. 2&3 ----------- Rp=2.5wu 
        5. TPG= 6 à9 ------- Rp=2.9wu 



Pressure	
  measurement

• avoid	
  ketamine	
  in	
  sedation	
  
• adjust	
  to	
  zero	
  

• setting	
  zero	
  at	
  the	
  mid-­‐thoracic	
  level	
  
	
  	
  	
  	
  	
  (5th	
  World	
  symposium	
  on	
  PHT,	
  Nice,	
  2013)	
  

• PAWP	
  should	
  be	
  measured	
  at	
  end-­‐expiration,	
  
where	
  the	
  effects	
  of	
  intrathoracic	
  pressure	
  
swings	
  are	
  minimal	
  

• Simultaneous	
  tracing	
  of	
  PAP	
  and	
  PVP
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Routine Pressure Measurement
1. Zero & 100 mmHg settings 
2. Routine double tracing 
     AO-RA, AO-RV, RPCW-LV, RPA-LV,   
     MPA-LV, RV-LV, RA-LV, LPCW-LV,   
     LPA-LV, LV-AAO-DAO 
3. TPG (PA-PV), switch transducers 
4. Respiration - endexpiration 
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Definition of PAH
• m PAP ≥ 25mmHg (at rest)!
! !            ≥ 30mmHg (with exercise)!
• PCWP  ≤ 15mmHg!
• PVR ≥ 3 Wood units!
• sPAP ≥ 50% of systemic pressure 

(children)!
• 5-10% of all pts with CHD

J Am Coll Cardiol 2009;54(1 suppl):S55



Myth

“Eisenmenger	
  syndrome	
  is	
  a	
  stable	
  
disease,	
  not	
  amenable	
  to	
  
treatment”



What	
  is	
  the	
  cutoff	
  value	
  of	
  Rp	
  in	
  
closing	
  ductus?

8Wu?6WU? 10W
U
?

Myth-­‐busters



N Engl J Med 2004;351:1425-36



Case

• 4Y/boy,	
  Wt	
  11.5kg	
  
• Mild	
  CHF	
  symptom	
  
• Mild	
  cardiomegaly	
  on	
  CXR	
  
• Echo.	
  

	
  	
  Large	
  PDA	
  with	
  severe	
  PAH	
  
	
  	
  	
  d=7.1mm,	
  bidirectional	
  shunt	
  
	
  	
  	
  Interrupted	
  IVC



Cath.	
  (99-­‐6-­‐4,	
  4Y)

Qp/Qs 1.6

RP 15.1

RP/RS 0.6

P(PA/Ao) 1.0



▪ No	
  closure	
  of	
  PDA	
  

▪ Beraprost	
  	
  PO	
  (2ug/kg/day)	
  

▪ Echo.	
  (2001-­‐3-­‐13,	
  21months	
  later)	
  

	
   	
  PDA	
  	
  PG=41mmHg	
  (↑)	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  bidirectional	
  shunt,	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  dominantly	
  L	
  to	
  R	
  shunt	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Enlarged	
  LA	
  	
  and	
  	
  LV	
  (↑)	
  

Management	
  	
  (99-­‐6-­‐30)



Cath.	
  (2001-­‐3-­‐16,	
  6Y)

High Rp(16) 
Vasoreactivity(+)

Baseline  O2

QP 4.6 9.7

QS 3.4 3.8

QP/QS 1.4 2.6

RP 16.5 5.3

RP/RS 0.6 0.3

P(PA/Ao) 0.9 0.7



Echo. (2006-7-11, 11y)

▪ PDA PG = 60 mmHg(↑) 

▪ Increasing L-to-R shunt



▪ 2003-1-30, 8y

Change of Chest X-ray

▪ 2007-1-20, 12y



CT	
  Angio.	
  (2007-­‐1-­‐23)



Cath.	
  (2007-­‐1-­‐22,	
  11Y)

