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Introduction
Pulmonary hypertension (PH) may be encountered in the 
intensive care unit (ICU) as an acute rise of pulmonary 
artery pressure or as a preexisting condition.1–3 Many of these 
patients have important right ventricular dysfunction or may 
be adversely affected hemodynamically in the ICU even by 
standard therapies such as fluid resuscitation or mechanical 
ventilation.4,5 Accordingly, the RV functional state may be 
a critical determinant of outcome.6 There is no well-defined 
hemodynamic parameter that reliably reflects RV function or 
predicts survival among critically ill patients with PH.6 Pul-
monary hypertension is defined as mean pulmonary artery 
pressure (PAP) .25  mmHg, but high pulmonary pressures 
may not always accurately reflect the functional state of the 
right ventricle (RV).7 In patients with pulmonary arterial 
hypertension, an increasing pulmonary artery systolic pressure 

(PASP) is a reflection of the ability of the RV to maintain 
stroke volume in presence of increasing pulmonary vascular 
resistance (PVR), albeit at increased workload. However, as 
the RV function declines, PASP may decrease with decreas-
ing stroke volume. Therefore, compared to a very high PASP 
with a relatively preserved cardiac index (CI), a PASP that is 
abnormal but not very high may be worse in terms of prog-
nosis in presence of low CI. This is supported by findings of 
a recent study on patients with chronic heart failure, which 
showed that prognosis for patients with high PAP and pre-
served right ventricular ejection fraction (RVEF) was similar 
to those with normal PAP. Reduced RVEF did not increase 
the risk if PAP was normal, but the prognosis was worse if 
patients had a combination of high PAP and reduced RVEF.8 
This study emphasizes the need to assess composite hemody-
namic parameters that take into account pulmonary pressures 
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as well as RV function. Dwelling on this concept further, 
we postulated that PASP adjusted for CI as PASP/CI would 
produce a linear index in which increasing values reflect RV 
dysfunction. A high value may be the result of increasing 
PASP, decreasing CI, or both, indicative of worsening RV 
function. We hypothesized that in critically ill patients with 
PH, hemodynamic factors such as right ventricular functional 
index (RFI), measured as PASP/CI, can predict outcome. We 
studied the feasibility of using various known hemodynamic 
parameters as well as RFI to predict the outcome of patients 
with PH admitted to ICU.

Methods
Study subjects. We identified all patients with a diag-

nosis of PH admitted to the ICU between January 1, 2006 
and December 31, 2008, in a tertiary care teaching hospital. 
From this group, we selected patients who had PH confirmed 
by right heart catheterization (RHC) with a mean PAP of 
.25 mmHg.7 We excluded patients who had terminal cancer 
or were admitted to the ICU after cardiopulmonary arrest (due 
to dismal prognosis), for initiation of prostacyclin therapy, or 
for monitoring purposes only. The study was approved by the 
human investigation committee (Institutional Review Board) 
of  Wayne State University.

Data definitions and analysis. We reviewed the medical 
records and collected the following data: demographics, ICU 
admission diagnosis, presence of sepsis, Sequential Organ 
Failure Assessment (SOFA), Acute Physiology and Chronic 
Health Evaluation (APACHE) II score, basic laboratory data 
on day 1 of ICU admission, and the use of vasopressors and 
invasive ventilation during ICU stay. Patients were assigned to 
the World Health Organization (WHO) Group for PH based 
on the predominant risk factor.9

Hemodynamic parameter evaluation. We included 
data from the procedure most recent in relation to the ICU 
admission (median interval 1.6 months). Echocardiography 
data included right ventricular systolic pressure (RVSP), 
ejection fraction (EF), and the presence of chamber dila-
tion of right atrium and ventricle. From the RHC data, we 
collected the following measured variables: PASP and pul-
monary artery diastolic pressures (PADP), mean PAP, right 
atrial pressure (RAP), CI, and pulmonary artery occlu-
sion pressure (PAOP). Pulmonary vascular resistance index 
(PVRI) was derived as 79.9  ×  (mean PAP – PAOP)/CI.  
We defined severe PH as the presence of one of the follow-
ing: RAP .20  mmHg, CI ,2  L/min/m2, or mean PAP 
.55 mmHg.10 We defined the RV functional index (RFI) as 
PASP adjusted for CI as PASP/CI as described above. Sep-
sis, severe sepsis, and septic shock were defined according to 
the ACCP/SCCM (American College of Chest Physicians/
Society of Critical Care Medicine) consensus conference.11

Statistical analysis. We used chi-square tests for categor-
ical variables and Student’s t-test for continuous variables to 
evaluate the differences between survivors and nonsurvivors. 

