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The Effectiveness of Right Heart Catheterization in the Initial Care of Critically
111 Patients

Connors AF, et al. JAMA 276:889-97,1996.

ICU 24 RHC

prospective cohort study

Setting: 1989-1994 5

1CU
5735
National
Death Index RHC propensity score multivariate logistic
regression Case-matching multivariable regression
modeling propensity score RHC
RHC Sensitivity
analysis
case-matching analysis RHC day 30
(OR 1.24, 95% CI 1.03 — 1.49) RHC 1
$49,300 ($17,000; 25th, $30,500; 50th, 56,600;75th) RHC
1 $35,700 ($11,300; 25th, $20,600; 50th,
39,200;75th) RHC 1CU 14.8 (5,9, 17)
RHC 1CU 13.0 (4, 7, 14)
multivariate modeling techniques Subgroup
analysis RHC subgroup
2 RHC
selection bias RHC
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confounding by indication
Rosenbaum & Rubin propensity score

Propensity score
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score RHC

The Study of Understand Prognosis and Preferences for Outcomes and Risks of
Treatments (SUPPORT)
decision making
Beth Israel Hospital (Boston, MA), Duke University Medical Center (Durham,
NC), Metro Health Medical Center (Cleaveland, Ohio), St Joseph s Hospital

(Marshfield, Wis), University of California Medical Center (LA) George
Washington Duke
SUPPORT ICU 6 50
(acute respiratory failure: ARF), (chronic



obstructive pulmonary disease: COPD), (congestive heart failure:

CHF), (cirrhosis) (nontraumatic coma)
18 48
AIDS
6
24 ICU 3735 SUPPORT
RHC Exposure

24 RHC 2184

ICU

SUPPORT
1,3,

7, 14, 25 24

(APCHE) 111 score

Pa02, FI102, PaC02, pH, Na, K, Ht, WBC,

Glasgow Coma Score
Acute Physiology and Chronic Health Evaluation
2 SUPPORT

Therapeutic Intervention Scoring System (TISS)

RHC TISS
3
2-6
Katz Activities of Daily Living Scale (ADL) Duke Activity Status Index
(DASI)



52

(23%) ADL DASI

Glasgow Coma Score,

Acute Physiology Score and site multivariate regression model

ICU
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1993

ICU

log total cost TISS log
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sensitivity test

13 RHC
10 10
propensity score RHC
propensity regression 4 stability
adjustment Rosenbaum  Rubin sensitivity test  missing
covariate
SAS RHC
Wilcoxon rank sum test y® test
mached pair signed rank test 30 60 180
McNemar log rank test RHC
Cox proportional hazards model RHC
TISS linear regression model Subgroup
analysis Cox hazard model RHC
subgroup propensity
multiple covariate RHC
study population
9105 SUPPORT 5735 SUPPORT 1CU
1CU 24 2184 RHC
308 72 RHC 2184 RHC

3551

10



Patient and disease characteristics
5735 Table 1

Table 1. Characteristics of 5735 critically ill patients.

No RHC (n=3551)  RHC (n = 2184)

- 49 884 (25) 540 (25)
50 - 59 546 (14) 371 (17)
60 - 69 812 (23) 577 (26)
70 - 79 809 (23) 529 (24)

1914 (54) 1707 (78)
1637 (46) 906 (41)
2753 (78) 1707 (78)
585 (17) 355 (15)

213 (5) 142 (7)

247 (7) 209 (10)

261 (7) 123 (6)

2 0.61[0.49, 0.65,  0.56[0.45, 0.60,

0.76] 0.72]

0.51[0.10, 0.50,  0.61[0.05, 0.50,

0.80] 0.75]
- mz3a ez

2 ADL 1.6[0.5, 1.1, 2.4] 1.5[0.5, 1.1, 2.2]

2 DASI 20[16, 20, 23] 21[17, 20, 23]

11



37.6[36.2, 38.1,  37.6[36.1, 38.1,
39.0] 39.0]

