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INTRODUCTION

Pulmonary hypertension (PH) in the medical intensive 
care unit patient population is not well characterized. 
PH in the intensive care unit may be due to pre-existing 
pulmonary vascular disease or may occur acutely as a 
response to de novo cardiac, lung, or vascular injury.[1] 
Prior investigation of PH in critically ill patients has been 
limited to the description of PH in association with certain 
disorders such as acute respiratory distress syndrome 
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consequences of each, in a general medical intensive care unit population.
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(ARDS), pulmonary embolism, or after cardiothoracic 
surgery.[2-9] Much less is known of the overall incidence 
of PH in an unselected critically ill population; moreover, 
the association of PH with clinical outcomes in a general 
medical intensive care unit population has not been 
previously reported.
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In an effort to better define risk factors and clinical 
outcomes of PH in a general medical intensive care 
unit patient population, we retrospectively reviewed 
admissions to a tertiary care medical intensive care 
unit to examine the hypotheses that PH is common in 
the modern medical intensive care unit population and 
that the presence of PH adversely impacts mortality. 
The information gained from this study will provide 
the background necessary to plan further prospective 
epidemiologic and therapeutic trials of PH in a critically 
ill medical population. The results of this investigation 
were presented in abstract form at the 2010 American 
Thoracic Society meeting.

MATERIALS AND METHODS

Study design and study population
A retrospective case–control study of patients admitted to 
one tertiary academic medical center over a 1-year period 
(July 2008 through June 2009) was conducted. All patients 
over the age of 18 years, admitted to the medical intensive 
care unit, and who had an echocardiogram performed 
within the first 4 days of intensive care unit admission, 
were eligible. This time period was chosen to optimize 
enrollment while limiting the number of patients who 
develop PH as a result of prolonged critical illness, such 
as those who progress to end stage heart, liver, or renal 
disease. These patients likely represent a different cohort 
from those who develop PH early in their intensive care 
unit stay. This study was approved by the University’s 
Institutional Review Board.

Data collection
Baseline demographics, intensive care unit admission 
diagnoses, and mortality were obtained from the electronic 
medical record. Echocardiograms were performed in the 
course of routine clinical care and were interpreted by 
academic cardiology attending physicians. Patients with 
echocardiogram quantification of tricuspid regurgitant 
(TR) jet velocity and ejection fraction had the following 
data extracted from the medical record: pre-existing 
comorbidities, laboratory data, use of mechanical ventilation, 
renal replacement therapy, systemic or pulmonary 
vasoactive medications, red blood cell transfusion, and 
right heart catheterization data (if available). Discharge 
diagnoses for the following disorders were also extracted via 
review of ICD-9 diagnostic codes: acute respiratory distress 
syndrome (518.5 and 518.82),[10] pulmonary embolus 
(415.1, 415.11, and 415.19), sepsis (995.91 and 995.92) 
and acute myocardial infarction (410.0–410.9).

Definitions
Doppler-defined PH was defined as a TR jet velocity 
≥3 m/sec by echocardiography, a value that was 

selected based on accepted guidelines and population-
based echocardiographic investigation.[11,12] A TR 
jet velocity <3 m/sec defined the control patients. 
Therefore, all the eligible patients of the study underwent 
echocardiography and our definitions of case and control 
can be considered as a comparison between patients with 
“high versus low” TR jet velocity. Comorbidities were 
classified as present if noted in an admission history 
or a consultation performed in the intensive care unit. 
Immunosuppression was defined as known infection with 
the human immunodeficiency virus or chronic use of any 
immunosuppressant medication, including prednisone 
≥10 mg/day. Renal replacement therapy was defined as 
any intermittent or continuous renal replacement therapy. 
Pulmonary vasodilator use was defined via physician 
order for any pulmonary vasodilator medication while the 
patient was admitted to the intensive care unit.