Univariate variables that were significantly associated with 
mortality were included in the multivariate logistic regression 
analysis to determine the independent predictors of mortality. 
We compared the discriminatory power of the different hemo-
dynamic parameters of interest by estimating the area under a 
receiver operating characteristic (ROC) curve.12 The normal-
ity of the data was assessed using Kolmogorov–Smirnov test, 
which confirmed the normality of the data (D = 0.13239602, 
Pr . D 0.021). A two-tailed P-value ,0.05 was considered 
significant. All analyses were performed using the SAS soft-
ware (version 9.1, SAS Institute).

Results
During the study period, out of 4,233 admissions to the ICU, 
285(6.7%) admissions for 251 patients had a diagnosis of PH. 
Only 87 had undergone diagnostic RHC, and of these 6 were 
excluded because of insufficient data. Of the remaining 81 
patients, 2 had mean PAP ,25 mmHg, 1 had terminal cancer, 
6 were admitted after cardiorespiratory arrest, 18 were admit-
ted for monitoring only or for elective initiation of prostacy-
clin therapy, and 1 was transferred to another hospital; these 
patients were excluded. The remaining 53 patients (mean age 
60 years, 72% women, 79% Blacks) were included in the study. 
Based upon predominant risk factors, patients were classified 
into PH groups (I = 32%, II = 45%, III = 19%, and V = 4%). 
The baseline characteristics of patients are shown in Table 1. 
The immediate reasons for admission to ICU were respiratory 
failure in 43%, hypotension 20%, arrhythmia 11%, severe sep-
sis 9%, and other causes 15%; 25% were postoperative surgical 
patients. Sepsis was diagnosed in 42% patients, 51% required 
invasive mechanical ventilation, and 55% required vasoactive 
medication. Twenty percent patients were receiving specific 
therapy for PH prior to admission to the ICU, and only 4% 
additional patients received PH-specific therapy in the ICU. 
For the survivors, the average length of stay in the ICU and 
hospital was 6 ± 9 days and 14 ± 11 days, respectively.

Overall mortality was 26% (14/53); comparison of demo-
graphics, comorbidities and severity of illness, and organ 
failure among survivors and nonsurvivors is summarized 
in Table  1. There was no difference between survivors and 
nonsurvivors in the variables measured by echocardiography 
(Table 2), but nonsurvivors had higher RAP (P = 0.06), mean 
PAP (P = 0.02), PVRI (P = 0.02), and RFI (P = 0.004) and 
lower CI (P = 0.001).

Thirty-six (68%) patients had severe PH and required 
vasopressors more often (63 vs 35%, P  =  0.05), but needed 
invasive mechanical ventilation (53 vs 47%, P = 0.70) similar 
to nonsevere PH patients. Compared to patients with non-
severe PH, severe PH patients had higher SOFA score 
(6.8 ± 3.3 vs 3.8 ± 1.6, P = 0.001) and higher overall in-hospital 
mortality (36% vs 6%, P = 0.02), although the APACHE II  
scores (19.9 ± 7.5 vs 18.5 ± 6.04, P = 0.52) were similar. Inci-
dentally, sepsis was more common among nonsevere PH 
patients (31 vs 64%, P = 0.02).
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In univariate analysis (Table 3), the following variables 
were associated with mortality: severe PH (P = 0.04), lower 
mean arterial pressure (P = 0.04) and CI (P = 0.01), need for 
invasive ventilation (P  =  0.02) and vasopressors (P  =  0.03), 
higher SOFA (P  =  0.001), APACHE II (P  =  0.03), PVRI 
(P = 0.01), as well as RFI (P = 0.004) (Table 3). There was no 
association of age, sex, race, comorbidity, reason for admis-
sion, PH group, PH-specific therapy, presence of sepsis, left 
ventricular EF, PAOP, or transpulmonary gradient with in-
hospital mortality.