( ) [25", 50" (median), 75" percentile],
DNR donot resuscitate APACHE Acute Physiology and Chronic Health Evaluation
ADL activities of daily living DASI Duke Activity Status Index, shade = p <
0.01
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RHC RHC

30 60 180

RHC
RHC ICU
Table 2
No RHC RHC p
30 2463 (69,4) 1354 (62.0) < 0.01
60 2231 (62.8) 1190 (54.5) < 0.01
180 1906 (53.7) 1012 (46.3) 0.01
(x$1,000) 74.3 131.9 < 0.01
[18.4, 37.1, [42.1, 81.7, 160.6]
81.5
TISS 28 35 < 0.01
[21, 27, 35] [28, 35, 42]
ICU 10.3 15.5 < 0.01
[3, 6, 11] [5, 9, 18]
20.5 25.7 < 0.01
[8, 13, 23] [9, 17, 32]

Propensity score
RHC
RHC
— 0.943) RHC
0.253(95% C1 0.011-0.779)

propensity score
propensity score 0.577 (95% CI1 0.108
propensity score

RHC propensity

score propensity 5
pH, Pa02/F102, PaC02, RHC
RHC propensity score 5
RHC
propensity score RHC

13



residual confounders Table 3

propensity score RHC, non—RHC

B AHC @ nonRHC

Figure 1-A: propensity score (Quintiles) RHC
Acute Physiology and chronic

health evaluation (APACHE)III score

B RHC @ nanRHC

Figure 1-B: (mmHg)

B RHC @ nonRHC

Figure 1-C: Pa0,/Fio, (mmHg)
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RHC

RHC

propensity score

propensity score RHC

RHC

propensity score

residual confounders
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Selection bias case matching (n=2016)
RHC non-RHC propensity score

matching 2016

Table 3

1008

No RHC (n=1008)

RHC (n = 1008)

Propensity Score 0.51 [0.35, 0.50,
0.67]

Acute Physiology Score (w/o Glasgow CS) 57 [44, 58, 71]
60 [49, 63, 72]

DNA status day 1, Yes 710 (20)
APACHE 111 score (without Glasgow CS) 51[38, 50, 62]
2 0.58[0.46, 0.62,
0.74]

1.6[1, 1, 3]

2 ADL 1.6[0.5, 1.1, 2.4]
2 DASI 21[16, 20, 24]
6.8[0, 2, 8]

37.7[36.1, 38.3,

39.1]

/ 111[105, 125, 145]
73[49, 61, 108]

/ 28[19, 30, 38]

x 10/ 1 15.3[8.2, 14.0,

20.0]

Pa0, / Fyo, 210[127, 185.7,
296]

Paco, 37[31, 36, 41]

0.51 [0.36, 0.50,
0.67]

57 [43, 57, 70]

60 [49, 62, 73]
296 (14)

61[47, 60, 74]
0.59[0.47, 0.62,
0.74]

1.6[1, 1, 2]
1.5[0.5, 1.1, 2.2]
21[17, 20, 24]
6.5[0, 2, 8]
37.6[36.2, 38.2,
39.0]

111[103, 124, 145]
71[49, 60, 81]
28[14, 28, 38]
15.0[7.4, 13.6,
20.0]

211[120, 192, 305]

38[31, 36, 40]

16



pH 7.39[7.34, 7.40, 7.39[7.34, 7.40,

7.46] 7.46]
Creatinin mg/dl 2.3[0.1, 1.6, 2.6] 2.3[1.2, 1.7, 2.7]
Albumin g/dl 3.0[2.5, 3.5, 3.5] 3.0[2.6, 3.5, 3.5]
Glasgow Coma Score 13[12, 15, 15] 13[12, 15, 15]

( ) [25", 50*" (median), 75" percentile],
DNR donot resuscitate APACHE Acute Physiology and Chronic Health Evaluation