Baseline O2 TestOcclusion

QP 12.3 24.7

QS 4.9 10.6

QP/QS 2.5 2.3

RP 3.3 2.6

RP/RS 0.21 0.29

P(PA/Ao) 0.92 0.72 0.51

Low Rp(3.8), High Qp(12.3)



• Partial	
  closure	
  of	
  PDA

Op.	
  (2007-­‐4-­‐11,	
  11Y)

▪	
  after	
  surgery,	
  medication	
  with	
  Tracleer	
  &	
  Beraprost



Cath.	
  (2010-­‐1-­‐06,	
  postop.	
  33mo)

Baseline

QP 5.8

QS 3.4

QP/QS 1.7

RP 6.2

P(PA/Ao) 0.6

▪ After Test Occlusion 

▪ Closure with Amplatzer ductal 
occluder 10-8mm





▪ FC I 
▪ Echo. (2010-1-7) 

– No PDA leak 
– Mild LVE 
– Trivial TR, no RVE 

▪ Medication 
– Bosentan 250mg/day 
– Beraprost 0.04mg/day 

Follow - Up



29	
  adult	
  pts	
  with	
  PDA,	
  PHT	
  
“trial	
  occlusion”	
  for	
  30min	
  
àif	
  	
  	
  1)not	
  elevated	
  PAP	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  2)	
  not	
  decreased	
  AOP	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  3)	
  not	
  worsened	
  Sx	
  
20/29	
  successful	
  	
  implant	
  





Eisenmenger syndrome

V/S

Idiopathic pulmonary HT



•	
  ASD	
  creation	
  
–	
  Mortality	
  up	
  to	
  7%	
  at	
  1	
  d,15%	
  at	
  1	
  mo	
  
–	
  Spontaneous	
  closure	
  common	
  
	
  	
  	
  	
  Keogh	
  et	
  al.,	
  JACC,	
  2009

Blanc	
  et	
  al.,	
  NEJM,	
  2004

•	
  Surgical	
  Potts	
  shunt	
  
–	
  8	
  children;	
  2	
  deaths	
  (<14	
  d)	
  
–	
  Improved	
  functional	
  status,	
  6MWD,	
  
	
  	
  	
  &	
  BNP	
  (median	
  f/u	
  63	
  months)	
  
Baruteau	
  et	
  al.,	
  Ann	
  Thorac	
  Surg,	
  2012



Acute	
  vasoreactivity	
  testing

• 100%	
  oxygen	
  inhalation	
  
• NO	
  gas	
  -­‐	
  immediately	
  
• inhaled	
  iloprost	
  (PC)	
  -­‐	
  after	
  15~30min	
  
• Adenosine,	
  CCB	
  -­‐	
  less	
  sensitive	
  
• PDE	
  inhibitors	
  (ERA,	
  PDE5I)	
  -­‐	
  not	
  recommend	
  
• Temporary	
  balloon	
  test	
  occlusion	
  of	
  shunt



Positive responders in 
vasoreactivity testing

• IPAH!
• reduction of mean PAP of at least 

10mmHg to a pressure level of below 
40mmHg!

• unchanged or increased CO!
• CHD!

• operability - PVR less than 8-10WU
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Vasoreactivity Test
• INOP test I Circulation 2002; 106: I76-81.!
• multicenter, retrospective!
• N=124!
    CHD with PHT(baseline Rp/Rs>0.33)!
• Candidates for operability !

• 74/124 Op, 12/74 died!
• broad gray zone 0.16 <Rp/Rs< 0.41
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Conclusions
• Sources of error should be excluded in 

measuring hemodynamic data!
• Preoperative assessment of pts with CHD and 

PAH provides important information about the 
operability.!

• Vascular reactivity to inhaled NO or iloprost 
correlates with survival and response to long 
term treatment of vasodilators in pts with PAH.!

• Test occlusion of shunt may be beneficial for 
deciding operability
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Thank You!



