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Abstract

Background: Despite the extensive use of arterial catheterization (AC), clinical effectiveness of AC to alter the out-
comes among patients with sepsis and septic shock has not been evaluated. The purpose of this study is to examine
the association between the use of AC and in-hospital mortality in septic patients.

Methods: Adult patients with sepsis from Medical Information Mart for Intensive Care database were screened to
conduct this retrospective observational study. Propensity score matching (PSM) was employed to estimate the rela-
tionship between arterial catheterization (AC) and in-hospital mortality. Multivariable logistic regression and inverse
probability of treatment weighing (IPTW) were used to validate our findings.

Results: A total of 14,509 septic patients without shock and 4,078 septic shock patients were identified. 3,489 pairs in
sepsis patients without shock and 589 pairs in septic shock patients were yielded respectively after PSM. For patients
in the sepsis without shock group, AC placement was associated with increased in-hospital mortality (OR, 1.34; 95% C|,
1.17-1.54; p<0.001). In the septic shock group, there was no significant difference in hospital mortality between AC
group and non-AC group. The results of logistic regression and propensity score IPTW model support our findings.

Conclusions: In hemodynamically stable septic patients, AC is independently associated with higher in-hospital
mortality, while in patients with septic shock, AC was not associated with improvements in hospital mortality.

Keywords: Arterial catheterization, Sepsis, In-hospital mortality

Background

Arterial catheterization (AC) is commonly used in inten-
sive care units (ICU) for invasive estimation of blood
pressure (BP) [1]. It is believed to be more accurate and
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reliable than noninvasive BP measurements in shock
states, allowing continuous measurement of BP and facil-
itating arterial blood gases monitoring [2—4].

However, several potential complications might occur
during the use of AC. First, it is a cause of bloodstream
infection, whose overall incidence is 1.7 per 1000 cath-
eter days, higher than peripheral venous access [5].
Besides, its localized complications are common, such as
limb ischemia and hematoma [6, 7]. Furthermore, it not
only comes with increased costs and prolonged ICU stay
but also leads to more frequent phlebotomy [8].

Despite the widespread use of AC, high-quality
research focusing on the effect of AC on patients with
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sepsis and septic shock is still absent [9]. In view of the
low complication occurrence rate and seemingly higher
accuracy, the Surviving Sepsis Campaign guideline
(2021) issued a weak recommendation for using invasive
BP monitoring in sepsis [10]. However, whether the ben-
efits of AC outweigh the risks remains uncertain [9].

This cohort study aims to examine the association
between AC use and outcomes in septic patients with/
without shock using propensity score matching (PSM)
analysis. We hypothesized that AC would bring more
harm than benefit to patients with sepsis.

Methods

Study population

We conducted this retrospective observation study of
adult patients from the fourth edition of Medical Infor-
mation Mart for Intensive Care database (MIMIC 1V,
version 1.0) [11]. MIMIC is a large, publicly available
single-center critical care database housing deidentified
health-related data of 382,278 individuals and 321,406
adults from years 2008 to 2019 admitted to the Beth
Israel Deaconess Medical Center in Boston, Massachu-
setts. In our study, adult patients with sepsis (defined
by sepsis 3.0 criteria) were screened [12]. The following
inclusion and exclusion criteria were used: (1) only the
first ICU admission of each patient was included; (2)
patients with evidence of infection (antimicrobials and
blood culture) and organ dysfunction (SOFA score 2+)
were included; (3) patients with length of hospital stay
more than 24 h were included; (4) only patients without
cardiac surgery were included. Patients were divided into
the sepsis without shock group and septic shock group
based on the hemodynamic status (also defined by sep-
sis 3.0 criteria). Patients who had AC placement after
ICU admission were categorized as the AC group, while
patients without the use of AC making up the non-AC

group.

