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ABSTRACT
Introduction: Myocardial damage is reported in about 20% to 60% of sepsis cases. The circulatory system
in early sepsis is hyperdynamic in state, but with time, cardiac function decreases and shifts toward cardiogenic shock. This study aimed to determine whether an intra-aortic balloon pump (IABP) could be an effective cardiac support for septic cardiomyopathy.
Methods: Twelve patients with septic cardiomyopathy who were screened between April 2010 and
March 2016 in the Saiseikai Yokohamashi Tobu Hospital Emergency and Critical Care Center were enrolled
retrospectively for this observational study. Hemodynamics was evaluated using the following parameters:
mean blood pressure; heart rate; catecholamine index; and serum lactate level. These parameters were compared before IABP insertion and at 24 and 72 hours after insertion. Cardiac function was assessed by evaluating the N-terminal pro b-type natriuretic peptide (NT-pro BNP) and left ventricular ejection fraction
(LVEF) at days 0, 3, and 7 after intensive care unit admission.
Results: The mean blood pressure tended to increase, the heart rate significantly decreased, and the
catecholamine index and serum lactate levels decreased significantly after IABP insertion. Nine of the 12 patients survived and showed improved LVEF, which returned to the normal range during the follow-up period.
Conclusions: From our experience of 12 cases, we suggest that IABP may be used for septic cardiomyopathy.
Toho J Med 6 (4): 148―155, 2020
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Introduction
Treatment for sepsis/septic shock has recently been
＊
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standardized.１，２）However, in cases of sepsis, the problem is
not resolved, and serious complications may arise, despite
standard treatments. Septic cardiomyopathy, where sepsis
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is accompanied by myocardial injury occurs in 20% to 60%
３）

（13）１４９

the source of infection, and antibiotics were administered.

of sepsis cases. The mechanism of septic cardiomyopathy

If the circulation did not improve on treatment with fluids

involves suppression of the myocardium due to the sys-

and vasopressor/inotropic drugs (epinephrine ＞ 0.3 μg/

temic circulation, and changes in the microcirculation,

kg/min or dobutamine ＞ 5 μg/kg/min＋norepinephrine

autonomic nervous disorders, and inflammation. Among

＞ 0.3 μg/kg/min), sustained steroid (hydrocortisone 200

the inflammatory mediators produced in septic cardio-

mg/day) was administered, along with polymyxin B-

myopathy, the overproduction of inflammatory cytokines

immobilized fiber column-direct hemoperfusion (PMX-

is thought to play a major role in the pathogenesis of cardi-

DHP). The IABP was inserted in cases with deteriorated

omyopathy. The pathogenesis of septic shock involves in-

cardiac function and prolonged shock (mean blood pres-

creased warmth in the periphery owing to lower vascular

sure (mBP) ＜ 65 mmHg, serum lactate level ＞ 18 mg/dL

resistance caused by vasodilators, such as nitric oxide,

and left ventricular ejection fraction (LVEF) ＜ 40%) de-

which is produced excessively in the early stages. This is

spite administration of these treatments. The IABP was

followed by the development of a pathological condition

inserted from the left or right femoral artery, and a balloon

called the hyperdynamic state, where cardiac output is in-

capacity of 40 ml for patients with a height ≧165 cm, and

creased. As this stage progresses, both cardiac function

34 ml for patients with a height ＜165 cm was selected.

disorders and vascular endothelial cell disorders are ob-

When the shock was reversed (mBP ＞ 65 mmHg, serum

served. This marks failure of the peripheral circulation.

lactate level ＜ 18 mg/dL) with catecholamines (dobu-

This condition is likely to cause cardiogenic shock, and a

tamine ＜ 5 μg/kg/min and norepinephrine ＜ 0.1 μg/kg/

mechanical cardiac support device is considered when

min), IABP support was decreased from 1:1 to 1:2. The

drugs fail to improve the hemodynamics. We considered

IABP was removed when the hemodynamics were stable.

that IABP improved the hemodynamic parameters in sep-

To determine the effect of the IABP, the kinetic parame-

tic shock patients with cardiomyopathy as in the case of

ters of circulation, including the mBP, heart rate (HR), se-

cardiogenic shock patients. Although there are reports of

rum lactate level, and catecholamine index (CAI: dobu-

the usefulness of veno-arterial extracorporeal membrane

tamine [μg/kg/min]＋epinephrine [μg/kg/min] × 100＋

oxygenation (ECMO) for refractory septic cardiomyopa-

norepinephrine [μg/kg/min] × 100) were compared be-

４，
５）

thy,

there are only a few reports and case series of the

use of an intra-aortic balloon pump (IABP) for septic cardi６―８）

fore IABP insertion and at 24 and 72 hours after insertion.
Cardiac function was assessed by evaluating the LVEF