In the multivariate regression analysis adjusted for all 
significant univariate predictors, the association with all-cause 
mortality remained significant for PVRI (P = 0.02) and RFI 
(P = 0.01). SOFA on day 1 of ICU was independently associ-
ated with all-cause mortality in the models (Table  4). Fur-
ther analysis stratifying RFI suggested that an RFI value of 
more than 35 was strongly associated with all-cause mortality 
(OR =  5.62; 95% C.I.: 1.47–21.6, P =  0.01) with sensitivity 
and specificity of 79% and 70%, respectively. We compared 
the independent C-statistics of the individual hemodynamic 
parameters (RFI and PVRI) using ROC curves to evaluate 
the strength of their association with all-cause mortality with-
out any additional covariates (Fig. 1). The AUC for RFI was 

0.77 (95% C.I. = 0.72–0.82) and that for PVRI was 0.70 (95% 
C.I. = 0.64–0.76, P = 0.03). The P-value for the difference in 
these two AUC values was 0.03.

Discussion
Among patients with preexisting PH admitted to ICU, severe 
PH was associated with worse organ failure and high over-
all mortality as compared with patients with nonsevere PH. 
Severe organ failure, high PVRI, and increasing RFI were 
independent risk factors for in-hospital mortality. This study 
indicates that PH and RV function plays a critical role in the 
outcome of critically ill PH patients, thus lending credence to 
earlier assumptions that therapeutic intervention to improve 
right ventricular function in critically ill patients with PH may 
improve outcome and merits further investigation.6 Our find-
ings suggest that a composite hemodynamic measure combin-
ing PASP and CI is a better predictor of mortality than either 
parameter alone. Therefore, invasive hemodynamic monitoring 
in ICU may be beneficial in a subset of critically ill patients with 
elevated pulmonary pressures. Alternatively, derivation and 
application of similar composite indices obtained through non-
invasive means and institution of therapies aimed to improve 
these indices could improve outcome in such patients.

Table 1. Characteristics of patients and comparison between survivors and nonsurvivors.

Variable Overall (n = 53) Survivors (n = 39) Nonsurvivors (n = 14) P-Value

Age (in years)* 60 ± 15 59 ± 15 59 ± 15 0.30

Men 28% 28% 29% 0.99

Ethnicity 0.49

 A frican Americans 79% 82% 71%

  Whites 17% 13% 29%

 A sians and Hispanics 4% 5% 0%

Hypertension 70% 75% 57% 0.23

Coronary artery disease 51% 44% 71% 0.07

Diabetes mellitus 42% 41% 43% 0.90

Chronic obstructive pulmonary disease 41% 42% 36% 0.67

Chronic renal failure 30% 30% 21% 0.74

Obstructive sleep apnea 15% 15% 14% 0.92

Cirrhosis 8% 8% 7% 0.94

Interstitial lung disease 8% 10% 0% 0.21

Cancer 6% 5% 7% 0.78

Sickle cell disease 4% 3% 7% 0.44

Sepsis 42% 39% 50% 0.45

Vasopressor use 55% 39% 100% ,0.001

Invasive ventilation 51% 41% 79% 0.02

Heart rate, beats/minute* 100 ± 23 97 ± 23 109 ± 21 0.08

Mean arterial pressure, mmHg* 84 ± 26 89 ± 25 72 ± 23 0.03

APACHE II* 19.4 ± 7.0 18.2 ± 6.7 23 ± 7 0.03

Sequential organ failure assessment* 5.8 ± 3.2 4.8 ± 2.6 8.5 ± 3.3 0.001

Note: *Mean ± standard deviation.
Abbreviation: APACHE, Acute Physiology and Chronic Health Evaluation. 
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Table 3. Univariate predictors of mortality.

Variable Odds ratio 95% C.I. P-Value

Sepsis 1.60 0.47–5.5 0.45

Invasive ventilation 5.27 1.27–21.96 0.02

Vasopressor use ** ** 0.03

Sodium 1.10 0.99–1.21 0.06

Blood urea nitrogen 1.02 0.99–1.05 0.06

Sequential organ failure assessment 1.51 1.17–1.96 0.001

APACHE II 1.11 1.01–1.23 0.03

Mean arterial pressure 1.03 1.002–1.062 0.04

Pulmonary artery systolic pressure 1.03 0.99–1.07 0.06

Pulmonary artery diastolic pressure 1.04 0.99–1.09 0.15

Mean pulmonary artery pressure 1.04 0.99–1.09 0.06

Transpulmonary gradient 1.03 0.99–1.08 0.11

Cardiac index 5.55 1.43–21.48 0.01

Pulmonary vascular resistance index 1.001 1.00–1.002 0.01

Severe pulmonary hypertension 9.04 1.07–76.22 0.04

Right ventricular function index 1.06 1.02–1.10 0.004

Note: **As all nonsurvivors had vasopressor use, so odds ratio could not be calculated.
Abbreviation: APACHE, Acute Physiology and Chronic Health Evaluation.