Statistical analysis
Univariate analysis of baseline demographics and 
mortality between those who did and did not undergo 
echocardiography was performed via appropriate 
methods. Baseline characteristics and clinical outcomes 
were expressed as mean±standard deviation (continuous 
variables) or as percent (categorical variables). Univariate 
analysis of variables between groups with and without 
Doppler-defined PH were compared using Student’s t-tests 
or Wilcoxon rank sum tests, as appropriate, for continuous 
variables, and using chi-square tests for categorical 
variables. Multivariable logistic regression analysis using 
Doppler-defined PH as the dependent outcome was 
performed in an effort to identify the relevant variables. 
Time of survival was calculated from date of intensive 
care unit admission until death. Data were censored at the 
date of hospital discharge. Survival was assessed using the 
Kaplan–Meier method and the log-rank test in univariate 
analysis, and with the Cox proportional hazard method for 
multivariable analysis. For all regression analyses, variables 
found to have a P value ≤0.20 in univariate analysis were 
included in a backward elimination process to arrive at 
the final model. Age was forced into all survival models. 
Logistic regression model discrimination was assessed via 
the Hosmer and Lemeshow test. The proportional hazard 
assumption was assessed using Schoenfeld residuals. A 
two-sided P value of ≤0.05 was considered statistically 
significant. All statistical analyses were performed with 
Stata, version 10 (StataCorp LP, College Station, TX, USA).

RESULTS

Patient characteristics
Exactly 1431 patients were admitted to our medical 
intensive care unit during the study period. The primary 
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reasons for intensive care unit admission were sepsis 
(15%), respiratory failure (13%), pneumonia (7%), 
heart disease (6%), gastrointestinal disease (6%), renal 
failure (3%), malignancy-related (3%), neurologic 
disease (3%), complications of chronic liver disease 
(3%), complications of diabetes mellitus (2%), drug 
or alcohol related (<1%), or other miscellaneous 
disorders (38%). Of these patients, 449 (31%) had 
echocardiography performed within 4 days of admission 
to the intensive care unit and were significantly older 
(61±17 vs. 57±18 years, P<0.001), more likely females 
(52 vs. 43% P=0.002), and had a higher unadjusted 
mortality (28 vs. 19%, P=0.001) compared to those 
patients who did not undergo echocardiography. Of the 
449 echocardiography studies, 299 (67%) reported both 
a TR jet velocity and left ventricular ejection fraction and 
composed the study sample [Figure 1]. Overall, 28% (126 
of 449) of all medical intensive care unit patients who 
underwent echocardiography had Doppler-defined PH, 
while 42% (126 of 299) of the patients eligible for the 
study had Doppler-defined PH. Baseline characteristics 
and admission diagnoses of patients with and without 
Doppler-defined PH are similar [Table 1]. The distribution 
of TR jet velocities in the study cohort (mean 2.88±0.57 
m/sec) is displayed in Figure 2. Only 17 of the 299 study 
eligible patients (6%) had a pre-existing diagnosis of PH. 
The prevalence of other comorbid conditions in the study 
population was as follows: systemic hypertension (55%), 
coronary artery disease (28%), chronic obstructive 
pulmonary disease (22%), congestive heart failure (19%), 
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Table 1: Characteristics of patients with Doppler-defi ned pulmonary hypertension and controls
Pulmonary hypertension Controls P value

Patients 126 173
Age (years)a 63±17 61±18 0.52
Gender (male) 43% 51% 0.17
TR jet (m/sec)a 3.4±0.4 2.5±0.4 <0.0001
Estimated sPAP (mmHg)a,b 57±11 36±7 <0.0001
Admission diagnosis 0.47

Renal failure related 2% 3%
Malignancy related 2% 2%
Cirrhosis related <1% 5%
Neurology related 2% 1%
Diabetes mellitus related <1% 2%
Drug overdose <1% <1%
Gastrointestinal related 5% 4%
Heart disease related 11% 9%
Pneumonia 5% 5%
Respiratory failure 23% 12%
Sepsis 20% 26%
Other 27% 30%

Hospital LOS (days)a 17±13 17±15 0.98
MICU LOS (days)a 8±9 7±9 0.63
Mortality 37% 25% 0.039

LOS - Length of stay; MICU - Medical intensive care unit; TR - Tricuspid regurgitant; sPAP - Systolic pulmonary artery pressure; aData 
presented as mean±standard deviation; bSystolic pulmonary artery pressure as estimated by echocardiography using a modifi ed Bernoulli 
equation [systolic pulmonary artery pressure ≈ 4 (tricuspid regurgitant jet velocity)2 + estimated right atrial pressure, where right atrial 
pressure is estimated using respiratory variation of the inferior vena cava]

immunosuppression (19%), chronic kidney disease 
(17%), and interstitial lung disease (5%).

