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Abstract
Background: It is not clear whether pulmonary artery catheter (PAC) placement is bene�cial for critically ill patients with heart
disease. This study aims to investigate the association of PAC use with 28-day mortality in that population.

Methods: The MIMIC-IV database was employed to identify critically ill patients with cardiac disease with or without PAC
insertion. The primary outcome was 28-day mortality. Multivariate regression was modeled to examine the association between
PAC and outcomes. Additionally, we examined the effect modi�cation by cardiac surgeries. Propensity score matching (PSM)
was conducted to validate our �ndings.

Results: No improvement in 28-day mortality was observed among the PAC group compared to the non-PAC group (odds
ratio=1.18, 95% CI=1.00-1.38, P=0.049). When strati�ed by cardiac surgeries, the results were consistent. Patients in the PAC
group had fewer ventilation-free days and vasopressor-free days than those in the non-PAC group after surgery strati�cation. In
surgical patients, PAC insertion was not associated with the occurrence of acute kidney injury (AKI), and was associated with a
higher daily �uid input (mean difference=0.13, 95% CI=0.05-0.20, P=0.001). In non-surgical patients, the PAC group had a higher
risk of AKI occurrence (odds ratio=1.94, 95% CI=1.32-2.84, P=0.001).

Conclusion: PAC placement was not associated with survival bene�ts in critically ill patients with cardiac diseases, either in
surgical and non-surgical patients.

Background
Pulmonary artery catheter (PAC) has been utilized in the management of critically ill and high-risk surgical patients since Dr HJ
Swan and Dr William Ganz �rst introduced the �ow-directed balloon-tipped catheter in 1970[1]. A PAC provides the intensivist
with continuous monitoring of critical hemodynamic data that includes cardiac output (CO), mixed venous oxygen saturation,
and intrapulmonary and intracardiac pressures[1]. PAC use was considered to be useful for guiding the administration of �uids,
inotropes, and diuretics. Therefore, it was thought to improve potential clinical outcomes.

However, PAC insertion has been associated with numerous complications, including air embolism, dysrhythmias, and
pulmonary artery rupture[2]. Notably, the information provided by PAC might be inaccurate, and the misinterpretation of data
in�uences interventions and outcomes. Over the past decades, the use of PAC has varied markedly between different clinical
settings. The results from the ESCAPE trial showed that PAC did not affect overall mortality and hospitalization in patients with
congestive heart failure[3]. The GUSTO trial found that PAC was associated with increased mortality in patients with acute
coronary syndromes[4]. Systematic review and meta-analyses from randomized controlled trials (RCTs) have failed to show a
clear bene�t of PAC for in-hospital morbidity and mortality[2, 5]. In contrast, Randall et al. �rst demonstrated a bene�t of PAC use
in trauma patients[6]. Similarly, a retrospective cohort study showed that the use of PAC during adult cardiac surgery was
associated with a decreased length of stay and reduced cardiopulmonary morbidity, which suggests an overall potential bene�t
of PAC placement[7]. More recently, a prospective cohort study containing 11820 patients showed that PAC use was not
associated with improved operative mortality in patients undergoing open cardiac surgeries[8].

Until now, data describing the outcomes of PAC use in critically ill patients with cardiac diseases have been limited and
con�icting. Thus, the current study was carried out to investigate the impact of PAC placement on the outcomes of critically ill
adult patients with cardiac diseases.