There are no clear criteria of cardiac sup-

and serum N-Terminal pro-brain natriuretic peptide (NT-

port devices for septic cardiomyopathy. The purpose of

pro BNP). Those were compared at days 0, 3, and 7 after

this study was to investigate whether cardiac support pro-

intensive care unit (ICU) admission. LVEF was evaluated

vided by IABP was effective for septic cardiomyopathy in

by the M-mode method on transthoracic ultrasound car-

the cases where medication did not improve the patientʼs

diography (UCG).

omyopathy.

hemodynamic condition. In addition, we examined in

The severity of sepsis was determined by the acute

which patients IABP was effective, and in which cases it

physiology and chronic health evaluation (APACHE) II

was invalid and ECMO should be introduced.

score and the sequential organ failure assessment (SOFA)

Methods

scores. APACHE II score was obtained by adding the
worst values within 24 hours of ICU admission. The mor-

This was a retrospective observational study conducted

tality rate was 73% if the APACHE II score was 30-34 and

at a single center. We examined the records of patients

84% if it was ≧35.９） The SOFA score is an index created

who had presented with septic shock to the Emergency

for the purpose of assessing the degree of damage to or-

and Critical Care Center at Saiseikai Yokohamashi Tobu

gans. The SOFA score is a score of 0-4 for 6 items: respira-

Hospital between April 2010 and March 2016. Cases in

tion, coagulation, liver function, circulation, central nerv-

which conventional treatment had failed and an IABP was

ous system, and renal function. The mortality rate is ≦

inserted were considered. Patients aged ＜ 20 years, with

33% if the SOFA score is ≦9, and 95% if the SOFA score is

cardiopulmonary arrest, or with a do not attempt resusci-

≧11.１０）

tation order,

were excluded. Treatment for septic shock

All statistical analyses were performed with EZR (Sai-

was carried out if there was a surgical or drainage site at

tama Medical Center, Jichi Medical University, Saitama,
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Japan), which is a graphical user interface for R (The R

μg/kg/min (3-35 μg/kg/min) at 24 hours and 0 μg/kg/min

Foundation for Statistical Computing, Vienna, Austria). It

(0-20 μg/kg/min) at 72 hours (P ＜ 0.001). The median

is a modified version of the R commander designed to add

(range) serum lactate level was 36 mg/dL (13-102 mg/dL)

１１）

statistical functions frequently used in biostatics.

before IABP insertion and decreased significantly to 13

Non-parametric analysis was performed for continuous

mg/dL (6-56 mg/dL) at 24 hours and 11 mg/dL (7-22 mg/

variables that showed non-normal distribution. Owing to

dL) at 72 hours (P ＜ 0.001). As shown in Fig. 2, the median

the small number of cases, continuous variables were com-

(range) LVEF 28% (20%-32%) at day 0 after ICU admission

pared using the Friedman test. Statistical significance was

increased significantly to 40% (25%-55%) at day 3 and 45%

defined as a P-value of less than 0.05. The study protocol

(30%-64%) at day 7 (P < 0.001). The LVEF was normalized

was approved by the Ethics Committee of Saiseikai Yoko-

within 15 days after admission to the ICU in all eight pa-

hamashi Tobu Hospital (No. 2018028).

tients who survived without VA-ECMO (Table 1). Further-

Results

more, one patient who survived with VA-ECMO (Patient
No. 9 in Table 1) had a normal LVEF of 70% 14 days after

We analyzed 12 cases where an IABP was inserted for

admission to the ICU. The median (range) NT-pro BNP of

septic cardiomyopathy within the observation period. No

6411 pg/mL (2787-35000 pg/mL) at day 0 after ICU admis-

ST-T changes were seen on the electrocardiogram in all

sion was not significantly different, with 3183 pg/mL

patients from admission, and there were no findings sug-

(1002-35000 pg/mL ) at day 3 and 4040 pg/mL (870-5798

gestive of Takotsubo cardiomyopathy or acute myocardi-

pg/mL) at day 7 (P = 0.183).

tis. The patient characteristics are shown in Table 1. The

Discussion

median age was 71 years, and 75% were male. Two patients had a history of ischemic heart disease, but their left

Dobutamine, a selective β1 receptor agonist, is an

ventricular function was within the normal range. There

inotropic drug recommended in sepsis guidelines.１） How-

were no immunocompromised patients. Infection was

ever, cardiac dysfunction caused by sepsis may not be im-

mostly attributed to respiratory causes (6 of 12 patients).