Right heart catheterization
Twenty-one of 299 patients (7%) underwent right heart 
catheterization during the study admission (11 in Doppler-
defined PH group and 10 in control group). The mean 

Figure 1: Study fl ow diagram. Pulmonary hypertension defi ned as TR jet 
≥3 m/sec (LVEF – Left ventricular ejection fraction; MICU –Medical intensive care 
unit; PH – Pulmonary hypertension; TR – tricuspid regurgitant)

All MICU admissions over one 
year period (N=1431)

Collect demographics, length 
of stay, mortality

Excluded if no echocardiogram 
within 4 days of  MICU 
admission (N=982)

Excluded if either TR jet 
(N=150) and/or LVEF (N=13) 
not reported

Collect comorbidities, lab 
data, types of supportive care 
provided, diagnoses

Echocardiogram performed 
within 4 days of  MICU 
admissions (N=449)

Qualifying echocardiogram 
with reported TR jet and LVEF 
(N=299)

Study patients with PH (N=126) 
or controls (N=173)
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Multivariable regression analysis of Doppler-
defined PH risk factors
The following clinical characteristics were included in a 
regression analysis of Doppler-defined PH risk factors: age, 
gender, low ejection fraction, history of interstitial lung 
disease, lowest serum bicarbonate value, and diagnosis 
of pulmonary embolus. Partial pressure of arterial oxygen 
and brain natriuretic peptide values were excluded due 
to multiple missing values. Pulmonary vasodilator was 
considered a consequence rather than an indicator of 
PH and was not included in the regression model. When 
controlling for these clinical features, low ejection fraction, 
lowest serum bicarbonate, and diagnosis of pulmonary 
embolus remained independently associated with 
Doppler-defined PH [Table 2].

Risk factors for mortality
Of the examined variables, the following were significantly 
associated with in-hospital mortality in univariate 
analysis: age (P<0.001), chronic obstructive pulmonary 
disease (P=0.049) or interstitial lung disease (P=0.003), 
Doppler-defined PH (P=0.039), highest serum creatinine 
(P=0.004), lowest platelet count (P<0.001), diagnosis of 
sepsis (P=0.005), renal replacement therapy (P=0.002), 
mechanical ventilation (P<0.001), and use of either 
vasopressors (P<0.001) or pulmonary vasodilators 
(P=0.008) [Table 3].

Survival analysis
Kaplan–Meier survival analysis yielded significantly lower 
survival in those with Doppler-defined PH (log rank test 
P=0.05) [Figure 3]. The following clinical characteristics 
were included in a Cox proportional hazard analysis 
of variables associated with in-hospital mortality: age, 
gender, pre-existing history of chronic obstructive 
pulmonary disease or interstitial lung disease, Doppler-
defined PH, low left ventricular ejection fraction, highest 
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Figure 3: Kaplan–Meier survival curve of those with (PH) and without 
(control) Doppler-defi ned pulmonary hypertension. Log-rank test=0.05. 
Time of survival calculated as date of intensive care unit admission until 
death or hospital discharge (censoring)

Figure 2: Distribution of tricuspid regurgitant (TR) jet velocities in medical 
intensive care unit population. Mean TR jet velocity = 2.88±0.57 m/sec; 
median TR jet velocity=2.80 m/sec

duration between echocardiogram and catheterization 
was 10±10 days. The positive predictive value of a TR 
jet velocity ≥3 m/sec to diagnose PH, defined as a mean 
pulmonary artery pressure ≥25 mmHg, was 91% while 
the negative predictive value was 20% in this critically 
ill cohort. A moderate correlation existed between 
estimated and measured values of systolic pulmonary 
artery pressures (r=0.65, P=0.002).