ADL activities of daily living DASI Duke Activity Status Index, shade = p <

0.01
46 34 11 10
Table 3 RHC, non-RHC
RHC 30 60
180
Non-RHC RHC (n=1008) OR (95% CI) p
(n=1008)
30 677 (67.2) 630 (62.5) 1.24 (1.03 - 1.49) 0.03
60 604 (59.9) 550 (54.6) 1.26 (1.05 — 1.52) 0.01
180 522 (51.2) 464 (46.0) 1.27 (1.06 — 1.52)  0.009
629 (63.4) 565 (56.1) 1.39 (1.15 - 1.67)  0.001
OR 1.24 1.27 RHC
RHC 1.39 30
60 RHC (p=0.02) RHC
1CU
Table

No RHC (1008)  RHC(1008)  p

(x$1,000) 35.7 49.3 < 0.001
[11.3, 20.6,  [17.0, 30.5,

17



39.2] 56.6]

TISS 30 34 < 0.001
[23, 29, 38]  [27, 34, 41]
Icy 13.0 14.8 < 0.001
[4, 7, 14] [5, 9, 17]
23.8 25.1 0.14

[9, 15, 28] [9, 16, 31]

selection bias multivariable analysis (n=5735)
RHC propensity score
Glasgow Coma Score, 1 2
ADL, DASI , RHC 30
relative hazard of death  1.21 (95% CI 1.09 — 1.25, p<0.001)
relative hazard of death
- 1.30 (95% CI 1.05 — 1.61, p<0.001),
1.32 (95% CI 1.11 - 1.57, p<0.001) :1.02 (95% CI 0.55 — 1.89,
p=0.94) 1.06 (95% CI 0.80 — 1.41, p=0.67)
Multivariable adjustment RHC
RHC (greater mean = SE; $7,900 #$3,900; p<0.001)
(TISS care) (7.0 =0.3; p<0.001) ICU (2.2 +0.5; p<0.001)
Analysis by subgroup and by prognosis
RHC 30 adjusted relative hazard of death

subgroup RHC

merit

Sensitivity analysis

selection bias

18



13 RHC
propensity score
(Pa02/F102, )

death 0.01

propensity score

RHC non-RHC
propensity score control RHC
RHC

5735 RHC
analysis Case-matched analysis

propensity score

Subgroup analysis

ICU
subgroup
relative hazard of death
RHC
RHC
RHC TISS score

propensity score

relative hazard of

RHC

RHC

matching

ICU

multivariate

propensity score

RHC

RHC

RHC
RHC
RHC
RHC
RHC

RHC
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RHC 67

Limitation
ICU
24 RHC
RHC 81
RHC

24

limitation

24

RHC

RHC
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Study question

SUPPORT
SUPPORT 24 ICU
ICU RHC ICU
RHC ICU RHC
propensity score RHC

matching propensity

score lowest quintile residual confounding
1CU RHC atrisk
SUPPORT
ICU
RHC @1 )
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> RHC,

RHC

ICU
Table 1

DNR status
APACHE 11 score
2 RHC
etc. (Table 1)

confounder
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7 RHC RHC

propensity score

RHC propensity score
1008 2016 propensity score0.03
ICU 24 RHC
RHC
eligibility 24 RHC
24 RHC
24 RHC RHC 24 - 72 RHC
24 RHC
3551 308 308
RHC propensity score 0.577 95
0.108 — 0.943 0.253 (95%
0.011 - 0.779)
propensity score logistic regression model 0
95% CI
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95

Propensity score

RHC, non RHC

(Table 3)

RHC

95 ClI
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RHC

RHC
RHC
discussion RHC
RHC
RHC
RHC
RHC
[Hospital]
instrumental variables
M
100% RHC 100  non-RHC
30 50
l |

RHC

0 or 100
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RHC

RHC

80

40
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Propensity score

Am J Epidemiol. 2003 Aug 1;158(3):280-7.
Am J Epidemiol  propensity score

7 propensity score

4883
176 (3.6%)
46 (0-9%)
13 13 x 8 = 104 46
propensity score
4883 583

430
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propensity score (PS)

propensity score 0

propensity score

Propensity score 5

Propensity score

Propensity score (PS) allcaiser EXCEL

10 9

0.03

622 622

propensity score

Propensity score

propensity score
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Propensity score

Propensity score

Am J Epi

X7

propensity score

propensity score

(RDS)
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