Methods

Study design and population
This study was a retrospective, observational study from the Multiparameter Intelligent Monitoring in Intensive Care IV (MIMIC-
IV) database (version 0.4) from 2008 to 2019[9]. One author who �nished the test in PHYSIONET (CITI Certi�cation number
35931520) obtained access to the database and was responsible for data extraction. There were more than sixty thousand
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patients with ICU admission in the database. Adult patients with cardiac diseases, including heart valve disease, coronary artery
disease, myocardial infarction, heart failure, cardiogenic shock, and arrhythmia, were screened in the analysis. For patients who
were admitted to the ICU more than once, we included only the �rst ICU admission. We excluded patients who spent less than 24
h in the ICU. Included patients for whom initial PAC insertion was completed within 24 h after ICU admission were classi�ed as
the PAC group, with the rest de�ned as the non-PAC group. In our study, we extracted patient parameters including age, gender,
ethnicity, admission type, insurance condition, marital status, weight, and severity at admission as measured by the �rst 24-h
Simpli�ed Acute Physiology Score II (SAPS) score, Sequential Organ Failure Assessment (SOFA) score, and Charlson
Comorbidity Index (CCI) score. Vital signs included heart rate, respiratory rate, temperature, SpO2, and mean arterial blood
pressure (MAP). Laboratory variables, including lactate, white blood cell (WBC) counts, platelet counts, and creatinine, were
measured during the �rst 24 h in the ICU. Information on cardiac surgeries and the use of mechanical ventilation and
vasopressors during the �rst 24 h was also recorded. Comorbidities including renal disease, chronic obstructive pulmonary
disease (COPD), and cancer were also collected for analysis based on the recorded ICD-10 codes in the MIMIC-IV database.

Primary Outcome And Secondary Outcomes
The primary outcome in the present study was 28-day mortality. Secondary outcomes included 90-day mortality, the incidence of
AKI, the number of ventilator-free and vasopressor-free days within 28 days after ICU admission, and daily �uid input.

Statistical analysis
Baseline characteristics and clinical parameters were summarized between the PAC and non-PAC groups. Continuous variables
were described as the mean (standard variance) or median (interquartile range) depending on whether they were normally
distributied or skewed. Categorical variables were described as counts (%). Differences in variables between the PAC group and
the non-PAC group were compared using the Student’s t-test, chi-square test, and Wilcoxon rank sum tests as appropriate.
Multivariate logistic regression was modeled to examine the association between PAC and outcomes. To interpret the �ndings of
the models, we estimated the odds ratios (ORs) and corresponding 95% con�dence intervals (CIs) with confounding factor
adjustments, including age, gender, ethnicity, admission type, insurance, marital status, weight, SAPS-II score, SOFA score, CCI
score, heart rate, respiratory rate, temperature, SpO2, MAP, lactate, WBC counts, platelet counts, creatinine, cardiac surgeries, the
use of mechanical ventilation and vasopressors and comorbidities.

We conducted propensity score matching (PSM) to reduce potential bias. Propensity scores, the likelihood of each individual
receiving PAC, were calculated using logistic regression in which the exposure (PAC) was treated as the outcome in the model
and regressed with the covariates mentioned above. After PSM, the matching populations between the PAC and non-PAC groups
trended to balance, and the balance properties were evaluated by standard mean difference (SMD). When the SMD for each
variable incorporated in the PSM model was less than 0.1, the characteristics among the two groups were considered
balanced[10].

As in previous reports, we focused the group comparisons on disparities between populations with or without cardiac surgery
because these conditions provide interpretation of PAC disparities. Thus, for primary and secondary outcomes, differences in
groups were compared between cardiac surgery and non-cardiac surgery groups. To further assess the effect modi�cation by
cardiac surgery, we strati�ed the multivariate logistic and PSM analyses according to their status of surgery.

A sensitivity analysis was conducted to evaluate whether the initial timing of PAC impacted our results. We categorized patients
whose initial timing of PAC was less than or more than three hours into the PAC group and compared them against the non-PAC
group. Moreover, we further examined the association between different durations (≤ 1 and > 1 day) of PAC and outcomes.
Missing values were imputed by multiple imputation and complete case analyses were also performed as sensitivity analyses.