Risk factors for Doppler-defined PH
The distribution of measured ejection fraction was 
markedly skewed; categorization of the ejection 
fraction variable around the 25th percentile (ejection 
fraction<50%) revealed that 29 patients (23%) in the PH 
group and 22 patients (13%) in the control group had a 
depressed left ventricular ejection fraction (P=0.019). 
Laboratory data associated with Doppler-defined PH 
included lowest recorded partial pressure of arterial 
oxygen (P=0.01), lowest recorded serum bicarbonate 
value (P=0.04), and a trend toward association with 
highest recorded brain natriuretic peptide (P=0.07). 
Multiple patients did not have blood gas (21% of study 
cohort) or brain natriuretic peptide (74% of study 
cohort) testing performed during their intensive care unit 
admission. Pulmonary vasodilator, used in a total of 12 
patients (11 sildenafil and 1 bosentan), was significantly 
associated with the Doppler-defined PH (P<0.001). Of 
the reviewed diagnostic codes, only pulmonary embolus 
(Doppler-defined PH in 71% of those with a pulmonary 
embolus compared to 40% of those without a pulmonary 
embolus, P=0.005) was significantly associated with 
Doppler-defined PH. Those with ARDS displayed a trend 
toward reduced PH (Doppler-defined PH in 28% of those 
with compared to 43% of those without ARDS, P=0.14). 
Mechanical ventilation, vasopressor use, and renal 
replacement therapy were not associated with Doppler-
defined PH [Table 2].
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serum creatinine, lowest platelet count, diagnosis of 
sepsis, renal replacement therapy, mechanical ventilation 
and vasopressor use. When controlling for these clinical 
features, Doppler-defined PH remained significantly 
associated with mortality (HR=1.59, 95% CI=1.03–2.44, 
P=0.036) [Table 3].

DISCUSSION

This is the first report to indicate that Doppler-defined 
PH is common in a general medical intensive care unit 
population, with 126 of 449 patients (28%) undergoing 
echocardiography having evidence of PH, as defined by 
a TR jet velocity ≥3 m/sec. It is important to note that 
Doppler-defined PH in this investigation includes both 
pulmonary venous and pulmonary arterial hypertension, 
given the diagnostic reliance on echocardiography. The 
presence of Doppler-defined PH is associated with an 
increased risk of death, an effect that remains even after 
controlling for other clinical variables associated with 
mortality. Risk factors for the development of Doppler-
defined PH in the medical intensive care unit include 
low left ventricular ejection fraction and a diagnosis of 
pulmonary embolism.

The definition of PH as a TR jet velocity ≥3 m/sec, which 
corresponds approximately to a systolic pulmonary artery 
pressure of ≥40 mmHg, is consistent with prior literature 
in other patient populations[13,14] and is in accordance with 
recent evidenced-based guidelines.[11] The distribution of 
TR jet velocities in a general intensive care unit population 
has not been previously reported. A TR jet velocity of 2.64 
m/sec is reported to be 2 standard deviations above the 
mean in a normal population.[12] The mean TR jet velocity 
of 2.88 m/sec in our patient population is markedly higher 
than that seen in non-critically ill patients and suggests 
that PH is prevalent in the critically ill.

PH is a known complication of certain diseases commonly 
seen in the medical intensive care unit, such as ARDS 
and pulmonary embolism.[2-6,15] However, less is known 
of the burden of PH in a general medical critical care 
population. Our finding that at least 28% of patients 
undergoing echocardiography have an elevated TR jet 
velocity suggests that the burden of PH in a general 
medical intensive care unit population may be significant. 
Our retrospective study design inherently results in 
selection bias, however, and likely inflates the apparent 
burden of PH in the critically ill. Similarly, as not all 

Table 2: Clinical variables and their association with pulmonary hypertension
Univariate Multivariable regression

P value OR (95% CI) P value

Comorbid conditions
Low LVEFa 0.019 2.21 (1.19–4.12) 0.012
COPD 0.31
Interstitial lung disease 0.18
Coronary artery disease 0.92
Systemic hypertension 0.12
Congestive heart failure 0.56
Chronic kidney disease 0.74
Immunosuppression 0.65

Laboratory abnormalities
Lowest pHb 0.58
Lowest PaO2

b 0.01
Lowest platelet countb 0.69
Highest serum creatinineb 0.89
Lowest bicarbonateb 0.04 6.92 (1.00–48.0) 0.050
Highest BNPb 0.07

Therapeutic interventions
Renal replacement therapy 0.32
Systemic vasopressor use 0.82
Pulmonary vasodilator use <0.001
Mechanical ventilation 0.92
Blood transfusion 0.48

Diagnoses
ARDS 0.14
Pulmonary embolus 0.005 4.28 (1.59–11.5) 0.004
Sepsis 0.38
Acute myocardial infarction 0.44