proved

The study patientsʼ clinical characteristics are shown in

catecholamine in circulating blood is increased during sep-

Table 2. The median duration of IABP support was five

sis and chronic heart failure,１６，１７） and a decrease in the

days. Fifty-eight per cent of the patients received PMX-

number of β receptors in the myocardium has been re-

DHP, while 83% received continuous renal replacement

ported.１８―２０） Patients enrolled in this study were also man-

therapy. There were no complications by IABP insertion.

aged for infected focus and were treated with appropriate

Nine of the 12 patients survived. Two patients (No. 2 and

antibiotics; however, the septic shock could not be re-

No. 7) died from multiple organ failure, and one (No. 12)

solved despite high doses of vasopressors and inotropic

died from a secondary infection. Two patients (No. 7 and

drugs. This study showed that after the IABP insertion,

No. 9) needed VA-ECMO. One patient developed complica-

mBP tended to increase, HR significantly decreased, and

tions of atrial fibrillation, while another developed cardiac

the CAI and serum lactate level decreased significantly,

arrest. Patients who used VA-ECMO were excluded from

compared to before IABP insertion. The main effect of

comparison of the hemodynamic parameters, LVEF, and

IABP is an increase in the mean arterial pressure owing to

NT-pro BNP before and after IABP insertion because this

increased diastolic blood pressure, increased coronary

treatment directly affects the hemodynamics. As shown in

blood flow, and reduced afterload. In this way, IABP im-

Fig. 1, the median (range) mBP 64 mmHg (50-90 mmHg)

proved hemodynamic parameters in septic shock with car-

before IABP insertion tended to increase to 84 mmHg (74-

diomyopathy as in the case of cardiogenic shock patients.

100 mmHg) at 24 hours and 80 mmHg (70-109 mmHg) at 72

A few studies have reported that there was no prognostic

hours, but this was not statistically significant (P = 0.196).

improvement in myocardial infarction in cases accompa-

The median (range) HR 90/min (60-129/min) before IABP

nied by cardiogenic shock,２１）but some studies have also re-

insertion decreased significantly to 77/min (65-110/min) at

ported that IABP may have a therapeutic effect in pa-

24 hours and 70/min (60-88/min) at 72 hours (P = 0.002).

tients with severe heart failure that do not respond to the

The median (range) CAI of 27 μg/kg/min (20-65 μg/kg/

above medical treatment. Septic shock patients within this

min) before IABP insertion decreased significantly to 6

study had lower mortality when their severity was ad-

with

dobutamine.１２―１５） The

concentration
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Table 2

Clinical characteristics of the 12 patients at the time of IABP insertion

APACHE II, median (range)
SOFA, median (range)
Mean blood pressure, mmHg, median (range)
Heart rate, /min, median (range)
Central venous pressure, mmHg, median (range)
Cardiac index, median (range)
Left ventricular ejection fraction,%, median (range)
Catecholamine index, μg/kg/min, median (range)
pH, median (range)
Lactate, mg/dl, median (range)
C-reactive protein, mg/dl, median (range)
Procalcitonin, ng/ml, median (range)
N-Terminal pro-brain natriuretic peptide, pg/ml, median (range)
White blood cell count, ×103/μL, median (range)
Hemoglobin, g/dl, median (range)
Platelet count, ×104/μL, median (range)
IABP insertion days, median (range)
PMX-DHP, n (%)
CRRT, n (%)
Steroid, n (%)

31
13
62
90
14
1.6
28
30
7.269
43
17.75
31.35
6411
9.86
13.8
11.3
5
7
10
9

(15-43)
(8-19)
(50-90)
(60-140)
(6-20)
(1.3-2.0)
(18-32)
(20-65)
(7.082-7.509)
(13-150)
(1.39-51.70)
(0.05-257)
(2787-35000)
(1.00-27.62)
(9.0-16.7)
(3.7-33.1)
(3-7)
(58)
(83)
(75)

SOFA: sequential organ failure assessment
APACHE II: acute physiology and chronic health evaluation
PMX-DHP: polymyxin B-immobilized fiber column-direct hemoperfusion
CRRT: continuous renal replacement therapy

justed with APACHE II score or SOFA score. This may

left ventricle, is used as a cardiac assist device in cardio-

contribute to decreasing mortality due to circulatory fail-

genic shock, where it can assist cardiac output from 2.5 L/

ure in the acute phase. Two of the cases in this study re-

min to 5.0 L/min. In cases of acute myocardial infarction,

quired VA-ECMO. One case had extremely low cardiac

studies indicate it is not useful when compared to IABP,

function. The flow support of the IABP is about 30% of the

２２，
２３）

cardiac output, which may be insufficient in cases where

injury in sepsis as well as IABP. However, the indication

the cardiac function is extremely low. In another patient

should be considered cautiously owing to the high cost and

with atrial fibrillation, IABP balloon dilation could not be

the complications of hemolysis and bleeding.