Table 2. Comparison of echocardiographic and hemodynamic variable among survivors and nonsurvivors. 

Variable Overall (n = 53) Survivors (n = 39) Nonsurvivors (n = 14) P-Value

Echocardiography

Left ventricular ejection fraction 51.3 ± 16 49.2 ± 16 43.1 ± 16 0.22

Right ventricular systolic pressure (mmHg) 54.8 ± 30 52.1 ± 25 63.2 ± 42 0.24

Right atrial dilatation† 53% 46% 71% 0.10

Right ventricular dilatation† 51% 44% 71% 0.07

Right heart catheterization

Right atrial pressure (mmHg)† 17.3 ± 8.8 15.9 ± 8.8 21 ± 8.2 0.06

Pulmonary artery systolic pressure (mmHg) 67.1 ± 20.7 64.1 ± 21.8 75.4 ± 15.1 0.08

Pulmonary artery diastolic pressure (mmHg) 30.4 ± 12.4 28.9 ± 12.3 34.8 ± 12.2 0.15

Mean pulmonary artery pressure (mmHg) 45.0 ± 14.9 42.6 ± 15.4 51.6 ± 11.6 0.02

Cardiac index (L/min/m2) 2.1 ± 0.8 2.3 ± 0.8 1.7 ± 0.5 0.01

Pulmonary vascular resistance index (dynes s–1 cm–5 m–2) 1087.5 ± 870 891.4 ± 709 1635.8 ± 1057 0.01

Pulmonary artery occlusion pressure (mmHg)† 20.3 ± 9 18.7 ± 8 22.2 ± 10 0.32

Severe pulmonary hypertension 67% 23% 93% 0.02

Right ventricular functional index 36.5 ± 18.9 31.7 ± 16.7 50.0± 19.0 0.004

Right ventricular functional index .35 22% 28% 71% 0.01

Notes: †Variables with missing values – EF, RA, RV dilatation (6); RVSP (8); RAP (2), PCW P (1).

The increased mortality in patients with severe PH is due 
to the presence of right ventricular dysfunction; it could not be 
attributed to the underlying disease, severity of illness, sepsis, 
or presence of comorbid conditions, as there was no difference 
in the frequency of comorbid conditions or mean APACHE II 
scores between severe and nonsevere PH patients. Given that 
the steady-state output from the RV must equal that of the LV, 

as well as the small volume of blood in the pulmonary veins, 
RV is critical for overall hemodynamic function.5,13 Further 
increase in PVR due to hypoxemia or increased intrathoracic 
pressure during positive pressure ventilation increases the RV 
workload. Increase in the RV end diastolic volume due to fail-
ing RV or due to fluid resuscitation may decrease left ven-
tricular (LV) stroke volume due to bulging of the septum as 
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well as to reduced RV stroke volume.14 Low tissue perfusion 
secondary to reduced LV stroke volume and hypotension is a 
precursor of multiple organ failure and poor outcome, as seen 
in our patients.

Our study shows that increasing RFI indicating RV dys-
function is independently associated with in-hospital mor-
tality. There are no well-defined guidelines or definitions for 
monitoring or assessment of RV function.6 Previous attempts 
to define RV failure have focused on the relation between cen-
tral venous pressure and PAOP.15,16 These definitions are based 
on an all-or-none phenomenon or cut-off points rather than a 
range, exclude patients who may have LV dysfunction, and 
are dependent on derivation of PAOP, which is technically 
difficult and unreliable in many patients with severe PH.17,18 
In our study, individual hemodynamic parameters such as 
high mean PAP, RAP, and CI were unfavorable among non-
survivors but were not independently associated with outcome 

in the multivariate analysis. Recent data have questioned the 
value of individual hemodynamic factors such as mean PAP, as 
this may be misleading due to the inability of a dysfunctional 
RV to generate high pressures.6,7 Based on the pathophysiol-
ogy of PH and RV dysfunction, a composite hemodynamic 
factor that reflects worsening obstruction to RV as well as RV 
function is likely to predict the outcome better than a single 
hemodynamic factor.8

Our study demonstrated a strong association between 
RFI and mortality, with a fivefold increased mortality in 
patients with RFI values above 35. Our data corroborate the 
findings of study by Ghoi et al, which emphasized the necessity 
of combining the right heart hemodynamic variables with a 
functional evaluation of the RV to ascertain the risk among 
patients with chronic heart failure.8 The study was aimed at 
evaluating the effect of stratification of patients based on a 
combination of PAP and RV function on prognosis. In this 

Table 4. Multivariate logistic regression analysis for all-cause mortality*.