All analyses were performed by R (version 4.0.5) and SAS (version 9.4). A two-sided P value less than 0.05 was an indicator of
statistical signi�cance.
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Results

Baseline characteristics
After reviewing the data of 69619 MIMIC-IV adult admissions, a total of 19158 patients with cardiac diseases were identi�ed.
Finally, we included 11887 patients in our study cohort (Fig. 1). Among the study cohort, 2727 patients (22.9%) received PAC
within 24 h after ICU admission. The duration of use of PAC was 21.6 h (IQR, 16.8–40.8). The time to initial PAC insertion was
4.8 h (IQR = 2.4–7.2). The baseline characteristics of the cohort are summarized in Table 1. Patients in the PAC group had
signi�cantly higher SAPS-II scores (33.0 vs. 32.0, P = 0.002) and higher SOFA scores (6.0 vs. 4.0, P = 0.027) but lower CCI scores
(5.0 vs. 6.0, P = 0.007) on admission. A larger percentage of the PAC patients received mechanical ventilation (88.9% vs. 33.1%,
P < 0.001) and vasopressor treatment (85.9% vs. 34.1%, P < 0.001) during the �rst 24 h of their ICU stay. The two cohorts were
balanced for all variables after matching (Table S1).



Page 5/13

Table 1
Baseline demographics of the original cohort

Characteristics Non-PAC PAC Total P

Age(yr) median (IQR) 74.6(65.1–83.5) 71.5(62.9–79.4) 73.8(64.4–82.5) < 0.001

Male (%) 5478(59.8) 1845(67.7) 7323(61.6) < 0.001

White (%) 6358(69.4) 2001(73.4) 8359(70.3) < 0.001

Emergency (%) 5555(60.6) 595(21.8) 6150(51.7) < 0.001

Insurance (%) 5521(60.3) 1420(52.1) 6941(58.4) < 0.001

Married (%) 4485(49.0) 1619(59.4) 6104(51.4) < 0.001

Weight (kg) median (IQR) 79.9(67.0-94.9) 86.0(73.5–99.3) 81.1(68.5–95.9) < 0.001

SAPS-II, median (IQR) 32.0(26.0–39.0) 33.0(27.0–41.0) 32.0(26.0–40.0) < 0.001

SOFA, median (IQR) 4.0(3.0–6.0) 6.0(5.0–8.0) 5.0(3.0–6.0) < 0.001

CCI, median (IQR) 6.0(5.0–8.0) 5.0(4.0–7.0) 6.0(5.0–8.0) < 0.001

Heart rate (bpm) median (IQR) 82.0(72.2–93.6) 82.2(77.0-88.8) 82.1(73.5–92.2) 0.480

Respiratory rate (/min) median (IQR) 18.9(16.8–21.5) 17.4(15.8–19.2) 18.5(16.5–21.0) < 0.001

Temperature (°C) median (IQR) 36.7(36.5–37.0) 36.7(36.5–37.0) 36.7(36.5–37.0) 0.193

SpO2 (%) median (IQR) 97.0(95.6–98.3) 97.9(96.9–98.8) 97.3(95.9–98.4) < 0.001

MAP (mmHg), median (IQR) 78.5(72.8–85.8) 74.6(71.2–78.3) 77.2(72.3–83.8) < 0.001

Lactate (mmol/L), median (IQR) 1.7(1.3–2.4) 2.0(1.6–2.6) 1.8(1.4–2.5) < 0.001

White blood cell (WBC) (×109), median (IQR) 10.7(8.0-14.3) 12.3(9.7–15.5) 11.1(8.4–14.6) < 0.001

Platelets (×1012), median (IQR) 193.8(146.3-253.3) 150.8(122.0-190.0) 182.0(138.0-239.0) < 0.001

Creatinine (mg/dl), median (IQR) 1.1(0.8–1.6) 1.0(0.8–1.3) 1.0(0.8–1.5) < 0.001

Cardiac surgery (%) 1358(14.8) 2347(86.1) 3705(31.2) < 0.001

Mv use (1st 24 h) 3034(33.1) 2424(88.9) 5458(45.9) < 0.001

Vasopressor use (1st 24 h) 3127(34.1) 2342(85.9) 5469(46.0) < 0.001

Comorbidities (%)        