but it may be considered in the future for myocardial

timed and might not be effective. Nakamura et al. in their

There were no clear diagnostic criteria for septic cardio-

study reported that IABP was not effective in patients

myopathy, which is a myocardial disorder characterized

with septic shock accompanied by arrhythmia and tachy-

by left ventricular dilatation, decreased left ventricular

cardia (HR ＞ 150/min).６） In cases with accompanying ar-

contractility, and natural recovery with progress. Septic

rhythmia, the IABP balloon expansion becomes poor, and

cardiomyopathy is distinguished from Takotsubo cardio-

the required effect may be insufficient. We thought that

myopathy.２４） It results in left ventricular diffuse hypokine-

patients who nearly approached cardiac arrest, or those

sis. Many inflammatory cytokines are involved in septic

who had complications with arrhythmias may have had in-

cardiomyopathy, and mitochondrial dysfunction is also in-

sufficient IABP support. In these cases, rather than IABP,

volved.２５―２８） On the other hand, Takotsubo cardiomyopathy

we thought VA-ECMO should be considered from the be-

typically occurs when the contractile function of the mid

ginning. From our experience of 12 cases, IABP should be

to apical segments of the left ventricle is depressed and

considered as the first choice of cardiac support device for

there is hyperkinesis of the basal walls. Takotsubo cardio-

patients with LVEF ≧20% and no arrhythmia. Further, in

myopathy is accompanied by myocardial and systemic in-

Ⓡ

recent years, the Impella (Abiomed, Danvers, Massachu-

flammation, with myocardial macrophage infiltration and

setts) has become available as a left ventricular assist de-

acute proinflammatory monocyte and cytokines.２９） For pa-

vice. ImpellaⓇ, which is percutaneously placed inside the

tients in this study, the left ventricular contractility imToho Journal of Medicine・December 2020
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Fig. 1 Hemodynamic parameters before and after IABP insertion.
The bars represent median, the boxes are interquartile range, and the whiskers stand for minimum to maximum.
Statistics: Friedman test (N＝10). Bonferroni post-hoc test for comparison with pre IABP insertion. ＊ P＜0.05
(a): There was no difference in mean blood pressure (mBP) between pre and post IABP insertion.
(b): Heart rate (HR) was significantly decreased at 72 hours after IABP insertion compared with pre IABP insertion (P
＝0.002).
(c): Catecholamine index (CAI) was significantly decreased at 24 and 72 hours after IABP insertion compared with
pre IABP insertion (P＜0.001).
(d): Lactate was significantly decreased at 24 and 72 hours after IABP insertion compared with pre IABP insertion (P
＜0.001).

Fig. 2 LVEF and NT-pro BNP after ICU admission.
The bars represent median, the boxes are interquartile range, and the whiskers stand for minimum to
maximum.
Statistics: Friedman test (N＝10). Bonferroni post-hoc test for comparison with Day 0. ＊ P＜0.05
LVEF was significantly increased at Day 3 and Day 7 compared with Day 0 (P＜0.001).

proved after the acute phase of infection. All surviving pa-

mal range during the follow-up period. As the pathology is

tients showed improved LVEF, which returned to the nor-

reversible, IABP is considered as an effective cardiac sup-

Vol. 6 No. 4

１５４（18）

Y. Toyoda et al.

port device as a bridge therapy until cardiac function improves. Septic cardiomyopathy reports suggested that cardiac function improved within 7-10 days.３０） In our study,
the period of improvement in cardiac function was similar
to that generally reported. However, in some patients,
LVEF was already normalized at day 3 after ICU admission. This is because catecholamines can be reduced by
IABP, and it is possible that high dose catecholamine
stimulation disappeared and recovery of myocardial function was accelerated.
As these cardiac support devices are only supporting
therapy, basic sepsis management is required. Priority is
given to rapid control of the source of infection and the
management of inflammation. Randomized control trials
are warranted to analyze if IABP provides useful circulatory support in prolonged circulatory disorders where septic cardiomyopathy is present.
Limitations
This study has some limitations. First, it is a retrospective study with a small sample size. Second, there is a potential bias in the selection of patients described here, especially as the decision for insertion of IABP or VA-ECMO
was decided appropriate by the attending physician in the
absence of a specific protocol. Third, the patients in this
study used IABP in all cases and were not comparable to
patients who did not use IABP.
Conclusion
From our experience of 12 cases, we suggest that IABP
may be used as a bridge therapy for septic cardiomyopathy. IABP may be indicated except in patients with arrhythmia or extremely low cardiac function.
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