ARDS - Acute respiratory distress syndrome; BNP - Brain natriuretic peptide; CI - Confi dence interval; COPD - Chronic obstructive 
pulmonary disease; LVEF - left ventricular ejection fraction; OR - Odds ratio; PaO2 - Partial pressure of arterial oxygen; aLow LVEF defi ned 
as <50% by study qualifying echocardiogram; bLab values recorded during intensive care unit admission

Stamm, et al.: Doppler-defi ned PH in MICU patients



Pulmonary Circulation | January-March 2011 | Vol 1 | No 1 100

patients admitted to the intensive care unit underwent 
echocardiography, the actual prevalence could not be 
determined with this study.

Our findings that depressed left ventricular ejection 
fraction and a diagnosis of pulmonary embolism are 
risk factors for the development of PH are consistent 
with the reports in literature.[9,16] While in accordance 
with prior reports, only a minority of patients with PH 
in our study had either a pulmonary embolus (12%) or 
depressed ejection fraction (23%), suggesting that these 
disorders were not the predominant comorbidities in our 
cohort. Admittedly, given the reliance on non-invasively 
measured pulmonary vascular pressures, a reduced left 
ventricular ejection fraction does not necessarily relate to 
post-capillary PH and, conversely, those with normal left 
ventricular function can still have post-capillary PH.[17] The 
association between low arterial partial pressure of oxygen 
and PH has been previously reported[5,6] and may reflect 
hypoxia-mediated pulmonary vasoconstriction. Multiple 
patients in our cohort did not undergo arterial blood gas 

Table 3: Clinical variables and their association with mortality
Univariate Multivariable Cox regression

P value HR (95% CI) P value

Age (years) <0.001 1.03 (1.01–1.05) <0.001
Gender (male) 0.11
Pulmonary hypertensiona 0.039 1.59 (1.03–2.44) 0.036
Comorbid conditions

Low LVEFb 0.059 1.62 (0.97–2.72) 0.067
COPD 0.049
Interstitial lung disease 0.003
Coronary artery disease 0.45
Systemic hypertension 0.93
Congestive heart failure 0.96
Chronic kidney disease 0.99
Immunosuppression 0.86

Laboratory abnormalities
Lowest pHc 0.021
Lowest PaO2

c 0.87
Lowest platelet countc <0.001 0.38 (0.22–0.65) <0.001
Highest serum creatininec 0.004
Lowest bicarbonatec 0.35
Highest BNPc 0.42

Therapeutic interventions
Renal replacement therapy 0.002
Systemic vasopressor use <0.001 1.96 (1.11–3.43) 0.019
Pulmonary vasodilator use 0.008
Mechanical ventilation <0.001 2.65 (1.13–6.22) 0.026
Blood transfusion 0.24

Diagnoses
ARDS 0.50
Pulmonary embolus 0.33
Sepsis 0.005
Acute myocardial infarction 0.22

ARDS - Acute respiratory distress syndrome; BNP - Brain natriuretic peptide; CI - Confi dence interval; COPD - Chronic obstructive 
pulmonary disease; LVEF - Left ventricular ejection fraction; OR - Odds ratio; PaO2 - Partial pressure of arterial oxygen; aDefi ned as 
a tricuspid regurgitant jet velocity ≥3 m/sec in study qualifying echocardiogram; bLow LVEF defi ned as <50% by study qualifying 
echocardiogram; cLab values recorded during intensive care unit admission

measurement, limiting further interpretation. Our finding 
that low serum bicarbonate is an independent risk factor 
for PH is also consistent with prior literature. Teplinsky 
and coworkers reported that metabolic acidemia leads to 
increased pulmonary arterial pressures and depressed left 
ventricular stroke volume in a canine model.[18] Although 
acidemia may result in increased pulmonary arterial 
pressure, our finding of a lack of an association between 
blood pH and Doppler-defined PH in those patients who 
underwent arterial blood gas analysis suggests that the 
result obtained could also be due to chance.

The diagnosis of ARDS was not associated with Doppler-
defined PH in our study. Although PH is commonly 
reported in the ARDS literature, the heterogeneous 
definitions of acute lung injury used in these studies and 
the selective use of diagnostic right heart catheterization 
make extrapolations between studies difficult and 
determination of true prevalence impossible.[3-5,19] Our use 
of ICD-9 diagnostic codes to define ARDS is similar to that 
used in other studies but resulted in few patients being 
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diagnosed with ARDS.[10] Thus, our study may have lacked 
sensitivity in detecting ARDS and be underpowered. 