Renal disease 2538(27.7) 562(20.6) 3100(26.1) < 0.001

Cancer 1179(12.9) 104(3.8) 1283(10.8) < 0.001

COPD 2805(30.6) 796(29.2) 3601(30.3) 0.153

CCI, Charlson Comorbidity Index; COPD, chronic obstructive pulmoriary diseases; SOFA, Sequential Organ Failure
Assessment; SAPS-II, Simpli�ed Acute Physiology Score

Primary Outcome
The 28-day mortality rates for the PAC and non-PAC groups were 5.0% and 12.7%, respectively (Table 2). The association
between PAC and outcomes was shown in Fig. 2. Before PSM, PAC was signi�cantly associated with an increased risk of 28-day
mortality (OR = 1.18, 95% CI = 1.00-1.38, P = 0.049), but this became insigni�cant after PSM (OR = 0.82, 95% CI 0.63–1.08, P = 
0.155). We also examined the effect modi�cation of cardiac surgeries on the association between PAC and 28-day mortality
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(Table 3). In patients with cardiac surgery, PAC insertion status was not associated with 28-day mortality before and after PSM
(P > 0.678). In patients who underwent cardiac surgery, the mortality rates for the PAC and non-PAC groups were 24.5% vs. 14.7%,
respectively. A signi�cantly increased risk of 28-day mortality was observed in patients with PAC insertion (OR = 1.26, 95% CI = 
1.05–1.51, P = 0.015) but not after PSM (OR = 1.29, 95% CI = 0.90–1.84, P = 0.171). These data indicated that PAC insertion was
not associated with an improvement in 28-day mortality in patients with cardiac diseases regardless of whether they underwent
surgery.

Table 2
Primary and secondary outcomes

Outcomes Total Non-surgery Surgery

Non-PAC PAC P Non-PAC PAC P Non-PAC PAC P

28-day
mortality (%)

1166(12.7) 135(5.0) < 
0.001

1148(14.7) 93(24.5) < 
0.001

18(1.3) 42(1.8) 0.281

90-day
mortality (%)

1224(13.4) 146(5.4) < 
0.001

1206(15.5) 95(25.0) < 
0.001

18(1.3) 51(2.2) 0.066

Incidence of
AKI (%)

6319(69.0) 2204(80.8) < 
0.001

5353(68.6) 326(85.8) < 
0.001

966(71.1) 1878(80.0) < 
0.001

Ventilation-
free days
(sd)

24.8(5.1) 26.0(4.4) < 
0.001

24.2(5.4) 23.3(5.8) 0.017 27.2(2.7) 26.3(4.1) < 
0.001

Vasopressor-
free days
(sd)

25.7(4.1) 25.9(4.0) 0.007 25.0(4.5) 23.9(5) < 
0.001

27.2(2.2) 26.2(3.7) < 
0.001

Daily �uid
input (sd)

1.6(1.2) 1.6(1.3) 0.073 1.7(1.3) 2.3(1.8) < 
0.001

1.3(0.8) 1.5(1.2) < 
0.001



Page 7/13

Table 3
The effect modi�cation of cardiac surgery on the association of PAC and outcomes