Covariates and outcomes

The following available variables (without significant
missing data) were extracted from MIMIC-IV database
for the first day of ICU admission: age, gender, weight,
admission type, ethnicity, first care unit, Sequential
Organ Failure Assessment (SOFA) score, Simplified
Acute Physiology Score II (SAPII), Charlson Comorbid-
ity Index, congestive heart failure (CHF), renal disease,
chronic pulmonary diseases (COPD), malignancy, liver
disease, heart rate, temperature (‘C), mean arterial pres-
sure (MAP), white blood cell (WBC) count, hemoglobin,
hematocrit, platelet, sodium, potassium, bicarbonate,
chloride, blood urea nitrogen (BUN), creatine, glucose,
anion gap, international normalized ratio (INR), pro-
thrombin time (PT), active partial thromboplastin time
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(APTT), receipt of continuous renal replacement ther-
apy (CRRT), mechanical ventilation (MV), and sedative
medication. For repeated measurements, only the first
result was used. And comorbid conditions were identi-
fied based on International Classification of Disease, the
Ninth Version (ICD9) and Tenth Version (ICD10) [13].

We observed that the proportion of missing data of the
above covariates was less than 10% (Figure S1), thus for
those who have the laboratory results during hospitaliza-
tion, the earliest result from ICU admission were used,
and the mean imputation was used while there was no
related laboratory result.

Statistical analysis

Continuous variables were presented as mean (SD) and
categorical variables were presented as number (percent-
age). T-test and Chi-square (x2) were used to analyze
continuous and categorical variables, respectively.

Three distinct analytical approaches were used to esti-
mate the relationship between AC and hospital mortality.
First, propensity score matching (PSM) was conducted
to balance the baseline characteristics between the AC
group and non-AC group. We used a logistic regression
model with all covariates listed above to calculate the
propensity score for each patient. Pairs were matched
without replacement on the logit of the propensity score,
and a nearest-neighbor 1:1 matching scheme with a cal-
iper size of 0.2 was applied for all matched pairs. After
matching, standardized mean differences (SMD) were
used to evaluate the balance of baseline characteristics
between the matched groups. If SMD >0.1, the variable
can be considered imbalance between the AC group and
non-AC group. The odds ratios (OR) and their 95% Cls,
and p-values were calculated for each model. Bonfer-
roni correction was performed for the 38 p-values within
these models, including AC/non-AC, 34 noncategorical
independent variables, 3 indicator variables for the inde-
pendent variable of initial ICU type. After adjusted for
this multiplicity, p-value less than 0.0013(0.05/38) were
considered significant. Besides, we performed the above
analysis in patients with AC placed within 24 h after ICU
admission.

Sensitivity analysis

We conducted a series of sensitivity analyses to evaluate
the robustness of the finding of the study. We used dif-
ferent modeling methods, multivariable logistic regres-
sion and inverse probability of treatment weighting
(IPTW) analyses, to access the association between hos-
pital mortality and AC after adjustment for the covari-
ates. In subgroups analysis, we repeated the multivariable
logistic regression in each stratified subgroup separately
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according to age, gender, SOFA score, and the use of MV,
CRRT and sedative medication.

Results

After reviewing 35,055 adult patients with sepsis from
MIMIC-1V, a total of 14,509 sepsis patients without
shock and 4,078 septic shock patients met the inclusion
and exclusion criteria (Fig. 1). Among these patients,
5,303 (36.6%) sepsis patients without shock used AC,
while 3,384 (83.0%) septic shock patients used AC.
Table 1 summarizes the baseline characteristics of the
cohort. In both septic shock and sepsis without shock
groups, the AC patients were younger, in more severe
condition (SOFA score 4.35 vs 4.14 in septic shock group
and 3.18 vs 3.13 in sepsis without shock group), and had
a higher percentage of CRRT, MV, and sedative medi-
cation. In addition, the length of ICU stay (8.29 vs 4.93
in septic shock group and 7.56 vs 3.44 in sepsis without
shock group, both p<0.001) and hospital stay (16.57 vs
12.70 in septic shock group and 15.71 vs 10.85 in sepsis
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without shock group, both p<0.001) of AC group were
also longer than those of non-AC group.

Notably, there was no significant difference in hospi-
tal mortality between AC and non-AC group in patients
with septic shock (32.6% vs 33.1%, p=0.791). On the
contrary, the in-hospital mortality of AC patients was
significantly higher than that of non-AC patients in sep-
sis without shock group (16.3% vs 11.9%, p <0.001).