Staged	
  repair	
  :	
  SMC	
  experience
• F/38	
  
• NYHA	
  Fc	
  III	
  
• Spo2	
  90%	
  (rest),	
  87%	
  

(exercise),	
  96%(with	
  O2)	
  

• EchoCG	
  
1) Huge PMC-SA VSD (size 

32mm) with bidirectional 
shunt 

2) Gr I MR, Gr I TR, Gr I-II PR 
3) Markedly dilated PA (size 

60mm), LA & LV 
(LVDd=77.3mm)



Staged	
  repair	
  :	
  SMC	
  experience
• Cath	
  
!
!
!
!

• PAB	
  
• SpO2	
  92%	
  at	
  FiO2	
  0.25	
  
• Systemic	
  BP	
  110mmHg,	
  PAP	
  62mmHg	
  
• Intraoperative	
  TEE	
  

	
   PA	
  banding	
  state:	
  diameter	
  25mm	
  
	
   Bidirectional	
  shunt	
  (mainly	
  L-­‐>R)	
  through	
  large	
  VSD

Baseline O2 NO

PAP 117/46(96) 101/33(65) 112/39(68)

A Ao 118/92(88) 117/68(88) 118/84(86)

Rp 6.8 2.3 4.0

Qp/Qs 2.5 5.7 3.1

Rp/Rs 0.31 0.11 0.22

PaO2 61 280 65mHg



• Cath	
  (8Mo	
  after	
  PAB)

Staged	
  repair	
  :	
  SMC	
  experience

Baseline O2 NO

PAP 98/31(57) 83/24(48) 84/21(49)

A Ao 96/58(75) 93/57(73) 102/60(78)

Rp 7.33 2.2 5.9

Qp/Qs 2.6 5.4 2.23

Rp/Rs 0.25 0.10 0.24

PaO2 64 225 67mmHg



Staged	
  repair	
  :	
  SMC	
  experience
• Op.	
  

– VSD	
  closure,	
  ASD	
  creation	
  (6mm)	
  
– PA	
  debanding,	
  TR	
  repair	
  

• Immediate	
  postop.	
  data	
  	
  
– Spo2	
  94~100%	
  
– BP:	
  105/43mmHg,	
  sPAP	
  33mmHg	
  

• 4	
  yrs	
  after	
  op.	
  
– NYHA	
  Fc	
  II,	
  SpO2	
  94%	
  
– Medication	
  :	
  Enalapril,	
  diuretics,	
  Aspirin	
  	
  
– EchoCG	
  

	
  	
  	
  	
  1)	
  Small	
  residual	
  VSD	
  (size	
  3mm)	
  	
  (L-­‐>R,	
  PGmax	
  86mmHg)	
  
	
  	
  	
  	
  2)	
  Neo-­‐ASD	
  (size	
  5~6mm)	
  	
  	
  (bidirectional	
  shunt)	
  
	
  	
  	
  	
  3)	
  G1	
  TR	
  (PG	
  20mmHg),	
  G1	
  MR	
  
	
  	
  	
  	
  4)	
  hyperkinetic	
  IAS	
  motion:	
  rather	
  paradoxical,	
  	
  RL	
  during	
  systole	
  



Cath data Pre-PAB After PAB After VSD closure

   Pr Ao/PA  117/118   à 117/101 
(O2)

96/98 à 93/83 
(O2)

138/44 
   mean PAP  96 à 65 mmHg 57 à 48 mmHg 44 mmHg
   Rp 6.8 à2.3 7.33  à 2.2 5.49

   Qp/Qs 2.5 à 5.7 2.6 à 5.4 1.75
   Rp/Rs 0.31 à 0.11 0.25 à 0.10 0.15

Initial Latest



Cardiac	
  output

• direct	
  Fick	
  	
  technique	
  
• not	
  available	
  MRM	
  II	
  for	
  measuring	
  VO2	
  

• indirect	
  Fick	
  technique	
  
• VO2	
  obtained	
  from	
  tables,	
  unreliable	
  

• thermodilution	
  
• method	
  of	
  choice,	
  but	
  unreliable	
  in	
  shunt	
  
lesion
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