Outcomes Before PSM After PSM

Estimate LOW UP P Estimate LOW UP P

Cardiac surgery                

Odd ratios                

28-day mortality 1.10 0.69 1.76 0.678 1.00 0.47 2.11 1.000

90-day mortality 1.22 0.79 1.89 0.367 1.14 0.56 2.36 0.713

Incidence of AKI 0.94 0.84 1.04 0.229 0.99 0.83 1.17 0.862

Mean difference                

Ventilation-free days -0.35 -0.55 -0.14 0.001 -0.38 -0.59 -0.18 < 0.001

Vasopressor-free days -0.38 -0.59 -0.17 0.000 -0.48 -0.70 -0.27 < 0.001

Daily �uid input 0.10 0.02 0.18 0.011 0.13 0.05 0.20 0.001

Non-cardiac surgery                

Odd ratios                

28-day mortality 1.26 1.05 1.51 0.015 1.29 0.90 1.84 0.171

90-day mortality 1.20 1.00 1.44 0.053 1.24 0.87 1.76 0.242

Incidence of AKI 1.25 1.05 1.50 0.014 1.94 1.32 2.84 0.001

Mean difference                

Ventilation-free days -0.69 -1.20 -0.17 0.009 -0.58 -1.23 0.07 0.081

Vasopressor-free days -1.05 -1.48 -0.61 0.000 -0.92 -1.51 -0.33 0.002

Daily �uid input 0.02 -0.15 0.18 0.860 0.10 -0.15 0.35 0.432

Adjusted for baseline characteristics, including lactate, SpO2, WBC, creatinine, heart rate, respiratory rate, temperature,
platelets, SAPSII, SOFA, CCI, age, weight, map, temperature, admission type, insurance, gender, ethnicity, and marital status.

Secondary Outcomes
PAC insertion was associated with an increased 90-day mortality. However, this signi�cance was not maintained after PSM
(Fig. 2). Patients in the PAC group had fewer ventilation-free days (23.3 vs. 24.2%, P = 0.017 in the non-surgery group and 26.3
vs. 27.2%, P < 0.001 in the surgery group) and vasopressor-free days (23.9 vs. 25.0%, P < 0.001 in non-surgery group and 26.2 vs.
27.2%, P < 0.001 in the surgery group) than those in the non-PAC group after surgery strati�cation (Table 2). When strati�ed by
cardiac surgeries (Table 3), in surgical patients, PAC insertion was not associated with the occurrence of AKI and was associated
with a higher daily �uid input before (mean difference = 0.10, 95% CI = 0.02–0.18, P = 0.011) and after PSM (mean difference = 
0.13, 95% CI = 0.05–0.20, P = 0.001). In non-surgical patients, PAC group had a higher risk of AKI occurrence before (OR = 1.25,
95% CI = 1.05–1.50, P = 0.014) and after PSM (OR = 1.94, 95% CI = 1.32–2.84, P = 0.001).

Sensitivity Analyses And Additional Analyses
Sensitivity analysis showed similar results regarding the initial timing of PAC insertion (Table S2). Additional analysis showed
that patients with a PAC duration of more than 1 day had a higher mortality rate and a longer ventilation time (Table S3). These
results were maintained in the complete case analysis (Table S4).
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Discussion
The major �ndings of this study are that PAC placement was not associated with a survival bene�t in critically ill patients with
cardiac diseases, either in surgical or non-surgical patients. Furthermore, those who received PAC insertion also had fewer
vasopressor- and ventilation-free days than the non-PAC group. In surgical patients, PAC insertion had no effect on AKI
occurrence but was associated with a higher volume of �uid administration. In non-surgical patients, PAC insertion was
associated with a higher risk of AKI occurrence, while no association with �uid input was observed.

Since its introduction, PAC has been used in the management of critically ill patients. Importantly, PAC measures, particularly in
critically ill patients, are frequently inaccurate[11]. Misinterpretation of data is generally accepted to be common and can
potentially lead to mismanagement of the patients. Thus, PAC-directed therapy, including the use of �uids and inotropes, may be
ineffective or harmful in some statuses[12].

Though Shaw and colleagues showed that PAC use was associated with an overall potential bene�t during adult cardiac surgery
[7], the majority of studies have shown no mortality bene�t or higher mortality when assessing the in�uence of PAC placement
on critically ill patients with cardiac surgeries[12–15]. Despite the debate about PAC use in the management of cardiac surgery,
an international survey showed that practitioners preferred using PAC for most cardiac surgeries[16]. In the present study, no
signi�cant difference was observed between the PAC group and the non-PAC group in patients undergoing cardiac surgeries.
Similarly, no survival bene�t has been de�nitely con�rmed in non-surgical patients with cardiac diseases. Previously, the ESCAPE
trial found that PAC use had no effects on overall mortality and hospitalization in patients with congestive heart failure[3].
Gabriel et al. conducted a retrospective cohort study and found that PAC use was associated with higher mortality in patients
with heart failure[17]. In those with cardiogenic shock, PAC was associated with lower mortality and in-hospital cardiac
arrest[17]. Recently, another retrospective study evaluating PAC use in patients with acute myocardial infarction-cardiogenic
shock excluding cardiac surgery showed that the PAC cohort had a higher in-hospital mortality, longer length of stay, higher
hospitalization costs, and fewer discharges to home[18]. Here, in this study, no mortality bene�t of PAC use was identi�ed in non-
surgical patients with cardiac diseases. However, as PAC is not routinely indicated in these patients and there is currently no
consensus on the use of PAC in these patients[19, 20], future studies are warranted.