Propensity score matching

PSM vyielded 589 pairs of patients who did not have an
AC placement and patients who had an AC placement in
septic shock group. Another propensity-matched sam-
ple consisted of 3,489 pairs of patients in sepsis without
shock group. The SMDs before and after match were
shown in Table 1 and Figure S2. After PSM, all covariates
achieved balance (SMD <0.1).

After PSM, there was no significant difference in hos-
pital mortality between AC (35.1%) and non-AC groups
(33.8%) in patient with septic shock (OR, 1.06; 95% CI,
0.84-1.35; p=0.624) (Tables 1 and 2). However, the

Sepsis patients from MIMIC-IV
based on Sepsis 3.0
(n = 35055)

Only the first ICU admission of
each patient was included
(7883 excluded)

Patients with sepsis diagnosed
within 24 hours were included
(1280 excluded)

Patients with length of hospital
more than 24 hours were included
(2826 excluded)

Only patients without cardiac
surgery were included
(4479 excluded)

Cohort
(n = 18587)

Sepsis without shock
(n = 14509)

Non-AC
(n = 9206)

Fig. 1 Patient Selection Flowchart. AC, arterial catheterization

Septic shock
(n = 4078)

AC
(n = 3384)
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Table 2 ORs for In-hospital Mortality Associated with AC Placement for Sepsis with or without Shock Patients

Method All patients with AC placement Patients with AC placement within 24 h

Septic shock Sepsis without shock Septic shock Sepsis without shock

OR (95% Cl) PValue OR(95% Cl) PValue OR(95% Cl) PValue OR(95% Cl) PValue
Propensity score matching 1.06 (0.84—1.35) 0.624 1.34(1.17—1.54) <0.001 0.99(0.78-1.27) 0.950 1.08 (0.93 - 1.27) 0.306
Propensity score IPTW 1.05(0.86-1.28)  0.654 1.33(1.18—150)  <0.001 097 (0.79 - 1.20) 0.805 1.15(1.00 - 1.31) 0.044
Multivariable logistic regression  0.99 (0.78—1.26)  0.960 1.37 (1.20—1.57) <0001 093(0.74-1.16) 0518 1.14(0.99 - 1.31) 0.061

Multivariable logistic regression was adjusted for age, gender, weight, admission type, ethnicity, first care unit, SOFA score, SAPII, Charlson Comorbidity Index,
CHF, renal disease, COPD, malignancy, liver disease, heart rate, temperature, MAP, WBC count, hemoglobin, hematocrit, platelet, sodium, potassium, bicarbonate,
chloride, BUN, creatine, glucose, anion gap, INR, PT, APTT, receipt of CRRT, MV, and sedative medication. IPTW, inverse probability of treatment weighting. P<0.0013

were considered statistically significant

lengths of ICU stay (6.69 vs 5.17, p<0.001) and hospital
stay (14.82 vs 12.62, p=0.040) of AC group were longer
than those of non-AC group. For patients in sepsis with-
out shock group, the in-hospital mortality of AC group
(14.8%) was still higher than that of non-AC group
(11.5%) even after well matching of baseline character-
istics (OR, 1.34; 95% CI, 1.17-1.54; p<0.001). Similarly,
the lengths of ICU stay (6.77 vs 4.31, p<0.001) and hospi-
tal stay (14.69 vs 11.66, p<0.001) of AC group were also
longer than those of non-AC group.

Subsequently, we repeated the above analysis in
patients with AC placement within 24 h after ICU admis-
sion. 7248 patients were placed within 24 h after ICU
admission, including 4240 patients without septic shock
and 3008 patients with septic shock. As Table 2 showed,
in patients with septic shock, we can draw the same con-
clusion that AC was not associated with improvements
in hospital mortality. However, in hemodynamically sta-
ble sepsis patients, AC showed a tendency to be harmful
while there were not statically significant.

Sensitivity analyses

We performed additional modeling analyses using logis-
tic regression and propensity score IPTW model, yield-
ing similar results: there was no association between
AC placement and in-hospital mortality in patients with
septic shock, while AC placement was associated with
increased in-hospital mortality in sepsis without shock
group (Table 2).