Parameter Odds ratio 95% C.I. P-Value

Model A

Right ventricular function index 1.06 1.01–1.11 0.01

Sequential organ failure assessment (SOFA) 1.45 1.09–1.93 0.01

Model B

Pulmonary vascular resistance index 1.12 1.02–1.24 0.02

SOFA 1.51 1.12–2.03 0.01

Model C

Cardiac index 0.33 0.06–1.72 0.19

SOFA 1.51 1.17–1.96 0.001

Note: *Every model is adjusted for univariate predictors (P , 0.05) including mean arterial pressure, ventilator use, and APACHE II.
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Figure 1. Comparison of the receiver operative characteristic curves of right ventricular functional index and pulmonary vascular resistance index for 
prediction of risk of mortality.
Abbreviations: PVRI, Pulmonary vascular resistance index; RFI, Right ventricular functional index.
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study, the patients with chronic heart failure were divided into 
four groups: patients with normal PAP  + preserved RVEF; 
normal PAP + low RVEF; high PAP + preserved RVEF; and 
high PAP + low RVEF. Patients with high PAP + low RVEF 
had the worst prognosis compared to other groups, whereas 
there was no significant difference in prognosis between the 
other groups. Patients with normal PAP and low RVEF or 
normal RVEF and high PAP had similar prognosis. This 
study shows that elevated PAP may not always be associated 
with RV dysfunction. Instead of grouping patients, we devel-
oped a linear index that would take into account both PAP 
and RV function simultaneously, which was highest for those 
with high PAP and reduced RV function followed by rest of 
the patients with different combinations of PAP and RV func-
tion. Our results show that increased RFI is associated with 
increased risk of mortality

Our definition does not exclude patients with concomi-
tant LV dysfunction; the presence of PH in patients with 
LV dysfunction is associated with increased morbidity and 
mortality.19 The derivation of this type of index is not unique 
and has been used successfully. The ratio of partial pressure 
of oxygen to fraction of inspired oxygen and the rapid shal-
low breathing index are widely used successfully in day-to-day 
clinical practice.20,21 A trend of RFI in acute as well as chronic 
conditions can be a valuable tool to assess prognosis as well as 
response to therapy.

The RV functional index is an invasive measurement 
requiring the presence of right heart catheterization. Over 
the years, the use of pulmonary artery catheters (PACs) in 
ICUs has declined as a result of studies showing no benefit 
from the use of such monitoring. It has been argued that these 
studies used a heterogeneous group of patients, and the lack 
of benefit may be due to poorly defined or selected physiologi-
cal targets, incorrect use, or inappropriate patient selection.22 
There is evidence to suggest that in selected patient popula-
tion the use of PAC may improve outcomes.23 PH has been 
identified as an independent risk factor for death in other 
patient populations such as those with acute respiratory dis-
tress syndrome. Incidentally, the hemodynamic factor identi-
fied to correlate with mortality in this population was PVR, 
a composite hemodynamic factor.24 Similar to that study, our 
study also shows that both PVRI and RFI correlate with 
mortality, RFI having the advantage of excluding the need to 
collect PAOP data, which may not be reliable in patients with 
sever PH.17,18 Based on our data and on the observations by 
others, the use of hemodynamic monitoring needs to be re-
explored in specific groups of critically ill population such as 
those with pulmonary hypertension, congestive heart failure, 
and ARDS.23–25

Our study has several limitations that affect generali
zibility of the findings. These include the retrospective nature 
of the study and predominance of African Americans and 
women in the cohort. Nevertheless, sex and ethnicity did not 
correlate with outcome in our study. In addition, the majority 

of the patients in our cohort had PH secondary to LV dys-
function or lung disease (65%). Since hypertension, coronary 
artery disease, and COPD are more common in community 
compared to other conditions causing WHO group I PH, our 
patient group reflects the real-world scenario of PH popula-
tion admitted to ICU26,27

Conclusion
PH is an independent predictor of mortality in critically ill 
patients. Composite hemodynamic parameters such as RFI 
and PVRI, which take into account pulmonary artery pressure 
as well as right ventricular function, are independent predic-
tors of mortality. Hemodynamic monitoring and attention to 
RV function during resuscitation and ventilation as well as 
specific therapies aimed at improvement of right ventricular 
function may improve the outcome of patients with PH and 
need to be studied further.
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