In this study, patients in the PAC group had higher severity of illness scores and were more likely to receive mechanical
ventilation and vasopressors at admission. Although these factors indicated a more severe condition, we used PSM analysis
and found no mortality bene�t of PAC insertion after adjustment for confounding factors. Moreover, the initial timing of PAC
insertion had little effect on clinical outcomes. Of note, a longer indwelling time of PAC was associated with a worse outcome.

PAC measurement of real-time parameters can guide timely and accurate interventions, including the use of �uids, vasopressors,
and inotropes. On the other hand, it may also lead to a state of overtreatment. We found that PAC placement was associated
with a longer support of ventilation and vasopressors. Differences were observed between surgical and non-surgical patients
regarding the management of �uid and occurrence of AKI. Consistent with a previous cohort study[8], PAC insertion had no
effect on AKI occurrence in cardiac surgery patients. While in non-surgical patients, PAC insertion was associated with a higher
risk of AKI occurrence. Similar results were demonstrated in patients with heart failure[17].

When comparing mortality rates for different subgroups considering whether or not they underwent surgeries, a seemingly
strange pattern can be observed: for surgery and non-surgery subgroups, mortality rates in PAC group were higher than those in
the non-PAC group, but the total mortality rate was higher in the non-PAC group. This constitutes a textbook example of a
statistical phenomenon known as Simpson’s paradox which refers to the observation that aggregating data across
subpopulations may yield opposite trends (and thus lead to reversed conclusions) when considering subpopulations
separately[21]. The key to understanding the phenomenon lies in the fact that we are dealing with relative frequencies. However,
such percentages conceal the absolute numbers of patients within each age group. Considering these absolute numbers sheds
light on how the phenomenon can arise: the distribution of cases with PAC or without PAC differs signi�cantly between the two
subgroups. Particularly, the surgery group recorded a much higher proportion of patients with PAC than the non-surgery group. In
summary, the larger share of PAC insertion among surgery patients combined with the fact that the non-surgery patients are at
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higher risk of death, explains the mismatch between total and subgroup mortality rates and thus gives rise to Simpson’s paradox
in the data.

Several limitations in the present study should not be neglected. First, this is an observational single-center study retrospectively
performed on electronic health record data. The generalizability of these �ndings to other institutions requires more
investigation. Second, compared with the non-PAC group, patients in the PAC group had a higher severity of illness. Though PSM
was used to balance these covariates in terms of their baseline risk, there may still be unmeasured confounders that bias the
study �ndings. Well-designed RCTs with large sample sizes are needed in the future. Third, data surrounding pulmonary artery
pressures were limited in this dataset; thus, we failed to perform further analysis. Fourth, in addition to PAC utilization, less
invasive CO measurement techniques, such as FloTrac/Vigileo and PiCCO monitoring, have been increasingly used in clinical
practice. However, there were no data available in the mimic database, and thus we could not perform further analysis.

Conclusions
In critically ill patients with heart diseases, no survival bene�ts were observed in patients with PAC insertion, regardless of
whether they underwent surgery. As suggested, there is no indication for the routine use of PAC, and thus clinicians should
carefully consider the clinical risks and bene�ts on a patient by patient basis[22]. However, assessment of PAC effectiveness is
not straightforward, given use/nonuse biases and considerable differences in the interpretation of PAC measurements among
practitioners[23]. The use of PAC should not be totally abandoned, and a future topic of research should be de�ne the most
suitable patients.
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Figure 1

Study cohort
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Figure 2

The association of PAC and outcomes before and after PSM
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