The impact of AC placement on subgroups classified
according to age, gender, median of SOFA score, use of
MYV, CRRT, and sedative medication was shown in Table
S1 and Fig. 2 showed the results of IPTW in the form of
forest plot. For patients with septic shock, the results of
all subgroups reported no association between AC place-
ment and in-hospital mortality.

However, for the sepsis without shock group, not all
subgroups yielded consistent results. AC placement

was associated with higher in-hospital mortality in
patients aged > 65, using MV and sedative medication,
and patients without CRRT. In addition, for gender sub-
groups or patients with SOFA score<3, the results of
propensity score IPTW model showed higher mortality
in AC group than non-AC group while the result of logis-
tic regression and PSM was not statistically significant.
Finally, for patients age <65, SOFA <3, using CRRT, and
patients without MV or sedative medication, all results
supported no correlation between AC placement and in-
hospital mortality.

Discussions

An intervention should be considered only when it will
provide benefits. There have been several examples
of interventions widely used in previous clinical prac-
tice, which were proven to be of no benefit, some were
even harmful, such as intracranial pressure monitors for
patients with severe traumatic brain injury [14] and low-
dose dopamine in renal failure [15]. Another example is
pulmonary arterial catheters, a physiologic monitoring
device, which was proven to be non-beneficial for all sub-
groups of critically ill patients after 14 subsequent rand-
omized clinical trials [16].

AC is now routinely used in ICU. It was believed to
provide immediate and reproducible measurement of
BP [3]. However, evidence showed that a hyper-resonant
blood pressure trace, derived from AC, significantly over-
estimates true systolic blood pressure and underesti-
mates the diastolic pressure [17]. From this perspective,
AC is also prone to be inaccurate. Localized complica-
tions of AC include limb ischemia, temporary occlusion
(19.7%), bleeding, hematoma (14.4%), pseudoaneurysm,
and local infection [6]. They have an incidence close to
11 per 1000 arterial catheter days. Besides, AC is a major
cause of bloodstream infection, whose incidence is 1.7
per 1000 (95% CI: 1.2 to 2.3), 2.5-fold higher than periph-
eral intravenous catheters [18].
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mechanical ventilation, CRRT, continuous renal replacement therapy

Subgroups N (%) OR (95%Cl) P Value
Sepsis without shock .
!

Age < 65 6208 (42.8) 1.16 (0.93 - 1.45) }-%—0—{ 0.187

Age = 65 8301 (57.2) 1.45(1.25- 1.68) E —— <0.001

Male 7969 (54.9) 1.32 (1.12 - 1.55) : ——i 0.001

Female 6540 (45.1) 1.35(1.13-1.62) E —— 0.001

SOFA<3 6737 (46.4) 1.32(1.09 - 1.61) i —— 0.004

SOFA=3 7772 (53.6) 1.31(1.12-1.53) E —— 0.001

MV 6060 (41.8) 1.64 (1.40 - 1.91) : ——i <0.001

No MV 9449 (65.1) 0.78 (0.62 - 0.98) |—~—4§ 0.034

CRRT 350 (2.4) 0.85 (0.39 - 1.88) »—-—:—a 0.693

No CRRT 14159 (97.6) 1.34(1.18-1.51) i e <0.001

Sedative medication 7178 (49.5) 1.52 (1.31 - 1.76) : ——i <0.001

No sedative medication 7331 (50.5) 0.81 (0.63 - 1.04) '—'—E' 0.096
Septic shock é

Age <65 1898 (46.5) 1.24 (0.88 - 1.76) 1—5—0——| 0.218

Age 2 65 2180 (53.5) 0.94 (0.73 - 1.21) l—0;—| 0.627

Male 1680 (41.2) 1.11 (0.84 - 1.46) l—e—O—l 0.461

Female 2398 (58.8) 1.02 (0.75- 1.37) I—i-—! 0.907

SOFA<4 1824 (44.7) 1.09 (0.79 - 1.51) i—§-0—| 0.585

SOFA >4 2254 (55.3) 1.01 (0.77 - 1.31) l—lb—-( 0.97
MV 3438 (84.3) 1.07 (0.85 - 1.34) |—‘o—+ 0.576
No MV 640 (15.7) 0.84 (0.53 - 1.32) I»—O—%—i 0.45