We found a significant association between Doppler-
defined PH and increased mortality. Moreover, Doppler-
defined PH remained an independent predictor of death 
when controlling for other clinical variables associated 
with mortality. While not previously reported in a general 
medical critical care population, PH is independently 
associated with mortality in multiple other disorders, 
including pulmonary embolism,[9,15] congestive heart 
failure,[20] and chronic obstructive pulmonary disease.[21] 
The ARDS literature suggests a correlation between 
the presence of PH and worse outcomes,[3,5,22] although 
this finding has not been seen in all studies.[4] Bull and 
colleagues recently reported in a secondary analysis of 
a modern cohort of patients with acute lung injury, who 
underwent right heart catheterization, that an elevated 
transpulmonary gradient or pulmonary vascular resistance 
(both hemodynamic measures of pulmonary vascular 
dysfunction) predicted increased morbidity and mortality, 
while independent hemodynamic measurements, such as 
mean pulmonary artery or pulmonary artery occlusion 
pressure, were not associated with worse outcomes.[19] 
While intriguing, only a randomized study will be able to 
address the unresolved issue of whether PH is casually 
related to mortality or is simply a marker of disease 
severity.

The results of right heart catheterization in a subset 
of patients demonstrated that the presence of PH by 
echocardiography is a reliable predictor of true elevated 
mean pulmonary arterial pressures in the critically ill, 
with a positive predictive value of over 90%. However, 
the absence of an elevated TR jet velocity does not rule 
out PH, based on the lower negative predictive value 
found in our study. While the total number of right heart 
catheterization studies is low and should be interpreted 
with caution, echocardiography estimated systolic 
pulmonary artery pressures showed good correlation 
with invasive measurements.

The results of our investigation demonstrate robust 
external validity. Features that were found to be 
associated with Doppler-defined PH, including 
hypoxemia, reduced ejection fraction, and pulmonary 
embolus, are known risk factors for PH.[5,9,16,20] Clinical 
markers of increased mortality in the critically ill, 
including advanced age, requirement for mechanical 
ventilation, systemic vasopressor support, and renal 
replacement therapy, were found to predict mortality 
in our study cohort.[23,24] 

Despite the strengths of our analysis and the validity 
of our data, the study has several limitations worth 

consideration. The single center retrospective design, 
and in particular, the inability to control which patients 
received an echocardiogram, introduces significant 
selection bias. Clearly, the patients in this study who 
underwent echocardiography were older and had higher 
mortality than those patients who did not; thus, our results 
cannot be extrapolated to all medical intensive care unit 
patients. Although echocardiography is a diagnostic tool 
available to most intensivists, the reliance on routine 
clinical echocardiography in this study prohibits further 
characterization of the contribution of left and right heart 
disease to the diagnosis of PH, information that may be 
obtained from invasive hemodynamic measurements 
and/or specialized echocardiographic techniques. Finally, 
the reliance on the electronic medical record for clinical 
information, with the attendant issues of missing data, 
accuracy, and use of ICD-9 codes, is a documented source 
of potential study error.[25,26]

In conclusion, in this initial hypothesis-generating 
investigation, we have shown that Doppler-defined PH in a 
general medical intensive care unit population is common 
and associated with an increased risk of mortality. Future 
prospective studies should attempt to more clearly 
define the prevalence of and risk factors for PH in a 
medical intensive care unit population. In addition, the 
balance of pulmonary venous versus pulmonary arterial 
hypertension, with clinical associations of each, needs to 
be defined. Given the lack of current knowledge regarding 
the balance and outcomes associated with pulmonary 
arterial versus pulmonary venous hypertension, empiric 
therapy of Doppler-detected PH in the critically ill 
with targeted pulmonary vascular medications cannot 
be recommended at this time. If pulmonary arterial 
hypertension independently predicts worsened outcomes 
in the critically ill, therapeutic trials of hemodynamic 
goal-directed therapy, using pulmonary vascular targeted 
medication and aimed at reducing pulmonary artery 
pressures and improving right ventricular function, may 
be indicated.
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