CRRT 622 (15.3) 0.96 (0.42 - 2.20) »—J—a 0.922

No CRRT 3456 (84.7) 1.04 (0.84 - 1.29) l—§0—i 0.703

Sedative medication 3624 (88.9) 1.00 (0.80 - 1.25) |—+—1 0.975

No sedative medication 454 (11.1) 1.22 (0.77 - 1.93) »—Eo—« 0.394

05101820

Fig. 2 Odds Ratios (95% Cls) for In-hospital Mortality Associated with AC Placement in Subgroups. All odds ratios were derived from IPTW. MV,

In this propensity-matched cohort analysis, we
reported no association between AC use and in-hospital
mortality in patients with septic shock. Nevertheless, in
sepsis without shock group, the AC use may be associ-
ated with higher in-hospital mortality.

There was no other study that reported beneficial
outcomes associated with AC. Similarly, one observa-
tional study performed on the Project IMPACT database
showed that ACs were not associated with improve-
ments in hospital mortality in critically ill patients [19].
In the cohort of patients receiving vasopressors, the odds
of death were increased in patients with AC use (OR,
1.08; 95% CI, 1.02—1.14; P=0.008). Another large cohort

focusing on ventilated patients without vasopressor sup-
port, demonstrated no difference in day 28 mortality
between patients with and without AC after PSM [20].

In this study, for the primary cohort (Table 2) and
all of the secondary cohorts (Fig. 2, Table S1) in sep-
tic shock group, we found no association between AC
placement and outcomes. One potential interpretation
is that the AC use does not bring net mortality bene-
fit to septic shock patients. The blood gas testing and
hemodynamic monitoring obtained from IAC dont
translate into effects on mortality; or the risks it brings
offset its benefits. Alternatively, the results of this anal-
ysis may be attributed to unmeasured confounding,
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despite attempts to adjust for confounders by using
multiple logistic regression and PSM. Patients receiv-
ing ACs are potentially in more severe condition, which
may not be able to be distinguished by current indica-
tors and severity scores. The use of ACs ameliorates
and covers this imbalance, thus no mortality effect is
detected.

As for sepsis without shock group, both the primary
cohort (Table 2) and 4 of 10 secondary cohorts (Fig. 2)
demonstrated that AC was associated with increased
risk of mortality. Hemodynamically stable patients are
less likely to benefit from AC, while the use of AC will
increase the risk of complications, which might lead to
higher mortality. In addition, AC placement seemed to
be harmful in hemodynamically stable sepsis patients
with AC placement with 24 h after ICU admission
while some results showed no statistical difference. On
the one hand, it may be that the AC placement does
not have a significant impact on in-hospital mortality,
and the harmful result in the primary cohort may come
from the bias caused by the measure time of patient
characteristics. On the other hand, it may be caused by
the small number of patients. Overall, AC placement
did not show beneficial effect on hemodynamically sta-
ble sepsis patients.

There are several limitations in the present study that
should be considered. First, as mentioned above, resid-
ual confounding can never be eliminated in retrospec-
tive studies, although we attempted to account for this
through replicating results across multiple analyses for
the primary cohort and multiple secondary cohorts. Sec-
ond, this is a non-random, single-center study. Our con-
clusion may not be applicable to other institutions, and
causality between AC and mortality cannot be estab-
lished from this study. It raises the need for replication in
randomized controlled trials to evaluate this topic. Third,
potential adverse events associated with AC are not avail-
able in MIMIC database. It cannot be investigated thor-
oughly whether the AC placement increases the risk of
catheter-associated bloodstream infections or vascular
complications in sepsis. Lastly, the baseline SOFA score
is assumed to be zero, as we do not know if the patient
has preexisting (acute or chronic) organ dysfunction
before the onset of infection. Although this may lead to
the inclusion of some unqualified cases, to our knowl-
edge, this is a widely recognized method for identifying
patients with sepsis in this database [21].

Conclusion

Our results suggested that AC placement did not improve
the survival of patients with septic shock; on the contrary,
it may increase in-hospital mortality in hemodynamically
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stable septic patients. Besides, AC was associated with an
increased ICU LOS and hospital LOS. These results high-
light the need for randomized controlled trials to investi-
gate the impact of AC use on patient outcomes.
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